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SAFETY PRECAUTIONS

The following warning and caution notices illustrate the style used in Varian manuals for
safety precaution notices and explain when each typeis used:

you see this symbol, refer to the relevant manual for the information referred to

2 This symbol might be used on warning labels attached to the equipment. When

by the warning label.

WARNING:

CAUTION:

Warnings are used when failure to observe instructions or precautions
could result in injury or death to humans or animals, or significant
property damage.

Cautions are used when failure to observe instructions could result in
serious damage to equipment or loss of data.

Warning Notices

Observe the following precautions during install ation, operation, maintenance, and repair
of the instrument. Failure to comply with these warnings, or with specific warnings
elsewhere in Varian manuals, violates safety standards of design, manufacture, and
intended use of the instrument. Varian assumes no liability for customer failure to comply
with these precautions.

WARNING:

WARNING:

Persons with implanted or attached medical devices such as
pacemakers and prosthetic parts must remain outside the 5-gauss
perimeter from the centerline of the magnet.

The superconducting magnet system generates strong magnetic fields that can
affect operation of some cardiac pacemakers or harm implanted or attached
devices such as prosthetic parts and metal blood vessel clips and clamps.

Pacemaker wearers should consult the user manual provided by the pacemaker
manufacturer or contact the pacemaker manufacturer to determinethe effect on
a specific pacemaker. Pacemaker wearers should also always notify their
physician and discuss the health risks of being in proximity to magnetic fields.
Wearers of metal prosthetics and implants should contact their physician to
determine if adanger exists.

Refer to the manuals supplied with the magnet for the size of atypical 5-gauss
stray field. This gauss level should be checked after the magnet isinstalled.

Keep metal objects outside the 10-gauss perimeter from the centerline
of the magnet.

The strong magnetic field surrounding the magnet attracts objects containing
steel, iron, or other ferromagnetic materials, which includes most ordinary
tools, electronic equipment, compressed gas cylinders, steel chairs, and steel
carts. Unless restrained, such objects can suddenly fly towards the magnet,
causing possible personal injury and extensive damage to the probe, dewar, and
superconducting solenoid. The greater the mass of the object, the more the
magnet attracts the object.

Only non ferromagnetic materials—plastics, aluminum, wood, nonmagnetic
stainless steel, etc.—should be used in the area around the magnet. If an object
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WARNING:

WARNING:

WARNING:

WARNING:

WARNING:

WARNING:

WARNING:

is stuck to the magnet surface and cannot easily be removed by hand, contact
Varian service for assistance.

Refer to the manuals supplied with the magnet for the size of atypical 10-gauss
stray field. This gauss level should be checked after the magnet isinstalled.

Only qualified maintenance personnel shall remove equipment covers
or make internal adjustments.

Dangerous high voltages that can kill or injure exist inside the instrument.
Before working inside a cabinet, turn off the main system power switch located
on the back of the console.

Do not substitute parts or modify the instrument.

Any unauthorized modification could injure personnel or damage equipment
and potentially terminate the warranty agreements and/or service contract.
Written authorization approved by a Varian, Inc. product manager is required
to implement any changes to the hardware of a Varian NMR spectrometer.
Maintain safety features by referring system service to a Varian service office.

Do not operate in the presence of flammable gases or fumes.

Operation with flammable gases or fumes present creates the risk of injury or
death from toxic fumes, explosion, or fire.

Leave area immediately in the event of a magnet quench.

If the magnet should quench (sudden appearance of gasses from the top of the
dewar), leave the areaimmediately. Sudden rel ease of helium or nitrogen gases
can rapidly displace oxygen in an enclosed space creating a possibility of
asphyxiation. Helium will displaceair from the top of aroom and cold nitrogen
can displace air from thelower levels of aroom. Do not return until the oxygen
level returns to normal.

Avoid helium or nitrogen contact with any part of the body.

Cold gasses or liquids (helium and nitrogen) contacting the body can cause an
injury similar to aburn. Never place your head over the helium and nitrogen
exit tubes on top of the magnet. If cold gasses or liquids contact the body, seek
immediate medical attention, especialy if the skinis blistered or the eyes are
affected.

Do not look down the upper barrel.

Unless the probe is removed from the magnet, never look down the upper
barrel. You could beinjured by the sample tube asit g ects pneumatically from
the praobe.

Do not exceed the boiling or freezing point of asample during variable
temperature experiments.

A sample tube subjected to a change in temperature can build up excessive
pressure, which can break the sampletube glassand causeinjury by flying glass
and toxic materials. To avoid this hazard, establish the freezing and boiling
point of a sample before doing a variable temperature experiment.
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WARNING:

WARNING:

SAFETY PRECAUTIONS

Support the magnet and prevent it from tipping over.

The magnet dewar has a high center of gravity and could tip over in an
earthquake or after being struck by a large object, injuring personnel and
causing sudden, dangerous release of nitrogen and helium gasses from the
dewar. Therefore, the magnet must be supported by at |east one of two methods:
with ropes suspended from the ceiling or with the antivibration legs bolted to
the floor. Refer to the Installation Planning Manual for details.

Do not remove the relief valves on the vent tubes.

Therelief valves prevent air from entering the nitrogen and helium vent tubes.
Air that enters the magnet contains moisture that can freeze, causing blockage
of the vent tubes and possibly extensive damage to the magnet. It could also
cause asudden dangerous rel ease of nitrogen and helium gases from the dewar.
Except when transferring nitrogen or helium, becertain that therelief valvesare
secured on the vent tubes.

On magnets with removable quench tubes, keep the tubes in place
except during helium servicing.

On Varian 200- and 300-MHz 54-mm magnets only, the dewar includes
removable helium vent tubes. If the magnet dewar should quench (sudden
appearance of gases from the top of the dewar) and the vent tubes are not in
place, the helium gaswould be partially vented sideways, possibly injuring the
skin and eyes of personnel beside the magnet. During helium servicing, when
the tubes must be removed, follow carefully the instructions and safety
precautions given in the manual supplied with the magnet.

Caution Notices

Observe the following precautions during installation, operation, maintenance, and repair
of the instrument. Failure to comply with these cautions, or with specific cautions
elsewhere in Varian manuals, violates safety standards of design, manufacture, and
intended use of the instrument. Varian assumes no liability for customer failure to comply
with these precautions.

CAUTION:

CAUTION:

01-999166-00

Keep magnetic media, ATM and credit cards, and watches outside the
5-gauss perimeter from the centerline of the magnet.

The strong magnetic field surrounding a superconducting magnet can erase
magnetic media such as floppy disks and tapes. The field can also damage the
strip of magnetic mediafound on credit cards, automatic teller machine (ATM)
cards, and similar plastic cards. Many wrist and pocket watches are also
susceptible to damage from intense magnetism.

Refer to the manuals supplied with the magnet for the size of atypical 5-gauss
stray field. This gauss level should be checked after the magnet isinstalled.

Keep the PCs, (including the LC STAR workstation) beyond the 5-
gauss perimeter of the magnet.

Avoid equipment damage or data loss by keeping PCs (including the LC
workstation PC) well away from the magnet. Generally, keep the PC beyond
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CAUTION:

CAUTION:

CAUTION:

the 5-gauss perimeter of the magnet. Refer to the Installation Planning Guide
for magnet field plots.

Check helium and nitrogen gas flow meters daily.

Record the readings to establish the operating level. The readings will vary
somewhat because of changesin barometric pressure from weather fronts. If
the readings for either gas should change abruptly, contact qualified
maintenance personnel . Failureto correct the cause of abnormal readings could
result in extensive equipment damage.

Never operate solids high-power amplifiers with liquids probes.

On systems with solids high-power amplifiers, never operate the amplifiers
with aliquids probe. The high power available from these amplifiers will
destroy liquids probes. Use the appropriate high-power probe with the high-
power amplifier.

Take electrostatic discharge (ESD) precautions to avoid damage to
sensitive electronic components.

Wear grounded antistatic wristband or equivalent before touching any parts
inside the doors and covers of the spectrometer system. Also, take ESD
precautions when working near the exposed cabl e connectors on the back of the
console.

Radio-Frequency Emission Regulations

20

The covers on the instrument form a barrier to radio-frequency (rf) energy. Removing any
of the covers or modifying the instrument may lead to increased susceptibility to rf
interference within the instrument and may increase the rf energy transmitted by the
instrument in violation of regulations covering rf emissions. It is the operator’s
responsibility to maintain the instrument in a condition that does not violate rf emission
reguirements.
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Disclaimer

The information in this manual is intended to assist users in topics beyond the normal NMR
spectrometer system hardware and software support provided by Varian. All information is
provided on an as-is basis, and Varian support and service personnel are unable to answer
guestions or solve problems related to the information in this manual. For further assistance,
consult local experts or textbooks in the field.

Foreword

The material for thismanual was collected and written for the Varian user coursesfor NMR
spectrometers using Sun graphics workstations as host computers. As this material has
grown, it has become an important source of information for anybody dealing with such
instruments: scientists, operators, Varian service personnel, and al so applications scientists,
including the authors.

Noticethat the present version of this manual specifically refersto Solaris 2.5 (and VNMR
5.x, and 6.1, as much as VNMR specifics are involved). It is at least partially inconsistent
with earlier Sun operating system and VNMR releases, in particular with SunOS 4.x.
Printing has changed again with Solaris 2.6—the current version of the manual only covers
Solaris 2.5 (SVR4, | p) printing.

This manual covers Sun Workstations and their operating system and does not cover any
other computers that VNMR supports (such as the IBM RS/6000 series of graphics
workstations, or SGI workstations) and their operating systems.

It must be understood that such material can never be complete nor really up to date. We
arein aconstant process of improving and completing it. It is hard enough to keep up with
the development at VNMR, let alone Sun. Suggestions for improvement are aways
welcome. Chapters 16 and 20 are not written yet—they will be added in afuture version of
the manual. The same istrue for some sections in the chapters 4, 5, and 19.

Rolf Kyburz (rolf.kyburz@ch.varian.com) &
Gerald Smon (gerald.simon@de.varian.com)
Zug and Darmstadt

February 1998
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The following notational conventions are used throughout VNMR manuals:

Typewriter-like charactersidentify VNMR and UNIX commands, parameters,
directories, and file names in the text of the manual:

The shut down commandisinthe/ et c directory.

Typewriter-like characters also show text displayed on the screen, including the text
echoed on the screen as you enter commands:
Sel f Test Conpl eted Successfully.

User input is shown in usually shown in bold type:
# cd /cdrom

#1s

cdronD solaris_2 5 1 desktop_ 1 1

#

Input or output that depends on local useis shown initalics:
Logi n: root

Password: root_password

Optional input is shown by angled brackets:

seqgen s2pul <. c> meansthat seqgen s2pul . ¢ and seqgen s2pul are
functionally the same.

Lines of text containing command syntax, examples of statements, source code, and
similar material are often too long to fit the width of the page. To show that aline of
text had to be broken to fit into the manual, the line is cut at a convenient point (such
as at acommanear the right edge of the column), abackslash (\ ) isinserted at the cut,
and the line is continued as the next line of text. This notation is familiar to C
programmers. Note that the backslash is not part of the line and, except for C source
code, should not be typed when entering the line.

Because pressing the Return key isrequired at the end of almost every command or
line of text you type on the keyboard, use of the Return key is usually mentioned only
in cases where it is not used. This convention avoids repeating the instruction “press
the Return key” throughout most of this manual.
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Chapter 1. SUnN Hardware

Sections in this chapter:
e 1.1 “How Does a Workstation Work?,” this page
e 1.2 "Sun Workstations—An Overview,” page 28
e 1.3"Data Storage Options,” page 29
e 1.4*"Installing the Hardware,” page 35
e 15“Adding aDisk (Hardware),” page 35

Welcome to the world of Sun, Solaris and VNMR! In this chapter, we start our study of
system administration by discussing Sun workstations and hardware installation:

1.1 How Does a Workstation Work?

A Sun workstation (Figure 1) is a powerful desktop computer:

Figurel. Typical Sun Workstation (Ultra 1)

You see afew units standing on your desk: the computer itself (the CPU module, 1), the
CRT screen (2), the keyboard (3), and the mouse (4). Some systems are equipped with
external storage modules, Sun now calls them unipacks, containing things such as an
external disk drive (5) or an external tape drive (6). External in this context means outside
the CPU module.

01-999166-00 C0503 System Administration 23



Chapter 1. Sun Hardware

24

CPU Module

The CPU module itself contains most of the computer. The outside only revealsthe
peripheral s connectorsin the back, the loudspeaker opening on the front side, plus on some
systems the access to an internal floppy drive (7) and an internal CD-ROM (8). Some
systems also have the CD-ROM drive in an external module.

The CPU moduleis electrically shielded and contains several subunits, such as

e Theactua CPU module, asingle printed circuit board with the CPU chip, memory,
plus /O controllers, bus and I/O connectors

 Graphics controller

* Internal hard disks

« Optional expansion modules

» Power supply and cooling fans

plus the parts that are visible or accessible from outside, such as
* Floppy disk drive (optional)
* CD-ROM drive (optiona)
 Loudspeaker

However, the external structure of aworkstation does not reveal much about its internal
functionality. Figure 2 is a schematic view of theinternal structure of amodern Sun
workstation (we have taken the Sun Ultra series as the model):

Most computer functionsare built into asingle printed-circuit board (PCB), the CPU board.
In Figure 2, thisincludes the CPU (on some systems the CPU is on apluggable, separate
module), the memory, the system i nterconnect, the random-access memory (RAM), and all
the controller functions, in most cases excluding the graphics controller.

Let's discuss the system functionality in abit more detail.

CPU Chip

The CPU chip combines many functions that in earlier systems were spread over several
separate components (chips). Modern Sun computers are equipped with one of the
following CPU chips:

* MicroSPARC or TurboSPARC (SPARCstation 4, SPARCstation 5)
* SuperSPARC (SPARCstation 10, SPARCstation 20)

* HyperSPARC (some SPARCstation 20 models)

» UltraSPARC (Ultraworkstations)

These CPU chipsinclude floating point calculation facilities (FPU), virtual memory
management (MMU), and very fast primary cache memory. The UltraSPARC chip even
includes some dedicated graphics functions. Earlier models has separate floating point
coprocessor (FPC) and MMU chips. The primary cache memory isintegrated into the CPU,
making it very fast. The CPU tries to avoid access to the slower main memory or the disk
by keeping the most current data and instructionsin the primary cache.

Some models (SPARCstation 10/41, 10/52, SPARCstation 20; all Ultra systems) are also
equipped with between 256 KB and 2 M B of secondary (level 2) cache memory, usually on
aseparate chip. A few models (SPARCstation 10, SPARCstation 20, Ultra2, Ultra60, high-
end servers) can also be equipped with multiple CPU chips (on plug-in CPU modules). The
Ultralli CPU (used in the Ultra 5, Ultra 10) also includes a PCI bus controller.
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Figure2. Internal Structure of a Sun Ultra Workstation

Random-Access Memory

The random-access memory (RAM) isimplemented in the form of small pluggable
memory modules. Each has1 MB to 64 MB of memory with parity checking, or even ECC
(error checking and correction) memory on high-end models. All current models are

equipped with 64 or more MB of RAM—earlier models had only 8, 16, 24, or 32 MB.

When running Solaris 2.x and VnmrX, systems with less than 32 MB of RAM show
noticeably dower reaction times, because they use the disk much more freguently.

Graphics Controller

On SPARCstations, the graphics controller is connected via a SBus or PCI bus port (see
below). In high-end Sun Ultraworkstations, the graphics controller (Creator, Creator3D or
Elite3D) isintegrated via the main system interconnect structure (the UPA, see below),
which allows for faster data transfer rates and therefore much faster graphics.
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Several years ago, Sun sold low-end SPARCstation models with a black and white screen
(SPARCstation SLC and ELC). In the meantime, all models are equipped with a color
screen. Therefore, the graphics controller has aframe buffer controller (local processor for
mani pulating the display) and a frame buffer (memory with the display information) with
8 or more hits per pixel for storing the color information. 8 bits per pixel alow for 256
different colors. The colors are defined by numeric (8-bit) amplitudes for each of the color
components (red, green, blue), allowing for 256 x 256 x 256 = 16,777,216 different colors.
On 8-hit color systems, alookup table associates each of the 256 different color numbers
from the frame buffer with one of the 16,777,216 possible real colors.

High-end graphics systems, such as the SX graphics accelerator in some SPARCstation 20
systems and the Creator, Creator3D, and Elite3D graphics controllers for the high-end
Ultra, use 24 and more bits per pixel and don’'t need alookup table. Sun screens have 900
x 1152, 1024 x 1280 or more pixels, therefore, an 8-hit frame buffer is1 MB or 1.25 MB.
High-end graphics systems use much larger frame buffers.

System Interconnect

A central point for the overall system performance is the system interconnect, because
internal communication may well be a bottleneck for certain system performance aspects.
The high-end Ultra workstations use a structure called UPA (UltraSPARC Port
Architecture) that allows for fast (1.3 GB/sec) multipath communication between the
different system components. SPARCstation 10 and SPARCstation 20 systems use the
MBus for connecting CPU modules, instead of UPA.

PCIl Bus / SBus

On the current Ultra workstations, the system 1/O is done via PCl bus, which serves asa
primary backbone for connecting all 1/0 devices. On systemswith Ultralli CPU, the PCI
busis controlled by the CPU chip itself; on others (Ultra 30, Ultra 60), it uses a separate
controller attached to the UPA system interconnect. On SPARCstations and early Ultra
workstations (Ultra 1, Ultra 2) the Sun SBus was used instead of the PCI bus (whichisless
expensive to build). These facilities are built into the CPU board:

» SCY /UltraSCS controller — Most systemsinclude someinternal SCSI devices, such
asone or two internal disks, an optional internal CD-ROM or tape drive, aswell asan
external SCSI connector for connecting external storage devices, such as tape drives,
extradisks, a CD-ROM, or other optical disks. On SPARCstations and the low-end
Ultras, the SCSI bus operates at up to 10 MB/sec and allows for up to 7 devices. The
softwareis preconfigured for four disks, up to two tape drives and one CD-ROM.
Ultra 1 systems with Creator graphics (such as the Ultra 1/170E) are equipped with a
fast/wide SCSl interface (SCSI-3, 16-bit buswidth, as opposed to an 8-bit width onthe
standard SCSI interface), which allows up to 15 devices operating at transfer rates of
up to 20 MB/sec. Newer Ultrasystems (Ultra 30, Ultra60) are equipped witha40 MB/
sec UltraSCSl port.

« Ethernet / EBus controller — All systems are equipped with an AUI Ethernet
transceiver port. Some older systems also have a BNC thin Ethernet connector
(transceiver built into the CPU board). Newer systems are equipped with atwisted pair
(TP) port (10BaseT). The Ethernet interface operates at 10 Mbps.

Ultra systems with Creator graphics (such as the Ultra 1/170E) are equipped with a
100BaseT twisted pair “fast Ethernet” port operating at 100 Mbps. On newer Ultra
systems, all the lower speed 1/0 is done via EBus, which is controlled by the same

hardware as the Ethernet port.
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» PCI ports—PCI ports (SBus ports on systems with SBus) are used for optional
peripherals (such as low-end and third party graphics controllers), a second SCS
interface (also fast/wide SCSI is available), a second Ethernet interface, extra serial
and parallel 1/0 ports, and ISDN ports. Even PC coprocessors are available on SBus
or PCI cards. Most systems come with several such expansion ports.

e |SDN port — An ISDN port isincluded on SPARCstation 10 systems only, for data
connections over digital telephone networks.

EBus

On current Ultra workstations, lower- and medium-speed 1/0 is done via dedicated EBus
(external bus) interface, which connects several facilities built into the CPU board. On
SPARCstations, these facilities are connected to the SBus as well.

» EIDE disk controller — Lower end Ultraworkstations (Ultra 5, Ultra 10) are equipped
with 1 or 2 EIDE disks.

 Floppy disk controller — Needed for an optional internal floppy disk drive (1.44 MB).
» Parallel 1/0O controller with Centronics port — Typically used for printers/plotters.

e Serial 1/0 controller — Used with two RS-423 (RS-232 compatible) seria ports for
external peripherals, such as printers and plotters, plustwo internal ports used for the
keyboard and the mouse.

 Audiol/O controller —For driving the built-in loudspeaker (optional on some systems)
and taking input from a microphone port.

* NVRAM, TOD - On Ultraworkstations, nonvolatile RAM (NVRAM; EEPROMS on
earlier workstations) and the real-time clock (TOD) are accessed viathe EBus.

Other CPU Board Components

The CPU board contains additional components less visible to the user, such as PROMs
containing diagnostics software and system bootup utilities, an EEPROM (nonvolatile
memory, NVRAM) for storing system configuration parameters, and quartz oscill ators that
generate the operating frequencies for some of the components. Unless the CPU box is
open, the user can usually only access the connectors for the peripherals on the front of the
CPU board.

On some systems, there is hot enough space for all the connections along the front of the

CPU board. In these cases, some connectors combine two ports, in which case one of the

two functionsisonly availableviaaspecia “V-shaped” branch cable. Some SPARCstation
models have two serial ports combined in one V.24 connector, and some combine the AUI
Ethernet and audio ports in a single connector.

SCSI| Bus

The SCSI busisalinear chain that has a maximum total length of about 5 meters by its
electrical definition, including all internal cabling. The SCSI bus must be terminated at the
remote end to work properly. With desktop storage modules, aterminator plug must be
plugged into the second connector of the last module in the chain. The newer Unipack
modul es are sal f-terminating—atermination plug is no longer necessary. SCSI devicescan
be connected in any order (with certain very specific exceptions as discussed below).
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The current desktop SCSI expansion modules, the Unipack, as well as some Ultra
workstations are equipped with SCSI-3 (fast/wide SCSI-2) connectors, even if the devices
involved are SCSI-2 only. This raises some cabling issues:

» To connect Unipack expansion modules with any SPARCstation, a 50- to 68-pin
conversion cableisrequired.

» To connect older desktop storage modules with SCSI-2 connector, a 50- to 68-pin
conversion cable isrequired.

« Most Ultraworkstations are equipped with 68-pin SCSI-3 or UltraSCSI connector;
here, only 68- to 68-pin cables should be required.

« High-end Ultraworkstations are equipped with an internal fast (7200 rpm) SCSI-3 or
UltraSCSI disk. If SCSI-2 and SCSI-3 devices are to be connected to such a system,
the slower SCSI-2 devices must be at the end of the SCSI chain. All Sun tape drives
and CD-ROM drives are SCSI-2 only.

Each device on the SCSI bus requires a unique bus address ranging from 0 to 7 (SCSI-2)
or 0to 15 (SCSI-3, UltraSCSl).

e On UNITYplus spectrometers, address 2 is reserved for acquisition.
+ OnUNITY and VXR-S spectrometers address 3 is reserved for acquisition?.

The addresses 0 to 3 (with the exception of the acquisition addresses on the spectrometers
mentioned above) are typically used for disks, addresses 4 and 5 for tape drives, address 6
for aCD-ROM (where available), and address 7 for the SCSI controller.

The Ultra1/170 and other systems with SCSI-3 or UltraSCSI controller allow for 8
additional devices (addresses 8 to 15). If more devices are to be connected, an additional
SCSl controller (SBus or PCI bus card) is requi red?.

1.2 Sun Workstations—An Overview

Many different Sun workstations have been—and still are—used in Varian NMR
spectrometers and as NMR processing workstations. The tablesin this section should give
you an ideawhere in the “evolution history” your own workstation is situated.

Note that the Sun-3 models are no longer supported by Solaris 2.x, the current Sun
operating system, and some early Sun-4 models have only limited support (floating point
hardware not supported under Solaris 2.x, which makes them unusable for NMR
processing). These systems are only listed here for comparison purposes. In fact, these
rather lengthy tables cover only ten years of workstation history.

L Early UNITY and VX R-S systemswere equipped with aHAL board without DMA (direct memory
access) capability. If you are upgrading the host from an early workstation model, note that the
SPARCstation 2, the SPARCstation IPX, and any Sun workstation after these models requirea HAL
board with DMA capability. Thisincludes some modifications to the SCSI differential driver box.
2 0On UNITYplus, UNITY, and VXR-S spectrometers, the acquisition computer is connected to the
Sun viathe SCSI port. In order to be able to use a cable of reasonable length between the acquisition
cabinet and the Sun, Varian uses a SCSI driver box that extends the SCSI bus over much longer
distances. Electrically, the acquisition extension is not the same bus asthe Sun SCS| bus. Thismeans
that if the driver box is located at the end of the SCSI chain (excluding the acquisition), it must still
be terminated internally, even with the acquisition CPU connected. From a software point of view,
the acquisition CPU (the Host-to-Acquisition, or HAL, more exactly) is not a standard SCSI device.
Special software (aso-called devicedriver) isused to communicate with the console. In UNTYINOVA,
MERCURY-Series, and GEMINI 2000 spectrometers, the communication with the acquisition is
established via Ethernet.
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CPU Type, Performance

The CPU types used in Sun workstations range from the Motorola 68000 family (68020,
68030) to the family of SPARC microprocessors (including the SPARC, MicroSPARC,
TurboSPARC, SuperSPARC, HyperSPARC, and UltraSPARC). Some early systems
(Motorola- and SPARC-based) required floating point coprocessors.

Over the past ten years, the processing power of these systems has been increased by a
factor of hundred and more (see Table 1). It isimpossible to compare these computersusing
asingle performance measure. Early benchmark tests (such as MIPS and MFlops) run
unrealistically fast on modern computers, because the test programs are small enough to fit
into a computer’sfast cache memory. On the other hand, early computers are not powerful
enough (in terms of CPU speed, memory size, etc.) to run the modern benchmark tests
(such as the SPECint and SPECfp). For more information on these benchmark tests, see
“Glossary of UNIX, Sun, and VNMR Terms,” page 337.

Expansion Options, 1/0O Ports.

Theworkstationslisted in Table 1 not only differ intheir processor model and speed—they
also differ in the number and kind of 1/0 ports, and in their expansion capabilities, and those
often also play arole in the decision which workstation model to buy (or which model to

upgrade to). Table 2 lists only workstations that are fully supported by Solaris 2.x.

Note that on networked W™ INOVA and GEMINI 2000 spectrometers, one additional SBus
dlot is taken by the second Ethernet interface board. On SPARCstation 4 systems, that
second Ethernet interface board fills up the only SBus slot.

1.3 Data Storage Options

It seems to be an unwritten law in computing that no matter how much disk space you
purchase with the system, you always run out sooner than you think possible. At that point
most users need to look into expanding the disk space on their workstation. Often, thereis
also a need for storing data on transportable media. A wide choice of media options are
available, and in this section we discuss the various data storage options.

Hard Disk Drives

Over the years, not only has the capacity of the hard disks used in Sun workstations
increased dramatically, but al so parameters such asthe average seek time, rotational latency
(i.e., rotation speed), and maximum datatransfer rates have improved, whilethedisk drives
have become smaller and smaller. Upgrading your system with a newer disk not only
increases the storage capacity—it should a so improve the performance.

Table 3, lists some of the characteristics of disk drives used in SPARCstation and Ultra
workstations. For an explanation of the terms used in this table, see the section “ Glossary
of UNIX, Sun, and VNMR Terms,” page 337.

Oneinternal disk driveisstandard with all Sunworkstations currently sold through Varian.
SPARCstation and Ultracomputers are sold with a7200 rpm 2.1-GB internal hard disk, but
only Ultra systems with Creator graphics (1/170E, 1/200E) are equipped with a SCSI-3
interface.
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Table 1. Performance of Sun Workstation Models

Floating point
Integer performance
performance

Workstation model CPU/FPC N g 8‘3 5’3 N 0

= 3 S 5|8 & 3

2 B ﬁ 0 0 = M M

s 8|5 & & |= & &
Sun 3/50 68020 / 68881 15 0 15 0.09
Sun 3/110, 3/150, 3/160 68020 / 68881 17 0 2.0 0.11
Sun 3/110, 3/150, 3/160 68020 / FPA 17 0 2.0 0.40
Sun 3/60 68020 / 68881 20 0 3.0 0.13
Sun 4/110 SPARC / Weitek 14 0 7.0 0.80
Sun 4/260 SPARC / Weitek 17 0 10.0 11
SPARCstation SLC SPARC / Weitek 20 0 125 9.9 1.2 81
SPARCstation ELC SPARC / Weitek 33 0 21.0 182 30 179
SPARCstation IPC SPARC / Weitek 25 0 174 138 1.7 111
SPARCstation IPX SPARC 40 0 285 218 42 215
SPARCstation 1 SPARC / Weitek 20 0 125 14
SPARCstation 1+ SPARC / Weitek 25 0 15.8 1.7
SPARCstation 330 SPARC/TIFPU-2 25 0 16.0 25
SPARCstation 2 SPARC 40 0 285 218 42 228
SPARCclassic SPARC 50 O 50.0 26.4 46 210
SPARCstation LX SPARC 50 O 50.0 26.4 46 210
SPARCstation 4/70, 5/70 MicroSPARC 70 0 100 57.0 131 473
SPARCstation 4/85, 5/85 MicroSPARC 85 0 112 64.0 149 546
SPARCstation 4/110, 5/110 | MicroSPARC 110 O 135 786 159 | 21.7 653 199
SPARCstation 5/170 TurboSPARC 170 05 3.32 291
SPARCstation 10/30 SuperSPARC 36 0 102 452 205 54.0
SPARCstation 10/40 SuperSPARC 40 O 110 506 113 | 229 602 138
SPARCstation 10/41 SuperSPARC 40 1 110 532 224 678
SPARCstation 10/51 SuperSPARC 50 1 135 65.2 27.3 830
SPARCstation 20/50 SuperSPARC 50 O 134 769 305 801
SPARCstation 20/51 SuperSPARC 50 1 133 818 305 89.0
SPARCstation 20/61 SuperSPARC 60 1 167 982 36.6 107
SPARCstation 20/71 SuperSPARC I 7% 1 205 126 311 | 444 121 310
SPARCstation 20/151 HyperSPARC 150 05 169 208
Ultra1/140 UltraSPARC 143 05 291 215 541 109 303 7.90
Ultra 1/140E UltraSPARC 143 05 5.87 8.38
Ultra1/170 UltraSPARC 167 05 341 252 5.56 126 351 9.06
Ultra 1/170E UltraSPARC 167 05 341 252 626 126 351 9.06
Ultra 1/200E UltraSPARC 200 05 7.44 104
Ultras UltraSPARC i 270 0.25 9.1 10.1
Ultra10 UltraSPARC Ili 300 05 12.1 12.9
Ultra 30/250 UltraSPARC I 250 1 10.0 14.9
Ultra 30/300 UltraSPARC I 300 2 12.1 18.3
Ultra60/1300 UltraSPARC |1 300 2 13.0 18.3
Ultra 60/2300 (2 CPUs) UltraSPARC I 300 2 131 235
Ultra60/1360 UltraSPARC I 360 4 16.1 235
Ultra 60/2360 (2 CPUs) UltraSPARC I 360 4 16.1 29.5
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Table 2. Expansion Options, |/O Ports

g < ‘?g Expansions 1/O ports Ethernet
Workstation % :?g 2, % ? - T s E %
g 2 9 I8 2 =2 |83 3T 2|z § 4
E 5 2 2 2|6 29 3|3 8 B|2 8 8
SPARCstation SLC 16 b&w 2 1
SPARCstation ELC 64 b&w 2 1
SPARCstation IPC 48 8-hit 1 112 2 1
SPARCstation IPX 64 GX 1 1 2 2 1
SPARCstation 1/1+ 64 GX 1 1 2 2 1
SPARCstation 2 128 GX 1 112 2 1
SPARCclassic 9% 8-hit 1 112 2 1 1 1
SPARCstation LX 9% GX 1 1 2 2 1 1 1 1
SPARCstation 4 160 8-hit 1 1 1 1 2 1 1 1
SPARCstation 5 256 TGX 1 1 2 2 2 1 1 1
SPARCstation 10 512 GX 1 1 2 3 2 2 1 1 1 1
SPARCstation 20 1024 TGX 1 1 2 3 2 2 1 1 1
SPARCstation 20 1024 SX! 1 1 2 4 2 2 1 1 1
Ultral 1024 TGX 1 1 2 3 2 1 1 1
Ultra1 1024 Creatod 1 1 2| 2 12 1 1 1
Ultrab 512 PGX 1 1 1 3 2 1 1
Ultra 10 1024 wvarious 1 1 2 4 1|2 1 1
Ultra 30 2048 Cregtor 1 1 2 4 212 1 1
Ultra 60 2048 various 1 1 2 4 2|12 1 1

a. The graphics hardware listed is the basic option sold through Varian; most model s can be upgraded with higher
performance graphics. All options listed are 8-bit color graphics controllers, with the exception of b&w (black &
white graphics), SX (24-bit), and Creator (24-hit).

b. The floppy driveis always optional.
¢. Theinternal CD-ROM drive is always optional.

d. Oneinternal disk is standard, Ultra 1 systems are equipped with fast/wide SCSI disks, Ultra5 and 10 systems
are equipped with EIDE disks, Ultra 30 and 60 systems are equipped with UltraSCSI disks.

e. Number of free Sbus slots with graphics option listed (1 slot may be taken by graphics controller).

f. Total number of MBus slots (for exchangeable / upgradable CPU modules). Models with MBus option can be
upgraded to a faster CPU module, or to a multiprocessor system without changing the motherboard.

g. Full or half size PCI slots, 33 MHz or 66 MHz, depending on model.

h. 100BaseT fast Ethernet is compatible with 10BaseT, standard Ethernet.

i. We used 24-bit SX graphicsin the SPARCstation 20/71 and 20/151 models.

j. 24-hit Creator graphicsis standard with the Ultra 1/140E, 1/170E and 1/200E models.

Floppy Disk Drives

All desktop SPARCstations (except for the SPARCstation SLC and the SPARCstation

EL C) and Ultrasystems can be equipped with an optional internal 3.5-in. floppy disk drive.
Floppiescanbeinthet ar and UNIX format (1.44 MB), or inthe DOS format (720 KB or
1.44 MB). For more information, see “Using Floppy Disks,” page 156.
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Table 3. Hard Disk Characteristics.

E. o ° g Fo)

8 = 8= 3 g E é
Disk type 8 2 o £ S s&g 8 @

E 3 §% §8 £y %9

g 85 2% 23 g% &%
Sun 327 MB SCSI 5.25 327 16.5 8.3 3600 15
Sun 669 MB SCSI 5.25 669 16.0 8.3 3600 18
Sun 1.3 GB SCSl 5.25 1300 12.0 55 5400 45
Sun 104 MB SCSI 35 104 22.0 8.2 3660 1.2
Sun 207 MB SCSI 35 207 16.0 8.3 3600 16
Sun 424 MB SCSI 35 424 14.0 6.8 4400 3.0
Sun 535 MB SCSI-2 35 535 12.0 55 5400 5.0
Sun 1.05 GB SCSI-2 35 1050 105 55 5400 5.9
Sun 2.1 GB SCSI-2 35 2100 10.0 55 5400 5.8
Sun 2.1 GB SCSI-3 35 2100 9.5 4.2 7200 8.8
Sun 4.3 GB EIDE 35 4300 10.0 55 5400
Sun 4.2 GB SCSI-32 35 4200 11.0 55 5400 7.6
Sun 4.2 GB SCSI-3 35 4200 9.5 4.2 7200 8.8
Sun 9.1 GB SCSI-3 35 9100 9.5 4.2 7200 8.8

a. In early 1997, this disk type was replaced with the faster 7200 rpm drive.

CD-ROM Drives

Solarisand VNMR softwareis only available on CD-ROM (644 MB read-only, 5.25-in.
optical disks). For loading software, at least one CD-ROM drive (644-MB read-only
storage) should be available per site.

For early SPARCstations (up to the SPARCstation 10), a CD-ROM was only available in
an external storage module. These were single-speed (maximum transfer rate 1.2 MB/sec)
drives that required a caddy to insert the CD-ROM. Early SPARCstation 4, 5, and 20
systems could be equipped with an internal double-speed CD-ROM drive (without caddy).
This drive was discontinued by the manufacturer around mid-1996, and Sun switched to an
internal quad-speed drive.

Because the form factor for these new drivesis different, early SPARCstation 4, 5, and 20
systems cannot be retrofitted with anew internal CD-ROM drive (the older drives are no
longer available). In these cases, an external CD-ROM drive must be selected. Newer
SPARCstations and the Ultra workstations can be equipped with an internal quad-speed
CD-ROM drive. An external CD-ROM drive can be added to any SPARCstation or Ultra
system.

In 1997, the quad-speed Sun CD-ROM driveswere replaced with 12X drives (12 timesthe
speed of the first generation CD-ROM drives). This drive has an average transfer rate of
1.8 MB/sec (10 MB/sec burst rate) and alonger MTBF of 100,000 hours.

The latest Ultra workstations are equipped with 24X CD-ROM drives (24 times the speed
of the first generation CD-ROM drives), the standard in the high-end PC world.
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Tape Drives

Tape drives have al so seen considerable devel opment. Early Sun-3 and Sun-4 systemswere
equipped with a60-M B quarter-inch cartridge (QIC) drive QIC-24). Later, SPARCstations
were equipped with 150 MB (QIC 150) drives that could read (but not write) the previous
QIC-11 (25 MB) and QIC-24 tape formats. For many years such tapes were used to load
SunOS and VNMR software. For sometime, VNMR was also available on 8-mm Exabyte
tape (2.5 GB format).

Starting with SunOS 4.1.2, the Sun operating system is only available on CD-ROM, and
VNMR 5.1B and later releases are also only available on CD-ROM. Therefore, tapes are
now used exclusively for backup, data archiving, and data exchange and transport.

Therewasfurther development in the area of QIC tape drives. The standard QIC tapedrive
from Sun now allows for acapacity of up to 2.5 GB per tape (QIC-2000). This raises some
compatibility i ssues because the newer tape drives so far can still read all the lower density
formats, but in general it is not possible to write in lower QIC density formats—with two
exceptions: 60 MB (QIC-24) drives can also writein QIC-11 format (thisisfor Sun-3 and
early Sun-4 systems only) and 2.5 GB (QI C-2000) drives can writein 150-MB (QIC-150),
525-MB (QIC-525) and 1.2-GB (QIC-1000) formats.

There are also other tape drive options:

« 8-mm Exabyte (video technology) tape drives — The first version of these tape drives
offered acapacity of 2.5 GB. Inlater versions, the capacity wasincreased to 5 GB, then
10 GB, andfinally 14 GB. All these drives can read and write lower density or capacity
tape formats. The 5 GB and higher capacities are achieved through data compression
hardware in the tape drive. For data that are already compressed, typically 50% of the
nominal capacity is achieved (2.5, 5, and 7 GB, respectively).

« 4-mmDDS-2/ DAT (digital audio tape) drives— These drives, with 4-GB native tape
capacity (8 GB with compression), are also available from Sun. Before that, Sun was
offering aDAT tape drive with 2 GB native capacity (up to 5 GB with compression).

Because loading software viatape drive no longer is an issue, the user is now freeto chose
among the various tape options. This decision should be based on the following factors:

« Compatibility with existing tape archives, tape drives, and the need for data exchange
with other systems via tape.

» Rediability of the drive, and the durability of the media (QIC wins here).
« Tape capacity compared to the storage needs and the size of the installed disk drives.

» Datatransfer speed, particularly for large backups (8-mm Exabyte drives offer the
highest transfer rates).

» Costsfor the tape drive (8 mm-drives are more expensive).
» Costsfor the media (QIC tapes are relatively expensive).
 Space consumption for large tape archives (DAT and Exabyte take less space).

For your convenience, Table 4 lists tape drive characteristics.

Note that we strongly recommend to use computer-grade 4-mm and 8-mm tapes, not just
standard audio or video quality. It does not make sense to cal culate and compare media
pricesin costs per MB, because in most cases only a small fraction of the tape capacity is
actually used. It is far more important to have data secured on tape than to fill atapeto
100% (especially considering the low price of media).

If you are unsure about the type of 8-mm Exabyte tape drive installed on your system, the
following descriptions might help:
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Table 4. Tape Drive Characteristics

8 =

N B a

2¢ 82 28 28 w2 25 £, g4

§8 8% 22 82 53 5¢ £5 £¢%
QIC-150 150 MB n.a.b 110 na DC 6150 12
Ql C-2000°¢ 25GB n.ad 300 na 200,000 1500 DC 9250 40
DAT 2GB 5GB 366 800 80,000 90 m 10
DDS-2 (DAT)e 4GB 8 GB 400 800 80,000 1800 120 m 25
DDS-2 (DAT) 4 GB 8GB 550 1100 80,000 1800 120 m 25
DDS-3 (DAT) 12GB 24GB 1000 2000 3200 125m
Exabyte 8200 23GB na% 250 na 112m 10
Exabyte 8500 25GB 5GB 250 500 40,000 112 m 10
Exabyte 8505 5GB 10GB 500 1000 160,000 112 m 10
Exabyte 8505X LN 7GB 14GB 500 1000 160,000 3500 160 m 20
Exabyte 8505X L 7GB 14GB 1000 2000 160,000 3500 160 m 20
Exabyte 8900 20GB 40GB 3000 6000 200,000 8500 170 m 8

a. Mediacosts are estimated street prices.

b. With software compression (such aswith the UNIX conpr ess command), up to about 300 MB
can typically be stored on asingle cartridge.

¢. Besides QIC-150, this tape drive can also read and write tapes in QIC-525 format (525 MB with
1020-foot tape) and QIC-1000 format (1.2 GB with 950-foot tape). With 950-foot tape (instead of
1200-foot for 2.5 GB) the capacity is 2 GB. The mediatype listed is for the highest capacity.

d. With software compression, up to about 5 GB can be stored on asingle cartridge.
e. Replaced with the faster version around mid-1997.

f. Currently not part of the standard Varian offering, requires special tape quality.

g. With software compression up to about 5 GB can be stored on asingle cartridge.
h. Replaced with the faster version around mid-1997.

i. Not part of the standard Varian offering, mainly used in servers.

» The Exabyte 8200 (2.3 GB) is afull-height 5.25-in. SCSI device in a double-height
desktop enclosure with two LEDs aligned horizontally on the front panel

« The Exabyte 8500 (5 GB) is similar, but the two LEDs are aligned vertically. The
“medium-density” mode enables the hardware compression and decompression.

* The 10-GB and 14-GB drives are half-height devices and fit into a standard Unipack
desktop enclosure. The Exabyte 8505 (10 GB) rejects 160-m 14-GB media (10-GB
driveswere only sold for afew months). 10- and 14-GB capacity (including hardware
compression) is addressed using the “ high-density” mode. See Chapter 10, “Using
Tapes and Floppy Disks,” for further information.

To avoid problems, you should use the 112-m media. These tapes are accepted by al
Exabyte drives (10-GB capacity seems more than enough), and the 112-m tapes are sold at
about half the price of 160-m (14-GB) tape.
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Read/Write Optical Disk Drives, WORM Drives

Asan dternativeto tapedrives, read/write optical disk drivesare available from third-party
vendors. Or for long-term archiving (over ten years), third-party vendors also sell WORM
(write once, read many) optical disk drives (typical capacity 2x300 or more MB per disk).
Some of these drives approach the speed of a slow magnetic hard disk for reading data.
Typically, writing data takes twice aslong as reading. Writing involveslocal heating under
an external magnetic field, using alaser beam that is stronger than the beam used for
reading the disk. WORM drives are the ideal choice for compliance with the GLP
requirements for long-term, secure data archiving, because the data cannot be altered once
itisonaWORM disk.

The emerging standard in writable optical media seemsto be thewritable CD which isnow
availablefor PCsand for UNIX workstations. This permitswriting optical disksin standard
CD-ROM format. So far, no such drive is available from Sun; you need to refer to third
party manufacturers.

1.4 Installing the Hardware

Should you install a Sun system yourself, here are afew reminders for a safe installation:

 Current Sun workstations and their peripherals are equipped with power supplies that
can be plugged into any power outlet in the range of 110 to 240 Vac and 50 to 60 Hz
without any switching.

* Never insert or remove boards unless the power to the computer isfirst switched off,
but leave the power cord plugged in to ensure proper grounding.

 If you want to install aboard or an extension card, or add more memory, never touch
any internal component without antistatic protection.

« If you need to carry the CRT screen, first switch it off, and then wait for a several
minutes before disconnecting the power cord; otherwise, the internal capacitors may
not completely discharge, and you might experience irritating power shocks when
lifting the screen around!

1.5 Adding a Disk (Hardware)

The most frequently selected hardware expansion is the addition of anew hard disk drive.
Thisis somewhat more complex than adding memory because it involves changesto the
SCSI bus configuration, and it involvesanumber of software operations, including apartia
reorganization of the disk file systems (see “ Adding a Disk (Software),” page 51 for the
corresponding software manipulations).

Additional disks can be installed by the user. There are two different cases: internal disks
and external disks. An external disk can be added to any system, but a second internal disk
can only be added to more recent systems.

Adding an Internal Disk

A second internal disk can be added to SPARCstation 5, 10, and 20, and Ultra computers:

* SPARCstation 10 — Select a SCSI 1D address by setting ajumper according to the
installation instructions that come with the disk drive. Select a SCSI ID between 0 and
3that isn't already in use. Typically, the first drive has address 3 (c0t3d0).3
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» SPARCstation 5 or 20, or Ultra systems—The SCSI ID is“wired” into the SCSI
connector, making the SCSI ID selection automatic and instantaneous with the
insertion of the drive. The automatic address for a second internal disk driveis 1
(c0t1d0), so you must make surethereisno external drive with that address. To install
the disk, follow the instructions that come with the drive. Be sure to take antistatic
measures when working inside the CPU box.*

 Ultra 10 — This workstation can be equipped with a second internal EIDE disk drive.
» Ultra5 and Ultra 10 — External SCSI drives can be added only through an optional
SCSl| expansion card on the PCI bus.

After installing the drive, close the CPU box, reconnect all the peripherals, and boot the
system with theboot -r command.

Adding an External Hard Disk
Adding an external disk is much easier.

1. After switching power off to the computer, insert the drive into the external SCS
chain or connect it to the SCSI connector at the back of the CPU.

2. SelectaSCSl ID between 0 and 3 that isn't used already. You may want to use the
drmesg command for shutting down your computer—thistells you which SCSI
addresses are taken already.®

On Ultrasystems and SPARCstation 5 and 20 computers, it is advisable not to use
addresses 1 and 3 because these are reserved for internal drives. Using these
addresses may make it difficult to add a second internal disk drive at alater date.

3. Turnyour computer back on again and boot it withthe boot -r command.

Checking the SCSI Address

After installing the new hard disk, you can verify the SCSI address settings from the
monitor (PROM diagnostics) software.

1. Itisbest tointerrupt the bootup process after switching the workstation back on, as
soon as you get the first bootup messages on the screen, by pressing Stop-a(i.e.,
pressing the Stop and A keys simultaneously).

2. If you get the“>" prompt, switch to the “ok” prompt for the new monitor mode by

typing n:
>n
ok

36

3.0n UNITYplus spectrometer hosts, address 2 is reserved for the HAL (unless the acquisition
communication is done from aseparate SCSI controller). On UNITY and VXR-S spectrometer hosts,
SCSI address 3 is taken by the HAL and cannot be used.

4 0OnVXR-Sand UNITY spectrometers, SCSI address 3 is taken by the HAL. Only one SCSI disk
can be mounted internally because the bottom drive automatically has address 3, so that the only
interna drive must be moved to the upper position (using address 1).

5 Remember that on VXR-S and UNITY spectrometer hosts, address 3 istaken by HAL and on
UNITYplus spectrometer hosts, address 2 is taken by HAL. On these spectrometers, the total length
of the SCSI chain israther critical. Use short SCSI cables whenever possible. If you have problems
accessing any SCSI device or the acquisition computer, a second SCSI controller to communicate
with the HAL is recommended.
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To test the SCSI addressing, use the monitor command pr obe- scsi (the output
depends on the actual SCSI configuration):
Type ‘go’ to resune
Type help for nore information
ok probe-scsi
Target 2
unit 0 Disk SEAGATE ST32550W SUN2. 1G3041400878689
Copyright (c) 1995 Seagate
Al'l rights reserved ASA2
Target 3
unit 0 Disk SEAGATE ST35660N SUN05350638DR630663
Copyright (c) 1993 Seagate
Al'l rights reserved 0000
Target 4
unit 0 Renovable Tape
ARCHI VE VI PER 150 21531-004 SUN-04. 00. 00
Target 6
unit 0 Renovable Read Only Device
TOSH BA XM 4101 TASUNSLCD175506/ 24/ 95

In the output you should recognize all devicesthat are currently connected to the
SCSI bus and switched on, and you can immediately recognize problemsin the case
of SCSI address conflicts.

Use the go monitor command to continue:
ok go

Hints on Adding SCSI Devices
Here are afew general hints about adding SCSI devices to your system.

The dmesg command can show you which SCSI addresses are aready taken. If the
dnmesg output is cluttered with error messages, you may use the monitor command
pr obe- scsi instead, as shown in the previous section.

Before starting the installation, shut down and switch the power off the workstation
and all peripherals properly (see“ Shutting Down the System,” page 103).

The newer Unipack desktop enclosures are self-terminating, but on workstations with
older desktop enclosures, make sure the last devicein the SCSI bus has a termination
plug.

Switch on the workstation, and then the peripherals. Abort the automatic boot process
using Stop-a, and then boot the system using theboot - r command. If you can boot
up and operate as before, the hardware installation is complete (for the software part
of theinstallation, see “Adding a Disk (Software),” page 51).

If the system does not boot, try these troubleshooting steps:

a  Check for abad SCSI connection.

b. Makesureyou don't havetwo SCSI devices using the same SCSI ID (change
the SCSI address of the new disk drive and try rebooting with boot - r).

c. Determineif you have exceeded the maximum cable length for your system
(use shorter SCSI cables or add a second SCSI controller).

If your system has free SBus slots and you have a shortage of free SCSI addresses or
aproblem with the SCSI cable and bus length, you can always add additional SCSI
controllers.
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Sections in this chapter:

2.1 “Installing Solaris,” this page

2.2 “Installation and Customization of VNMR,” page 49
2.3“Adding a Disk (Software),” page 51

2.4 “Adding Memory,” page 55

2.5 “Increasing Swap Space,” page 56

2.6 “Changing the Hostname,” page 57

2.7 “Adding in Parts of Solaris*“After the Fact”,” page 58

The standard Solaris 2.x installation is covered in the manual VNMR and Solaris Software
Installation. It still is worthwhile to focus on afew points around the installation of both
Solaris 2.x and the VNMR software. The following sections are based on Solaris 2.5.1;
most of it also appliesto earlier Solaris 2.x releases, even though the installation tool s have
undergone considerable changes. Try to under stand what the various steps are doing—then
you will be ableto also follow the following advices and hints even if the installation tools
work differently on your version of Solaris.

2.1 Installing Solaris

To avoid future troubl e, performance degradation, maybe even having to reload Solaris or
VNMR at some point, it isagood ideato clarify afew more issues before starting the
installation:

What is the minimum swap space size for your computer? The optimum swap size?

What Solaris software options should be loaded? “ Devel oper System Support” or just
“End User Support”? With only End User Support, you are not be able to compile C
programs (even if you load the VNMR GNU option) such as pulse sequences (VNMR
seqgen and psggen commands), or generate C program-based weighting functions
(wtgen command). These are the primary limitations of the End User Support option
we know of—there may be others. Note also that many processing facilities from the
user library are C programs that may need compiling.

Do you plan to load extra software (such as CDE, Wabi, Netscape, or other third-party
software packages) on your computer? With VNMR 5.3 or later software, we
definitely recommend loading CDE (Common Desktop Environment). With Solaris
2.6, CDE isincluded automatically.

Do you plan adding extra disksin the near future?
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Swap Space

Under SunOS 4.x and earlier Sun operating systems, the swap space was used to duplicate
and extend the computer memory. Under Solaris 2.x, the swap space only actsasthevirtual
extension of theinstalled RAM. In theory (according to Sun), Solaris systems with enough
RAM (64 MB or more) can even run without any swap space! On the other hand, running
out of virtual memory can have pretty nasty consequences, such as the inability to start an
acquisition or even start any new process. Also, programs operating on large data sets such
as VNMR can be configured to use as much of the RAM as possible (e.g., by setting the
environment variable mensi ze, defined in~/ . | ogi n, to the number of megabytes of
installed RAM?Y).

Certain programs, such as Adobe Acrobat Reader, tend to consume additional RAM, the
longer they stay in use continuously. If you encounter such problems, you may want to
periodically exit from such programs, to avoid excessive virtual memory consumption.

All thisleadsto the recommendation to adjust the size of the swap spaceto at least 100 MB,
or twice the size of the installed RAM, whichever is higher. If you intend using several
memory-consuming applicationsin parallel (e.g., under CDE, using the various desktops),
you better increase the swap space beyond the recommended minimum. On the other hand,
you don't need to plan ahead for future memory expansions because you can always add
swap space later on (see “Increasing Swap Space,” page 56).

Planning the Disk Layout for Solaris 2.5.1

Solaris 2.5 doesavery good job at setting up the hard disk layout—but still, you can avoid
disk clutter if you plan the installation carefully. If you follow the instructionsin the
standard manuals, everything should work fine, but it may be more difficult to add extra
software packages you may find free disk spacein the“wrong” disk partitions, and so forth.
If you have multiple disks, you may even obtainimproved system performance by selecting
an appropriate disk layout.

For planning the disk layout, you primarily need to first collect some information:

» Tryto get arough ideaabout the size of the disks on your system. How many disks are
there? are they 424 MB? 535 MB? 1.05 GB? 2.1 GB? Note that you can not install
Solaris2.5and VNMR in asensible configuration if your workstation is equipped with
lessthan at least asingle 424 MB disk. Solaris 2.5 requires at least 220 MB (350 MB
in the configuration recommended for use with VNMR, up to 600 MB in a maximum
configuration), theVNMR 5.3 software takes up between 60 and 120 M B of disk space
(VNMR 6.1 can easily take up almost 200 MB). With a single 424-MB disk you will
be very limited in disk space. Even with a 535-MB disk, you are restricted in the
amount of software that you can load if you still want to be able to store afew spectra
and do some 2D NMR transformations. Maybe this is the point where you should
consider adding a second disk. If you install it at the same time as Solaris, this causes
the least amount of extra work.

» Given the available disk space, you need to decide which Solaris options to load.
If you want to be able to compile pul se sequences, you must select “ Developer’s
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L Thenensi ze variable defines how much memory is used by VNMR in 2D transformations. The
default setting for this variable is 8, which allows performing a 1024 x 512 2D transformation “in
core.” Setting mensi ze to 32 raises this limit to 2048 x 1024, etc. For single-user systems,

mensi ze should be adjusted to the number of megabytes of installed RAM. For multiuser systems,
the sum of all memsize values used concurrently should not exceed the number of megabytes of
installed RAM.
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Support.” Note that unless you reserve plenty of extradisk spacein/ opt and
/ usr, you will not be able to load extra options (such as upgrading from the End
User Support to the Developer Support option) “after the fact.” 1n most cases, you
will need to reload UNIX if you find later that you are missing certain options.

If you have multiple disks, we recommend that you make the largest free partition

/ expor t/ hone. This becomes your working disk. 2D/3D acquisitions and processing
always take up more disk space than expected. If there is free space on the main system
disk, don't use that as/ expor t / home, but mount it as/ dat a.

Also, if you have/ expor t / hone on a separate disk, system performance will probably
be better. A single disk has to do frequent and long seeks between the cylinder groups
containing UNIX (/ usr,/ dev,/ t np,/ et ¢) andthecylinder groupsthat contain VNMR
and the user directories. With more disks, this principle can even be expanded.

Third-party software (other than VNMR) isusually loaded into/ opt . You need toincrease
the size of this partition if you want to load such software. Solaris 2.5 (and 2.5.1) comes
with two optional software packages, CDE and Wabi:

» CDE (Common Desktop Environment) has become the standard user interfacein
Solaris releases, replacing OpenLook?. CDE 1.1 (delivered with Solaris 2.5.1) is
installedin/ usr / dt . It requires28 M B of disk spacefor astandard installation (CDE
End User), or 47 MB if you plan writing and compiling software for the CDE platform
(Developer and End User). If you want to also |oad the Answerbook package that
provides extensive online documentation, you need to add an extra 120 MB to either
of the above options.

» Wabi requires at least an extra60 MB in/ opt / SUNWabi . Wabi is a Windows
emulation software and probably rarely used on systems running VNMR.

CDE and Wabi can aso be installed in other partitions (it's just more work), so if you are
not sure, you should not worry too much right now.

Table 5 gives you an idea of the (recommended) disk space consumption with various
Solaris 2.5.1 software selections. The table indicates that, in theory, it is possible to install
avery limited version of Solaris2.5.1 on a 207-MB disk, but the remaining space is not
sufficient for VNMR. Also, in the minimum configuration, the swap spaceis very limited,
and compilations (such as pulse sequence compilation) are not possible. To enable
compilations, we would need to load the developer configuration.

On the other hand, a system with a 207-MB disk could be used if / expor t / hone
(VNMR and al user data) is mounted from aremote host. Then, we could even increase
the swap space to the recommended minimum and slightly increase/ var , to have more
disk space for printing and plotting spooling. In this smallest configuration, all partitions
(exceptfor/ var ) arefull andleavelessthan 1 MB of free disk space. Thismeansthat files
on these partitions will be more fragmented and that the disk performance will be worse.
Whenever possible, specify “recommended” (rather than “minimum”) partitions sizes—it
hel ps performance.

Note that on spectrometer hosts, the root partition (/ ) should be made bigger, as outlined
in the Table 5. We recommend making the root partition 25 MB on UNITYplus, UNITY,
and VXR-S spectrometer hosts, and 30 MB for UNTYINOVA, MERCURY-VX, MERCURY, and
GEMINI 2000 spectrometer hosts.

With all “End User” configurations, / var isleft relatively small, because compilations
cannot be done anyway. However, it is definitely recommended to increase/ var even

2 OpenWindows is still supported, but Sun is putting only limited development into it.
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Table 5. Minimum Recommended Partition Sizes for Solaris 2.5.1 With CDE

Root (/) Total

O = o]

File System S 2 2| S 2

2 flg 5 = €% 3

2 5|3 $ 8 2 8|2 &
End User, (minimum, not recommended) 13 30 32 10 9 45 54| 163 180
End User, (/ expor t / home isremote) 13 30| 56 12 9 45 54| 189 206
End User 14 30| 64 30 11 53 64| 246 262
End User + CDE 14 30| 100 30 15 71 64 | 314 330
End User + CDE + Answerbook 14 30| 100 30 15 191 64 | 424 440
Developer (minimum, not recommended) 13 30 64 30 9 82 110 | 308 325
Developer 14 30| 100 60 20 96 129| 419 435
Developer + CDE 14 30| 100 60 20 143 129| 466 482
Developer + CDE + Answerbook 14 30| 100 60 20 263 129 | 586 602
Entire Distribution + CDE + Answerbook 17 34| 100 60 60 277 146| 660 680
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without the extra space requirementsfor compilation. / var isalso used for print spooling.
With the developer’s option, / var should be set to 50 to 60 MB, to allow for compilation.

Itisnot necessary tohave/ usr / openw n onaseparate partition. Thisisjust apossibility
tomove aportion of UNIX onto asecond disk if necessary, such ason systemswith asmall
first disk. If thereis enough space to store the software on asingle disk (if the system disk
is 1 GB or more), we would rather recommend not to set up a separate partition for

[ usr/ openwi n. Inthiscase, the disk spacerequirement for/ usr / openw n indicated
above needsto be added to / usr.

The/ opt diceisused for extra software (such as Wabi or many third-party software
packages, such as FrameMaker). If you want to also install Wabi, you should increase

/ opt by 60 MB. Notethat for Solarisversions prior to 2.5.1 (namely 2.5, 2,4, and 2.3) the
/ opt dlice needed to be made substantially bigger than listed above, in order to be able to
load the Solaris patches. See the manual VNMR and Solaris Software Installation for more
information.

Inprinciple, even/ opt ,/ var,and/ usr don’t need to beinstalled on separate slices—it
iseven possibleto install Solarisin a single disk dlice. This has severa advantages:

« All thefree disk spaceisavailable in asingle pool, which allows for more flexibility.
In amultiple-partition setup. lots of free spaceislocked away invarious partitions and
remains mostly unused.

 With the modern backup media (tapes with capacities of 2.5to 14 GB), evenalevel 0
dump of an entiredisk normally fits onto a single tape; therefore, the entire system can
be backed up in one step, greatly simplifying thistask. In a multiple-partition setup,
every dice must be backed up individually (using uf sdunp).

On the other hand, the partitioned setup has some advantages:

» [ var containsthe spooling directoriesfor print servicesplusdirectoriesfor temporary
files, asthey are created during a compilation. There will be afair amount of 1/0 on
thisdlice. If youincidentally overfill the spooling area, UNIX will (with the exception
of printing, of course) still be fully functional.
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e /usr containsvirtually all of the standard UNIX software, including the user
interface, etc. Whenever possible, this slice should be left alone after the
installation—you can even consider mounting it read-only.

 Consider the case where your system somehow loses adisk slice (dueto file system
corruption, ahead crash, etc.). If aUNIX sliceis affected, you could reload UNIX (or
eventually restore single files from a backup) and still keep your data. And if a user
sliceisaffected, you could restore that from backups with little effort. Alternatively, if
you have asingle disk slice when something goes wrong, you have lost both Solaris
and your data. Restoring that from a backup tape can be tricky (remember, you have
just lost UNIX), and you end up rel oading Solaris and restoring all your datafrom a
backup.

Upto VNMR 6.1A (and Solaris releases up to Solaris 2.5.1), we have followed the official
Sun preference and recommended a multiple-slice installation. With Solaris 2.6, Sun is
changing this policy, which we follow with our recommendation, see below.

It isunlikely that you will need the entire distribution, but we recommend loading CDE,
which has becomethe standard user interface on Sun workstati ons starting with Solaris 2.6.
VNMR 5.2F and later versions are CDE-compatible; VNMR 5.1 can beinstalled on a
system with CDE, but it is recommended not to select CDE when using VNMR 5.1. The
Sun Answerbook is a set of comprehensive online documentation and may save you from
having to purchase extra books.

Note that for the installation of some Solaris patches, patch clustersin particular, you
must leave at least 4 MB of free spacein each of the/ ,/ var,and/ opt slices, and at
least 15 MB of free spacein/ usr .

Planning the Disk Layout for Solaris 2.6

For Solaris 2.6, the disk space requirements have increased compared to Solaris 2.5.1 (see
Table 6), but the installation is greatly simplified because in Solaris 2.6 CDE is part of the
standard software distribution. We don't need to reserve disk space for CDE and theninstall
that software from an extra CD-ROM, using an extrainstallation step. On the other hand,
installing Solaris 2.6 involves several CD-ROMSs.

Table 6. Minimum Recommended Partition Sizes with Solaris 2.6

Root (/) Total
e

File System .% '§ é _% E

g 2 % o

: 8|8 = 5 |5 B

2 5|5 £ 8 2 2|2 5
End User, (minimum, not recommended) | 24 40 32 10 8 135 77| 286 302
End User 24 40| 128 30 11 155 91| 439 455
Developer (minimum, not recommended) | 24 40 64 30 11 232 236 | 597 613
Developer 24 40| 128 60 25 266 270| 773 789
Entire Distribution 25 42| 128 60 60 328 391 | 992 1008

According to our recommendations, Solaris 2.6 requires 439 MB of disk space (End User
System Support), 773 MB (Developer System Support), or even close to 1 GB (Entire
Distribution). For “real world” installationsinvolving VNMR (on a system with 64 MB of
RAM), we recommend the slice sizes listed in Table 6. For spectrometer hosts, and

01-999166-00 C0503 System Administration 43



Chapter 2. Software Installation

44

additional 16 MB arerequired intheroot slice. / usr/ openwi n may be kept separate if
themain disk islessthan 1 GB. If your system is equipped with less than 1 GB of disk
space, we strongly recommend adding another disk.

The /usr and /usr/openw n dlicesizes arethose proposed by the Sun installation
software. It turns out that these slices contain alot of unused disk space reserves (100 to
150 MB). As of Solaris 2.6, we recommend installing Solarisin asingle disk slice. Sun
obviously rates the advantages of this solution more important than the few disadvantages
(see “Planning the Disk Layout for Solaris 2.5.1,” page 40).

Theterm “single-dliceinstallation” isactually incorrect, because you aways have the swap
space, whichincludes / t np, in aseparate slice. Therefore, in this simplified scheme you
end up with two dlices:

» Main software and user slice— The developer version of Solaris 2.6 takes up about 400
MB, compared to about 660 MB in amultiple-diceinstallation (see Table 6).

» Swap space— Typicaly set to about 128 MB for aRAM size of 64 MB.

VNMR 6.1 adds close to 200 M B to the software and user sice, but even then, there should
be about 250 MB of free space on systems with only asingle 1.05-GB disk. A single 535-
MB disk is definitely not enough for Solaris and VNMR, even with only the End User
option and asingle-dlice installation.

Adjusting the Disk Layout, Installing Solaris 2.5.1

Let'swalk through an installation—this gives us an opportunity to discuss the essential
points. Our sample system is a networked SPARCstation 4 with internal 535-MB disk and
an additional external 2.1-GB disk. We want to load the devel oper configuration, including
CDE and Answerbook.

Note that the numbers shown for the disk slice sizes were adjusted for this particular
example (disk size and software selection) and may not be appropriate for your system.
Refer to the Table 5 and Table 6 for recommended minimum slice sizes under Solaris
2.5/2.5.1 and 2.6, respectively.

For the installation, we shut the system down, insert the Solaris CD-ROM, and enter:
ok boot cdrom
After awhile, we get an OpenL ook user interface, and we go through theinitial questions:

» The hostname. We recommend using lowercase alphanumerics only (minus signs are
allowed also, but only inside the name). Start with an alphabetic character and don’'t
make it longer than eight characterstotal.

* We declare the workstation as “Networked”,

* Weenter the (numeric) IP address (such as 193.72.128.2, as provided by the local
network administrator).

« Then, after confirming these entries, we select the naming service. Most systems use
“None” (see Chapter 17, “Networking via Ethernet,” for NIS and NIS+). The
installation software asks for a confirmation on thisinformation.

» We then specify whether the local network is using subnets or not. If yes, we specify
the subnet mask.

* Now we select the time zone for the system and set the current local time. Again, we
confirm this information.
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Now, we come to the software pages:

Before we can select a system type, we may get a screen that tells us that the system
can be upgraded. The “upgrade” option only makes sense if we know that the current
disk layout will be okay for the new software selection. In the vast majority of the
cases, we choose “Initia”, which simply erases the current software and replaces it
with a new installation.

Now, we specify the system as*“ Standalone” (the other two cases are not covered in
this or other VNMR manuals).

We now select “ Developer System Support.”

If we wanted to, we could now use the “ Customize” button to change detailsin the
current software selection. Unless you have a distinct reason for doing so, don't. (In
earlier Solaris releases, this could even lead to installation errors if the partition sizes
were not adjusted carefully). In almost all cases, we select “ Continue” directly.

On the next page, we select the disks for the installation. It is recommended to select
all disks, even if selected partitions are to be preserved. If you don ‘t select adisk, itis
relabeled anyway, and its contents are lost.

The next window askswhether we want to preserve existing data. Thisisonly possible.
if we have partitions (typically on separate disks) that will not change in size and that
we want to be preserved. If thisisthe case, select “Preserve” and (in a new window)

specify which partitions need to be preserved. After this, we again select “ Continue”.

The next page asks us whether we want to repeat (if Solaris was already installed
before) or do an “Auto-layout.” Selecting Auto-layout changes the current partition
map, and during the installation, the partitions that change in size are erased and re-
created, except for partitions specified as “to be preserved”. We select “ Repeat Auto.”

On the next window, we specify which sliceswewant to create. “/,” “ swap,” and “/ust”
are selected by default. We also select “/opt,” “/var,” and “/usr/openwin” (if necessary,
we could still eliminate any of these extra dicesin the next step).

After “Continue,” we get an overview over the current partition map (on all selected
disks). Because we want to fine-tune the partition map and make sure that we can
install the CDE and Answerbook software packages afterwards (from a separate CD-
ROM), we select “ Customize.”

The instal lation software determined the recommended (and minimum) sizes for the
various partitions under the current software selection. It then figured out that the remaining
space on thefirst disk was too small for / expor t / hone with reasonable size, and
therefore it decided to mount the second disk as/ expor t / hone (thisfitsnicely with our
recommendation). Still, on the first disk there was some free space left. All partitions have
been increased proportionally until al the disk space was used up. The following partition
map is presented:

Disk: c0t3d0 510 MB Disk: c0t2d0 2028 MB
0|/ 18 0
1 | swap 36 1
2 | overlap 510 2 | overlap 2028
3 | var 114 3
4 | Jusr/openwin 129 4
5 | /opt 114 5
6 | lusr 98 6
7 7 | /export/home 2028
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Capecity:
Allocated:
Free:

510 MB
510 MB
omMB

Capecity:
Allocated:
Free:

2028 MB
2028 MB
0MB

We can click on any of the partition sizes, and the window indicates the minimum and
recommended sizes for that partition. If we want to increase a partition size, we first must
create some free space by decreasing the size of an other partition (just make sure you
restore at | east the minimum size again at the end). We can al so eliminate mount points (by
erasing the name from the second column and setting the slice size to zero) and create new
ones, as required.

Based on the required partition sizesgivenin Table 5 for a spectrometer configuration with
CDE and Answerbook, we decided to move/ usr/ openw n to the second disk. This
allowstherest of Solaristo reside on the 535-MB disk, along with 128 MB of swap space.

The target partition map looks as follows:

Disk: c0t3d0 510 MB Disk: c0t2d0 2028 MB
0|/ 30 0
1 | swap 128 1
2 | overlap 510 2 | overlap 2028
3 | var 60 3
4 4 | Jusr/openwin 130
5 | /opt 20 5
6 | /usr 271 6
7 7 | /export/home 1898
Capacity: 510 MB Capacity: 2028 MB
Allocated: 509 MB Allocated: 2028 MB
Free: 0MB Free: 0MB
Rounding Error: 1MB

To change the original slice map, we proceed in steps:
» Eliminate/ usr/ openwi n from thefirst disk.
* Increase the root partition to 30 MB.
e Change/ var to 60 MB.
* Increase the swap spaceto 128 MB (see “ Swap Space,” page 40).
e Set/ opt to 20 MB (note that this does not allow for much software).

For the Developer Support option with CDE and Answerbook, / usr has arecommended
size of 263 MB. The remaining disk space allowsincreasing/ usr to 271 MB, whichis
fine because the recommended size already |eaves some free space in that slice. Make sure
you use al the available free space—any “Free” disk space not allocated to a partition is
unusable after the installation. Therefore, we do the following:

 Allocate theremaining 271 MB to/ usr .
» Adjust the second-disk partition map by reducing / expor t / hone by 130 MB.

e Add/ usr/ openw n on any of the unused slices of the second disk and set the size
to 130 MB.

The“overlap” partitionsare disk slices covering the entire disk and can be used when adisk
isused assingle dice.

System Administration 01-999166-00 C0503



2.1 Installing Solaris

If thereissubstantial free space on thefirst disk, theinstallation software proposesto mount
thisas/ export/ hone, and afree external disk (partition) isthen mounted as

/ expor t/ honeO (further disksas/ expor t / honmel, etc.). Asdiscussed previously, we
recommend mounting the largest free partition as/ expor t / honme and mounting other
free partitions as/ dat a, / dat a0, etc. To do this, change the mount point

/ export/ hone to/ dat a, and then change/ export/ hone0 to/ expor t/ hone
(changing / expor t / honeO first does not work, because this would temporarily lead to
duplicate mount points).

When we are done with the partition map, we select “OK”, which returns us to the “File
System and Disk Layout” overview, inwhich we select “ Continue.” We can now set remote
mount points (if thereis another system with file systems that are exported). For each one
we need to specify the host name and the IP address of the remote server, the remote file
system, and the local mount point (see Chapter 17, “Networking via Ethernet,” for more
information). We can also do this later if we want.

After selecting “ Continue,” the software presents an installation profile, summarizing all
our input and selections. Up to this point, we can still select “Exit” or abort theinstallation
(Stop-a), and the disks would remain untouched. This gives us a chance to try out the
installation tool and gain experience with it, without having to be afraid of consequences,
in case we make a mistake.

After we select “Begin Installation,” we get alast prompt, asking whether we want to
reboot after theinstallation or not. Because we need to reboot anyway after the installation,
we select “ Reboot after Installation,” and then the Solaris installation starts.

After it completes, the system reboots and prompts for aroot password. Once that is
defined, it completes the bootup, giving usal ogi n prompt. Weloginasr oot and gect
the CD-ROM by entering:

# eject cdrom

We can now insert the CD-ROM labeled “Desktop 1.1” and follow the instructions given
in the Solaris Common Desktop Environment: Installation and System Administration
Guide that comes with the software. We enter:

# cd /cdrom

#1s

cdronD solaris_2 5 1 desktop_1 1

# cd cdronD

#1s

CDE Copyright ODBC2.11 Wbi

# cd CDE

#1s

Copyright Power PC sparc x86

# cd sparc

# ./linstall-cde

This presents us with the options:
1. Starttheinstallation
2. Modify the configuration settings
3. Cancedl theinstallation.

We choose to modify the configuration settings because, by default, only the End User
package and the “ Solaris Desktop Login at System Boot” are selected.

On the next screen, we select the “ Developer CDE Package” (3) and “ Answerbook CDE
Package” (4). For each of these, we enter “y” (or “YES”’, lower- or upper-case) to activate
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theitem (only if we want these options, of course). If we want or need to install CDE into
adifferent location (the default is/ usr / dt ), we can enter an alternate file path by
selecting “1”.

When we are finished, we return to the main menu and start the installation.

Note: If you understand the above section, you should also be able to install Solaris 2.6
(which ismuch easier to install). Therefore, we don’t discuss this separately here.
Werecommendinstalling Solaris2.6 inasingledisk dice, inwhich case all the steps
for above setting up a proper disk partitioning are unnecessary.

Solaris Patch Installation

Particularly for YN'TYINOVA systems, VNMR reguires certain Solaris patchesto beinstalled,
for example, the patch 103582-xx (TCP patch) for Solaris 2.5.1. There are Solaris patches
on the VNMR CD-ROM (together with installation instructions in the manual VNMR and
Solaris Software Installation). Before you start installing, consider the following points:

* Sunisconstantly updating their patches. The patches on the VNMR CD-ROM may be
outdated already when you receive the VNMR software. You should check the
SunSolve Web site (ht t p: / / sunsol ve. sun. cont ) or the Sun patch FTP server
(ftp: //sunsol ve. sun. com pub/ pat ches/ pat ches. ht m ) for newer
versions of the required patches. In the patch number, the two digits after the dash are
the patch version number.

« Evenwithinagiven Solarisrelease, there may be newer versions (such as Solaris2.5.1
“Hardware: 4/97”, Solaris2.5.1 “Hardware:; 8/97”, or Solaris2.5.1“Hardware: 11/97")
that automatically include and install many patches, including those required by
VNMR. To check whether a particular patch (such asthe TCP patch 103582-xx
mentioned above) is aready installed, use the following command (no output means
that the patch is not installed):
showev -p | grep 103582

¢ Apart from the individual patches, Sun aso offers entire clusters of recommended
patches, suchas2. 5. 1_Reconmended. t ar. Z (typicaly files of 20 to 30 MB
after compression), that permit bringing your Solarisinstallation to the latest level.
Note, however, that the installation of patch clustersrequires extradisk space. If don’t
have at least 36 MB of free spacein/ var (/ var/ sadn), you need to use the
“- nosave” option for the cluster installation, i.e., you will not be able to back out
individual patchesin the case of problems (in practice—at least on atypica VNMR
system—thisisrarely done anyway). Under Solaris 2.5.1, a“nosave’ installation is
achieved with
cd 2.5.1 recomended
.linstall _cluster -nosave

Installation of a Solaris 2.x patch cluster takes 1 to 2 hours.

Assigning a Password to the System Administrator

The UNIX system administrator’s login name of r oot is given permission by UNIX to
accessall thefiles. With thispermission, r oot can erasefiles, changefiles, movefiles, and
perform many other functionson all system filesand directories. Therefore, it isextremely
important that the accessto the system asr oot be controlled.

A simple and effective way of controlling accessis by assigning apasswordtor oot .
Solarisasksfor ar oot password when installed. Instructions are given at that time. On
pre-Solaris systems, the password is assigned by using the passwd command in UNIX.
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The UNIX system administrator should loginasr oot , then type the passwd command,
which will prompt the administrator through the password assignment. Some of the
requirements for a password include:

e The password must be more than six letters and numbers.

» The password cannot contain certain characters that have a special meaning to UNIX.
Some of these charactersare* /\ ?% & |. Consult Sun Microsystems manuals for a
completelist of reserved characters or open aterminal tool or command tool window
and type man passwd.

When ar oot password has been assigned, it should be kept private. Widespread
knowledge of the password negates the protection. The password should be kept in a safe
place so that it is available in the event that service on the unit isrequired. It is extremely
important to understand that r oot must enter the correct password to gain accessto the
system asthe superuser. If ther oot passwordislost or forgotten, thereisno way available
to learn the password from the system. For systems running Solaris, even booting up asa
single user requiresthe r oot password.

2.2 Installation and Customization of VNMR

After loading the VNMR software, the output devices (printers, plotters, etc.) need to be
defined (see Chapter 4, “ Output Devices, Terminals, Serial Ports,” for further information).
You also must configure VNMR using conf i g (in VNMR); otherwise, it does not
function properly. On standaloneworkstations, it is most convenient to set all configuration
parametersto the same val ues as on the spectrometer that the workstation mostly relatesto
(except that you should not declare the workstation as a spectrometer).

Backup your filesdevi cenanes, conpar, and shi ns from/ vnnr (along with any
other file that you have customized) onto tape. These are the most important customized
fileswithin / vnnr . When rel oading the compl ete software, you can then read back those
filesinto/ vnnr (thisonly applies when reloading the same software, of course; if you are
loading a new version of VNMR, you can still load those backup files into atemporary
directory for comparison purposes, but you should not reuse old conpar or other files
(other than shim settings) because these could be incompatible with anew VNMR release.

Installing New Users

Installing new usersis described in the manual VNMR and Solaris Software Installation.
Unless you have very large disks, be careful not to create too many users. Each user
requires a series of experiments (sometimes large experiments) aswell assaved NMR data
in subdirectories. Your free disk space can vanish within an incredibly short period of time.

Try to group the usersinto afew shared home directories. It will never be easy to keep file
system discipline with many users unlessr oot vigorously cleans up all the home
directories every now and then.

Assigning New Users

One of the most important tasks of the UNIX system administrator is assigning new users.
The manual VNMR and Solaris Software Installation coversin detail how to handle this
responsibility. Each user in a UNIX system requires supporting directories and filesto
allow the user to enter the environment.
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The VNMR software includes the UNIX command makeuser that setsup anew user’s
entry inthe passwd, shadow (Solaris only), and gr oup files, as well as makes a home
directory and all the subdirectories required by VNMR. The creation and modification of
these directories and filesis the task of the UNIX system administrator.

Password File

To log onto the system, each user must have an entry in the passwordfile/ et ¢/ passwd.
On Solaris systems, the entry for auser issimilar to the following;:
j ohn: x: 77: 30: John Smi t h:/export/hone/chentjohn:/bin/csh

On pre-Solaris systems, the entry for auser is slightly different;
j ohn: 8nndf t 63& 77: 30: John Smit h:/ hone/ chem j ohn:/bi n/csh
Both entries have the following information (reading from left to right):

» Field 1istheuser’slogin name. In the entries above, john is the login name.

» Field 2 istheletter x on Solaris systems or the user’s encrypted password on other
systems. Solaris uses another file, / et ¢/ shadow; to hold the encrypted password
and other information about the user. Only r oot can even view the shadowfile.

» Field 3istheuser’'s D number. In the entries, the user ID is 77.
» Field 4 istheuser’s group number. In the entries above, the group number is 30.

» Field 5isthe user’stitle, telephone number, etc. Thisinformationisused by the UNIX
commandswhoi s andfi nger.

» Field 6 isthe user’'s home or login directory. Note that Solaris usesthe expor t
directory in the path.

» Field 7 isthe user’s shell (the type of command interface to UNIX). Inthe entries
above, theentry is/ bi n/ csh for the C shell. Another shell is/ bi n/ ksh for the
Korn shell. No entry in thisfield indicates a Bourne shell.

Refer to Sun Microsystems manuals or reference books on UNIX and Solaris for further
information about password files.

Group File

The group file (/ et ¢/ gr oup) contains the names of groups that exist in the system and
the users that are members of each group. Thisfileisimportant in that it sets the accessto
files not owned by the user. An entry in the group file may look like:

nnr::30:vnnrl, mke,jim

Theinformation in this entry shows that the nmr group number is30 and it hasvnnr 1,
m ke, andj i mas members.

Home Directory

In asituation where the individual users are not familiar with UNIX, it may be necessary
for the UNIX system administrator to assist in personalizing the user’s home directory. In
particular, there are “dot” files (files with a period asthe first character in the name) that
can be edited to provide shell commands personalized for the user. Such files include the
following:

» . cshrc isthe C-shell run command file.
e .1 ogi nisthe C-shell home directory command file.
o .dtprofileisusedby CDE for initialization.
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e . dt isthedirectory that contains CDE files.

Files starting with adot are called hidden because they are not displayed by the usual UNIX
| f orl s commands (ortheVNMRI f, | s, ordi r commands); however, they are
displayed if theUNIX | s —a commandisused(or | s(' —a') inVNMR). See Chapter
12, “File Security, Repair, and Archiving,” for more information.

Sending System Messages

System messages are another responsibility of the UNIX system administrator:

» Themessage of the day, storedinthefile/ et ¢/ not d, can be used to remind users of
meetings, preventative maintenance, etc. / et ¢/ not d isdisplayed every time a user
logsin; however, the message may not show very long becauseit is overwritten by the
windows that appear as part of the process of starting VNMR. A better way to pass
information to usersisto useinstead/ vnnr / boot up_nmessage. Thisfileis
displayed in the text window every time VNMR is started.

* When shutting down amultiuser system, the shut down command can be used to
send messages to each active user to save files and log off. Only the UNIX system
administrator should invoke the shut down command and then only with ample
warning if possible (obviously, asingle-user system can be shut down at any time
without system messages). For more information, see “ Shutting Down the System,”
page 103.

2.3 Adding a Disk (Software)

Theinstructions in this section should enable the user to add a second (or third) hard disk
to the system without having to reload any software (if this has to be done anyway, the
installation can proceed as described above). It turns out that installing a second disk by
softwareis rather easy under Solaris because the formatting routines can be called from
within the standard Solaris environment. The total time involved should be about 30
minutes plus the time it takes to format the drive.

1. Start by shutting down UNIX, switching off the Sun and installing the hardware as
described in the hardware documentation and in “ Adding aDisk (Hardware),” page
35.

2. Oncethedisk hasbeeninstalled, reboot UNIX again. Itisimportant that you reboot
the system with the boot - r option. If necessary, interrupt the automatic boot
process using Stop-a or, alternatively (safer), let the system boot up automatically,
and thenlog inasr oot and bring the system down to monitor level using
#init O
When you get the ok prompt, type
ok boot -r
This causes the system to create the necessary new entriesin/ devi ces and/ dev.

3. Loginasroot.

If the system does not boot at all, either you have abad SCSI connection or you have
created a SCSI address conflict. Change the SCSI address on the new disk to an
unused number (between 0 and 3), check the connections, and try again. If the
problems persist, use shorter SCSI cables (the SCSI bus may be electrically
overloaded®).
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4, If youwant to format the new disk (reformatting is optional because most disks are
already formatted), enter thef or mat command. It presents you with alist of
available disks:

# format
Sear ching for disks...done

AVAI LABLE DI SK SELECTI ONS:
0. c0t2d0 <SUN2.1G cyl 2733 alt 2 hd 19 sec 80
/i ommu@, 10000000/ sbus@, 10001000/ espdna@, 8400000/
esp@, 8800000/ sd@2, 0
1. cO0t3d0 <SUN0535 cyl 1866 alt 2 hd 7 sec 80
/i ommu@, 10000000/ sbus@, 10001000/ espdna@, 8400000/
esp@t, 8800000/ sd@3, 0
Specify disk (enter its number): O
sel ecting cOt2d0
[disk formatted]
Warni ng: Current disk has nounted partitions.

FORMAT MENU
di sk - select a disk
type - select (define) a disk type
partition - select (define) a partition table
current - describe the current disk
f or mat - format and anal yze the disk
repair - repair a defective sector
| abel - wite label to the disk
anal yze - surface analysis
def ect - defect |ist managenent
backup - search for backup | abels
verify - read and display | abels
save - save new disk/partition definitions
inquiry - show vendor, product and revision
vol nane - set 8-character volunme nane
qui t

format> q

#

Disks are presented in the order of the SCSI address: the “first” (internal) disk has
SCSI address 3 (unless thisis a spectrometer host for aVXR-Sor UNITY) and is
therefore be listed last (see Chapter 6, “ Disk Organization,” for details).

In this particular case, a disk with mounted partitions was selected, which caused
f or mat toissue awarning. Of course, we don’t want to format such a disk and
should quit again by entering g (commandsinf or mat don’t need to be typed
completely; it is sufficient to type the first character(s) of acommand name, such
that the string is unique and the name can be recognized among the available
options).

5. Incasethedisk label isunreadable or faulty, you can now create a proper disk label
(for original Sun drives you can normally skip this step):
format> type

6. You should now select the proper disk type by selecting a number from the options
given. If thedisk isnot an original Sun drive, it may be a nonstandard type.
Therefore, you would have to specify “other,” which causes the program to ask for

52

3 OnUNITYplus, UNITY and VX R-S spectrometers, where the acquisition computer is accessed via
SCSl bus, theredtrictionsin terms of SCSI load and maximum cable length are much tighter—apart
from the fact that one SCSI address is taken by the host-to-acquisition link. In these cases, it may be
advisable or necessary to use a second SCSI adapter (SBus card).
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more information about the new drive (number of heads, number of tracks, number
of sectors per track, interleave factor, and rotation speed). Thisinformation hasto be
extracted from the hardware documentation for the new disk.

7. Make abackup of the defect list for the disk using thedef ect program. You don’t
need atapefor thisoperation because you have thefirst disk available to temporarily
store these data:

f ormat > def ect

def ect> original

defect> print

defect> dunp

Enter nane of defect file: /newdisk. defect

defect> quit
Do you wish to commt changes to the current defect list? y

8. Continue with theformatting program. If you want, you could change the number of
surface analysis passes now: the default is 2. If you have several hours, you can
increase the default to 5, or more for overnight formatting; otherwise, you can skip
the following steps:

format > anal yze

anal yze> setup

anal yze entire disk [yes]? vy

| oop continuously [no]? n

enter nunmber of passes [2]? 5

All other lines can be answered by pressing Return (selects default).

anal yze> quit

9. You can now proceed with the format program:

format> format

Ready to format. Formatting cannot be interrupted and \
takes x minutes (estimted). Continue? y

Formatting... done.

Verifying nedia...

10. Usethel abel program to label the disk:

format> | abel
Ready to | abel disk, continue? y

11. Beforeyou quit the formatting program, you should change the partitioning of the
new disk withthe parti ti on subprogram such that you can usethe disk ina
single, contiguous block. To do this, you need to adjust all partitionsto zero size,
except for partition 2 (the “overlap” or backup partition covering the entire disk,
whichweleave untouched) and partition 7, which we make the same sizeas partition
2— namely, the full disk. For a Sun 2.1-GB disk, we proceed as shown below (the
starting partition map shown hereisthe default partition map for Sun 2.1-GB disks).

Thepartiti on subprogram first presents us with a menu, which you can aways
recal by typing “?’. We start asking for a printout of the current partition map, and
then we change all the partitions that need to be altered:

format> partition

PARTI TI ON MENU

- change ‘0" partition
- change ‘1" partition
- change ‘2" partition
- change ‘3 partition
change ‘4’ partition
- change ‘5’ partition
- change ‘6’ partition
- change ‘7' partition

~N~Nooh~,wWNEFLO
1
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to the disk

sel ect - select a predefined table

nmodify - nmodify a predefined partition table
name - nane the current table

print - display the current table

label - wite partition map and | abel

quit

partition>

Current partition table (original):

Total disk cylinders available: 2733 + 2 (reserved cylinders)

Par t Tag Fl ag Cylinders Si ze Bl ocks
0 r oot wm 0 - 40 30.43MB  (41/0/0) 62320
1 swap wu 41 - 170 96.48MB (130/0/0) 197600
2 backup wu 0 - 2732 1.98GB (2733/0/0) 4154160
3 unassi gned wm 0 0 (0/0/0) 0
4 unassi gned wm 0 0 (0/0/0) 0
5 unassi gned wm 0 0 (0/0/0) 0
6 usr wm 171 - 2732 1.86GB (2562/0/0) 3894240
7 unassigned wm 0 0 (0/0/0) 0

partition> 0

Par t Tag Flag Cylinders Si ze Bl ocks
0 r oot wm 0 - 40 30.43MB  (41/0/0) 62320

Enter partition id tag[root]: unassigned

Enter partition permission flags[wd:

Enter new starting cyl[0]:

Enter partition size[62320b, 41c, 30.43nb]: O

partition> 1

Par t Tag Flag Cylinders Si ze Bl ocks
1 swap WU 41 - 170 96.48MB  (130/0/0) 197600

Enter partition id tag[swap]: unassigned

Enter partition permssion flags[wi]: wm

Enter new starting cyl[41]: O

Enter partition size[197600b, 130c, 6.48MB]: O

partition> 6

Par t Tag Flag Cylinders Si ze Bl ocks
6 usr wn 171 - 2732 1. 86GB (2562/0/0) 3894240

Enter partition id tag[usr]: unassigned

Enter partition pernission flags[wn]:

Enter new starting cyl[171]: O

Enter partition size[3894240b, 2562c, 1901.48nb]: O

partition> 7

Par t Tag Flag Cylinders Si ze Bl ocks
7 unassi gned wm 0 0 (0/0/0) 0

Enter partition id tag[unassigned]:

Enter partition permission flags[wd:

Enter new starting cyl[0]:

Enter partition size[Ob, Oc, 0.00nb]: 2733c

partition> p
Current partition table (unnaned):

Total disk cylinders available: 2733 + 2 (reserved cylinders)
Par t Tag Flag Cylinders Si ze Bl ocks

0 unassigned wm 0 0 (0/0/0) 0

1 unassigned wm 0 0 (0/0/0) 0

2 backup wu 0 - 2732 1.98G (2733/0/0) 4154160
3 unassigned wm 0 0 (0/0/0) 0

4 unassi gned wm 0 0 (0/0/0) 0

5 unassi gned wm 0 0 (0/0/0) 0

6 unassi gned wm 0 0 (0/0/0) 0

7 unassigned wm 0 - 2732 1.98G (2733/0/0) 4154160
partition> | abel

Ready to | abel disk, continue? y
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partition> g
format> q

(...)
#

This process is mostly self-explanatory. wmin the Fl ag column stands for “write
mostly”; this value is not relevant for partitions of zero size.

Partitions always start with anew cylinder. Therefore, it is best to specify partition
sizesin full cylinders (e.g.: 2733c). This avoids unused sectors at the end of a
partition. Make sure you label the disk at the end. Only this action writes the new
partition map to the disk.

The disk is now formatted and partitioned, but the software still doesn’t useit, of
course. First, we haveto create aUNIX file system in the new partition, and then we
have to create a mount point (an empty directory, preferably in the directory / ):

newfs /dev/rdsk/ cOt 2d0ds7
nkdir /data

Tell the system to mount this new partition automatically when booting up by adding
thefollowing line to thefile/ et ¢/ vf st ab (enter vi / et c/ vf st ab to usevi
asatext editor):

/ dev/ dsk/ c0t 2d0s7 /dev/rdsk/ cOt 2d0s7 /data ufs 3 yes -

We can now directly mount the new disk, and then moveinto it and check whether
it isaccessible:

mount /data

cd /data

pwd

If the system is on a network, and the new disk and file system should be mounted
from other systems, we should add an entry for the new file system/ dat a (ona
new line) to thetext file/ et ¢/ df s/ shar et ab:

share -F nfs -0 rw /data

To activate the file system sharing on that disk, we need to either reboot the system
or call thecommand shar eal | ; otherwise, NFS mounting is not possible with the
new disk. See Chapter 17, “Networking via Ethernet,” for more details.

We can now transfer files(fi | el,fi | e2, etc.) from/ hone to/ dat a, using the
t ar command:

cd /export/hone

tar cf - filel file2 ... | (cd /data; tar xfBp -)

Now isagood timeto reboot the system (make sure the disk check shows no errors):
reboot

Loginagainasr oot andcheck forfilesin/ expor t / hone. Usether mcommand
to remove duplicate files:

cd /export/hone; Is

rm-r filel file2 ...

If the datafiles still need to be accessible as if they wereon/ expor t / hone, you
can create a symbolic link for each of these files, for example:

In -s /data/filel /export/hone

2.4 Adding Memory

Memory boards normally comewith installation instructions (the warnings about antistatic
protection should be taken serioudly). Adding RAM memory to the CPU doesnot normally
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require changing or installing any software, but you may want to adjust the size of the swap
space.

For optimum 2D performance with VNMR on asingle-user system, you may want to adjust
theenvironment variablenrensi ze, whichisdefinedineachuser’s~/ . | ogi nfile, tothe
sizein MB of theinstalled RAM memory.

2.5 Increasing Swap Space

56

If the swap space turnsout to betoo small, you may experience performance losses or more
serious problems (such astheinability to start programs, run an acquisitionin VNMR, etc.).
We recommend adj usting the swap spaceto at | east 100 MB or twicethesize of theinstalled
RAM, whichever islarger. This should do for VNMR, but there may be other software
requiring more virtual memory (there are third-party applications requiring as much as

1 GB of swap space and virtual memory) or you may be using many applicationsin parallel
(e.g., using the various CDE desktops).

If you suspect that your system suffers from swap space limitations, enter the command

swap —s todisplay the current swap space usage:

# swap -sS

total: 19032k bytes allocated + 5740k reserved = \
24772k used, 82096k avail able

Adding “external” swap space is done by creating a contiguous disk filein any disk

partition (such as / expor t / home or wherever there is enough free space). The size of
the additional swap space can be selected freely. Usually we add multiples of 4 MB.

1. Createthedisk file that will serve as swap space extension, for example:
nkfile 64m /export/hone/ swap
This createsa 64-MB swap filein/ expor t / hone.

2. To activate the new swap space immediately, call
# swap -a /export/hone/ swap

3. Toverify the presence of the additional swap space, use swap with different

options:

# swap -s

total: 18724k bytes allocated + 5732k reserved = \
24456k used, 115144k avail abl e

# swap -|

swapfile dev swapl o bl ocks free

/ dev/ dsk/ cOt 3d0s1 32,25 8 131592 131592

/ export/ hore/ swap - 8 131592 131592

4. To make this swap space addition permanent add alineto/ et ¢/ vf st ab:
/ export/ home/ swap - - swap - nho -

To disable this additional swap device (because you need the space on the disk), you can
comment out the abovelinein/ et ¢/ vf st ab (insert apound sign “#” at the start of the
line), reboot the system, and then delete the file/ expor t / hone/ swap.

It isalso possible to add swap space through Ethernet network (from aremote disk), but
because the speed of swapping is essential to the overall performance of the system, thisis
not arecommended practice. It may also add considerable load to the network.
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2.6 Changing the Hostname

The safest and easiest way to change the host nameisto usethesys- unconfi g
command.

1

Enter:

sys-unconfig

The command issues a number of warnings and then “unconfigures’ the system
completely.

Reboot the system. You are asked to enter the relevant system and networking
information, similar to when you install Solaris.

You just need to be aware of thefact that sys- unconf i g erasesand initializesall
network configuration files, such as/ et ¢/ host s, and you need to restore any
extrainformation in these files, such as remote hosts, after rebooting.

You can also change the hostname “by hand”, by modifying the appropriate system
administration files. It's not difficult, but it requires rebooting the system and should not
just be done “on the fly.” Fortunately, the hostname is not stored in too many files.

1

Before you change the hostnamelocally, call the following command to unmount all
(NFS-type) remotefiles:
umountal | -F nfs

Do the same command on all other systems that mount file systems on local disks.

Change the host nane locally in the following ASCI|I files:

/ et ¢/ host name. xx0

/etc/hosts

/etc/hosts. equiv

/ et c/ nodenane

On networked systems, thefilehost name. xx0 isnamed either host nane. | e0
or host nane. | el (or host nane. i €0, or host nane. i el).

You may want to change the current host name with the host nane command:
host nane new_host nane

Carefully check all thefilesrelated to print spooling (see“Null Modemsfor Printers
and Plotters,” page 89), and then reboot the system.

In networks, you may have to change files on each remote host, unless the NIS
service (previously called “yellow pages’ service) is activated (see Chapter 17,
“Networking via Ethernet,” for further information):

/etc/hosts change remote hosthame

/etc/ hosts. equiv change remote hostname

/etc/vfstab (if used) change NFS lines to new hostname
/ et c/ df s/ sharet ab (if used, does not aways contain host names)
/. rhosts (if exists) change remote hostname

Remount all remote files (rebooting is not necessary):
d. mountal -F nfs

If remote printing on the host with new nameisused, carefully check and update all
filesrelated to printing (see “Null Modems for Printers and Plotters,” page 89).
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2.7 Adding in Parts of Solaris “ After the Fact”

Whenever possible, you should try installing everything you are going to need with the
initial installation. This avoids complications such as disk partition overflow and more
work; however, having a procedure for installing a package such as the UNIX manuals
“after the fact” might save you from having to reinstall the entire software.

An example for such asituation is the following: because of disk space limitations, a user
decides to only load the “End User Support” option. It turns out that this does not include
the UNIX manuals. There are two ways to resolve this:

» After selecting “End User Support”, select the “ Customize” button and then activate
the*UNIX Manuals’ selection before continuing with the software installation. This
isthe safest solution because it ensures that there will be enough disk space for the
manual filesin/ usr, and it is definitely the simpler solution.

» Usethe Sun pkgadd program to extract parts of the Solaris software from the CD-
ROM “&fter the fact”, provided there is enough disk space.

Some precautions before we start: pkgadd does not report what the disk space
reguirements for the selected package are. You should only use this procedure if

* You know how much disk spaceisrequired for the package you want to load. Note that
the UNIX manual s under Solaris 2.5.1 take up 14 MB of disk space (/ usr / man). So
you should make sure thereis 14 MB of freedisk spacein/ usr.

» You want to reload a specific package because the original files somehow got
corrupted. In this case, no extra disk space should be required.

Assuming there is enough free disk spacein/ usr , we can start the installation:

1. Insert the Solaris 2.5.1 CD-ROM into the drive and continue as follows (you must
ber oot to do this):

# cd /cdronmf cdronD/s0/Solaris_2.5.1
# pkgadd -d .
The pkgadd program may require several minutes to start up.
After this, you see the first page filled with the first out of
about 200 software options:
The foll owi ng packages are avail abl e:
1 AXlLvplr.c Axil platformlinks
(sparc.sun4c) 5.5, REV=96.01. 21. 22. 49
2 AXlLvplr.m Axil platformlinks
(sparc.sun4n) 5.5, REV=96. 01. 21. 22.50
3 AXlLvplu.c Axil wusr/platformlinks
(sparc.sund4c) 5.5, REV=96.01.21.22.51
4 AXlILvplu.m Axil usr/platformlinks
(sparc.sun4n) 5.5, REV=96.01. 21.22.51

5 PFUaga. m AG 10 device driver
(sparc.sun4n) 1.1.0, REV=0.0.2
6 PFUagaow AG- 10 DDX Support ( OpenW ndows)

(sparc) 1.1.0,REV=0.0.2

7 PFUagaoxgl AG 10 Runtime Support
(sparc) 1.1.0,REV=0.0.2

8 PFUcar.m PFU/ Fujitsu kernel /unix for Power Control
Sof tware (sparc. sundm
11.5. 1, REV=96. 04. 24. 11. 46

9 PFUdbf.m S-4/Leia LCD Dunb Franme Buffer Driver
(sparc.sun4n) 1.0, REV=96.04.18.01

10 PFWplr.m PFU Fujitsu platformlinks

(sparc.sun4n) 5.5, REV=96. 01. 21. 22. 42

. 182 nore choices to foll ow
<RETURN> for nore choices, <CTRL-D> to stop display:
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2. Pressthe Return key to scroll down until you find the online manuals:
94 SUNWran On-1ine Manual Pages
(sparc) 38.0, REV=7
3. At thispoint, stop the display by pressing Ctrl-d, which resultsin adialog:

Sel ect package(s) you wish to process (or ‘all’ to process all
packages). (default: all) [?,??,q]: 94

This starts installation of the UNIX online manuals (generating lots of output,
including copyright notes, etc.).

4. After theinstallation, pkgadd returnsto the messagein step 3. We stop the list with
Ctrl-d and exit from pkgadd:
Sel ect package(s) you wish to process (or ‘all’ to process all
packages). (default: all) [?,??,0]: q

5. We can now egject the CD-ROM—the installation is finished:

# cd /
# ej ect cdrom
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chapter 3. VNMR-Related System Administration

Sections in this chapter:
e 3.1"Acquisition Processes,” this page
e 3.2"“Stopping and Restarting Acquisition Processes,” page 65
e 3.3“Shutting Down and Restarting UNIX,” page 68
» 3.4"“Configuring the VNMR User’s Environment,” page 71
e 3.5 “Shutting Down and Restarting the Host Computer,” page 71
* 3.6 “Modifying the Nucleus Tables,” page 72
e 3.7 “Changing the Standard Parameter Sets,” page 73
e 3.8 "“User-Selected Shim Buttons,” page 73
* 3.9 “File Protection,” page 74
¢ 3.10“VNMR Accounting Tool,” page 76

Administration of the spectrometer system and users on the system includes a number of
activities that are covered in this chapter

3.1 Acquisition Processes

An understanding of the acquisition processes used by each system helps explain the need
for the multiple-step start up and shut down procedures given later in this chapter.
Acquisition is characterized by the interaction of a number of processes running on three
interconnected computers:

® Sun-based host computer system.

® Ethernet controller on YNTYINOVA, MERCURY V xWorks Powered (shortened to
MERCURY-VX throughout this chapter), MERCURY, and GEMINI 2000, or the Host-
Acquisition Link (HAL) board on UNITYplus, UNITY, and VXR-S systems.

® Acquisition computer.

UNTYINOVA and MERCURY-VX Systems

Figure 3 shows the relationship of acquisition processes on NTYINOVA and MERCURY-VX
systems. On the host computer system, the processes that may beinvolved areacqi ,
Acgst at , and the Proc family (Exppr oc, Pr ocpr oc, Robopr oc, Aut opr oc,

I nf opr oc, Recvpr oc, and Sendpr oc). On the acquisition computer, the processes
involved are VxWorks (the real-time operating system on the acquisition CPU), vwacq. o
and vwconm 0.

After the Sun computer boots, the acquisition computer uses boot p (boot protocol) over
the Ethernet to the Sun to obtain the I P address and other information. The Sun finds the
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Figure3. Acquisition Processes on YTYINOVA and MERCURY-VX

informationinthefiles/ et ¢/ boot pt ab and / et ¢/ host s, and returnsthe IP address
and other information to the Ethernet controller.

The acquisition computer then requests VxWorks. The Sun computer obtains this from
/ tftpboot/vxBoot and sendsit to the acquisition computer. After this, VxWorks
reguests programs for different acquisition tasks. The Sun gets these programs from the
directory / vnnr / acq.

MERCURY and GEMINI 2000 Systems

Figure 4 shows the relationship of acquisition processes on MERCURY and GEMINI 2000
systems. On the host computer, processesthat may beinvolved areacqi , Acqst at, and
Acqpr oc. On the acquisition system, processesinvolved arel nc, apnon, and aut shm

After the Sun computer boots, the acquisition computer isinitialized for 1 second, and then
waits for the Ethernet controller. The Ethernet controller initializes for 8 seconds and then
uses RARP (Reverse Address Resolution Protocol) over the Ethernet to the Sun to obtain
the IP (Internet Protocol) address. The Sun finds the address in the files/ et c/ et her s
and/ et ¢/ host s, and returns the | P address to the Ethernet controller.

The Ethernet controller then requeststhe | nc program. The Sun obtains this from
/tft pboot /| nc and sendsit to the Ethernet controller. Next, | nc boots the Ethernet
controller. After this, | nc requests the apnon program and then the aut shmprogram
fromthefiles/t f t pboot / apnon and/ t f t pboot / aut shm respectively.
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Figured4. Acquisition Processes on MERCURY and GEMINI 2000

The Ethernet controller now passes information to the acquisition computer, which loadsit
in the correct place in the acquisition memory. Then the Ethernet controller sends a
message to the acquisition computer to execute apnon. Theapnon processinitializesthe
hardware, finishing the system bootup. During operation, the Acqpr oc process pollsthe
system every 5 seconds.

For more information on the acquisition processes used with the MERCURY and GEMINI
2000, refer to the manual VNMR and Solaris Software Installation.

UNITYplus, UNITY, and VXR-S Systems

Figure 5 showsthe rel ationship between acquisition processeson UNITYplus, UNITY, and
VXR-S systems. On the host system, the processes that may be involved areacqi ,
Acqgst at ,and Acqpr oc. Onthe acquisition system, the processesinvolved areaut shm
and xr op (VXR-S systems), xr xr p (VXR-Sand UNITY systems), or xr xr h
(UNITYplus systems).

When the systems are powered up, each computer goes through a startup sequence—the
Sunstartsup UNIX, theHAL startsup HALBUG and entersa* ready toreceive” idlemode,
and the acquisition computer starts up the PROM DIAGNOSTICS.

Asoneof thelast startup operations, the Sun startsthe Acqpr oc process, provided thefile
/ et c/ acqpr esent exists(thisisalsotruefor MERCURY and GEMINI 2000). Acqpr oc
attempts communi cation with the HAL through the SCSI bus and treats the HAL asa
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Figure5. Acquisition Processes on UNITYplus, UNITY, and VXR-S

streaming tape device. Upon finding the HAL in theidle mode, Acqpr oc starts
downloading of filesfromthe/ vnnr / acq directory.

The Acqpr oc process starts by downloading r hnon. out (the full HAL monitor) to
HAL, followed by downloading xr . conf to the acquisition computer. xr . conf
determines what hardware is present in the system and reports this back to the host
computer. Theinformationissavedin/ vnnr / acqqueue/ acq. conf , whichisusable
later by confi g.

Next Acqpr oc loads one of the following threefiles, as selected by xr . conf ;
® xrop. out for VXR-S systemswith a63-word FIFO on the Output Board.

® xrxrp.out forVXR-SandUNITY systemswith a1024-word FIFO on the
Acquisition Controller.

® xrxrh. out for UNITYplus systems. This module runs the acquisition process.

Finally, Acgpr oc downloads aut shm out , a software module used in automatic and
interactive shimming. Once the download iscomplete, Acqpr oc dropsinto theidle mode,
polling the HAL about every 5 seconds.

Onall UNITYplus, UNITY, and V XR systems, athumbwheel switch controlsthe output of
diagnostic information from the acquisition computer to an optional terminal connected to
thesystem. On UNITYplus, the switchislocated on the Automation board and | abel ed Boot
Mode Select. On UNITY and VXR-S systems, the switch is located on the Acquisition
CPU board.
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The switch positions, numbered from 0 to 9, have the following meaning (these settings
also apply to the MERCURY and GEMINI 2000 systems):

® 0Oinhibits output to diagnostic screen except for errors. Time between transientsis
deterministic and significantly less than for positions 1 or 2.

® 1 prints diagnostic output using Televideo 920 cursor positioning commands. Time
between transients is non-deterministic.

® 2 prints diagnostic output with no cursor positioning. Time between transients is non-
deterministic.

® 3 boots the system directly to PROM debugger XRbug.
® 4to 9 are undefined.

Except for afew systems that operate differently, position O is the normal setting. Setting
the switch to other than O can increase significantly the time between FIDs and increments.

3.2 Stopping and Restarting Acquisition Processes

The standard operating configuration of VNMR software as a spectrometer controller runs
anumber of acquisition processes called the Proc family (I nf opr oc, Pr ocpr oc,
Recvpr oc, and Sendpr oc processes) on the YN NOVA and MERCURY-VX, Or aprocess
called Acqpr oc on other systems. Stopping and restarting these acquisition processes
depends on the system:

® On the "NTYINOVA and MERCURY-VX systems, you can power down and restart the
console at any time without executing special commands. In general, you can use on
the YT NOVA and MERCURY-VX the same procedures to stop and start Acqpr oc as
given inthefollowing sections (including multiuser environments), but the commands
involved will control the Proc family of processes rather than Acqpr oc.

® On the MERCURY and GEMINI 2000 system, you can power down the console at any
time without executing special commands. When turning off the MERCURY and
GEMINI 2000 console, Acgpr oc displaysawarning message every 5 seconds on the
Sun console. The messages stop when the console is powered back up.

® OnUNITYplus, UNITY, and VXR-S systems, you must stop Acqpr oc according to
theinstructionsin the following sections before powering down the acquisition system
or the Host-Acquisition Link (HAL) board.

CAUTION: On UNITYplus, UNITY, and VXR-S systems, if the acquisition computer
or HAL board is to be shut down, Acqproc must be stopped first or
else the system may hang up. Valuable data can be lost if a system
reboot is then necessary to restart the system.

Stopping Acgproc

Stopping the Acqpr oc processis required only on UNITYplus, UNITY, and VXR-S
systems. It must be done before shutting down HAL, the acquisition computer, or the
differential box (the unit on the SCSI cable between the magnet and the console on
UNITYplus, UNITY, and VXR-S systems), or before shutting down the host computer so
that areboot is necessary. You must beloggedin asr oot , the UNIX system administrator.

1. Loginasroot,enter ther oot password (if implemented), and then enter:

# cd /vnnr/acqbin
# ./killacqproc
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The system displays the messages:
Acgproc killed

After thismessage appears, it is safe to power down the HAL board (on UNITYplus,
UNITY, and VXR-S systems only) or the acquisition computer.

If the system does not return both of the messages shown above, repeat step 1. If a
second attempt does not return the messages, take the following steps:

a  Enter the ps command to show all active processes and (optionally) the
gr ep command to show only the lines containing “Acq”:
# ps -ef | grep Acq

b. The system displays atable with five columns. Look at the entriesin the
COMVAND column (the last column) until you find an “Acqpr oc” entry.
Then look at the number in the PI D column (the first column) for the row
containing “Acqpr oc.” Enter the following command, except replace
Pl D_nunber with the number you found:
# kill -9 PID nunber

c. Repeat the ps command you entered in step 2aand look again in the
COMVAND column. “Acgpr oc” should be absent. If it still appears, repeat
theki I I command in step 2b. When “Acqgpr oc” no longer appears,
Acqpr oc has been stopped, and it is then safe to proceed.

One more step isrequired if the differential box is going to be powered down or if
the host computer is going to be shut down so that areboot will be necessary.

When the set acq program isinitially run on asystem, it creates an empty file
calledacqgpr esent in/ et c. Onsystem bootup, the system looksfor thisfile and,
if itfindsit, automatically starts Acqpr oc. If the HAL board has not been powered
up and initialized, the system will hang. Therefore, acqgpr esent should be
removed before shutting down the host computer or the differential box. While still
loggedinasr oot , enter:

# cd /etc

# nv acqpresent acqgpresent.old

This hasthe effect of renaming the file so that the bootup can not find it and does not
start Acqpr oc. You can now safely shut down the host computer or the differential
box.

Starting Acgproc

Perform step 1 only if the host computer or differential box was shut down after stopping
Acqpr oc; if both are still powered on, perform step 2 only.

1

If the host computer or differential box were shut down after stopping Acqpr oc,
boot up the host computer and power on the differential box. Then with UNIX
running, log inasr oot , enter ther oot password (if implemented), and enter the
following commands:

# cd /etc
# mv acqpresent.ol d acqgpresent

Enter the st ar t acqpr oc command as follows:

# cd /vnnr/acqbin
# ./startacqgproc
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Rebooting the Acquisition System

The acquisition system may occasionally need drastic action to recover. This normally
occurs only during software development (e.g., executing a delay statement that
inadvertently causes adivision by zero) when the acquisition computer apparently “hangs”
during a pulse sequence. Use the following procedure to reboot:

® OnUYNTYINOVA, pressthereset button on the Acquisition CPU board. If the acquisition
software (Exppr oc and Proc family) on the host computer is running, the shim DAC
values (which are the last values returned before the console was rebooted) are
automatically loaded into the console. After rebooting the acquisition system, you
must enter su before using Acqi or gt une.

® On MERCURY-Series, press the reset switch behind the console door.
® On GEMINI 2000, lift the reset switch behind the console door.

® OnUNITYplus, UNITY, and VXR-S, theVNMR commandabor t al | acqgs reboots
the acquisition computer and downloads again the filesxr and aut shm which reset
the acquisition system after any catastrophe. However, HAL must be operational for
abort al I acqs towork. If thisis not the case, Acqpr oc issues a message to the
effect “message not sent, retry later.” If the acquisition system is rebooted while
Acqgpr oc isrunning, Acgpr oc senses thisand, when the reboot is complete,
downloads the files as described in “ Acquisition Processes,” page 61.

Controlling the Acquisition Process in Multiuser Environments

Typicaly, Acqpr oc (or Exppr oc and Proc family on YNTYINOVA and MERCURY-VX) is
started by r oot , which means that any user who needs to kill or start the acquisition
process must know ther oot password. In a multiuser environments, thisis not viable.

An alternate method of stopping and starting the acquisition processistoinstall and usethe
special login name acqpr oc. This command, available on all systemsincluding
UNITYINOVA and MERCURY-VX) starts a script, called execki | | acqpr oc, that can start
or kill the acquisition process, as follows:

*® |f the acquisition process is not running, acqpr oc startsit (with r oot privileges).
® |f acquisition processisrunning, acqpr oc stopsit.

Toinstall theacqpr oc login name on asystem, take the following steps (it i sassumed that
makevnnr 1 has been already run during the installation):

1. Loginasr oot ,enterther oot password (if implemented), and enter the following
commands:

# cd /vnnr/bin
# ./ makesuacqgproc

The makesuacqgpr oc command installsthe login name acqpr oc.
If necessary, the system displays a prompt requesting the following information:
Pl ease enter |ocation of VNVR systemdirectory
(default: /vnnr)
2. Pressthe Return key to accept the default directory.
The system prompts:
acqproc is now a login that will start or kill Acgproc.
3. Theacquisition process can now be started or killed from the login prompt
| ogi n: acqgproc
or by any user
varian> su acqproc
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3.3 Shutting Down and Restarting UNIX

The following sectionsillustrate the safest methods for shutting down UNIX in an orderly
fashion so as to minimize the risk of corrupting hard disk data. It is not advisable to shut
down UNIX unless absolutely necessary, for example, system maintenance or repair,
planned power removal, or moving the system.

CAUTION: If proper shutdown procedures are not followed, system and user files
stored on hard disks can be corrupted.

Normal UNIX Shut Down

To shut down the system, you must belogged in asr oot fromthel ogi n: prompt or you
must have entered su command (not from a shell).

If you are currently in VNMR, exit VNMR first before starting here.

In the procedure below, entering the ki | | acqpr oc command is not needed if you are
only rebooting the system; the reboot will kill Acqpr oc. Also, step 2 to rename the
acqpr esent fileisonly neededif Acqpr oc isnot wanted when rebooting; for instance,
when the NMR console will not be used.

1. Loginasr oot ,enterther oot password (if implemented), then enter thefollowing
commands to stop the Acqpr oc process.

# cd /vnnr/acqgbin
# ./killacqproc

The system communicates success by displaying:

Acqgproc killed
Acqui si tion daenon terninated

If both of these messages appear, it is safe to go to step 2.

If both of the messages do not appear, repeat step 1. If both of the messages do not

appear after a second attempt to stop the Acqpr oc process, take the following

steps:

a  Enter the ps command to show all active processes and (optionally) the

gr ep command to show only the lines containing “Acq”:
# ps -ef |grep Acq
The system displays a table with five columns. Look at the entriesin the
COMVAND column (the last column) until you find an “Acqpr oc” entry.
Then look at the number in the PI D column (the first column) for the row
containing “Acqpr oc.”

b. On systems other than UNTYINOVA, enter the following command, except

replace Pl D_nunber with the number you found:

# kill -9 PI D nunmber

For WNTYINOVA, it isExppr oc, not Acgpr oc, that must be killed. Instead
of the last command enter:

# kill -2 PI D _nunber

When Exppr oc iskilled thisway, by using—2, the complete Proc family
(Exppr oc, Recvpr oc, €etc.) is stopped.

c. Repeat the ps command you entered in step 1aand look again in the
COMVAND column. “Acgpr oc” should be absent. If it still appears, repeat
theki I I command in step 1b. When “Acqpr oc” no longer appears, the
Acqpr oc process has been stopped, and it is then safe to proceed.
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2. Renamethefileacqpr esent asfollows:

# cd /etc
# mv acqpresent acqpresent.old

3. If you want to shut down immediately, enter:
# /etc/shutdown -y -g0 -i0
If you want to shut down at the given timeinstead of immediately, set the number of
seconds before shutdown using / et ¢/ shut down —y —gsec —i 0, wheresec
is the number of seconds. For example, for 30 minutes to shutdown, enter the
command/ et ¢/ shut down —y —g300 -i 0. For moreinformation on
shut down, see Solaris documentation or enter man shut down.
At shutdown, the system forces any information on its way to the hard disk to be
written out immediately, cleans up any processes that are running, and executes an
orderly shutdown of the system. The process takes about 20 seconds. When the
system has safely shut down, the prompt “>" or “OK” appears.

4. Itisnow safeto turn off the system power. Turn off the power switchesin this order:

a. Hard disk(s) and tape drive(s) (if drives have separate power switches).
b. CPU unit.
c. Monitor.

5. If your system isa SPARCstation 1+ or 1, you must turn off the differential box at
thistime. If your system is a system other than a SPARCstation 1+ or 1, turn off the
differential box at thistime only if necessary. (The YNTYINOVA, MERCURY-VX,
MERCURY, and GEMINI 2000 do not have a differential box.)

Shutting Down UNIX in an Emergency

If noonecanlogonasr oot (e.g., the password islost), and you absolutely must reboot
or remove power from the UNIX system, it is necessary to run the risk of corrupting files
and possibly losing data. The following procedure is not safe, but in an emergency it is
marginally better than simply turning the power off.

1. Exit VNMR, and then exit the window manager, if possible.

2. Synchronize the disks by entering:
> sync; sync; sync

3. Press Stop-a (hold down the Stop key and press the akey). On older keyboards, the
Stop key islabeled L1, so press L 1-ainstead.

Thesync; sync; sync command attempts to ensure that all disk writes are completed
but does not do it as thoroughly as the shut down command. The L1-akey combination
isasystem reset that should be used only in an emergency when nothing else works. Files
can belost using the L1-a reset.

Restarting UNIX

Start with step 1 below if restarting (rebooting) UNIX after power has been removed from
one or more system components. If no units are powered down, you can skip steps 1 and 2,
and restart UNIX from the boot prompt “>" by typing the command b and following the

instructionsin steps 3 and 4 below. From the “ok” prompt, type boot .

You do not need to perform step 4 in this procedure if you did not rename the
acqpr esent filewhen shutting down.
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1. After theac power cableshave been reconnected, turn onthe power switchesto each
component of the system in this order (the "N INOVA, MERCURY-VX, MERCURY,
and GEMINI 2000 do not have a differential box):

« For all Sun systems except the SPARC station 1+ and 1:
Differential box (if it was necessary to turn off during the shutdown)
Monitor
CPU unit
Hard disk(s) and tape drive(s) (if the drives have separate power switches)

* For the SPARCstation 1+ and 1 (do not turn on the differential box yet):

CPU unit
Monitor
Hard disk(s) and tape drive

2. Upon turning on the CPU unit, the following happens:
* For all Sun systems except the SPARC station 1+ and 1:
System performsastandard self-test, then executes an automatic boot procedure
* For the SPARCstation 1+ and 1:

The system performs a standard self-test, then displays the following:
Testi ng
Type b(boot), c(continue), or n (new comand node)

When this message appears, turn on the power to the differential box, and
type b to boot the system (if the prompt “OK” appears, type boot instead):
> b

3. When the system has successfully booted, thel ogi n prompt or CDE login screen
appears. Loginasr oot and enter ther oot password (if implemented).
If you renamed theacqpr esent file when the system was shut down, enter the
following commands to rename acqpr esent and executest ar t acqpr oc:

# cd /etc
# mv acqpresent.ol d acqgpresent
# cd /vnnr/acqgbin

4. [Executestartacqproc:
# .startacgproc

5. If youwant to log in as another user (e.g., user vnnt 1, the NMR system
administrator), enter thel ogout command, then log in using another valid user
name and enter the user password (if implemented):

# | ogout
| ogi n: usernane
Password: user_password

Note: The following applies to the SPARCstation 1+ or 1 only:

When powering on the SPARCstation 1+ or 1, always start with the differential box
power off until the following message appears:

Testing

Type b(boot), c(continue), or n (new comand node)

If thedifferential box and the acquisition console both have their power on when the
SPARCsdtation 1+ or 1 is powered on, the Sun computer may not boot, showing this
message:

Extra scsi data. Fatal error.

Any command entered at this point results in the message:
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Dat a Access Exception

You must turn off the SPARCstation 1+ or 1 aswell as the differential box and
reboot the acquisition console before proceeding.

3.4 Configuring the VNMR User’s Environment

The standard VNMR installation toolkit for UNIX contains the makeuser command,
which creates a standard environment for working with VNMR.

Adding a User

Thismakeuser command adds an account (user name) to the UNIX passwd system and
creates a home directory for that account. mekeuser also placesthe files and
subdirectories necessary to run VNMR into the user’s home directory. In addition to the
standard VNMR files and directories, the following UNIX “dot” files (files whose name
starts with a period) are put into the HOME directory:

® Onadl systems: .cshr c and .l ogi n.
® On X Window versions. .openwi n- menu, .openw n-i ni t,and .Xdef aul ts.
® Onthe CDE user interface: . dt profil e and. dtdi rectory.

Thestandard UNIX | s command to list filesdoes not include dot filesin the display—you
must usethe- a optiontol s (i.e, | s - a) todisplay them.

Themakeuser command isalso used to update user accounts when new software
versions are installed. For details, consult the installation manual for the update.

Resizing Windows

The major windowsin VNMR automatically resize themselves based on the size of the text
characters used. The menu bars, graphic window, text output, and status windows
automatically size themselves to be 80 characters wide, while the interactive acquisition
windows are 32 characters wide.

On X Window versions, the font used for display of text on the screen is contained in the
file . Xdef aul t s, whichisin/ vnnr/ app- def aul t s. Xdef aul t s can be edited
with any UNIX text editor. One of thelinesin thefile (* VNVR* f ont ) sets the size of the
font. A good size for the font to make all windows fit (not overlap) is 9x15, so we
recommend editing .Xdef aul t s to havetheline

*VNVR* f ont 9x15

3.5 Shutting Down and Restarting the Host Computer

If the host computer must be removed from the main network, put on a main network or
have its network parameters changed, this section describes the procedure for performing
any of those operations.

You must use the command sys- unconf i g when rebooting the host computer. Before
issuing this command, refer to the manual VNMR and Solaris Software Installation for all
information pertaining to the network, including server name, server Internet protocol (1P)
address, and netmask, and any other necessary information.

1. Completely log out of the system.
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2. OpenaUNIX shell window (or command tool) and log inasr oot .

3. Enterthesys-unconfi g command:
# sys-unconfig

4. You are prompted to confirm that you want to shut down the system. If you confirm
that you do, the system shuts down.

5. Reboot the system by entering boot at the ok prompt:
ok boot
A series of questions on screens similar to the screens displayed when Solaris was
installed appear. Y ou must answer the questions to be able to boot the system.

6. When prompted, enter a new root password.

7. After the system has been rebooted, execute set acq as described in the manual
VNMR and Solaris Software I nstallation.

3.6 Modifying the Nucleus Tables

Varian NMR spectrometers use the concept of a nucleus table, in which the parameterst n
and dn arelooked up and translated into atransmitter or decoupler frequency. The nucleus
tables for the different types of rf and the different field strengths are organized into a
directory named/ vnnr / nuct abl es. The actual nucleus table used is derived from the
conpar parametershlfreqandrftype of theinstrument. For example, a 300-MHz
systemwithr f t ype set to ¢ for transmitter and set to b for decoupler would use

nuct ab3c and nuct ab3b, respectively. Correctly configuring the rf type using the
confi g program resultsin the correct nucleus tables being used on your system.

If it appears that the proper frequencies are not being used on your spectrometer, start by
displaying the nucleustable (e.g., cat (’ / vnnr / nuct abl es/ nuct ab3c’ ) ). If the
frequencies are proper, the problem is probably elsewhere (check thevalue of | ockf r eq
among other things). If the frequencies are not proper, use conf i g to check the
configuration parameters.

Table 7 shows the format of nucleus table text files for achannel.

Table 7. Format of a Nucleus Table

Name Frequency Baseoffset FregBand  Syn RefFreq
H1 599. 9450000 1. 4803000e+06 hi gh yes 0.0
H2 92. 0930000 1. 4803000e+06 | ow yes 0.0
H3 639. 9286000 1. 4803000e+06  hi gh yes 0.0
He3 457. 0098000 1. 4803000e+06  hi gh yes 0.0

The columns in these files have the following meaning:
® Nane lists the nucleus name, which is entered ast n or dn.
®* Frequency isthe spectrometer frequency, in MHz.
® Baseof f set isnolonger used and can be set to any value.
®* Fr eqBand isthe frequency amplifier band for the channel: hi gh or | ow.
® Synisyes.
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* Ref Fr eq isreserved for future use.

The nucleus files may be modified by the NMR system administrator using any of the
available text editors. The order of the columns must be kept, but spacing between entries
can bealtered. It isrecommended that trailing zeroes are kept because thisindicatesthe true
precision of the entry of 0.1 Hz.

3.7 Changing the Standard Parameter Sets

Thedirectory / vnnr / st dpar contains aseries of files, each named after a nucleus, that
contain the “ standard” parameter sets for that nucleus. These files have nameslike
stdpar/ H1l, st dpar/ C13, and soforth. To display acomplete list, enter the command
I s(’/vnnr/stdpar’) . These parameter sets are used by the command set up, as
well as by many of the existing macros, to set initial parameters for that particular nucleus.

When you initialize your system and periodically later, you may need to change these
parameters for the following reasons:

® You want to choose different default parameters. For example, the st dpar / H1
parameter set calls for a 3000 Hz spectral width and you prefer 4000 Hz as a defaullt.

® You want to update the parameter sets so that they reflect current calibration.
Change parametersin st dpar asfollows:

1. Usert p torecal the parameter set (e.g.,rt p(’ / vnnr/stdpar/HLl")).

2. Change the parameters of interest (e.g., vs=14. 3).

3. Usesvp to savethe changes(e.g., svp(' /vnnr/stdpar/HLl )).

4

The system displays the message:

File exists, overwite (enter y or n <return>)?

Since you do wish to overwrite the existing file, typey and the parameter set is
updated; otherwise, typen.

The system standard parameter sets can be modified by the vnnr 1 user only.

Each user can also have personalized standard parameters in a personal directory

(eg., /export/hone/vnnr 1/ vnnr sys/ st dpar) . If suchfilesexist, they take
precedence over the systemfilesin/ vnnr / st dpar , and hence changesmadein/ vnnt /
st dpar only affect those users lacking a personal file.

Parametersdnf , dpwr, pp, pp! vl , pwo0, andt pwr are now taken from a probe
calibration file.

3.8 User-Selected Shim Buttons

For setting up menus and shim groups within acqi , adefinition fileis searched for, first
in the user’s private directory and then in the acq subdirectory of the VNMR system
directory. The name of the definition fileisacqi gr oupl, acqi gr oup2,

acqi group3,acqi group4, acqi gr oup5, acqi group6, oracqi gr oup7,
according to whether the parameter shi nset isl, 2, 3,4, 5, 6, or 7, respectively (8, 9, and
10 are done differently). shi nset isaconfiguration parameter used to set the shim set
mode intheconf i g program.

Thedefinition filesaretext filesthat contain instructions on how to modify theacqi menu
and shim groups. Notethat theacqi program only readsthe definition file once, when the
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program first starts. If you want to customize thefile, do it beforeacqi isstarted or else
after thefileis customized, exit and restart acqi .

In the interactive SHIM and FID display, the shim groups and menus in the two bottom
panels are user-selectable. On the interactive shim buttons panel, the Manua Shim menu
can be user programmed and the shims can be grouped by the user. The same panel is used
for the SHIM and FID display. On the Autoshim panel, the Autoshim menu can be user
selected. Thisis specified in the samefile.

3.9 File Protection

74

VNMR 5.3 and later interacts with the unask file protection system of UNIX. The major
advantage of thisfeatureisthat it allows the VNMR system administrator to configure a
spectrometer or data station so that multiple accounts can share the same VNMR user
directory.

Each time auser logs in to UNIX, the system assigns a file-creation permissions mask (a
urmask) for that login. This mask sets those hits that are to be always cleared in the file
protection field whenever afileis created. File protection determines what level of access
isavailableto afile. Access can beread, write, or execute. A bit is assigned for each type
of access. Therefore, three bits are required to specify accessto afile.

If the bit is set, the corresponding access is permitted; accessisdenied if the corresponding
bit is clear. Because three bits are equivalent to one octal digit, file accesson UNIX is
specified as an octal digit. At the basic level, the digits are assigned as follows:

® Octal digit 1 is execute permission.
® QOctal digit 2 iswrite permission.
® QOctal digit 4 isread permission.

By combining these values, levels of access can be established using a single octal digit:
® Avaueof 7 (4+ 2+ 1) meansany kind of accessis permitted—read, write, or execute.
® A value of 0 means no access at al is permitted.
® A valueof 5 (4 + 1) means read and execute access.

* A valueof 6 (4 + 2) meansread and write but no execute access. Thisvalue appliesto
datafiles that are not to be run as programs.

Accessisfurther determined based on the owner of the file and the group to which thefile
belongs. (Usethe UNIX command | s - | g to list the group associated with afile.)
Different access|evelsmay be set for the file owner, other members of the same group, and
any user on the system, respectively referred to as owner, group, and world or everyone.

With three different level s of access, three octal digits, such as 000 or 022, are necessary to
specify file protection. Both file protection itself and umask are expressed with the first
digit for the owner, the second digit for the group, and the last digit for the world. In C
programming language, a numeric value preceded by a 0 represents an octal value. Note
that the umask command does not require this preceding 0, and when it displays the
current umask it omits this digit.

The default VNMR unmask valueis 022. Recall that the bits set in the umask are the ones
that will be cleared in the file protection mask. In this case, write access to the group and
theworldisautomatically denied. With aumask of 000, everyone on the system can access
everyone else's files. No bits are cleared in the file protection and no access is denied by
default.

System Administration 01-999166-00 C0503



3.9 File Protection

If all members of agroup are to share accessto the same VNMR user directory, set unask
to 002. If everyone who accesses the system shares the same VNMR directory, set umask
to 000. setunmask inthe. cshrc file(. pr of i | e if theBourne shell isthe default shell),
notinthe. | ogi n file. Provide the desired value as an argument to the umask command.

Hiding a Command

The VNMR command hi decommrand can rename built-in commands, permanently
remove user access to commands, temporarily disable commands, and list buttons.

®* The hi decommand command renames (or hides) a built-in VNMR command so
that a macro with the same name as the built-in command is executed instead of the
built-in command. As an example, suppose a user wrote amacro named svs to saves
shimsto a predefined directory. In addition to the svs macro, there is also a built-in
svs command that saves shimsintheshi ns directory. The user enterssvs. Because
built-in commands are always executed first, thesvs command is executed instead of
thesvs macro, and the shimsare not saved in the user’s predefined directory. The user
can easily solve this problem by entering hi decomand(’ svs’ ) before entering
SVs.
Thebuilt-in svs command is renamed (svs is automatically changed to Svs). The
next time the user enters svs, the macro is executed before the svs command. The
new name of the command can be obtained by entering
hi deconmand(’ svs’): $new_nane.

To reset a built-in command to its original name, enter hi deconmand with the
hidden name, for example, hi decommand(’ Sys’ ) changes Svs tosvs.

® Administrators can use hi deconmand to remove accessto commands. For example,
an administrator could deny users access to the r mcommand by including the line
hi deconmand (' rni ) inthe system bootup macro.

®* The hi deconmmand command can be used to temporarily disable commands. In the
following script, the first command hides the built-in svs command. The second
command executes the user’s svs macro. The third command executes the built-in
svs command with its new name. The fourth command resets the svs command to
its original name. The fifth command executes the built-in svs command:
hi deconmand(’ svs’): $new _nane
svs
exec($new_nane)
hi decommand( $new_nane)
svs

® Entering hi decommand with aquestion mark asan argument displaysalist of all the
renamed button commands.
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3.10 VNMR Accounting Tool

The VNMR Accounting tool provides NMR administrators with an easy way to keep alog
of VNMR users. The program gives you the following capabilities:

® Create groups of console users with single-rate or multi-rate billing.
® Calculate special rates on daysidentified as holidays on a calendar.
® Show and print lists and accounting reports.

This section includes the following information.
® “Tutoria: Using the Accounting Tool,” next
® “Navigating the VNMR Accounting Tool,” page 84

Tutorial: Using the Accounting Tool
Asan example, let'slook at how Dan sets up an accounting group for billing purposes.

Dan has six users:
® Himself (dans)
® nmrguy
® root
® spinguy
* vnmrl
® writerl

He decides to set up five groups:
® Standard (dans, writerl, single rate)
® Special (spinguy, multiple rate)
® nmrguy (single user)
® Maintenance (no users)
® Administration (root, vnmrl).

To accomplish this task, Dan does the following procedures:
® “Opening the Accounting Tool,” next
® “Setting Up Single-rate Users,” page 77
® “Setting Up Multiple-rate Groups,” page 78
® “Setting Up the Weekday Rate,” page 79
® “Setting Up the Weekend Rate,” page 79
® “Setting Up the Holiday Rate,” page 80
® “Adding Usersto Groups,” page 80
® “Cadculating Billing Information,” page 81
® “Seeing alist of Usersand Groups,” page 81
® “Seeing a Chronological User Log,” page 82
® “Seeing and Printing Reports,” page 82
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Opening the Accounting Tool

To open the accounting tool, Dan can perform one of two actions:
® |n the main menu of theVnmrJ Admin tool, he clicks on M anagement, then Cost/
Time Accounting.
A window similar to Figure 6 opens.

ACCOUNTING: manuals

Menu bar

List of
defined
groups

(empty
at first)

List of
unaccounted
users

Buttons

Figure6. VNMR Accounting Window

® He can open the accounting program without running VNMR. In aterminal or UNIX
shell, hecanlogin asr oot , then enter the command
/vnnr/ bi n/ vnnr _account i ng

Note: Usersother thanr oot can open the program for viewing but cannot make changes
to the data.

Setting Up Single-rate Users
To set up single-rate groups, Dan does the following steps.
1. From the Edit menu, he selects Add_Group.
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2. Inthewindow shownin Figure 7, he types St andar d as the name of the new
accounting group in the Group namefield.

VHRMR Add Accounting Group to manuals

Enter name of new accounting group
and the rate(s)

Group name: |Standard |

5ingle rate | Multi rate apply | Dione |

Figure 7. Add Accounting Group Window

3. Becausethe Standard group bills at asinglerate, he clicks on the Single rate button
A window opens similar to Figure 8.

YVHMR: Add Accounting Group to manuals
Enter name of new accounting group
and the rate(s)

Group name: |Standard

Anount per hour: [10.00 |

| Hulti rate apply Dione |

Figure 8. Add Group Window, Single Rate

4. Inthe Amount per hour field, hetypes 10. 00 for the billing rate, and then clicks
the Apply button. The upper pane now lists the Standard group.

5. Dan repeats steps 2 and 3 to add the nmrguy, Maintenance, and Administrative
groups, which are all single-rate groups, and set rates. Each is listed in the upper
pane.

6. When heisfinished adding groups, Dan clicks the Done button.

Tip: Tosimplify accounting for ther oot user, Dan sets up agroup named “ Maintenance”
with 0 as the charged rate. Then, he assignsr oot to this group.

Setting Up Multiple-rate Groups
Now Dan wantsto set up a multiple-rate group.
1. From the Edit menu, he selects Add_Group.
2. Inthe Group namefield, he types Speci al asthe name of the new accounting
group.
3. Heclicksthe Multi rate button.
A window opens similar to Figure 9.
Dan wants to set the following rates for the Special group:
« From 9:00 am. to 5:59 p.m. on weekdays, timeis billed at $20.00 per hour.
» Weekday evening timeis billed at $10.00 per hour.
» Weekends (Saturday and Sunday) are billed at $7.00 per hour.
 Holidays are also billed at $7.00 per hour.
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YHMR: Add Accounting Group to manuals I
Enter name of new accounting group
and the rate(s)

Group name: |Spec1 al

add 11ne |

Days Start time % per hour
A5y M Mo W Ty W We W Th W Fr f Sa  Holiday [3:00 |20.00
S Su M Mg M Tu M We M Th M Fr i Sa o Holiday [18:00 j10.00
WSy JdHo 0 Tu o wWe 0 Th .IFrlSa.lHoHday]D:DEl k]
A Su I Mo o Tu A wWe I Th o Fr .ISalHDHdale:DD _?:DEI

Single rate | fpply | Done |

Figure9. Add Group Window, Multi Rate

Setting Up the Weekday Rate

1. Toset up theweekday rate, Dan clicksthe Add line button once, and then clickson
Mo, Tu, We, Th, and Fr in both lines.

2. Inthefirst line, he types 9:00 in the Start timefield and 20.00 in the $ per hour
field. In the second line, he respectively types 18:00 and 10.00.
Dan can add as many rates as he wants by creating rows. To create rows, he clicks
the Add line button.

3. When he has completed entering rates, Dan clicks Done.

Setting Up the Weekend Rate

1. To set up the weekend rate, Dan clicks the Add line button once, and then click on
Su and Sa.

2. Hetypes0:00inthe Start timefield and 7.00 in the $ per hour field.

Note that the billing rate begins at the start time and runs until the next start
time.Therefore, billing for Sunday night to Monday morning is at $7.00 per hour
until 8:59 a.m. on Monday. Monday night billing (starting at 6:00 p.m. at $10.00 per
hour) runs through to 8:59 a.m. Tuesday. It is not necessary to start an accounting
day at 0:00; the preceding day continues until the first change.

01-999166-00 C0503 System Administration 79



Chapter 3. VNMR-Related System Administration

Setting Up the Holiday Rate

1. To set up the holiday rate, Dan
clicksthe Add line button once,
and then clicks on Holiday.

2. Hetypes0:00inthe Start time
field and 7:00 in the $ per hour
field.

3. Finally, he clicks on the Apply
button.

4. Dan could add other multiple-rate
groups now, but because he has
only one group, he clicks on the
Done button.

Designating Holidays

Because the multiple-rate group has a
billing rate for holidays, Dan needs to
designate the days that are holidays.

gssign Holidays
& | August 1998 =
sun| [ mon | [Tue | [wed| [thul [Fri| |sat
30 32 2
2 3 4 3 [ 7 &
9 10 11 12 13 4 13
16 7 18 19 20 21 22
23 24 23 26 27 28 29
save | quit | Togay |

Figure 10. Assign Holidays Window

1. FromtheHolidays menu, he selects Add. A monthly calendar similar to Figure 10

appears:

Today’s date appears as alarge, bold number. The arrows at the top of the window
move the calendar forward and backward. To return to today’ s date, Dan clicks the

Today button.

2. Withtheleft mouse button, he clicks on each day that he wantsto assign asaholiday.
The dates change to red to indicate aholiday. Thereisno limit to the number of days

that Dan can assign as a holiday.

3. When heisdone, he clicks the Save button and then the Quit button.

Adding Users to Groups

Dan can add users as either individuals or as members of a group. An easy way to define
usersasindividualsisto create agroup with the same name asthe user and only assign that
single user to thegroup (e.g., Bob Smith isthe only member in the group Bob Smith). After
Dan adds a group, its name appears in the upper pane.

1. Toadd usersto the group, Dan selects Edit in the main menu, the Add_User.

A window, similar
to Figure 11, opens.

VINMR Add

Enter name of an existing group
and the user to add to the group

User to manuals ﬂl

2. Inthe Group name
field, he types Group name: IStandard
St andar d. User name: |[dans

3. Hewantsto add apply
dansand writerl. In 4|

Cancel |

the User name
field, hetypesdans,
then clicks the
Apply button.

4. Herepeats step 3 to add writerl.
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Dan repeats steps 2 and 3 for each group until —

each user isin agroup. li
dans

As Dan assigns users to a group, their names are i\

removed from the Unaccounted Userslist. If you vanrt

assign all users, no names should appear in the
Unaccounted Users pane. Assigning all usersis
recommended becauseit makesit easy to identify
any unauthorized spectrometer access, because
unauthorized users will appear in the
Unaccounted User pane.

7
Frint user | Cancel |

Frint user window |
Adding Users to an Existing Group

To add one or more users to an existing group, Figure12. Console Users Window
Dan does the following steps.

1. From the Edit menu, he selects Add_User to open awindow similar to Figure 11.
2. Inthe Group namefield, he types the name of the accounting group.

3. Inthe User namefield, he types the name of a user to add to the group. To enter
multiple users, he separates each name with a space.

4. To save hischanges he clicks the Apply button.

Calculating Billing Information

Now that the groups and users have been set up, Dan wants to calculate the billing
information. He does so by clicking the Recalc button.

Progressis displayed on the main screen. If there are many entries to be processed, this
process can be time-consuming.

Accountsare not automatically updated so Dan needsto click on Recalc whenever he needs
to update billing information.

Seeing a List of Users and Groups

To seealist of users, Dan clicksthe Console User s button. A window similar to Figure 12
appesars.

The list of established groupsis displayed in the top pane of the tool. To see more
information about any group listed, Dan double-clicks the name of the group.

Seeing Detailed User Information
To see alist of console users and user information, Dan does the following steps:
1. Heclicksthe Console Users button to open awindow similar to Figure 12.

2. Hedouble-clicks the name of the user to open awindow similar to Figure 13.

User information includes login names, the day, month, and year that users were
logged in; login and logout times, in hours and minutes; and atotal of thetime users
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werelogged on to the console. Thisinformation isthe most recent datasince the last
calculation of time and expenditure summaries for the known groups.

spinguy
spinguy  Mon Jul 13 1998 14:15 - 14:36 4341

spinguy  Tue Jum 2 1938 15:01 - 15:02 1

spinguy  Tue Jum 2 1938 11:17 - 11:31 14

spinguy  Tue Jum 2 1933 09:20 - 09:21 0

Total time used by spinguy is: 4356 minutes, $ 1002.0 (group Speciall

Print | Cancel |

Figure 13. Console Users Window for a Selected User

Seeing a Chronological User Log

To see achronological log of console use by each user, Dan clicksthe Console L og button.
A Console Log window, similar to Figure 14, opens.

YHNME: manuals Console Log

root Tue Jun 2 1338 07:39 0g:33 33
writert Tue Jun 2 1998 08:33 0g8:34 0
dans Tue Jun 2 1338 08:34 0g:34 0
writert Tue Jun 2 1998 08:35 09:03 28
writer Tue Jun 2 1338 03:03 03:20 16
spinguy  Tue Tun 2 19398 09:20 09:21 0
root Tue Jun 2 1338 03:22 11:16 114
spinguy  Tue Tun 2 1998 11:17 11:31 14
root Tue Jun 2 1338 11:32 11:34 2
writert Tue Jun 2 1998 11:45 11:53 13
dans Tue Jun 2 1338 11:33 12:00 0
writert Tue Jun 2 1998 12:00 14:56 175
spinguy  Tue Jun 2 1398 15:M1 19:02 1
writert Tue Jun 2 1998 15:02 0a8:28 1045
root Wed Jun 3 1998 08:28 03:03 35
root Wed Junm 3 1998 03:05 09:03 4
Yhme Wed Jun 3 1998 039:10 03:10 0
YHmE Wed Jun 3 19398 03:10 09:51 40
N gquy Wed Tun 3 1998  09:52 03:53 0

Print |

Cancel |

Figure14. Console Log Window

Seeing and Printing Reports

To see and print individual summaries for each group, Dan clicks the Print all groups

button.

To print asummary of individual charges, Dan clicks the Print main window button.

System Administration
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Seeeting A Printe Frinter Selection
To select aprinter for reports, Dan doesthe ey | Jeb Tesar
following steps: wEes |
1. From the File menu, he selects Print string will be 1p -¢ <file>
Printer to open aPrinter Selection
window similar to Figure 15. | Apply | Cancel

2. InthePrinter field, he entersthe
name of a printer known to his
system. The defaultis| p.

Figure15. Printer Selection Window

3. Inthe Optionsfield, he enters print options (if any).

4. Heclickson Apply. Dan's printer selection remains current until he quits the
program.

Dan can also do the following procedures to further administrate users and groups.
® “Deleting a Group,” next
® “Deleting aUser from a Group,” next
® “Updating and Saving Records,” page 83

Deleting a Group
To delete an empty accounting group, Dan does the following procedure.
1. From the Edit menu, select Delete Group.

2. Inthe Group namefield, select the group to be del eted.
If the group has members, you must delete them from the group first.

3. Click the Apply button.

Deleting a User from a Group
To delete a user from an accounting group, Dan does the following procedure:
1. From the Edit menu, select Delete User.

2. Inthe Group namefield, enter the name of the group from which the user isto be
del eted.

In the User name field, enter the name of the user to be deleted from the group.

4. Click the Apply button.

Updating and Saving Records

Updating and saving recordsis an administrative option available onlytor oot users. This
feature prevents users other than r oot from editing accounting records. To update and
save records, Dan does the following procedure:

1. Helogsinasroot.

2. Heclicksthe Update & Save button.

Theinformationissaved inthe/ var / admdirectory asthefilewt np. mm dd. yy
and the accounting logs are reset.
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Exiting the Accounting Program

To exit the program, Dan can either click the Exit button OR select File from the main

menu, then Quit.

Navigating the VNMR Accounting Tool

The VNMR Accounting tool, shown in Figure 6, consists of a menu bar at the top, two
panes that list groups and unaccounted users, and two rows of buttons at the bottom.

Menu Bar

The top of the window has a menu bar with the following options, each of which can be
clicked to show a submenu:

File

Edit
Holidays

For selecting a printer and printing options or for exiting from the
accounting program.

For adding groups and users or for deleting groups and users.
For assigning holidays for billing purposes.

Lists of Groups and Unaccounted Users

The middle of the window has two panes listing accounting groups and unaccounted users:

Defined Groups

Unaccounted
Users

Buttons

The upper pane shows alist of accounting groups defined by the
program, with the amount of time and the chargesfor each group. If
all users have been added to a group, only thislist appears.

The lower pane lists users who have not been added to a group.The
first time you run the accounting program, the accounting window
listsonly unaccounted users, similar to Figure 6, because no groups
have yet been added. The first column identifies the VNMR user.
The second column lists the total amount of time, in minutes, that
user was logged on to the system. Use of VNMR by unaccounted
usersis reported as time-only because these users have no cost
structure associ ated with them.

The bottom of the window has two rows of buttons:

Recalc
Update & Save

Print All Groups
Print Main Window
Exit

Console Users

Console Log

System Administration

Recalculates all accounts.

Saves al accounting information in the directory / var / adm
and resets accounting logs.

Prints a summary of charges for each group.
Prints asummary of al charges.
Exits the accounting program.

Displaysalist of console users. Double-clicking on alinein the
display opens a detailed window showing the user’s activity.

Displays awindow of system use, sorted chronologically.
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Sections in this chapter:
e 4.1"/vnmr/devicenames File,” this page
e 4.2"/vnmr/devicetable File,” page 86
e 4.3"Printing and Plotting under VNMR,” page 87
e 4.4"UNIX Aspects of Printing and Plotting,” page 88
e 4.5“Null Modems for Printers and Plotters,” page 89
e 4.6 “Fixing Problems with Printing and Plotting,” page 90
e 4.7"Connecting Serial Terminals,” page 90
e 4.8"“Using Extra Ports,” page 91
e 4.9"Using an I/0O Port for Acquisition Diagnostics,” page 91

Thischapter describesthe functionality of theVNMR and UNIX printing facilities. In most
cases, printer installation is achieved using easy-to-use graphical utilities, and the detailed
infor mation provided in this chapter isusually not required for installing and using printers
and plottersunder UNIX and VNMR. However, for debugging in the case of printing
problems or for theinstallation in non-standard cases (printers on extra ports, non-standard
printers, certain remote printers, even printing on non-standard paper formats), it is
advantageous to know how to read and modify the administration files directly.

Most commands mentioned in this chapter must be performed by the UNIX system
administrator r oot . Should you not haver oot permission on your system, you must
involve the system administrator in these operations.

4.1 /lvnmr/devicenames File

Thetextfile/ vnnr / devi cenanes defines printersand plottersfor usewith VNMR. In
all cases, thisfile must be edited after loading it from the original software. Thisisusually
done using the adddevi ces utility, see below. However, if you are just loading a new
version of VNMR, and the Solaris installation remains untouched, you can reuse the
devi cenanes file from the previous version of VNMR.

Even though you may not edit devi cenanes directly, it is sometimes useful to be able
to be able to interpret the contents of thisfile in case of problemswith printing or plotting.
Each printer or plotter must be defined in this file with the following entries:

* Nane — Can be anything. Vaue can be different from Type.

» Usage—CanbePrinter orPl otter.Under Solaris2.x Bot h should not be used.
» Type —A sdlection from alist given in the comment.

e Host —The name of the host to which the device is hooked up.
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e Port —/dev/ttyaor/dev/ttyb fordevicesconnected to aserial port,
/ dev/ bppO for the parallel port. Some network printers (printers connected to
Ethernet) also use a pseudo port entry.

e Baud —9600 or 19200 for most devices, unused for devices on the parallel port.
e Shar ed —Usually set to No, see comment section.

Any device may be defined several times under different names (e.g., HP7550 and hp),
although usually it is preferable to use asingle entry with a short name indicating what the
deviceis (in networks, the name may also indicate where the device islocated). Some
devices might be defined with different characteristics (different resolutions for matrix
printers, devicesin “reversed” mode). Changing the printer or plotter by menu later iseasier
if aminimum number of options are activated.

For example, for a LaserJet printer (which can also be used as a plotter), define one entry
(typicaly Laserj et _300R) for standard quality plotting (Usage: Pl ot t er ) and
perhaps one other entry (typically Laser Jet _150R) for rapid output (Usage:

Pl ot t er). Leave out the portrait format options for plotting because they arerarely used.

For printing, it is recommended to have the standard printer defined with the namel p,
because that will make life easier later on (with a LaserJet, take any unused entry, name it
| p, and set theusageto Pri nt er ). | p isthe default device with thevnnr pri nt shell
script. If | p isadefined printer, the printer name does not have to be specified when
printing out filesin UNIX usingvnnt pri nt .

The end of the comment can be found easily in vi by searching for the expression
COMVENTEND.

Even if you don't have a PostScript or HP/GL plotter, you may still want to have such
devicesdefined in/ vnnr / devi cenanes. Thisallows you to select such adevicein
VNMR for plotting into afile. Usepage(fi | ename) in VNMR, instead of just page,
and make sure you don’t incidentally send data to a non-existent printer!

4.2 /lvnmr/devicetable File

86

Thefile/ vnnr / devi cet abl e defines the characteristics of all possible printers and
plotters. It defines attributes such as steps per mm, character size, offsets, and drawing
limits. If “artificial shoulders’ are produced (perhaps by using extra-thin pens) with
plotters, the number of steps per mm might be increased (e.g., change the parameter ppnm
from 5 to 10) for smoother plotting output. In such a case, note that the character size
(xchar pl andychar p1, in steps) must be increased accordingly; otherwise, text output
shrinksin size.

The default character size can also be changed easily inthe devi cet abl e file. Makea
backup copy of the original file before you start changing it. After changes are madeto the
devi cet abl e file, the plotter must be sel ected again to enable the changes. This can be
achieved by setting pl ot t er =pl ot t er in VNMR, which reenters the current plotter
and causes VNMR to reread the entry in/ vnnt / devi cet abl e.

Most entriesin thisfile are quite obvious. The Pri nt cap entry is not used with SVR4

(I p) printing. For VNMR, the entry r ast er defines the type and orientation of the plot
output: 0 isHP-GL output, 1 isPCL (raster, used on L aserJet and other dot matrix printers)
in*“portrait” orientation, 2 isPCL in*“landscape” orientation, 3 isfor PostScript in“ portrait
orientation, and 4 is PostScript in “landscape” orientation.
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4.3 Printing and Plotting under VNMR

VNMR stores information for printing and plotting in filesin/ vnnr / t np.

Printing and Plotting Files

For plotting, the file name for such filesis composed of four parts without a separator:
* Local host name
* LettersPLT.
* Process-ID of the Vnmr foreground process.
* Number that isincremented (starting at 0).

For printing, PLT isreplaced by PRI NT.

Some exampl es of file names:
ust er 1PLT88940
ust er 1PLT88941

ust er 1PLT889413
ust er 1PRI NT88940
ust er 1PRI NT88941

In all these examples, the host nameisust er 1 and the VNMR process-1D was 8894.

vnmrprint Shell Script

For printing, VNMR does not send the files straight to the printer (by calling | p
<pr _fil e>). Rather, it calsashel script/ vnnr / bi n/ vanr pri nt asfollows:
vanrprint /vnnr/tnp/pr_file <printer_name> <file>

Thepri nt er _name argument could serve to do something specific to a certain output
devicetype (asdefined in/ vnnr / devi cet abl e) inthe shell script. At the sametime,
this argument causesvnnt pri nt to delete the file after printing it. Thef i | e argument
is used to indicate a disk file into which the output should be captured (rather than sending
it to the printer). If thelast argumentiscl ear , thisindicatesthat the accumulated printing
information is to be discarded. VNMR uses this with the command page(’ cl ear’ ) .

Let'shave alook at the shell script / vnnr / bi n/ vant pri nt (actually a Bourne shell
script, see “Bourne Shell Scripts,” page 212). The central linein that file could be written
asfollows:

expand $1 | sed -e 's/ 7/ /"] fold | Ip -s -0 nobanner-d $2

In this part of the script, $1 is the name of the file to be printed and $2 is the name of the
printer. The print data are sent through a number of separate programs before they are sent
totheprinter: expand replacest ab characters by spaces (8 spaces each—the printer does
not “know” the standard UNIX tab settings), sed inserts 6 spaces at the beginning of each
line (the “hat” sign “/" between the slashes indicates the beginning of each line).

Thef ol d command in this script folds over lines longer than 80 characters (otherwise,
characters behind column 80 would be lost with certain printers). The line lengths can be
specified (e.g., usingf ol d - 88). With this setup, normal lines start at column 7 and the
remainders of folded lines start at column 1. If al lines should start at column 7, the
commands in the script would have to be rearranged as follows:

| fold -74 | sed -e "s/*/ T
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Note that f ol d now folds after column 74, because sed is going to insert blanks after
folding.

Finally, | p sendsthedatato the output device (or, more correctly, to the spooling software).
The - s option causes | p to suppress printing messages; the- o nobanner option
suppresses the header (“burst”) page.

The lines shown above from / vnnr / bi n/ vnnr pri nt appear four times:

« For the case where only the file name is given in the argument, a standard printer
named | p isassumed, and the fileis not deleted after printing.

« |If two arguments are given, the file is sent to the specified printer and is not deleted
after printing.

« If three arguments are given for other printers, thefile is sent to the specified printer,
and is deleted after printing.

« If four arguments are given, the print data are sent to afile (indicated in the fourth
argument) instead of being plotted. If the fourth argument iscl ear , the dataare
discarded (no plot, nofile).

The modes with two, three, or four arguments are the only ones used by VNMR. The first
mode, only afile name, can be used for calls from within ashell (e.g., a UNIX window).
Makesurethat fromwithin VNMR, pri nt ondg pri nt of f printscorrectly. If youwant
to changevnnt pri nt for interactive use, you only need to change thefirst (if | pisa
defined printer) or second occurrence of the line shown above.

Why is printing under VNMR so complicated? If you send aprint file directly to | p, you
have no formatting control whatsoever (unless you explicitly pipe the data through afilter
program). The idea behind vnnr pri nt isto have some minimal treatment that would
ensure proper printing of unformatted documents but not severely affect the formatting of
preformatted documents.

vnmrplot Shell Script

For plotting, a shell script vnnr pl ot isused instead of vnnr pri nt . vnnr pl ot
containsasimplecal tol p of thetype
Ip -s -c -0 nobanner -d $2 $1

where $2 is the name of the plotter, and $1 isthefileto plot. The- 0 nobanner option
omitsthe header (banner) page, the - s option causes Ip to suppress printing messages, and
the - ¢ option makes | p place a copy of the datain the spool directory, rather than just
creating asymbolic link and plotting from the original fileitself (in which case, it would be
quite likely that vnnr pl ot would delete the file before plotting is finished).

Plot files can be quite large. A 5-MB file is not unusual for HP-GL or Postscript 2D plots
with many signals and contour levels. Therefore, be sure there is plenty of free spacein
/var and/ t np. Similar tovnnt pri nt, an additional argument to vnnr pl ot permits
“plotting into adisk file.”

4.4 UNIX Aspects of Printing and Plotting

88

There are two aspects to using printers under UNIX: the user aspect (the actual print

command, and commands to cancel print requests and check scheduled requests) and the
aspect of printer setup and administration. the UNIX aspects of setting up new printersis
covered in the VNMR and Solaris Software | nstallation manual. In the following sections,
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we want to give you some more insight in the Solaris printing software, to enable you to
find and fix eventual printing problems.

How to Use Printers Under Solaris

The command to print under Solarisis| p. The datato be printed can either be specified as
afile name:
Ip -d printer_name fil enane

Alternatively you can use a UNIX pipe to print the output of a UNIX command:
Is -1 | I'p -d printer_name

This can also be used for formatting atext file prior to sending it to the printer:
cat filename | fmt -c -80 | Ip -d printer_nane

Thef nmt command isasimple text formatter.

If you have defined your printer as| p, then you don’t need to specify the printer:
I'p filenane
cat filename | Ip

Even if your printer is not named | p, you can still defineit as default deviceto thel p
command by defining an environment variable LPDEST:
setenv LPDEST printer_nane

Itisbest to definethisinyour local ~/ . | ogi n file. Solaris print requests normally
generate aleading header page that indicates who generated the following output, what the
file name was (if the file name was specified as argument), date and time when the print
regquest was submitted, and the print job number (see below). If you want to suppress this
header page, you can usethe - 0 nobanner option:

Ip -d printer_name -o nobanner fil enane

or, when using a UNIX pipe:
cat filename | Ip -d printer_nanme -o nobanner

Thel p command reports the ID for your print request. For example,
>|p -d laser filenane
request id is laser-23583 (1 file(s))

where| aser isthe name of the printer and 23583 isthe ID of the print request.

The ID number can be used to cancel specific requests using thecancel command, if
required (seeman cancel ) . The same can be done more easily using the printer tool
from the CDE tool bar.

How Does Solaris Printing Work?

In this section, which will be added in the next version of this manual, we plan to give you
information on the setup files and the directories involved in the definition of the printers
and in the spooling process. This might enable you to locate errors in the case of printing
problems.

4.5 Null Modems for Printers and Plotters

Printers and plotters connected to port aor port b on the CPU board require a null modem;
however, most RS-232 expansion boards can be configured so that no null modem is
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required. Often, anull modem cableis used instead of null modem. We use “null modem”
because what is commonly used for anull modem isalittle box inserted between the cable
and one of the connectors the cable connects to.

Although many output devices only use software handshaking (which only connects lines
2, 3,and 7 of the RS-232 cable), it isrecommended that you use a proper, full RS-232 null
modem (pins 1->1, 2—>3, 3—>2, 4—>5, 5—>4, 6+8—>20, 7—>7, and 20—>6+8). A null
modem can al so be devised be rewiring one connector of acable (clearly mark the cablein
this case), but thisis not acommonly recommended practice.

Note that the null modem described here is a standard version recommended by Sun for
asynchronous serial communication with software and hardware handshaking. There are
other standards on the market, such as for PC computers, that do not ensure proper
hardware handshaking. It is essential to use a properly configured null modem.

4.6 Fixing Problems with Printing and Plotting

Hints for fixing printing problems will be added to this section in future version of this
manual as we receive the information. Most operations must be performed as the UNIX
system administrator r oot .

The first and most important hints are the following:

* If printing or plotting on a certain device does not work, it is usually best to delete the
entire printer definition in both VNMR and Solaris, and to restart defining that printer
from scratch.

» Follow exactly theinstructions given in the manual VNMR and Solaris Software
Installation.

« If you are setting things up “by hand,” with PostScript printersit isabsolutely essential
to use separate definitions for printing and plotting.

4.7 Connecting Serial Terminals

90

With the advent of X terminals that communicate with the Sun workstation through
Ethernet, simple serial terminals (such as GraphOn and Tektronics) has become far less
popular. X terminal s are not much more expensive than the serial model s, and they offer far
more comfort to the user aswell as full-featured X Window system operation. X terminal
emulators are also available for PCs and Macintoshes. More information will be added in
afuture version of this manual.

Currently, the main use of serial terminalsisin the area of remote access through modems.
See Chapter 19, “ Other Networking Options,” for more information about this topic.

Aswith printers and plotters, terminals must be connected through a null modem (with
some RS-232 expansion boards no null modem isrequired). The same type of cable or null
modem can be used asfor printersor plotters, see“Null Modemsfor Printersand Plotters,”
page 89. Again (as for printers and plotters) you should preferably use afull null modem
with the following connections: pin 1—>1, 2—>3, 3—>2, 4—>5, 5—>4,

6+8—>20, 7—>7, and 20—>6+8.
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4.8 Using Extra Ports

Sun systems can be equipped with additional serial or parallel printer ports, typically by
adding an SBus expansion board. For their installation and use, see the associated
documentation. To use such a port under VNMR, you may want to set up aprinter using a
standard port and then modify the port name in the newly generated Solaris printer control
files.

4.9 Using an I/O Port for Acquisition Diagnostics

Sun and UNIX provide basic facilities to use awindow as acquisition diagnostics terminal

using any one of the RS-232 ports, involving thet i p command and the/ et c/ r enot e

file. At present, however, theresult isrelatively unsatisfactory becauseit causes CPU slow-
down and other problems. This procedureis not recommended, certainly not asalong-term
solution.
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Sections in this chapter:

e 51“SolarisRun Levels,” this page

e 52“Login Shell,” page 99

* 53"“Windowless Multiuser Mode,” page 100

e 5.4 *"“Graphical User Interface,” page 100

e 5.5 “Shutting Down the System,” page 103
UNIX isacomplex and powerful operating system. The complexity not only isin thelarge
number of filesand directories (Chapter 6, “ Disk Organization,” coversthistopic), but also
in the large number of processes involved (many running simultaneously, in atime-shared
mode), in the way these processes are started up, and in their interaction and
interdependency. In this chapter, we discuss how to control (i.e., switch between) the

various operating levels, trying to give you someinsight on what happens when Solaris 2.x
starts up and shuts down:

5.1 Solaris Run Levels

There are five different run levelsin the Solaris environment:

level O Runs at the PROM-based software level on Sun workstations.
level 1 Single-user mode, for diagnostics and system maintenance.
level 2 Multiuser mode, but without networking facilities (processes and daemons
relating to networking are not started).
level 3 Normal Solaris multiuser operation, including all networking activities as
defined in the administration files.
level 4 Thisisavailable as an alternate multiuser operating mode; currently
unused.
Level 2 did not exist in SUnOS 4.x. It was introduced with the transition to Solaris 2.x (i.e.,
System V UNIX).

Run Level 0—Monitor Mode

The monitor mode (run level 0) is PROM-based software that serves three main purposes:
» Booting UNIX.
 Performing basic hardware diagnostics.

 Setting the boot parameters (default boot device and options), hardware diagnostics
parameters (e.g., defining what is tested automatically upon bootup and how), and
basi c system setup parameters (character screen dimensions, system startup logo, etc.).
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The monitor mode is passed quickly when the system automatically boots up after
switching on. This mode is reached either by shutting down UNIX (for rebooting or
switching off the workstation) or by interrupting UNIX by pressing Stop-a (pressing the
Stop key and A key simultaneously). The monitor mode runsin awhite ASCII screen, with
no windows, and is characterized with the ok prompt. The most relevant commands of this
mode are shown below (commands considered more important are shown in bold):

boot Boot up to default run level, from the default boot device

boot -r Boot up from default boot device, check what devices and
peripherals are present, add device entriesto / dev where
necessary (used after adding peripherals)

boot -s Boot up from default boot device, into single-user mode only
boot di sk Boot up from disk (default)
boot cdrom Boot up from CD-ROM

boot cdrom - browser Bootupfrom CD-ROM and install Solaris using a Web browser
(only for a systemwith Solaris 2.6 and higher, at least 48 MB of
RAM, and a boot disk with at least 1 GB)

boot net Boot up via Ethernet (diskless systems only)

go Continue after pressing Stop-a

hel p Show help on the monitor mode

hel p di ag Show help on PROM-based diagnostics

hel p setenv Show help on the set env monitor command

printenv Display EEPROM settings (you can also get thisinformationin a
shell, when running Solaris, using the eepr omcommand).

reset Reset all hardware, self-test, reboot

setenv <args> Change EEPROM settings

sync Sync disk and reboot after Stop-a

Pressing Sop-a should only be used in emergency cases (e.g., when the user interface is
hung and cannot be activated by Ctrl-c, Ctrl-d, pressing the Stop key aone, killing
windows, or killing processes from an other system using aremote login). If Stop-awas
pressed by mistake, you can type go in monitor modeto resumethe previousactivities (you
may need to repair the screen using the Refresh option from the background menu).

CAUTION:E: If it was really necessary to use Stop-a, it is strongly recommended

that you enter the sync monitor command to continue. sync attempts
to synchronize the disk prior to rebooting and may help avoid
unnecessary file system inconsistencies and lost or corrupted files.

Earlier Sun workstations had a different monitor mode that used the “>" prompt and had a
very terse syntax (most commandswere asingle character), but essentially offered the same
capabilities as the new mode. The main reason Sun created the new monitor mode was to
increase safety. In the old mode it was relatively easy to incidentally change EEPROM
locations with “arbitrary” keyboard sequences. The new mode uses much longer
commands that make it unlikely that commands are typed by mistake.

Current workstations still have arudimentary subset of the old monitor mode implemented,
but we recommend you use the new mode exclusively if possible. If you happen to get the
“>" prompt, you can type n to switch to the new monitor mode. The commandol d- node
is used to change from the new mode to the old mode.
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CAUTION: only if you have reached the monitor mode using the proper
procedures (i nit 0 or shut down, see below) is it safe to switch off
the system using the on/off switch in the back of the CPU. Switching
off the system otherwise can corrupt data.

Run Level 1—Single-User Mode

The single-user mode isthe proper operating level for checking disk partitionswithf sck,
for dumping or restoring disk partitions without user interaction, etc. In single-user mode,
all daemonsthat could alter disk files are switched off—there is no real multitasking, no
swapping, no network activities, no printing, no logins (other than for r oot ), and, of
course, no acquisition on spectrometer hosts.

Asof Solaris2.x, ther oot password must be entered in order to gain accessto the single-
user mode®. A C shell is opened after logging in, with a hash sign “#’ as default prompt.
At this point, you can perform system maintenance tasks such as file system checks,
backups, and repairs (see Chapter 12, “File Security, Repair, and Archiving,” for further
information).

Keep in mind that the single-user mode is meant for system administration only. You may
experience certain restrictionsin this environment (e.g., the command path includes a
limited number of directories so that some commands may require an absolute path).

Once you are finished with your system administration task, you should either shut the
system down or continue the bootup to multiuser mode:

* Press Ctrl-d to let the system boot up to its default run level (usually 3).
e Enterinit 6 toreboot the system completely (again, up to its default run level)
e Enteri ni t O to shut the system down to monitor mode (e.g., for switching it off)

* When (and only when) instructed by the f sck command, you may interrupt the
system by pressing Stop-ato bring it down to monitor level. Use the with caution:
pressing Sop-a can corrupt data on a disk.

Run Level 2—UNIX Without Networking

Inthisrun level, daemons and processes operating networking activities are not started.
One can use thisrun level to operate the system temporarily as a standal one workstation,
for system maintenance tasks (such as backing up disk slices on tape) for which remote
activities(suchasr sh,rcp, rl ogi n,ft p,tel net, etc.), and interference by other
users should be suppressed, in order to obtain consistent file system dumps.

For spectrometer hosts (at the very least for YWNTYINOVA, MERCURY-Series, and GEMINI
2000 systems) at this run level, acquisitions are not possible, the same asin single-user
mode. Therefore thisrun level is of little use for most VNMR users and spectrometer
system administrators.

L Thisisan essential security feature. Under SUnOS, any user could shut the system down by pressing
Stop-a, boot into single-user mode, and the break into the system, remove passwords, etc. On the
other hand, you must now not forget ther oot password if you don’'t want to risk losing system
administration access.
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Run Level 3—Networking Included

Thisisthe standard, default UNIX and Solaris operating mode; logins by other users are
possible both locally as well as remotely. When reaching that run level, alogin processis
started on the main terminal. With CDE installed, this login shell is normally superseded
by an xdmgraphical login session that gives access to either OpenWindows or CDE.

init and shutdown Commands

Thei ni t command is used to switch between the various operating levels:

init O Run system down to monitor mode (run level 0).

init S Switch to single-user mode (run level 1), for diagnostics and system
init s maintenance (S and s areidentical).

init 2 Switch to multiuser mode without networking facilities (run level 2).
init 3 Switch to multiuser mode (run level 3).

init 4 Switch to aternate multiuser mode (run level 4, not implemented).
init 5 Run system down compl etely, power off (where possible).

init 6 Run system down to monitor mode, and reboot it to its default run level

(usuadly run level 3).

The most frequently used i ni t optionsarei ni t 0 to run the system down to monitor
mode (hal t inSunOS4.x) ori ni t 5tofor switchingit off completely and automatically
powering it down where possible (most usersjust usei nit 0),i nit 6 for rebooting the
system (r eboot in SunOS 4.x), and occasionally i ni t s for entering the single-user
mode.

i nit isalsousedbytheshut down command, which can be used to shut down the system
more gracefully to the users. shut down first warns all users about the upcoming system
shutdown, then, after a“ grace period,” the systemis shut down using thei ni t command.
The default grace period is 60 seconds, and by default, shut down runs the system down
to single-user mode

shut down Run system down to single user mode.
shut down -g300 Same, but with a 5-minute grace period.
shut down -g300 Same, with message

" mai nt enance shut down”

With the-i option, shut down can be used to reboot the system or to run it down
completely:

shut down -i6 Reboot system, with 1-minute grace period.

shut down -g300 -i 6 Same, but with a 5-minute grace period.

shut down -g300 -i 0 Run system down compl etely, with warning
" mai nt enance shut down” message for users and 5-minute grace period.

On amultiuser system, the command shut down -i 0O is preferred for shutting down a
system. On asystem with only asingle user, you can a so safely usethei ni t 0 command.

TheSunOS4.xf ast hal t andf ast boot commandshave been eliminated. They are no
longer required, because Solaris 2.x only checks file systems at bootup, when it isreally
necessary.
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How Does the UNIX Bootup and Shutdown Work?

Under SunOS, the system startup was done by a small number of shell scripts: / et ¢/ r ¢,
/etc/rc.boot,/etc/rc.local,rc.ip,andrc.single.lnSolaris2.x, thetask
of booting up the system and shutting it down is done with several shell scripts, depending
on the target run level. The principal scripts(r cO,rcl,rc2,rc3,rc5,rc6,andrcS)
arestoredin/ sbi n. In order to understand what these shell scripts do, let uslook at the
central part of / sbin/rc3:
if [ -d/etc/rc3.d ]; then

for f in /etc/rc3.d/ K

{
if [ -s ${f} 1; then
case ${f} in
*.sh) : ${f} ;; # source it
*) /sbin/sh ${f} stop ;; # sub shel
esac
fi
}
for f in /etc/rc3.d/S*
{
if [ -s ${f} 1; then
case ${f} in
*. sh) : ${f} ;; # source it
*) /sbin/sh ${f} start ;; # sub shel
esac
fi
1

fi

Ther c3 script looks at thefilesin/ et ¢/ r ¢3. d (each of therun levels hasits associated
directoryin/etc:rc0.d,rcl.d,rc2.d,rc3.d,rcS. d). Inafirstf or loop,rc3
looks at files starting with K; each of thesefiles is executed in turn, in alphabetical order.
The way the scripts are called depends on the name of the script. If it hasa. sh extension,
it is simply executed; otherwise, it is called with an argument st op.

Inasecondf or loop, r c3 doesthe samething with all files starting with an Sin the same
directory, except that entries without . sh extension are now called with an argument
start.rc3. d containsjust five entries:

S15nfs. server

S31snt.init
S31snt.init
S77dm
S99TAS

Thereareno K files, just five S (startup) files.

After thefirst character, which determines whether ascriptisast art oraki | | script,
the name contains a two-digit number, followed by some descriptive part that indicates
what that script deals with. The numeric part determines the sequence in which the scripts
arecdled.

Many things in a bootup sequence must happen in a certain order (e.g., certain programs
can only be started once some specific other programs have been launched), and that order
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is controlled ssimply by the numeric part of the script name. To change the order of
execution, the script must be renamed appropriately.

Obviously, thesefive scripts are not the entire story for starting up multiuser mode. Prior to
executing r ¢3, thescript r c2 iscalled, which operateson thefilesinr c2. d. It turnsout
that r c3. d isthe smallest of ther c*. d directories. All the others contain many more
files: 19 scriptsin rc0.d and rcl.d,40in rc2.d,11in rcS. d. Thescripts r cO,
rc5,andrc6 areall identical and usethefilesin rcO.

Which one of the scriptsthat is called by whichi ni t option isdefined inthefile
/etc/inittab.init doesmorethanjusttocall ther c* scripts—seenmani nittab
for more information.

Overall, there seemsto be aconfusing number of shell scriptsinvolved inthe system startup
and shutdown; however, most of thefilesinther c*. d directoriesare just hard links to
filesinadirectory / et c/ i ni t. d. Hereisalisting of that directory:

ab2ngr i netsvc RMIMPFI LES
acct init.dm r oot usr
ANNCUNCE init.snnpdx rpc

asppp initpcntia rtvc-config
audi t keymap sendmai |

aut of s | eoconfig ski pes

aut oi nstal | Ip ski pkey

bui | dmttab ncd spc
buttons_n_di al s-setup nkdtab st andar drmount s
cachef s. daenon MOUNTFSYS syset up
cachefs. root net wor ker sysi d. net
cacheos nfs.client sysi d. sys
cacheos. finish nfs. server sysl og

cron nscd TAS

devl i nks pcnci a uf s_quot a
dhcp perf ut npd
drvconfig power uucp

dtl ogin PRESERVE vol ngt
inetinit READVE xnt pd

Each of these scripts deals with a specific task in the operating system. Let’s just pick one
example:i ni t. d/ vol ngt handles the volume management (automatic recognition and
mounting of floppy and CD-ROM). There are two extra hard links to thisfile:

rc0. d/ K73vol ngt andrc2. d/ S92vol ngt . Because K73vol ngt hasaname
starting with K, it is run with the argument st op. Whereas the S92vol ngt scriptin

r c2. d hasanamestartingwith S, soitiscalledwiththeargument st ar t . In other words,
i ni t.d/vol ngt isashell script that starts and stops the volume management:

init.d/ volngt start Starts volume management

init.d/ vol ngt stop Stops volume management

By placing hard links (these could a so be symbolic links) with the appropriate namesin
thespecificr c*. d directories, we can determinefor which runlevel volume management
must be started, where it must be stopped, and where exactly in the bootup sequence.

Similarly (just to giveyou asecond example), thescripti ni t . d/ | p hasthreeextralinks:
rc0. d/ K20l p, rcl. d/ K20l p, rc2. d/ S80I p. In other words, the printer software
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isstopped both for runlevel 0 and for runlevel 1 (single-user mode), and started inrunlevel
2 (thefirst step in starting up multiuser mode or run level 3).

Overall, these shell scripts perform much the sameasther ¢* scriptsin SunOS4.x or BSD
UNIX for starting up the operating system. The main differenceisthat in Solaris 2.x not
only the system startup is performed in an orderly and controlled manner, but also the
system shutdown is performed in a sequence that avoids unwanted side effects (e.g., by
stopping the processesin random or uncontrolled sequence and killing resourcesthat might
still be used by some other program to terminate properly).

5.2 Login Shell

Once the multiuser modeisreached, thereisaprocesst t ynon that watches out for active
terminals, primarily the main keyboard and user interface. For each active terminal,

tt ynon startsal ogi n process (on serial terminals, areturn character must be given to
maket t ynon start thel ogi n process).

Thelogin process asks for the user name. If apassword is defined, it asks for the password,
and then compares the user entry with the encrypted password in/ et ¢/ shadow:

* |If the password matches, the [ogin process puts the user in his or her home directory,
definedin/ et ¢/ passwd, and starts up the initial shell, also defined in
/ et c/ passwd. The shell isnormally aC shell, / et ¢/ csh. Inthis case,
~user nane/ . cshrc isexecuted, aswell as~user nane/ . | ogi n.

« If thelogin process does not find the user namein/ et ¢/ passwd, it asksfor a
password anyway, to make it more difficult to outsidersto find out defined user names.

InSolaris2.x, alogin processisal so started in single-user mode. Thisblocksasecurity hole
in SunOS 4.x, where a system could simply be aborted and brought up into single-user
mode, in which passwords could be removed.

It is strongly recommended to have passwords defined for every user, particularly in
networked or open-access situations. A good password should not just contain al phabetic
characters:

« It should be mixed (lower and upper) case and include numeric characters.
» Thelength should be 7 or 8 characters (extra characters beyond that are disregarded).

« It should not be a hirthday or atelephone number, and should not be found in any
dictionary for any language.

« It should be changed at regular intervals.

Solaris checks the password when it is changed by the user and refuses to accept simple
character permutations (reshuffling) of the old password.

Primarily, the login processis started in awhite, non-graphic screen. If CDE isloaded, that
login screenissuperseded by dt | ogi n, agraphical login screen. Thisnot only looks nicer
than the traditional text-based login, it also gives the user a choice:

* Log into the CDE environment, see “Common Desktop Environment,” page 101.
 Log into the OpenWindows environment, see “ OpenWindows,” page 102.

» Loginto a“fail-safe environment” (asingle xt er mwindow that cannot be used for
running VNMR).

* Select” Command LineLogin”, thewindow-less (white, non-graphic) multiuser mode,
see “Windowless Multiuser Mode,” next.
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5.3 Windowless Multiuser Mode

On systems without CDE, theinitial environment after the login is the windowless
multiuser mode. This offers asingle shell interface—typically, a C shell for most users or
aBourne shell for r oot . This mode resembles early, non-graphical UNIX interface.
Background processes can be started in order to allow for multiple, simultaneoustasks, but
this only makes sense as long as the background processes don’'t generate substantial
amounts of output.

Today, this mode is used for simple system administration tasks or for shutting down the
system. Both activities must be done asr oot , and both can also be done in a graphical
environment.

For regular usersafter alogin, theshell script ~/ . | ogi n isexecuted, which automatically
starts the OpenWindows graphical user interface. The windowless multiuser modeisonly
reached again after quitting the OpenWindows interface. If the~/ . | ogi n scriptis
modified accordingly, it may even log the user out again automatically, such that the
windowless multiuser mode never is active for these users. In order to do this, add the three
lines

clear # get rid of cursor rectangle
echo 'Autonmatically |ogging out ...

[ ogout

after the line

openwi n -noauth
inthe~/ . | ogi n script.

If CDE isloaded, the windowless multiuser login becomes one of the startup options. If
selected on a system running VNMR, this option causesthe ~/ . | ogi n script to be
executed, which then automatically starts up OpenWindows.

5.4 Graphical User Interface

100

All modern desktop computers and graphics workstations use a graphical user interface
(GUI). Solaris 2.5 and later offersa choice of two graphical user interfaces: OpenWindows,
Sun’soriginal X Window system user interface, and CDE (Common Desktop
Environment), a new, emerging standard for graphical user interfaces, also based on X.

The GUI isthe main platform for user interaction with UNIX. Because the GUI features
multiple windows, it permits running many (dozens, at least) of applications at the same
time and on the same user interface. Thisis made possible both by the UNIX multitasking
and time sharing capabilities, as well as by the high-performance CPUs used in modern
workstations.

The graphical user interface primarily is a software layer, on top of which many processes
canruninparalel (i.e., a the samelevel). In addition to that, new processes and graphical
utilities can a so be started within any of the utilities (primarily shells) that run on the GUI
layer. This also allows building hierarchical process families on top of the GUI layer.
VNMRisoneexampleof softwarethat formsitsown hierarchy of processes, see“VNMR,”
page 103.
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Common Desktop Environment

The Common Desktop Environment (CDE) is a standardized graphical user interface that
was defined and adopted by Sun, HP, IBM, and Novell. CDE is simple and intuitive to use.
Becauseit isbased on the Motif X Window system standard, it resemblesthe Windows user
interface used on PCs. Although there are fundamental differences between OpenWindows
and CDE, for the user the primary difference between the two user interfacesisin the way
windows and their utilities (buttons, menus, scroll bars, etc.) look and work.

The primary interaction with CDE is done through the CDE toolbar at the bottom of the
screen, as well as through a background menu, similar to OpenWindows. It is simple for
the user to configure the CDE environment. Even the CDE toolbar can be reconfigured
easily, and just by using the mouse. Similarly, the screen background and the window frame
colors can be set by the user, through mouse clicks

Thereislittleif any need to work with text configuration filesfor CDE (most configuration
filesresidein ~/ . dt ). Therefore, we will not discuss these here.

Unlike OpenWindows, CDE also provides away to properly terminate running
applications when logging out. Whatever utilities are running at logout, they are restarted
when entering CDE the next time. Asof version 6.1A, VNMR isfully CDE compliant. You
can leave VNMR running when exiting CDE, and it will restart, even in the same
experiment, when you re-enter CDE.

CDE hasafull set of desktop utilities (file manager, calendar manager, clock, performance
meter, shell tools, etc.), including a CDE shell tool, called dt t er m and a full-screen text
editor, dt pad (see also “ Text Editors ditpad and textedit,” page 141). Besides that, all of
the OpenWindows deskset utilities are al so avail able from the program manager inthe CDE
toolbar; they can even be added to the pop-up menus in the CDE toolbar, simply by
dropping the corresponding OpenWindows tool icon into the drop box of the appropriate
toolbar menu.

A prominent new feature compared to OpenWindows is that CDE allows switching
between any number of desktops. The default is four desktops. The advantage hereis that
several full-screen applications can be running simultaneously, such asVNMR, Pulsetool,
the online manuals, a Web browser, and so on, that would otherwise create considerable
window overlap or would require the user to temporarily iconify those applications not
needed at the moment.

This last CDE feature may also create problems. Most workstations have 8-bit graphics,
which allows for up to 256 colors at any given time. Because of the temptation to open
severa applications simultaneously, color flashing problems may become more frequent
when switching to CDE. Thisis particularly true for VNMR users, because VNMR uses a
fairly large color table. The following hints may help in solving this problem:

o Start VNMR first. Thisway, it has the correct colors.

» Web browsersare color hogs. Don't use Web browsers (particularly with color images)
extensively whilerunning VNMR, but rather call them on a case-to-case basis (maybe
when not temporarily running VNMR).

» Limit the color cube size with Adobe Acrobat Reader for VNMR Online, see “ Color
Flashing Problem with Adobe Acrobat Reader,” page 173.

» Open the Style Manager from the CDE toolbar, then select “ Color”, click on “Number
of Colors’ and select “More Colors for Applications’.

Of course, you can still interact with UNIX through ashell and command lineinterface, see
also “ Shell Tool, Command Tool, Dtterm, and Xterm,” page 102.
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OpenWindows

OpenWindowsis Sun’s X Window system environment. Initially with the Solaris 2.x
operating system, OpenWindows was the standard window interface for Sun workstations.
In the meantime, it is being replaced by the CDE graphical user interface.

The OpenWindows environment is usually entered from the graphical login or after using
the command line login (through the ~/ . | ogi n script). For proper operation, VnmrX
reguires that environment variables such as OPENW NHOVE, LD LI BRARY_PATH, and
DI SPLAY are defined properly. The script ~/ . | ogi n does this with lines such asthe
following:

set env. OPENW NHOME / usr/ openwi n

setenv LD_LI BRARY_PATH $OPENW NHOVE/ | i b

setenv DI SPLAY hostnanme: 0.0

Thedirectories/ usr/ openwi n/ bi n must be inserted into the pat h variable for the
command path. Thisisalsodoneinthe~/ . | ogi n script, whichthen callsopenwi n (the
program name for OpenWindows).

Theopenwi n shell script defines most of the environment for OpenWindows. It starts up
the windowing environment by acall to/ usr/ openwi n/ bi n/ xi ni t . This program
callsashdl script ~/ . xi ni t r ¢, which loads the user-specific X 11 defaults from

~/ . Xdef aul t s, starts the OpenL ook window manager (ol wn), and callsthe
configuration file~/ . openwi n-init.

Thefile. openwi n-i ni t defineswhat applications are started automatically when
entering OpenWindows (such as VnmrX), and how (fonts and colors, except for those
defined through ~/ . Xdef aul t s, window sizes and labels, etc.). Ther oot menu is
defined through afile~/ . openwi n- menu (see Chapter 13, “UNIX System
Customization,” for more information).

The console window takes all system error messages as well as messages from VNMR
acquisition programs such as Aut opr oc and Acgpr oc. The console window should not
be del eted; otherwise, these messages arelost or are dumped into the windowless multiuser
screen, which messes up the graphical screen. If the console window is deleted, call anew
onefromther oot menu (if thisisdefinedin~/ . openwi n- menu) or by the command
shel I t ool - C&inany window other than VNMR. If the screen needs to be cleaned up
again after this, click on Refresh from the Utilities choice in the background menu.

Shell Tool, Command Tool, Dtterm, and Xterm

Even with a modern, graphical user interface like CDE or OpenWindows, many users
(particularly system administrators) may still want, at least occasionally, to interact with
UNIX through a command line interface, i.e., through a UNIX shell (usually a C shell).
From within each of these shell interfaces, new processes can be started, including new
shell toals, forming a hierarchical process family. Note that if these processesrunin
foreground, and you end the parent process (shell) or window (shell tool), you also end the
child process (or the entire family of child processes attached to the one you terminate.

Shell windows come in different flavors. Each has slightly different properties. Most are
scrolling (dtpad, xterm, and command tool), but shell tool is not. They all behave
differently at UNIX and text terminals. Therefore, they all require adifferent setting of the
t er mvariable (TERMin the Bourne shell), as shown in Table 8.

Under CDE, most users use dtterm, the proper CDE shell window. However, users of the
vi editor (see “Text Editor vi,” page 142) may find that (especially when running vi
remotely, and in particular when running vi under CDE, but off a SunOS 4.x system), that
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the OpenWindows command tool (cndt ool ) is more compatible with vi , see also
“Problems with Running vi,” page 145).

The OpenWindows shell tool and command tool are actually one and the same program.
You can toggle between the two by enabling and disabling the scrolling. Evenwith this, you
must still make sure that thet er mvariable is set correctly after starting up the tool. Note
that particularly when doing aremotelogin, thet er mvariableisusually incorrect (xt er m
instead of dtterm or sun-cnd for standard scrolling windows). If you want to use
vi remotely, you should first set this environment variable, e.g.:

set ternrsun-cnd

To quit from a shell window, you terminate the shell that runsin that window by using the
command exi t or by typing Ctrl-d.

xt er moffers somewhat less comfort than the other shell windows. It isprimarily used in
an X terminal environment, particularly from PC and Macintosh X servers, seealso “Using
a Personal Computer as an X Server,” page 254.

Table 8. Shell Toolsand Their Properties

Tool Command Path Settingof t erm
dtterm /usr/dt/bin/dtterm dtterm
command tool  / usr/ openwi n/ bi n/ cndt ool sun-cnd

shell tool /usr/openw n/ bi n/shelltool sun

xterm /usr/ openw n/ bi n/ xterm xterm

VNMR

Within the graphical user interface, VNMR isjust one of several active processes, with its
own set of windows and graphical utilities. VNMR actually isan entire family of programs
and includes several user interfaces (VNMR, GLIDE, Pulsetool, |magebrowser, Acgstat,
Acqi, Enter, etc.). Most of the user interaction with thisfamily of programsisthrough menu
buttons and graphical input, but VNMR also has its own command lineinterface, and its
own command (“VNMR shell”) language, MAGICAL.

In OpenWindows, VNMR is started automatically when entering the graphical user
interface. You can exit from VNMR through the main VNMR menu or using the command
exi t/ VNMR (VnmrX) can be restarted from the OpenL ook background menu.

Before exiting the OpenWindows environment, it isimportant to exit from VNMR first.
Otherwise, VNMR is not terminated properly, possibly resulting in corrupted or lost data,
and locked experiments.

In CDE, VNMR can be started from the CDE toolbar at the bottom of the screen. Unlike
OpenWindows, it is possible to exit CDE while VNMR is still running (starting with
VNMR 6.1 only). When CDE is started again next time, VNMR will then automatically
start up again (it will even rejoin the experiment that was used before logging out).

5.5 Shutting Down the System

At times, it may be necessary to shut down the entire system or the acquisition cabinet.
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To Shut Down the Entire System

Shutting down the entire system should not happen frequently, except when the main power
has to be switched off for service operations or other reasons. Use the following procedure;

1. Stop acquisition and then exit VNMR.

2. Exit the windowing environment and log out.

3. Loginasroot.

4.  Shut down the host with the command shut down -i 0.
5

When the monitor level isreached, shut down external peripherals (disks, tapes, and
CD-ROM).

o

Shut down the Sun computer and screen.

7. Shut down the spectrometer console.

To Shut Down Acquisition Computer or Acquisition Cabinet

Shutting down the acquisition computer or the acquisition cabinet may be necessary when
boards have to be removed or exchanged from the acquisition computer or when service
operations require removing rf boards.

1. Useone of the following procedures to stop the acquisition daemon:
 If makesuacqpr oc wasrun during installation, in aUNIX window, enter:
su acqproc
« If this does not work, open up a UNIX shell window and enter:
su -c /vnnr/acqgbin/killacqgproc -f
2. If the host computer isto be used for awhile without acquisition, it is best to remove
the acquisition flag by entering:
rm/etc/acqpresent
To restart the acquisition computer, you need to get the acquisition daemon running again.

1. Useone of the following procedures:
 If makesuacqpr oc wasrun during installation, in aUNIX window, enter:
su acqproc
» Otherwise, enter:
su -c /vnnr/acqbin/startacqproc

2. If thefile/ et c/ acqpr esent has been removed, create it again by entering:
touch /etc/acqpresent

Pressing Stop-a (or L1-a on older keyboards) is a hard interrupt or crash. These key
combinations should be used only in an emergency and with caution. If you have to use
such a hard interrupt, you should afterwards enter sync if in new monitor mode or enter
g0 (g-zero) if in the old monitor mode. For details, see “ Run Level 0—Monitor Mode,”

page 93.

CAUTION: Never have the acquisition daemon running when the acquisition
computer is not properly operating. Never switch off or reset the
acquisition computer without killing the acquisition daemon first. If
such asituation occurs, the acquisition process can severely block or
slow down all system activities.
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Sections in this chapter:
e 6.1"Disk Partitioning,” this page
e 6.2"“Solaris Directory Structure,” page 109
e 6.3"“Multiuser Setup for VNMR,” page 117

This chapter describes partitioning and the file system organization for system hard disks

6.1 Disk Partitioning

UNIX alows hard disksto be divided into slices (partitions) that have different functions.
To alarge degree, these disk slices are treated like different hard disk drives—they are a
kind of “logical disk drive.” Disk partitioning all ows adjusting the size of the various slices
to fit user’'s needs. This partitioning is to alarge extent defined when installing Solaris at
theinitial system setup, or after adding or reformatting a disk (for more information, refer
to the manual VNMR and Solaris Software Installation).

Naming Disk Slices

Every disk sliceistreated asaseparate device. Thus, each of theslicesin/ dev hasadevice
entry. Typical slicenamesare/ dev/ r dsk/ cOt 3d0s0,/ dev/ r dsk/ c0t 3d0s6, and
/ dev/ dsk/ c0t 0d0s2. The subdirectory name indicates whether the disk isto be
addressed as character device or raw device (/ dev/ r dsk) or rather as block device

(/ dev/ dsk)*

The naming of these device entriesreflects the hierarchical organization of the SCSI disks,
and includes the following numbering scheme:
» controller (c) ID —0isthe built-in (SCSI or EIDE) controller, additiona (SCSI)
controllers (SBus or PCI cards) receive higher IDs (1, 2, 3, etc.).
* target (t ) addressor ID — Typical target IDsare0, 1, 2, and 3 for standard SCSI or

SCSI-2 disks. Higher ID numbers can be used if wide SCSI-2 (SCSI-3) or UltraSCSI
controllers are used.

L The difference between raw and block devicesisin the way a program reads or writes from (or to)
these devices. With some devices thisis dictated by the properties of the device, but mostly it isjust
aquestion of what is best for a program. When addressing such devices, a user must know which
option to take (both options are defined for hard disk drives) or can find it out by trial-and-error
(fortunately, disk device names rarely need to be specified by the user). Some examples: f sck
requires araw device to be specified, but with mount ablock device must be specified.
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 disk (d) ID —Intheory, adisk controller can control multiple disks; however, all
modern SCSI disks come with a built-in (embedded) disk controller. Therefore, in
virtually all cases, the disk-ID is 0, because there is only one disk per controller.

« Sice (s) number — Disks can be split into up to 8 slices, numbered 0 to 7.

The disk or dlice addresses seem complicated at first—but in reality it is not difficult to
correlate devicesand their entriesin/ dev. The main complicationiswith theinterna hard
disks, for which the SCSI-ID cannot be seen.

» On older Sun systems, the SCSI-ID for these drives was set using ajumper on the disk
drive. On newer systems (SPARCstation 4, SPARCstation 5, SPARCstation 20, and
Ultraworkstations), the SCSI-ID for internal drivesisencoded in the internal SCSI
connector.

« Onthe SPARCstation 4, the internal driveis automatically set to SCSI target 3
(cOt 3d0), which makes the built-in, standard SCSI bus unusable for VXR-S and
UNITY spectrometers, where HAL address resides at SCSI target address 3°.

» On SPARCdtation 5, SPARCstation 20, and Ultra workstations, the lower of the
internal drivesisat SCSI-ID 3 (c0t 3d0), the upper one at SCSI-ID 2 (cOt 2d0). On
VXR-Sand UNITY spectrometer hosts, theinternal disk must be switched to the upper
slot (SCSI-ID 2), because SCSI-ID 3 isreserved for the HAL. On UNITYplus
spectrometer hosts, the upper disk slot (SCSI-ID 2) cannot be used for the same reason.

The software driver for the standard SCSI busisusually configured for four disks at SCSI
targets 0, 1, 2, and 3. External disk drives on the built-in, standard SCSI bus on
SPARCstation 4, SPARCstation 5, SPARCstation 20, and Ultra 1/140 systems can use
SCSI-ID 0 (c0t 0d0) or SCSI-ID 1 (c0t 1d0). On asecond SCSI bus, you should use
SCSI-IDs0, 1, 2, or 3 for external disk drives (c1t 0d0, c1t 1d0, c1t 2d0, c1t 3d0).
The fast, wide SCSI-2 (SCSI-3) or the UltraSCSI, such as provided with Ultra 1/170E
systemswith Creator graphicsor newer Ultra (Ultra30, Ultra60) systems, allowsfor atotal
of 16 devicesincluding, of course, more than four disks3.

Disk dlices are composed of agroup of successive cylinder groups. A slice can also cover
an entire disk. All partitions on Sun disks feature the fast Berkeley file system called ufs
(UNIX file system) under Solaris2.x. The ufssystem isaform of disk organization that not
only isreportedly faster than the (more fragmented) System V UNI X filesystem, but it does
not lose as much performance when the disk gets nearly full. The Berkeley file system also
is much less subject to aging. Typically, aSystem V file system gets slower over time,
because the files tend to be more and more fragmented (many System V UNIX systems
have file system maintenance utilities to clean up and defragment disk partitions).

The fast Berkeley file system performs better mainly because:

» Theufs(BSD) file system uses a bigger block size (8 KB as opposed to 0.5 KB with
the System V UNIX file system) combined with variable size fragments (4, 2, 1, and
0.5KB). A typical file structure consists of fewer elements (but still, small files can be
stored efficiently using fragments).

» BSDfilesystemsareorganizedin cylinder groups (see below), and whenever possible,
afile consists of data blocks from the same cylinder group. This not only minimizes
the movements of the disk heads (minimizing accesstimes), but it prevents (or at least
reduces) scattering of the data blocks of a given file over an entire partition
(fragmentation, typical for System V file systems when the disk is nearly full).
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2 A second SCSI bus resolves this problem.
3 There are also SCSI-3 (fast, wide SCSI-2) SBus expansion cards for most Sun systems, and PCI
bus UltraSCS| expansion cards for newer, PCl-based Ultra workstations.
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For obvious reasons, disk slices cannot be overlapping, but there is an exception —while
slices 0, 1, and 3to 7 in astandard partition map are usually set up as a sequence of
consecutive partitions of flexiblesize, slice2 isusually laid out asingle partition that covers
the entire disk and overlapswith all other disk slices. This allows the system administrator
to either use several slicesout of 0, 1, and 3 up to 7 (in which case dice 2 becomes
unusable) or (as often done with second, third, etc. disks) define an unpartitioned disk by
using slice 2 without having to alter the partition map (of course, inthiscaseall other slices
are unusable)®.

With standard Solaris 2.x, disk slices cannot be extended over multipledisks. Theslicesize
islimited by the size of the hard disk. However, optional software from Sun called
DiskSuite (bundled with the software for bigger server systems) permits having disk slices
that extend over several physical disk drives. This software also allows dynamically
increasing the size of afile system when more disk space becomes available.

A Typical Solaris System Disk Layout

The disk layout on Solaris 2.x systems depends heavily on the number and the size of the
available disks. The user isreasonably freein deciding which parts of the UNIX file system
to put on separate slices and on which disk (see also “Installing Solaris,” page 39).The
entire UNIX file system can be placed on asingle, big disk partition (not recommended) or
the standard recommendations as provided by the Solarisinstall ation software can be used.
The Solaris installation program proposes a layout for the installed disks, but the user can
still decideto modify the proposed layout. For instance, it isup to the user to decide whether
/ usr/ openw n should be made part of the/ usr partition or whether it should be a
separate disk partition.

The disk slices on atypical Solarisinstallation include the following file systems:
* Root partition, “/” (typically on/ dev/ r dsk/ c0t 3d0s0)
» Swap space, combined with / t np (typically on/ dev/ r dsk/ cOt 3d0s1)
e /[var filesystem (typicaly on/ dev/ r dsk/ cOt 3d0s3)
» / opt filesystem (typically on/ dev/ r dsk/ cOt 3d0s4)
e /usr filesystem (typicaly on/ dev/ r dsk/ cOt 3d0s5)

« [ export/ hone filesystem (typically on/ dev/ r dsk/ cOt 3d0s6, sometimes
also on aseparate disk, such as/ dev/ r dsk/ cOt 2d0s2)

» Other filesystemsfor extradisks, suchas/ dat a (e.g.,on/ dev/ r dsk/ c0t 2d0s?2)
These file systems are discussed in “ Solaris Directory Structure,” page 109.

How is a Disk Organized Internally?

Virtualy al hard disk drives used today consist of multiple disk platters, typically rotating
at 5400 or 7200 rpm (some even faster models are now becoming available). The disk

platters are used on both sides. Thereisafork-like arm that carries read/write heads for all
of the platters (two per platter), and all disk heads are moved in parallel or synchronously.

Different from the old analog audio records, the information is not stored in asingle, long,
spiral track, but in concentric circles. The circle that is covered by one disk head (on one
surface) in onedisk turnis called atrack. Each track is split into multiple datafields called

4 Before file systems are installed in the various slices, partitioning consists only of a partition map,
which was part of the disk header information (disk label) in the first sectors of the disk.
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sectors. Typically, the sector sizeis 512 bytes. To maximize information density and to
distribute the information density more evenly over the disk (the outer tracks are much
longer than the innermost ones), some Sun disks define more sectors on the outer tracks
than on the inside of the disk.

All tracks that can be accessed simultaneously without moving the heads are called a
cylinder®. As head movements are mechanical and cost time (seek time, in the order of
several milliseconds), Solaris tries to write consecutive datainto sectors and tracks within
the same cylinder. Also, because head movementstake longer if they occur between distant
cylinders, the Berkeley (ufs) file system tries keeping the information from asingle file
within groups of adjacent cylinders: ufs disks are organized in cylinder groups. A cylinder
group typically is 16 cylinders.

When reading a specific sector on adisk, thereisan additional delay from thetimeit takes
until that sector is at the position of the heads. Thisdelay is called rotational latency.
Modern drives reduce the rotational latency by using faster rotation speeds. One type of
drive, called a zero latency drive, start reading atrack immediately after positioning the
heads, storing the other sectors of atrack in an intermediate buffer. When several
consecutive blocks are read from disk, this additional information can be retrieved from a
fast RAM buffer.

Zero latency cannot be used for writing to disk. The datafor the sector currently under the
write head may not be available yet. Instead, Solaris 2.x writes such information into a
“virtual file system” (cache file system, cachef s) and updatesthe disk at alater point in
time. For the user, writing to the disk thisway takesalmost notimeat al. Also, information
that resides in the cache file system can also be retrieved very quickly.

ufs File System

A typical ufsdisk layout (header and first disk slice) contains the following elements:

» Block (sector) 0 — Contains the disk label (disk type and characteristics, such as
number of bytes per sector, sectors per track, tracks per cylinder, sectors per cylinder,
total number of cylinders, and accessible cylinders) and the partition map (VTOC,
unallocated disk space, partition numbers, size in sectors, starting sector, read-only
and/or “unmountability” flags, mount points). The contents of the partition map can be
read (asr oot only), using, for example:

prtvtoc /dev/rdsk/cOt3d0s0

» Sectors1to 15 onaboot disk — Contain the boot blocks, asmall program that isloaded
into RAM at boot time by the firmware (PROM Monitor) and which then loads the
kernel into memory. Only adisk with boot blocks can be used as boot disk. The boot
blocks areinstalled (on the first disk only) by the installation software. A second disk
could be made bootabl e (e.g., asabackup boot disk) by manually installing boot blocks
using the command i nst al | boot (see Sun documentation for details).

» Sector 16 — Contains the first superblock, which includes the fundamental parameters
of afilesystem, such asthe number of data bl ocks, and the number of I-nodes. Because
the information in the superblock is so important for any file system, backup
superblocks are stored in the first sector of every cylinder group. All superblocks
within adisk sliceareidentical. If thefirst superblock is corrupted, the file system can
be reconstructed using one of the backup superblocks, for example:
fsck -F ufs -0 b=32 /dev/rdsk/cOt 3d0s5

By convention, the first backup superblock is always stored at sector 32 of every slice.

5 Thefirst cylinder isusually the most innermost, i.e., slicesrefilled starting with the inner cylinders.
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 Sector following every superblock — Containsasummary block or cylinder group map,
containing information about free data blocks and fragmentation in the cylinder group.

» Sectorsfollowing a summary block — In each cylinder group, the summary block is
followed by the I-node table: adatabase (linked list) of available I-nodes for that
cylinder group. The size of the I-node table depends on the number of 1-nodes.

» Following sectorsin each cylinder group — Contain I-nodes and data blocks. The
number of 1-nodes per cylinder group is usually adjusted such that there is one I-node
per 2 KB in data blocks (i.e., actual disk space). The number of data blocksin adlice
determines the total disk space, the number of |-nodes determines the maximum
number of files (plain files, directories, symbolic links). For performance reasons, the
usable disk spaceisusually adjusted to 90% of the total disk space (filesfilling the last
10% would be too fragmented).

Detailed information on the role of 1-nodes and the structure of aUNIX filein the context
of I-nodes and data blocksis given in “Hard Links, Symbolic Links: the UNIX File
System,” page 124.

Superblocks, summary blocks, the I-node library and the I-nodes themselves all take up
disk space. Typically, about 6% of the physical space on adisk are used for such file system
overhead. In addition to that, Solarisnormally only fillsafile system to 90% (i.e., if aslice
i590% full, the df command reports “100% full”). Overall, as shown in Table 9, this
permits using about 85% of the physical disk size for data storage®.

Table 9. Physical Disk Size Compared to Usable Disk Space

Model Sze ufs disk space Usable disk space
535 MB 521640 KB 498389 KB (95.5%) 448550 KB (86.0%)
1.05GB 1026144 KB 963662 KB (93.9%) 867296 KB (84.5%)

21GB 2077080 KB 1952573 KB (94.0%) 1757316 KB (84.6%)

6.2 Solaris Directory Structure

The next sections discusswhat filesare stored on the various disk dlices. Although for most
usersit is not necessary to know which fileis on what partition, it certainly helps for the
system administrator, who isresponsiblefor making surethat disk partitionsare not (maybe
inadvertently) overfilled. Thisnot only promotes dataintegrity, but it also helpsoptimizing
performance by avoiding operating with nearly-full file systems.

To see which disk slice your working directory isin, use thedf command:

> df -k .

Fi | esystem kbytes used avail capacity Munted on
/ dev/ dsk/ cOt 3d0s6 411582 340552 29880 92% / usr

6tis possible to ater the ufsfile system parameters (e.g., using thet unef s command or using
newf s to generate afile system). The available disk space can be increased by reducing the number
of I-nodes (but this may limit the number of files that can be stored on adlice) or by reducing the
nm nf r ee parameter, i.e., the percentage of disk space that is usually kept free for performance
reasons (the default is 10%, less may slow down thefile system when it getsfull). In general, atering
the file system parameters is not recommended because the gain in disk space is very limited and
normally not worth the effort.
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To find out on which disk slice any other directory resides, enter:
df -k directory_name

Files in the Root Slice

Thetop of the UNIX file systemisroot. Thereisaso a primary (ufs) file system mounted
on/, typicaly called theroot slice or root partition. When starting up, the boot softwarefirst
reads the boot block on thefirst disk sectors, and then it mounts the root slice that contains
the UNIX kernel and software needed to continue the boot process. The directoriesin the
root dlice are described below. Many directories seem to be part of theroot slice, but they
actually are mount points for other file systems (disk slices and remote file systems).

/bin Symboliclink to/ usr/ bi n.

/ dev Pointers to devices, the definitions of the available hardware,
including disk slices (e.g., / dev/ dsk/ cOt 3d0s0,
/ dev/ rdsk/ c0t 3d0s2), I/O ports (e.g.,/ dev/ ttya,
/ dev/ t er nl a), theconsole(/ dev/ consol e), pseudo-1/0 ports
that are used for windows and remote logins (e.g., / dev/ pt yp0),
the screen frame buffer (/ dev/ f b), and so on. To maintain
compatibility with older software, many of the SunOS definitionsare
till present as symbolic links to the corresponding Solaris 2.x
definitions (e.g, the SunOS names for disk partitions, such as
/ dev/ sdOa and/ dev/ rsdlb. A specid entryin/ dev is
[ dev/ nul | , the“bit bucket”, i.e., aport for output that isto be
discarded.

/ devi ces The software port namesin/ dev are meant for the user, i.e., they
should be both easy to understand and easy to memorize. For the
software, however, accessing a port requires considerable extra
information, and some of this may even be hardware-specific (i.e., it
may depend on the workstation model). The port information for all
portsis stored in the file name or path inside/ devi ces, and the
entriesin/ dev are symbolic links into the corresponding entriesin
/ devi ces. When adding devices (peripherals, expansion boards,
etc.) to the workstation configuration, appropriate new entriesin
/ dev and/ devi ces are generated by the software when booting
up with the reconfigure option, i.e., with theboot - r command.

Some selected examples:

consol e -> ../devices/pseudo/ cn@: consol e

dsk/ c0t 2d0s0 - >
..1../devices/iomu@, 10000000/ sbus@, 10001000/
espdna@, 8400000/ esp@!, 8800000/ sd@, O: a

dsk/ c0t 2d0s1 ->
..1../devices/iomu@, 10000000/ sbus@, 10001000/
espdna@, 8400000/ esp@!, 8800000/ sd@, 0: b

hme -> ../ devices/ pseudo/ cl one@: hne
ie ->../devices/pseudo/clone@:ie
le -> ../devices/pseudo/cl one@: | e
log -> ../devices/pseudo/| og@: | og
mem -> ../ devices/ pseudo/ mm@: mem
null -> ../devices/ pseudo/ nm@: nul |
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openprom -> ../ devi ces/ pseudo/ openeepr @: openpr om

pts/0 -> ../../devices/pseudo/ pts@: 0

pts/1 -> ../../devices/pseudo/ pts@: 1

r dsk/ cOt 2d0s0 - >
..1../devices/iomu@, 10000000/ sbus@, 10001000/
espdna@, 8400000/ esp@!, 8800000/ sd@, 0: a, r aw

rdsk/ c0t 2d0s1 ->
..[..ldevices/iomu@, 10000000/ sbus@, 10001000/
espdna@, 8400000/ esp@t, 8800000/ sd@, 0: b, raw
terma -> ../../devices/obio/zs@, 100000: a
termb -> ../../devices/obio/zs@, 100000: b
ttya -> terma
ttyb -> termb

In most cases, the user needs only deal with the simpler entriesin

/ dev, but there are exceptions—certain applications reserve a port
by changing its permissions and ownership. For example, after
setting up a printer on a serial port, the corresponding entry in

/ devi ces isowned by the user (and the group) | p and can only be
accessed by that user (the symbolic linksin/ dev al have
permission r wxr wxr wx). Occasionally, aport may be blocked for
no good reason. In this case, the system administrator must fix the
permissions and ownership of the corresponding port entriesin

/ devi ces, notin/ dev.

letc Important UNIX and network administration files, such aspasswd
and host s, aswell asthe system start-up scriptsin the variousr ¢
directories (see “Run Level 1—Single-User Mode,” page 95). In
early SunOS releases, / et ¢ used to also contain the system
commands required for system administration and start-up. These
have been moved into other directories (mostly / sbi n and
/ usr/ sbi n), and symbolic links have been placed in/ et c
instead. Important files are stored in subdirectories within / et c,
such as/ et c/ df s (file system sharing administration),/ et c/ | p
(printer administration files), / et ¢/ mai | (mail administration
files), and others.

/ export Disk dices and file systemsto be shared with other systemsviaNFS
mounting. On most systems, / export contains a single directory,
/ export/ home, which isthe mount point for the hone directory
dice (see “Home Directory Slice, /export/home,” page 115).

/ horre In SUnOS 4.x, the hone directory slice was mounted on/ home. In
Solaris 2.x, thiswas changed to / expor t / hone, and/ hone was
kept as a directory for automounted home directories. Do not use
/ home for standard home directories. Thiswill not work properly
(thiswould happen in ther oot partition) and will confuse the
automounter software. Typically, to improve performancein the
VNMR environment, hone directories are local, not automounted.
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/ ker nel Different from SunOS 4.x, where the UNIX kernel (the part of the

UNIX operating system alwaysresident in memory) wasasinglefile
/ vimuni x that was often regenerated and modified by the user, the
Solaris 2.x kernel is now dynamic and usually doesn’t need to be

modified for the addition of new device drivers. Such drivers can be
added dynamically at any time, without even restarting UNIX. The
contentsof / ker nel areusedtobuild akernel (rarely anissue). The
actual kernel isstored as/ pl at f or n1 <ar ch>/ ker nel / uni x.

/1ib Linkto/ usr/ 1 i b (directory with libraries and compilation files).

/1 ost +f ound Directory that takes up eventual unreferenced I-nodes when fixing
theroot file system using the f sck command.

/ net Main automounting directory for file systems other than horre
directories. All accessible exported file systems on accessible remote
hosts (as set by / et ¢/ host s) can be accessed as
I net/ host nane/ fil esyst em To check if aremote host has
exported file systems and what the exported file systems are, enter
cd /net/hostnanme |Is

/platform Contains the actual UNIX kernel in a subdirectory named after the
system architecture (kernelsfor different architectures can be stored
on the same system). On a SPARCstation, the kernel istypically
/ pl at f or mf sun4nt ker nel / uni x.

/ proc Pseudo-directory (doesn’t take up any disk space) containing alist of
active system processes (file names correspond to the process-1Ds).
/sbin Important commands required during startup (before/ usr is

accessible) and during system recovery. This includes commands
suchasi fconfig,init,munt,muntall,sh,su,
swapadd, sync, unount , unount al | , and unane, plusthe
shell scriptsrcO,rcl,rc2,rc3,rc5,rc6,andr cSthat execute
system start-up and shutdown scriptsin/ et ¢/ rc*. d. Seeadso
“Run Level 1—Single-User Mode,” page 95.

/vol Used by the volume manager (vol d) for removable media, such as
CD-ROMs and floppy disks.
/tftpboot Installed on YNTYINOVA spectrometer hosts as part of VNMR. It

contains the acquisition computer operating system (V xWorks) and
the Magnet and Sample Regulation (M SR) board, which is uploaded
to these CPUs after rebooting the spectrometer console.
/xfn Used in connection with the Federated Naming Service (FNS, as
proposed by X/Open) for enterprise-wide system administration
(used on top of NIS+). Not used in atypical VNMR environment.
Typically, the root dlice contains also empty directories as the mount points for ufs
mounting of local disk dices(/ var,/t np,/ usr,/ opt,/ export/ hone,/ dat a, etc.)
for removable media, such asthe CD-ROM (/ cdr onm) and floppy disks (/ f | oppy), and
for NFS mounting of remote file systems (often containing the file server host name).

/tmp Slice

The/ t np file system serves two purposes: / t np contains temporary files (buffers for
editing and scrolling windows and the like) that are cleared automatically with every
bootup. Also, unlike SunOS 4.x, / t np contains the primary swap space. The user cannot
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see asadirectory listing any swap filesinside/ t np. Swap usage isonly displayed in the
output of the swap - s command.

Ivar Slice

The/ var dicecontainsfilesthat are modified by every user’s activities, such as spooling,
system logging, and mail. The most important subdirectories include:

/var/adm UNIX system administration files, statistics files, messages,
logs.

/var/cron Log file for some cr on activities (typically uuc p-related)

/var/log Recipient for system log files. Mostly the sy sl og file and

older, backed up versions (sysl og. 0, sysl og. 1, etc.) of
the samefile, which containsadetailed log about sendni |
activities.

/var/ | ost+found  Takesup eventual unreferenced I-nodes when fixing the
/ var file system using thef sck command.

lvarllp Logs (mainly error logs) from the printing services (I p).

/var/ mai | Mail datafor every user.

[ var/ sadm L ogs about the system software install ation and the
installation of Solaris patches.

/ var/ spool Temporary storage for spooled data during the data transfer,

for example, toaprinter (/ var / spool / | p) or from amail
server (/ var / spool / nqueue).

[var/tnp Under CDE, the user typically doesn’'t have an open console
window. Console messages are stored in temporary log files
with unique names such as
/ var/ t np/ wsconAAAa0037E: 0. 0. Itisnot unusua to
find alarge collection of such console log files, using up lots
of disk space.

Insufficient Space in /var

linstallation of patch clusters requires extradisk space. If don’t have at least 36 MB of free
spacein/ var (/ var/ sadm), thefollowing error message appears:

I nsuf ficient space in /var/sadn patch to save old files
You can handle this problem three ways:

» Usethe- Boptionwhileinvokingpat chadd. Thisoptiondirectspat chadd to save
the backout data to the user-specified file system.

» Generate additional disk space by deleting files that are not needed.

» Overridethe saving of the old filesby using the - d (do not save) option when running
pat chadd.

Also, see the manua page for pat chadd:
man pat chadd

/opt Slice

The/ opt disk dliceis meant for optional software. The purpose isto separate this
software from user data. Software such as Wabi (Sun emulation software for running
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Microsoft Windows under X), Web browsers, and third-party compilers are typically
installedin/ opt . Thisdirectory is usually 10 to 60 MB, often more.

/usr File System

The/ usr file system contains the bulk of the UNIX software: commands, manuals, run-
timelibrary files, and so on. Itssize (usually 100 MB to 400 MB or more) mostly depends
on what software sel ections are made during the Solarisinstallation. This dliceis meant to
be used solely by UNIX and should not hold other data. During the installation, it may be
necessary to leave free spacein/ usr for theinstallation of additional software that might
be loaded later (see also “Installing Solaris,” page 39). Thefilesin/ usr can be regarded
asread-only by the normal user becauseonly r oot can modify them—an important safety

feature.

The most important directories and filesin/ usr are the following:

[usr/bin
/usr/ccs

[ usr/dt
[usr/include

lusr/lib

[ usr
/'l ost +f ound

/usr/ openwi n

/usr/sbin

/usr/share

/usr/ucb

114 System Administration

Main directory for 400+ UNIX commands.

Directory with two subdirectories (/ usr/ ccs/ bi n and

[ usr/ ccs/ i b) containing commands (such asas, nake,

| ex, yacc, and many others) and library files used with
compilers and related software. Even though Solaris 2.x does not
include aC compiler, the contents of / usr/ ccs (which are only
installed as part of the developer configuration) are required for
third-party C compilers, such as GNU C (as used by VNMR).

Directory for the CDE (Common Desktop Environment) software.

Directory with (Solaris- and system-specific) i ncl ude filesfor C
or C++ sourcefiles (installed as part of developer configuration).

Large directory with object libraries (archives), runtime libraries,
templates, and default configuration files for various software.

Directory that takes up eventual unreferenced I-nodes when fixing
the/ usr file system using thef sck command.

Directory for the OpenWindows software. Depending on the
available disk sizes and the disk partitioning, this may be on a
separate disk slice.

Directory with system administration commands that are used by
the operating systems (i.e., commands and daemons launched
automatically when booting up Solaris) or are used only by r oot .

Directory with data that can easily be shared between different
Solaris systems, even if they have different architectures. Includes
[ usr/share/lib (terminal information database, keyboard
layouts, time zone definitions, etc.) and/ usr/ shar e/ man, the
ASCII UNIX manuals (actualy nr of f sourcefiles).

Directory with BSD UNIX commands (from SunOS 4.x) that are
either not part of SYR4 UNIX or behave differently from their
SV R4 counterparts. These files are kept for compatibility reasons
only—it isbetter not to usethem under Solaris2.x (eventually they
may no longer be supplied). Related datais stored in

[ usr/ ucbl i b (runtime and object libraries for compiling and
running commands under the BSD compatibility package) and

[ usr/ uchi ncl ude (i ncl ude filesfor C programsthat differ
between BSD and SVR4).
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For reasons of compatibility between SunOS 4.x and other UNIX
flavors, / usr aso contains a number of symbolic links pointing
to new file system locations. / usr/ 5bi n (/ usr/ bi n),
[fusr/ man (/ usr/ share/ man),/ usr/ preserve

(/var/ preserve),/usr/pub (/usr/share/lib/ pub)
and others, plus the subdirectories/ usr/ adm/ usr/ mai | ,

[ usr/spool ,/usr/tnp,whichhaveal beenmovedto/ var.

Home Directory Slice, /export/home

In astandard installation, / expor t / home contains both the VNMR software directory,
/ export/ honme/ vnnr , aswell asthehomedirectory for every user (exceptr oot ), such
as/ export/ home/ vnnr 1, but all these can beinstalled wherever it is convenient from
an operational point-of-view (e.g., onabigdisk, suchas/ dat a). The VNMR softwareand
the home directories can also reside on different dlices. When processing large amounts of
data, or when acquiring or processing multidimensional spectra, you should preferably
place the home directoriesin alarge dlice or disk, with plenty of free disk space.

VNMR Software Directory

It is often advantageous to store the VNMR software directory (50 to 190 MB, depending
on the spectrometer type and on the installed software options) in a place where two or
more versions can coexist. Because the VNMR software directory is accessed either
through a symbolic link with / vnnr or through an environment variable vnnr syst em
defined for every user, VNMR can be stored in directoriesindicating the software revision,
for example, / export/ honme/ vnnr 53b, / export/ hone/ vnnr 61a.

If theenvironment variablevnnr syst em pointsto/ vnnr , itisonly necessary to change
the symbolic link / vnnr to change between different VNMR rel eases, for example:
rm/vnnr

In -s /export/hone/vnnr6la /vnnr

Thefilesand directoriesinside/ expor t / honme/ vnnr are described in the VNMR
manual Getting Sarted.

Home Directories for Users

Home directories for VNMR users can contain numerous files:

* Filesfor customization and setup of the personal user interface, such asthe directories
i b_initdir (setupfilesfor theimage browser), app- def aul t s (customization
filesfor VNMR-related programs and possibly also other applications), and . dt
(setup filesfor CDE).

* Any number of personal datafiles and subdirectories.

e Optionally alocal bi n directory (e.g.,/ expor t/ honme/ vnnr 1/ bi n) for personal
executables (compiled programs, shell scripts).

» Loca vnnr sys subdirectory (one for each user), containing local, personal VNMR
files (macros, pulse sequences and related files, menus, experiments, global
parameters, etc.).

Thevnnr sys directory hasseveral subdirectoriesthat alsoexistin/ vnnr , suchashel p,
macl i b, manual ,menul i b,parli b, psglib,seqlib,shapelib,shins,and
t abl i b (plus some optional subdirectories, such aspsg). The convention isthat the
contents of these directories take precedence over files with the same namein a
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subdirectory of / vnnr . Thisway, every user can customize the VNMR software without
having to touch thefilesin/ vnnr.

vnmrsys Directory

Thevnnr sys directory also contains the user’s VNMR workspaces, expl to exp9, as
well asthe user’s global parameters (vnnr sys/ gl obal ). These workspaces and the
global parameters are standard UNIX files and directory trees; however, for speed reasons
(disk accessisvery slow compared to memory-based operations), VNM R keeps the global
parameters and the current experiment in memory, rather than working with the disk files.

The current experiment on the disk is only updated when joining a different experiment,
upon exiting VNMR or when calling the VNMR command f | ush. Theglobal parameters
are only updated upon exiting VNMR or when calling the VNMR command f | ush.
Therefore, you must therefore not alter vnnr sys/ gl obal whileVNMRisrunning. Upon
terminating, VNMR writes over the modified disk file with the version that it kept in
memory. For the same reason, you must not touch any current experiment.

Experiment Locking

Considerable confusion could result if VNMR is running in multiple copies (e.g., via
remote X terminals) and if several of these copieswould point to the same experiment. To
avoid this, VNMR uses a special experiment locking scheme.

Whenever VNMR isrunning, it generates an ASCII filevnnr sys/ | ock_#. pri mary
(where# isthe number of the current experiment). Therefore, thefilel ock_1. pri mary
indicates that exp1 is locked’. Thisfile contains three items:

* Lock type — An integer number (see Table 10) indicating the type of lock.
Table 10. Lock Types

# Locktype Remarks

1 acquisition Acqpr oc/Exppr oc related

2 background  vbg,orVnnr - mback

3 foreground normal, interactive VNMR operation
4 automation special locking for automation mode

* Host name — The name of the host system on which VNMR is running
e Process-ID — The ID of the process (Vnmr) that islocking the experiment.

When joining anew experiment (throughj exp(#) ,j exp#, or upon starting up), VNMR
first checks for the existence of alock file for the target experiment. If such afileisfound,
VNMR then verifieswhether on theindicated host (i.e., locally) thereis aprocess with the
process-ID found in the lock file. If the process exists, VNMR refuses to join that
experiment. If the processis not found, that probably indicates that the copy of VNMR that
generated the lock file somehow aborted or was terminated irregularly, such that it was not
able to remove the lock file (free up the experiment) as normally when terminating via
exi t or when leaving an experiment viaj exp(#) orj exp#.

Normally, the lock fileis created and deleted automatically. Eventualy, such afile can be
leftinvnnr sys by mistake (perhaps due to a software or computer crash). In most cases,
the VNMR command unl ock( n) will removeit. If the lock happensto be an acquisition
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" Inthe process of establishing experiment locking, a secondary lock file is generated temporarily.
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lock and is present by mistake, the lock file belongstor oot (which runs Exppr oc or
Acqpr oc), and unl ock refuses to remove the lock file. However, the user can till
remove that lock file using the r mcommand®.

Files on Other Disks or Disk Slices

Systems with two or more disks usually have extradisk dices for data storage (the name
/ dat a is suggested). On systems with asmall first disk and a big second disk,

/ expor t / hone should beinstalled on the second disk, to allow for more flexibility with
big experiments. The remainder of the first disk can then be mounted as/ dat a.

Home directories can also be located in directories other than/ expor t / home. Certain
parts of VNMR (or customized macros) may assume that all home directoriesarein

/ expor t / hone; therefore, afilein/ dat a would not be found. This problem is
bypassed by creating asymboliclink / expor t / hone/ xx pointingto/ dat a/ xx, such
that for the software the file till seemsto bein/ export/ home. Use the Solaris

adm nt ool to create new users. Thisway, it is assured that the password file

/ et ¢/ passwd contains the proper information about the location of the home directory.

6.3 Multiuser Setup for VNMR

Thedirectory / expor t / home/ vnnr containsall thefilesthat are (and must be) globally
available. Because/ expor t / honme might contain various VNMR directories (e.g.,
vnnt 53b, vnnr 61a), to simplify access to the VNMR software directory, a symbolic
link / vnnr isestablished, pointing to the currently active software directory. Usually,
when addressing / vnnr , we actually don’t mean the symbolic link, but the directory that
link pointsto.

All users can read the datawithin / vnnr and also execute any macros, pulse sequences,
shell scripts, etc. within this directory. In the default setup, only the NMR system
administrator vnnr 1 can make modificationsto filesin/ vnnr .

Every user has and can use their own (local) pulse sequences, macros, menus, parameter
sets, shell scripts, etc. Each user can also modify filesfrom/ vnnr by creating alocal copy
and modifying that file (which would then be located in hisown psgl i b, macl i b,
menul i b,seql i b,parl i b—all intheuser’'svnnr sys directory or withinalocal bi n
file for shell scripts).

If the user calls amacro that exists under the same name bothin hislocal nacl i b andin
theglobal macl i b (/ vnnr / macl i b), the system executestheloca macro, i.e., theloca
directories are looked up first. Thisis useful feature, but it can potentially create problems
because the system always uses alocal pulse sequence, whilethe global file (with the same
name) may have been improved or upgraded.

The general ideais to keep the system software clean and to modify it aslittle as possible.
If vhnr 1 wantsto make changes available to all users, he or she may decide to put
something into/ vnnr on a case-to-case basis (make sure you keep alog of what
modificationsaredonein / vnnr —thiswill be helpful when upgrading to the next VNMR
release).

For macros, an additional directory can be searched automatically if this directory is
specified in a (global) VNMR parameter macl i bpat h. Thisadditional directory would

8. The ability to remove aplain text fileis not controlled by the permissions and the ownership of the
fileitself, but rather by the permissions of the directory in which the file resides.
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be searched between thelocal and the VNMR nacl i b. This alows other usersto also
accessthemacl i b directory of vnnr 1, for example.
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Sections in this chapter:
e 7.1"How to Get File Information,” this page
e 7.2"Protection Bits,” page 119
e 7.3"Ownersand Groups,” page 121
e 7.4"Special Permissions,” page 122
e 7.5"Hard Links, Symbolic Links: the UNIX File System,” page 124

Animportant activity in UNIX isfile handling. This chapter covers how to get information
on files, how files are protected from unauthorized use, and how links are used to associate
files with each other

7.1 How to Get File Information

The UNIX commandsl s -1 orl s -1 F canbeused for getting arather complete set of
information on adirectory or afilesin adirectory. For example, by entering
Is —I dF /dev

the information on the directory / dev might appear like this:
drwxr-xr-x 1 root wheel 512 Dec 14 9:30 dev/

This displays the following information, from |eft to right:

« Typeof file: d for adirectory, - foraplainfile, | for asymboliclink, ¢ for acharacter
special device (usually in/ dev), and b for ablock special device (usualy in/ dev).

» Permissions, or protection bits (the next nine characters, r wxr - Xr - x).
e Number of hard linksto thefile (1).

» Name of the user who ownsthefile (r oot ).

« Name of the group that also ownsthefile (wheel ).

« Length of thefile, in bytes (512).

» Date and time of the last modification (Dec 14 9: 30).

 File name (with file typeindication, if the -F option was used, dev/ ).

Each item is described further in the following sections.

7.2 Protection Bits

The protection bitsfor filesare organized in three groups of three characters, r wxr wxr wx,
wherer isread permission, wiswrite permission, and x is permission to execute the file.
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Thefirst group (r wx) refersto permissions available to the user listed as the owner, the
second group to the usersin the group listed, and the third group to all users.

For directory listings, the meaning of the protection bitsis slightly different: r isstill read
permission (enables listing the contents of the directory); wis the permission to write
something into adirectory (create asubfile), changeit (rename asubfile), or delete contents
(subfiles) of adirectory; and x isthe permission to make it the working directory (change
directory into it). It is possible to have directories that a user can change into, but not read,
and vice versa.

The permission flags can be set individually or al at once. Setting them all together is
usually easier. The command to set all flags at once has the syntax
chnmod nunber fil enane

wherenumnber isathree-digit number. Each digit hasavalue from 0to 7 based on the sum
of three permission bits, r wx:

» Read permission (r ) adds 4 to adigit.
» Write permission (w) adds 2 to adigit.
» Execute permission (x) adds 1 to a digit.
For example, rwx is7(4+2+ 1), rw is6(4+2),andr-xis5(4+1).

For all three digits, add up decimal values as follows:

400 read permission for the user who ownsthefile
200 write permission for the user who ownsthe file
100 execute permission for the user who ownsthe file
40 read permission for users who belong to the group
20 write permission for users who belong to the group
10 execute permission for users who belong to the group
4 read permission for other users
2 write permission for other users
1 execute permission for other users

For example, to change the permission flags for thefilebi n/ shel | _scri pt to

r WXr Wxr - X, which means no write permission for users outside the group, use the table
to find that r wxr wxr - X is 775 (400 + 200 + 100 + 40 + 20 + 10 + 4 + 1), and then enter:
chnod 775 bin/shell _script

The chnmod command has another method for setting individual protection bits. chnod
can use the notation u for the owner, g for agroup, and o for others, and then uses a plus
(+) or minus (-) signto either add (+) or subtract (- ) u, g, and o withr for read, wfor write,
or x for execute. If any optionisn’t specified, all three groups are changed. The following
exampl es should make this clear:

chnod g+x file Adds permission for users who belong to the group to
execute the specified file or directory.
chnod +w file Addspermission for all three groupsto write to the specified

file or directory.

chnmod go-rw file Removespermissionsfor the users who belong to the group
and all other usersto read from and write to the specified file
or directory.
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Thereis also arecursive option:

chnod -R755file Setrwxr-xr-x permission for the specified file or
directory and all of their subfiles and subdirectories.

chnmod -R o+r file Addsread permissionfor the other usersto the specified file
or directory and all of their subfiles and subdirectories.

Setting permissions in absolute mode (e.g., chnod - R 755 fi | e) indirectories other
than the personal datafiles and libraries can be dangerous, especially with the recursive
option. When recursively changing permissions, it is better to selectively add or subtract
permissions: the permissions for directories are usually not the same asfor plain files, and
this precludes combining the - R option with the absolute mode.

The permissions within ther oot and/ usr partitions have been set up to ensure UNIX
system security. It is not advisable to change permissions in this area because you may
inadvertently erase special permission hits (see below) and eventually make UNIX non-
functional and require reloading all the software.

7.3 Owners and Groups

Every UNIX file and directory has an owner assigned to it (as well as the dates of creation
and of thelast modification). Normally, the owner isthe user that has created the file. Only
the UNIX system administrator r oot can change the ownership.

Changing File Ownership

The command to change ownership is chown, which has the syntax
chown new _owner filenane

This command has a recursive option (- R) for changing the ownership in al filesand
subfiles within a directory, for example, chown - Rvnnr 1 *

Althoughthel s -1 command displaysthe owner’suser name, the directory only contains
the user’s ID-number. Most other commands (liket ar and ps with the appropriate
options) only list this ID number. Instead of the owner’s name, the chown command can
also take the user’s | D-number as an argument.

Whenr oot isloading the VNMR software, chown is used to makevnnr 1 the owner of
most fileswithin/ expor t / homre/ vnnr ; however, aspecial problem ariseswhen r oot
copiesfilesinto some user’s home directory. Becauser oot has created (copied) thefile,
root dill ownsit. Therefore, the user may not have permission to use it and, because the
filebelongstor oot , the user cannot change the ownership. Whenever r oot copiesfiles
into someone else’'s home directory, chown should be used to also transfer the ownership.

The better solution would be if the user reads the file by copying it from outside into hisor
her own home directory because then, as the creator of the copy, the user becomes the
owner of thefile. Of course, this only works if the user has read permission for the file.

Changing Group Ownership

Similar mechanisms are used in connection with the group identification. All users are
organizedin groups (listedin/ et c/ gr oups) and every user a so hasaprimary group | D-
number (definedin/ et ¢/ passwd). Apart from that primary group membership, any
owner can share another group’s permissions, in that he can be listed as member of any
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number of other groupsin/ et ¢/ gr oup (of course, by opening up group memberships
you are compromising in the area of security).

Users that have been defined with the command / vnnr / bi n/ makeuser are primary
members of the group nn , and they are all also members of thegroup st af f , whichisa
standard group on most UNIX systems.

The same as the user 1D, the group ID-number of afile can be manipulated. Thechgr p
command to change group ownership works exactly like the chown command (chgr p
also has arecursive option). You must either ber oot or be owner of the file and member
of the specified group to executechgr p. Aswith chown, you can also specify the decimal
I D-number instead of group name.

Itisalso possibleto change or set the user and the group-1Ds at the sametime, using chown
with the following syntax:
chown user namne: groupnane fil enanes

Of course, also numeric IDs can be specified this way:
chown user| D: groupl D fil enanes

This syntax differsfrom SunOS and BSD UNIX, where apoint is used instead of the colon.

7.4 Special Permissions

122

The permissions field can hold three more bits: the sticky bit, the set-UID bit, and the set-
GID bit. These bits can be set with the chnbd command similar to the other bits. Their
decimal values are as follows:

4000 set-UID bit
2000 set-GID hit
1000 sticky bit

How does| s -1 display these bits?

« If the sticky bit is set, the last x (execute permission for others) isreplaced by at , or
to T if that last bit isnot set (e.g., r Wxr wxr wt ).

e Theset-UID bit changesthefirst x into s, or to Siif that x isnot set (e.g.,
rWST WXT WX).

* The set-GID bit affects the second x the same as the set-UID bit.

The sticky bit is used in connection with executable programs. A program with the sticky
bit is not swapped out, which can improve the performance of that specific program on
systems with limited memory. On the other hand, because this forces swapping to occur
with other programs, the performance of those programs may become worse. Because this
may affect other usersalso, only r oot isalowed to set the sticky bit. The sticky bit is
rarely if at al used today—it was created for systemswith asmall memory (64 MB or less)
in the early days of UNIX.

If the set-UID bit isset on an executablefile (acompiled program or ashell script), whoever
calls that program automatically bears the user-1D of the owner of the file, while that
programis running (and only inside that program and its child processes).

The set-GID bit worksin an analogous way for the group |D-number. This featureis used
alotinternally in UNIX, such as functionsrelated to | ogi n (the login processis owned
by r oot , after logging in all child processes are owned by the user that haslogged in), and
in fact many system functions need to change UID or GID.
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It is quite obvious that both the set-UID and the set-GID bits are potential security holes.
Therefore, these features should only be used where absolutely necessary. Special attention
should be paid to programs (like shell scripts) that call child processes and may, inthe case
of problems, end up in an interactive shell. This may proliferate undesired permissions
throughout the system. The most basic safety precaution for such filesis, to make them
writable only by the owner, particularly if they are shell scripts.

A typical example for the application of the set-UID feature isin the handling of optical
media, where users should be able to mount and unmount disks but by default these are
operations that can only be performed by r oot . Software for handling such removable
disks (under SUnOS 4.x also floppy disks) isbased on shell scriptsor programsthat hasthe
set-UID permission bit set. Inearlier VNMR releases, shell scriptswith set-UID permission
were one of the possibilitiesto kill and restart Acqpr oc (which must berun by r oot ,
because it must be able to update FID filesin each user’slocal directories).

In Solaris 2.x, removable media are automatically mounted viathe vol d volume daemon
and handling the Acqpr oc process family is achieved via a special account acqpr oc
(with or without a password) that has the same UID asr oot but, unlike a standard user
account, does not open an interactive shell script after alogin (or su acqgpr oc). It only
executes the shell script / vnnr / bi n/ execki | | acqpr oc, whichisowned by r oot
and has the permissionsr - x- - - - - - (read and execute permission for r oot only) after
that special account has been installed using / vnnr / bi n/ makesuacqpr oc.

We do not expect that you will ever need to set up software that uses the set-UID or set-
GID protection bits; however, you should beabler to recognizefileswith these permissions,
because they can be a serious threat to the security of your system. We will not discussthis
in more detail here, but hereisalist of filesfrom/ usr/ bi n and/ sbi n the use the set-
UID permission bitl:

/ sbi n:

-r-sr-xr-x 1 root Sys 339780 May 3 1997 su
/usr/bin:

-r-s--x--x 1 root sys 329360 Apr 26 1997 admi ntoo
-rwsr-xr-x 1 root Sys 33260 May 3 1997 at
-rwsr-xr-x 1 root Sys 12080 May 3 1997 atq
-rwsr-xr-x 1 root Sys 10764 May 3 1997 atrm
-r-sr-xr-x 1 root sys 19612 May 3 1997 chkey
-r-sr-xr-x 1 root bi n 14604 May 3 1997 crontab
---S--X--x 1 root uucp 70664 May 3 1997 ct
---S--X--X 1 uucp uucp 84524 May 3 1997 cu
-r-sr-xr-x 1 root bi n 9676 May 3 1997 eject
-r-sr-xr-x 1 root bi n 26312 May 3 1997 fdf or mat
-r-sr-xr-x 1 root bi n 28800 May 3 1997 login
-rwsr-xr-x 1 root sys 9860 May 3 1997 newgrp
-r-sr-sr-x 3 root Sys 15688 May 3 1997 ni spasswd
-r-sr-sr-x 3 root sys 15688 May 3 1997 passwd
-r-sr-xr-x 1 root Sys 23740 May 3 1997 ps

L If there are substantial differencesto how the permission bits are set for these files on your system,
you are probably running an earlier version of Solaris 2.x and you probably have not haveinstalled a
security patch. Check the documentation that came with the Solaris software for patch information.

To find out what patches have been installed on your system, use the command showr ev - p.

01-999166-00 C0503 System Administration 123



Chapter 7. Files, Permissions, and Owners

-r-sr-xr-x 1 root bi n 18632 May 3 1997 rcp
-r-sr-xr-x 1 root bi n 64748 May 3 1997 rdi st
-r-sr-xr-x 1 root bi n 14636 May 3 1997 rlogin
-r-sr-xr-x 1 root bi n 7940 May 3 1997 rsh
-r-sr-xr-x 1 root sys 15820 May 3 1997 su
-rws--x--x 1 uucp bi n 56500 May 3 1997 tip
-r-sr-xr-x 2 root bi n 11192 May 3 1997 uptine
---S--X--X 1 uucp uucp 66376 May 3 1997 uucp
---8--X--x 1 uucp uucp 21428 May 3 1997 uugli st
---S--X--X 1 uucp uucp 17772 May 3 1997 uunane
---S--X--x 1 uucp uucp 62096 May 3 1997 uust at
---S--X--x 1 uucp uucp 70268 May 3 1997 uux
-r-sr-xr-x 1 root bi n 4888 May 3 1997 vol check
-r-sr-xr-x 2 root bi n 11192 May 3 1997 w
-r-sr-sr-x 3 root Sys 15688 May 3 1997 yppasswd

If you intend to use set-UID permissions on your system, check first whether there aren’t
any other solutions that are less dangerous.

7.5 Hard Links, Symbolic Links: the UNIX File System

124

Inasimplistic view, the UNIX file system looks like avery large tree structure, but it hasa
number of very confusing aspects, such as different forms of links that may sometimes not
be properly hierarchical and file systems mounted from various disk partitions, often
including disk partitions from an other computer that are mounted locally via NFS.

Mostly, the user doesn't really care about the more complex aspects, because he or sheis

mostly concerned with thelocal file system subtree. Many usersrarely look at files outside
their own domain. Occasionally, the user stumbles over certain commands that sometimes
refuse to work, such as when trying to move adirectory (sub-)tree from one partition to an
other one using the command nv. This section should help clarifying some of these issues.

In reality, the UNIX file system is even magnitudes more complicated than it seems from
auser’s point of view.

File System Tree

What isthe structure of a UNIX file system tree? Most commonly, file system trees are
visualized like Figure 16 (the lines are hard links, dotted lines are symboalic links).

This type of file system visualization—although simple and easy-to-read—makes it
difficult to understand the difference between hard and symbolic links, and it isimpossible
to explain why you can have several hard linksto asinglefile (with different names, even).
Also, this scheme seems to suggest that files with real names exist on the disk, whichis
definitely not the case. In redlity, files on a disk have no name, but they are stored under a
number (the I-node number). For directories, you can assume that they all have the name

“I" or“."” (they are also stored under an I-node number, as we will see below).

File Storage

Directories, plain files (text files, datafiles, programs), and even symboalic links are stored
the same way— as atree structure of their own (see Figure 17). At thetop of thefiletreeis
the so-called 1-node (information node) containing:
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shin dev etc export usr kernel u_/‘__w_,‘__,‘._\ﬂ mr
passwd group o
vnmr vnmrl
bin maclib bin vnmrsys

maclib expl exp2

Figure16. UNIX File System Tree

128 hytes of information that includes the protection bits, the number of hard linksto
thefile, user- and group-1Ds, and creation and modification dates.

» 12 addresses to 8-KB data blocks (on the disk, 16 adjacent sectors of 512 bytes are
connected to a single data block).

» Anaddress of an 8-KB datablock containing 2048 addresses to 8-KB data blocks (the
indirect blocks).

« Anaddressof an8-KB datablock containing 2048 addressesto 8-K B datablocks, each
containing 2048 addresses to 8-KB data blocks (double indirect blocks).

» Anaddressof an 8-KB datablock containing 2048 addressesto 8-K B datablocks, each
containing 2048 addresses to 8-KB data blocks, each containing 2048 addresses to 8-
KB data blocks (triple indirect blocks).

012

This resultsin amaximum size of 64 terabytes (TB) for asinglefile (70.4 x 10* bytes).

Of course, real files only use rudimentary parts of this structure, and small files up to 95

KB do not even usetheindirect block (the double-indirect block isonly used for fileslarger
than 16 MB, and tripleindirect blocks would only be used for files greater than 32 GB). To
further improve the disk space usage, UNIX stores small files and remainders of big files
in so-called fragments (blocks of 512, 1024, 2048 or 4096 bytes), such that the smallest file
consists of an I-node (128 bytes) plus a single block (fragment) of up to 512 bytes of data.

Onedanger with such afile structure is fragmentation. When adisk partition getsfull, data
blocks are collected from all over the disk. It isfor good reason that UNIX triesto keep 10
percent of each partition free. To further improve the disk performance, Berkeley UNIX
organizes the disk partitionsin cylinder groups and tries to keep each file within asingle
cylinder group. Each of these cylinder groups includes a [backup]-superblock, a summary
block, and an I-node table for disk administration (to keep track of free and used I-nodes,
data blocks, and data block fragments). The data blocks and I-nodes are numbered within
each partition—thisimplies that afile cannot extend over severa disk partitionsz.

2 Thereis aspecia software from Sun, Solstice DiskSuite, that permits combining several physical
disk partitionsto asingle (logical) partition. This software is normally only included with larger
servers or with large disk arrays, but it can be purchased for workstations, too.
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Directory Files

A directory is nothing but aspecia type of plain file, consisting of an I-node and avariable
number of data blocks or fragments. There are two kinds of information in adirectory file:

2048 address
blocks of 8 KB each

2048 x 2048 address

2048 addresses
(4 bytes each) to
address blocks
of 8KB

blocks of 8 KB each

2048 x 2048 x 2048
triple-indirect data blocks

of 8 KB each

UNIX File Storage

the I-node numbers (sometimes called the I-numbers) and the associated file names

(variable length, up to 255 characters each). Such adirectory entry (an I-node number and
afilename) iscaled ahard link. It links afile to a directory. As mentioned above, I-nodes

are numbered separately within each logical disk partition; therefore, hard links cannot
point to filesin adifferent partition (this can only be done through symbolic links, see
“Symbolic Links,” page 128).
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Hard Links

It now becomes obvious why and how afile can have multiple hard links to it—two
directory entries can point to the same I-node. Hard links can only be made to files (I-
nodes) on the same partition. The command to create additional hard linksis| n (without
the- s option), and alisting of the proper contentsof adirectory (I-numbersand file names)
can be obtained using thel s command as follows:

#1s -ai |/
2 . 6444 devi ces 243 part
2 .. 6339 etc 6413 pcfs
258 . Xauthority 6336 export 6445 pl atform

4414 . dt 6490 fl oppy 2 proc
199 .dtprofile 3 hone 22 sbin
244 . fm 4242 Kker nel 2 tnp
4436 . wast ebasket 21 1lib 2 usr
231 TT_DB 3 | ost +f ound 2 var
4 bin 2128 mmt 250 vnnr

4408 cdrom 2 net 2 vo
2115 dev 2 opt 4 xfn

Additional hard links can only be madeto plainfiles, not to directories. A link to adirectory
could lead to cyclesin the file system structure (if such ahard link points to a parent
directory). Hard links to afile can be made from anywhere within a partition, but, because
that can obscure the tree structure, it is not a generally recommended practice.

Additional hard links can be deleted (using r m) without deleting the file. A fileisonly
really destroyed when the last hard link is removed. Such extra hard links are occasionally
used as backup for safety purposes, preventing the loss of dataif somebody by mistake
erased an important file.

Thereisone placewhere (in earlier years) where VNMR used additional hard links. Sun-3
systems were available with two kinds of floating point math hardware—the 68881 math
coprocessor and the Sun FPA (floating point accelerator). In order to optimize performance,
programsthat used floating point math extensively (f i t spec andtheVnnr moduleitself)
were compiled in two versions: one for each of the two versions of floating point math
hardware. These modules were stored in/ vnnr / bi n under the names
fitspec_68881,fitspec_fpa, Vhnr 68881, and Vnnr _f pa. During the
installation, appropriate hard links named Vnnr and f i t spec were made to these files
(through set f | oat ), and alisting of these files on a machine with Sun-FPA could have
been asfollows:

# cd /vnnr/bin; Is -il fitspec* Vnnr*

2815 -rwxr-xr-x 2 vnnrl 1064960 Cct 12 1992 Vnmr

2814 -rwxr-xr-x 1 vnnmrl 1040384 COct 12 1992 Vnnr_68881
2815 -rwxr-xr-x 2 vnanrl 1064960 Oct 12 1992 Vnnr_f pa
2934 -rwxr-xr-x 2 vnnrl 40960 Cct 12 1992 fitspec

2933 -rwxr-xr-x 1 vnnrl 32768 COct 12 1992 fitspec_68881
2934  -rwxr-xr-x 2 vnnrl 40960 Cct 12 1992 fitspec_fpa

Earlier VNMR releases used yet another link (named mast er ) to the Vnnr module. Note
that the number after the permissions (in the case of plainfiles) indicatesthe number of hard
linksto afile. Only the-i optionto| s allows usto identify which hard links point to a
particular [-node.

Asshownin Figure 18, we can now visualizethe“real” structure of directoriesand subfiles.
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I-node #2 -~
drwxr-xr-x 5 root.\ -~
5 / I-node #35041 <—_
35041 vnmr » | drwxr-xr-x 37 vnmrl\\\
2 ..
data block(s) 35041 .
2714 bin
|-node #2714 ,// —
drwxr-xr-x 2/ vnmrl\\ data block(s)
3504 14 / I-node #2815
5714 | / rwxr-xr-x 2 vnmrl
...... 1
2815 Vnmr
2814 Vnmr_68881 ——— |
2815 Vnmr_fpa
----- data blocks
data block(s) -rwxr-xr-x 1 vomrl ...
I-node #2814 1
data blocks

Figure 18. Structure of Directories and Subfiles

InVNMR, there are numerous cases of several macro entriesin/ vnnr / macl i b or (even
more so) multiple entriesin/ vnnr / manual pointing to the same datafile. Thisis done
using symbolic links (see below). In principle, it could also be achieved with extra hard
links (that would save disk space), but the problem with this would be that commands such
ascport ar donot recognizethat several hard links point to the samefile. Therefore, after
copying such adirectory using cp or (preferably) t ar (i.e., also after installing the
software), you would end up with multiple copies of the samefile.

You now can also understand the number of hard linksin the output from| s -1 inthe

case of adirectory. Thereisone hard link from the parent directory, onehard link (*.”) from
the directory itself, plusone hard link (“. . ") from each of the subdirectories.

It was stated above that a single plain file cannot extend over multiple logical disk
partitions. Data blocks are numbered within each logical partition. The sameistruefor the
I-nodes. Therefore, hard links cannot be made to a different logical partition.

It isnow obviousthat it is not the files themselves that carry the file name but rather the
hard links. This leads to a new type of tree structure (rectanglesin the diagram arefiles,
rounded rectangles are hard links), shown in Figure 19.

Symbolic Links

Asshown in Figure 20 asymboalic link isa plain file with an I-node and a data block, but
the data consist of a path name (relative or absolute, see “File Names,” page 133). Unlike
ahard link, asymbolic link is an indirect connection to another file. Several other
differencesto hard links exist:

» Symbolic links can aso be made between different partitions and disks.
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@ @ vmunix
%
(meord)

vnmrl

Figure19. New Type of File Structure

I-node #2

drwxr-xr-x 17 vnmrl ...

2. I-node #4
.4.. {,'Hmr -~ Irwxrwxrwx 1 vnmrl ...
...... “/lhome/vnmr”
data block(s)
data block

Figure20. Symbolic Link

» Symbolic links are not verified upon creation. Only when trying to access afile
through a symbolic link is the existence of the target file checked. Symbolic links can
be del eted without affecting thetarget file. If the target fileis del eted, the symbolic link
remains unchanged.

« Symboalic links can also be made to directories.
« Symboalic links can also be made to parent directories.

Obvioudly, itispossibleto createfile system loopsif asymboliclink ispointing toits parent
directory or if two symbolic links are created that point to each other. In the case of links
pointing to each other, the system would get trapped in an endless loop when trying to
access that file. To avoid such cases, UNIX counts the number of symbolic links it passes,
and it issues an error message “ Too many levels of symbolic links” if it meets more than 20
symboalic links.

The case of asymboalic link pointing to its parent directory can have more serious
conseguences. The most important drawback of symbolic linksis that they are not
recognized as such by the cp command. The cp command copies the file a symbolic link
points to, not the symbolic link itself.
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Suppose asymboaliclink inside/ expor t / honme/ vnnr exists, pointing either to/ vnnr
(asymbolic link by itself) or to/ expor t / home/ vnnr . If cp isused to create a backup
copy of theentirevnnr directory (cd / export/honme;cp -r vnnr vnnr. bk),then
cp followsthe symbolic link and copiesvnnt recursively into itself. It may ultimately fill
the disk with copies of vnnr insidevnnr insidevnnr, etc.

Fortunately, thereis an alternative for recursively copying directories containing symbolic
links, involving thet ar command (t ar handles symbolic links properly, see “Using tar
to Transfer Directories,” page 153). These recommendations should help avoid problems:

e Avoid using cp - r whenever symbolic links could be involved.
* Uset ar when copying directories containing symbolic links.
 Avoid making symbalic links pointing to a parent directory.
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Sections in this chapter:
e 8.1"Command Syntax,” this page

8.2 “File Names,” page 133

e 8.3“Important UNIX Commands,” page 135

e 8.4 "“Interactive Work with the C Shell,” page 138

e 8.5 “Shortcuts within Open Look and CDE,” page 139

Modern software user interfaces make administration less and | ess dependent on UNIX
knowledge. Under OpenWindows, for example, Admintool simplifies administration of
users, groups, hosts, remote and local printers, serial ports, and UNIX software. File
Manager, Text Editor, Print Tool, Tape Tool, and Mail Tool are also convenient mouse-
driven OpenWindows utilities.

However, there are still anumber of cases where the System Administrator needs to go to
the UNIX operation level. This chapter describes UNIX command syntax and file names,
and lists a selection of UNIX commands, many of which you will find of importance.

8.1 Command Syntax

UNIX command names can be any reasonablelength. They typically contain acombination
of aphanumeric characters, including specia characters such as the underscore. UNIX is
case-sensitive, which means it always distinguishes between uppercase and |owercase.

The UNIX command separator isthe semicolon or the Return key. If several commandsare
entered on the same line, they must be separated by semicolons.

Command Arguments

The UNIX argument separator is the space. Arguments are separated from the command
and from each other by spaces.

Argument types are numeric, names, strings, or options. Simple strings (no spaces or
special characters) can betreated like names using the space asadelimiter; complex strings
must be enclosed in double straight quotation marks (“..."). Characterswithin stringswhich
belong to UNIX-shell commands like a single quotation mark must be escaped with the
backslash character (\) (see UNIX manuals for additional details). Options are usually a
selection of characters, preceded by aminussign (- ). Some commands, such ast ar , have
aspecia syntax, where the minus sign must not be used for the options.
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Online Command Reference

Online help on UNIX command syntax is available with the man command. To display
help onthet ar command, for example, enter:
man tar

This only works if the manuals were installed onto the system. The manuals are stored in
several megabytes of unformatted nr of f files. Thenr of f command dows down the
manual display, but manuals can be preformatted with the cat nan command. This takes
aseveral minutesto process. After preformatting, the original nr of f files can be deleted
withrm -r /usr/ man/ man*. This speeds up the man command without using up
much more disk space.

The man command does not know about aliases. Entering man | f resultsin an error
message. Use al i as to find out about all presently defined aliasesin the current C shell.

Command Grouping

Commands can be executed in aseparate shell if they are enclosed in parentheses(...). This
has two consequences—their action does not affect the current shell and they behavelikea
single command for the calling shell. For example, if the directory should be changed for
only afew commands, execution in a separate shell does not change the current working
directory, for example:

(cd /vnnr; nkdir test)

If several commands inside parentheses produce output, this output is concatenated, for
example:
(echo "file listing:"; Is -1) > listing

Aslong as acommand is running, it runs exclusively in the shell in which it has been
submitted, and standard output, as well as any error output, is made to the same shell.

Background Execution

Commands can a so be executed in background. This means that the shell may accept and
execute one or more of the next commands while the previous command is running.
Background calls are made by attaching an ampersand (&) to the command, for example
opening mai | t ool in background operation:

mai | t ool &

Input and Output Redirection

With any command that makes standard output, this output can be rerouted into afile:

I's Prints the catalog of the current working directory
I's > listing Writes the catalog into the text filel i sti ng
I's >> listing Appends the catalog to the text filel i sti ng

If the file does not exist yet, it is created by the command. If the file does exist, the
command| s > |i sting overwritesits contents.

Commands that expect keyboard input (called standard input) can take that input from a
text fileinstead:

we -w < listing Countsthewordsinthetext filel i sti ng.
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Output from one command may be directly used asinput for the next command. ThisUNIX
featureis called apipe and is represented by a vertical bar (|):

Is -1 | nore Displays along listing with the mor € command.

Multiple pipes can be chained together, for example:
Is -IR| grep root | nore

Command substitution can be used to insert the output of a command into atext string:
set pronpt="‘unane -n‘:‘who ami‘ \!I>"

Thisinserts the output of the commandsunane and who am i intothe prompt string.
Commands in back straight quotes (*...") are executed first, and their output substitutes for
the quoted strings before the command line is interpreted compl etely.

8.2 File Names

UNIX file names can be amost any length (up to 256 characters) and can contain both
uppercase and lowercase characters, numbers, and some specia characters (including the
underscore, dot, hash sign, and plus sign).

File Name Suffix

Some commands and shell scripts expect file names with a specific suffix, such as

fil enane. c for C programs), but generally a suffix has no function under UNIX.
Therefore, users are free to make up own set of suffixes, perhapsusingfi | enane. ol d
for annotating old versions of files, f i | enane. bk for backup copies, and so on.

In fact, the suffix can be used as a standard file-name extension. VNMR uses the
filenane. fidsuffixfor FIDs, il enane. par for parameters, and various others.
Only one suffix per file nameisrecommended. If thefile nameisvery long and needs some
structuring, you can use underscores or uppercase characters.

Dot Files

A special class of files, called dot files, has afile name that starts with a period

(eg.,. | ogi n). Dot filesarenot displayed in standard filelistings using the command | s.
Toincludedot filesin thefilelisting display, enter | s - a. See Chapter 13, “UNIX System
Customization,” for more information on system dot files.

File System Hierarchy

The slash (/) is used to separate directory levels. Under UNIX, afile name, whether smple
or complex, isalso called a path because the name describes a path to a specific file. There
aretwo classes of paths:

» Absolute paths start at the root (/) and lead all the way down to the file, for example,
/ export/ honme/ vnnmr 1/ vnnr sys/ expl/acqfil/fid.

» Relative paths reference the current directory the user isin, for example,
vnnr sys/ expl/ acqgfil/fid.

The current directory of the user iscommonly called the working directory. The path to this
directory can be displayed with the command pwd. The working directory also has afile
name: the dot (.). Therefore, the relative pathsvnnr sys and . / vnnr sys areidentical.
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The directory that automatically becomes the working directory after login is called the
homedirectory. From withinaC shell (csh), auser can reference hisor her home directory
with atilde “~". Another user’s home directory can be referred to with the file name
~user nane. Notethat within aBourne shell (see“Bourne Shell Scripts,” page 212) these
abbreviations are not valid.

The directory above the working directory is called the parent. This directory hastwo dots
(. .) asthefilename (e.g., cd .. changestheworking directory to the parent directory).

Wildcard Characters

Most UNIX commands accept wildcard charactersin file names:
* Anasterisk (*) stands for any number of characters.
« A guestion mark (?) stands for a single nonblank character.
By using square brackets| ...] , restrictions for single character positions are also possible:
e [ a-z] standsfor any lowercase character.
» [ abc] standsfor either aor b or c.

These wildcards can also be combined, such as ??* stands for “at least two characters”.
The following are examples of wildcard charactersin use:

rm*.o Removes dl fileswith . 0 suffix

I's a* Listsal file names starting with a

rm-r par[2456] 00 Removesfilespar 200, par 400, par 500, par 600
ls .?2?* Lists all dot fileswith at least 2 characters after the dot.

Keyboard Shortcuts for Entering File Names

If you are using the C-shell and thef i | ec option is set by entering
set filec

(orbyincludingset fil ecinyour~/. cshrc filefor permanent setting, undo it by the
unset command), the Esc and Ctrl-d keysareredefined in certain situationsto display file
names in the path you are entering. For example, enter

I's /vnnr/n

and press the Esc key. Upon pressing Esc, the system completes the command line to
I's /vnnmr/ nuct abl es

You can now press Return to execute the line.

For another example, enter
I's /vnnr/a

and press Esc. The system fillsin two characters
I's /vnmr/acq

and then beeps, because/ vnnr contains severa filesthat start with the character a—acq
isthe common part of all files starting with a. The beeping can be switched off with aline
set nobeep

inyour ~/ . cshr c file. You could now continue by typing one or two more characters,
and then press Esc again, and so on.
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You can also reduce the number of files that the Esc option includes. For example,
including
set fignore .o

inyour ~/ . cshr c file causesit to disregard fileswith . o suffix.

Before or after using Esc (in fact anywhere within acommand line), you can press Ctrl-d.
The system displaysalist of filesthat match the charactersin thelast token (suchasl s a*
orl s acq*) and then repeats the prompt and the previous (unfinished) command line,
allowing you to make a selection. For example:

> |'s /vnnr/user [Ctrl-d]

user _tenpl ates/ userlib/

> |s /vnnr/userlib

Thisisaspecial use of Ctrl-d. Under other circumstances, Ctrl-d works differently.

Notethat with thef i | ec option, Ctrl-d always hasthisfunctionality in aC shell. As soon
asthefirst character on acommand line has been typed, it interprets the last token on the
line as afile name and tries to completeit. Therefore, it isimpossible to kill awindow or
log out with Ctrl-d inside acommand line. It may be necessary to make the system forget
the partial command line by pressing Ctrl-u first.

8.3 Important UNIX Commands

Some of the more useful and important UNIX commands are listed in this section.
Commands listed below in bold are important for standard UNIX users; the other
commands are often found in shell scripts or mainly important for UNIX administrators.
Refer to Sun manuals for complete information on UNIX commands.

Directory Commands

pwd Displays working directory.

cd Changes to home directory.

cd directory Changes working directory to di rect ory.

I's Listsfilesin working directory.

I's directory Listsfilesindi rectory.

| f Aliasof | s - F (definedinthefile. cshr c distributed with VNMR)

that islikel s but with file type annotation (/ marks a directory, @a
symbolic link, and * an executablefile).

I Aliasof | s - | (definedinthe. cshr c filedistributed with VNMR)
that islikel s but with additional file details.

nkdir directory Creates new directory with the namedi rect ory.
rndir directory Removes directory with namedi r ect or y, provideddi rect ory

isempty (i.e., has nofiles).
File Handling Commands
cp filel file2 Copiesfilenamedf i | el tofilenamedfi | e2.1f thenamefi | e2

exists, it is overwritten with no warning message (unlessthe - i
option is used). cp works only on simplefiles, not on directories.
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cp -r filel file2

mv filel file2

rmfiles

rm-r directory

tar

In -s filel file2

touch files

find

find /home -nane "*

find / -name core -

Makes a recursive copy for adirectory and all subfiles. It does not
recognize symbolic links (uset ar instead). Beware of recursively
copying adirectory into itself—this can quickly fill afile system, and
the resulting infinitely stacked directoriesis difficult to clear.

Moves one or morefiles (f i | e1) into another directory (if fi | e2
isadirectory). If fi | e1 hasnew names, it also renames thefiles. If
fil e2 aready exists and is not adirectory, thefileislost without
warning message (unlessthe - i option is used). Directories cannot
be moved between different file systems (partitions); use cp instead.

Removesoneor morefiles(f i | es) , acceptswildcards (be careful),
but does not work for directories, whichuserndir orrm -r
instead.

Removes directory named di r ect or y recursively with all of its
subfiles.

Reads and writes files and directories (see Sun manuals and Chapter
10, “Using Tapes and Floppy Disks,” for details). t ar may also be
used to copy directories recursively across a network.

Creates symbolic link for f i | el to destination path specified by
file2.

Creates or updates directory entry for one or morefiles(fi | es) If
file does not exists, creates afile of size zero; if file exists, updates
date of last modification.

Searchesin agiven directory, downward through all directory levels,
trying to the find one or more files. As shown with the next few
examples, f i nd has various options; where to search, by what
criterion to find files (for example, by name, owner, size, permission,
access date, modification date, owner, and number of links), what to
do with the files found, and what to do with the information (print it
or execute some other command).

.ol d" -user vnnrl -print

Findsal fileswith . ol d suffix within directory / hone that belong
to user vnnr 1, and print the paths to the files.

exec rm{} \;

Finds all filesnamed cor e and removes them. Note the notation for
the arguments to the r mcommand, and the backslash for the
semicolon (the semicolon should not be interpreted by the shell as
command separator, but as aterminator for the arguments of ther m
command)

find / -atine -3 -print

find / -ntime +30 -

chnod

chown

136 System Administration

Finds all files that have been accessed within less than 3 days and
printstheir paths.

print

Findsall filesthat have last been modified more than 30 days ago and
printstheir paths.

Change permissions (see Chapter 7, “Files, Permissions, and
Owners,” for further information).

Change owner (see Chapter 7, “Files, Permissions, and Owners,” for
further information).
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Text Commands

cat Displays text from text files or writesit to standard output.

head Displays text from the start to a specified point in atext file or from
standard input.

tail Displays text from a specified point to the end of atext file or from
standard input.

cut Cut out the specified character or token column(s) from afile or from
standard input.

fold Displays text from atext file or standard input, wrapping around

(folding over) long lines.

nor e Displays text from atext file or standard input in pages with the
following keyboard commands: press Spacebar to scroll to the next
page, Ctrl-b to scroll back one page, Return to scroll down oneline,
and g to quit. When nor e isused on atext file, v switchesto the vi
editor (after quitting vi , nor e becomes active again).

page Similar to nor e, but erases and redraws screen (window). page is
somewhat faster than nor e and uses the same keyboard commands
asnore.

Vi Edits atext file (see “ Text Editor vi,” page 142)

textedit Edits atext file (see “ Text Editors dtpad and textedit,” page 141)

sed Edits a stream of text.

diff filel file2 Printsthedifferences between two files.
diff -r dirl dir2 Recursively comparestwo directories and their subfiles.
grep pattern files

Searches for a pattern within one or more text files.

grep -1 pattern files
Returns the names of files that contain the specified pattern.

avnk Scans and processes text file line by line.

tr Trand ates characters, for example, converting upper case to lower
case.

fm Format ASCII text: wrap linesin paragraphs, does not split words
(unlikef ol d).

sort Sortslinesin atext file.

nr of f Formats text for character-oriented terminals.

troff Formats text for pixel-oriented terminals.

echo Displays the text string that is given as an argument.

Process Management and System Administration Commands

df -k Displays percentage of free disk space in each (or specified) partition.

du -k Displayssizein kilobytes of filesin the current working directory and
all subfiles.

du -k file Displays size in kilobytes of all subfilesof filefi | e, including their
subfiles.

du -sk files Displaystotal size in kilobytes of one or morefiles(fi | es) ,
including all its subfiles.

du -sk Displaystotal sizein kilobytes of the working directory.

su Requests changing user-1D to becomer oot . If passwords are

implemented, su asksfor ther oot password.
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sSu - user

su root -c "kill

Request changing user-I1D touser . Thefirst argument [-] changesthe
environment to what would be expected if the user actually logged in
as the specified user. If passwords are implemented, su asks for the
user password.

Kills aprocess with PID # as atemporary superuser. Asks for the
superuser (r oot ) password.

Ctrl-d Logs user out. Exits the current window or subshell.

ps -ef Displays all process-1Ds and status of current processes.

kill Sendssignal sto specified processes (requires process-I Ds); the default
signal is 15 (TERM) and causes most processes to terminate. If the
TERM signal failsto kill aprocess, signal 9 (KILL) should awaysdo
thejob: kill -9 PID.

sync Updates (synchronize) the system disk for aconsistent file system. The

updat e daemon does aperiodic sync.

prtvtoc /dev/rdsk/#

Displaysinformation on format and partitions of disk #. To identify #,
usethedf -k command (see above).

dat e Displays system date and time.

who Displays alist of users currently logged in.

who am i Displays current user name, the terminal, and the login time.
host nane Displays the name of the current host.

unane -n Displays the name of the current user.

unane -a Displays all information about the current system.

id-a Displays user and group ID.

conpress file

Compresses a (plain) file.

unconpress file Uncompresses a compressed file.

8.4 Interactive Work with the C Shell

Commands in bold are important for standard UNIX users; the other commands are often
found in shell scripts or mainly important for UNIX administrators. Refer to Sun manuals
for complete information on UNIX commands.

alias Displays currently defined aliases.

alias If Is -F Makesthecommand | f andiasofl s -F

unalias |f

Removes dlias so that alias| f no longer valid.

hi story Displays last command lines (recommended alias. h)

I Reexecutes last command line.

Ilstr Reexecutes last command line with string st r added.

I'n Reexecutes command line number n.

I-n Reexecutes command line n lines back.

I'str Reexecutes command line that startswith st r.

'$ Reexecutes last argument (token) from last command line.
Astrlfstr2 Replacesst r 1 by st r 2 inlast command line and reexecutes.
Ctrl-c Cancels execution of the foreground command.

Ctrl-s Stops execution of the foreground command (no command entry

System Administration

possible, except after Ctrl-q or Ctrl-c).
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Ctrl-q Resumes stopped or suspended command.

Ctrl-z Suspends execution of the foreground command (command entry
possible).

bg Resumes execution of suspended command in background.

j obs Displays information on background jobs.

fg Brings background process to foreground.

8.5 Shortcuts within Open Look and CDE

Window moving and resizing is accomplished in Open Look with the left mouse button.

« Tomove awindow, grab thewindow frame at any point and dragit to the new position.
If necessary, windows can pass the edge of the screen.

» Toresizeawindow, grab one of the resize corners and move it

For transferring text within or into vi , only the Copy and Paste keys (L6 and L8, or the
corresponding window menus) can be used.

Withinashell (csh) or when working with the Open Look version of t ext edi t , you can
use the powerful drag-and-drop utility (apart from the Cut, Copy and Paste keys on the
keyboard):

1. Highlight the text to be transferred with the left or middle mouse button, and then
move the mouse over the highlighted text and press the left mouse button. A small
rectangle with an arrow in the upper-left corner appears

2. Movethe cursor over to the position where you want to insert that text (when
editing) or over the window with the interactive shell into which you want to drop
the text.

3. Release the mouse button. The text is transferred.

Withint ext edi t , when you rel ease the button over acharacter, thetext isinserted before
that character

Drag-and-drop does not work from and into nonscrolling windows (i.e., also scrolling
windows after disabling the scrolling) and from and into vi . Thisis alimitation of the
current version of Open Look, not abug. Drag-and-drop also does not work within aremote
shell and from and into the VnmrX windows.

With the new UNIX windows environment, CDE (Common Desktop Environment), most
of therestrictionsin Open Look are overcome. It is a next step towards a windows-driven
interface asit hasbeen used on personal computersfor many years. Because CDE has many
similarities to the personal computers and is easy to explore by trial and error, no further
descriptions are given here, except that to copy text within the same window in CDE (e.g.:
into the command line), highlight the text that you want to copy, and then pressthe middle
mouse button. This pastes the highlighted text at the current input location (e.g.: the
command line).
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chapter 9. Text Editing

Sections in this chapter:
e 9.1 "“Text Editors dtpad and textedit,” this page
e 9.2“Text Editor vi,” page 142
e 9.3"Other Editors,” page 147

UNIX includes several programs for editing text, including t ext edi t, vi , ex, and ed.
Each is described in this chapter (t ext edi t and theline editorsex an ed only briefly):

For further information, refer to Sun manuals. Refer al'so to the VNMR Command and
Parameter Reference.

From VNMR, UNIX editors can be called directly, for example, by macr oedi t or
nmacr ovi . The VNMR command nacr oedi t calls an text editor that is defined in the
variablevnnr edi t or. It can be changed by

setenv vnnreditor new editor

wherenew_edi t or isoneof theeditorslisted above, and can be made active by recalling
VNMR from this shell. For apermanent change, add thiscommandtotheuser’'s . | ogi n
file. The VNMR command macr ovi awaysusesthevi editor.

9.1 Text Editors dtpad and textedit

The OpenWindowst ext edi t program is a mouse-oriented, window-based text editing
tool that alwaysrunsin its own window. Therefore, it cannot be used with windowless
environments. t ext edi t iscalled withthecommandt ext edi t fil enane fromthe
root menu or from ashell, like a shelltool window. Within CDE, a similar but more
comfortable text editor, dt pad, can be called by mouse clicking on the editor icon.

Thet ext edi t programiseasy tolearn. Itisawaysin theinsert mode, the mouse can be
used to set the cursor point to insert or del ete characters, and a pop-up menu allows access
to more complex functions.

Within the Open Look GUI, t ext edi t supports the drag-and-drop feature (see
“Shortcuts within Open Look and CDE,” page 139), which makes this editor even more
atractive. t ext edi t can also be madeto automatically wrap thelines at word breaks, not
just at any character. This makesit look likeit is automatically formatting lines. However,
notethat t ext edi t in such acase does not insert a newline character.

When using vi for editing afile that has been generated or modified usingt ext edi t,
you may encounter very long lines of text. With dt pad, the CDE text editor, this can be
avoided: it is possible to have linefeeds inserted in wrapped lines when atext is saved.

You can access the Edit menu easily, which gives you fast and direct access to the Again,
Undo, Copy, Paste and Cut functions. Within the Open Look environment, all menus
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(except for the Extras) are available from the top of the window as well as within the
window (menu mouse button).

Experienced UNIX users will probably prefer thevi text editor, which is more complex
(three modes) and has aless sophisticated user interface (the mouseis not used) but isfaster
and more powerful, especially for repetitive tasks such as making global changes. Thereal
advantage of t ext edi t and dt pad isthat they can be used reasonably well after afew
minutes of training, whereasvi requires much more timeto learn completely.

9.2 Text Editor vi

Thevi program (pronounced “vee-eye”) is the standard full-screen editor under UNIX,
compatible with all full-screen terminals and RS-232 terminals. Although thevi editor is
powerful, itis much more complex thant ext edi t and dt pad, and the user interface
for vi isnot as sophisticated. vi does not use a mouse or menus and provides very little
status information to the user. On the other hand, vi is particularly well suited for editing
line-oriented documents such as source code, tables, and UNIX text definition files.

vi iscaledwiththecommandvi fi | ename.If vi isentered with no argument, thefile
to be edited can be read in from within the editor. If asingle fileis given as an argument,
vi openswiththat file on display. If multiplefile names are given (wildcard characters can
be used), vi reads each filein sequentialy for editing one at atime.

Vi operatesin three modes, called command, insert, and last line.

Command Mode

Vi startsin the command mode, where you can do the following:
» Move the cursor around the file
» Enter commands to work with the existing text
» Changeto theinsert mode to add text
« Changeto thelast line mode quit vi , read ancther file, etc.

A sample of commands in the command mode is given below. Because there is no
command line, the commands do not show up on the screen but are executed immediately
without pressing the Return key.

Moving Around the File

To move around in afile, press the up-down-left-right arrow keys on the keyboard or enter
the following commands:

k Move cursor up oneline
Move cursor down oneline
Move cursor one character right

o5 -

Move cursor one character |eft
Go to the start of the last linein thefile
3G Goto the start of line 3
0 (zero) Go to the start of the current line
$ Go to the end of the current line
w Go forward one word (to the start of the next word)
3w Go forward three words
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Ctrl-d

Ctrl-f

Ctrl-u

Ctrl-b

/ expressi on
?expressi on
n

N

9.2 Text Editor vi

Go backward one word (to the start of the current word)

Go backward five words

Go to start of next line

Go to start of line 3 lines below cursor

Go to start of previousline

Go to start of line 3 lines above cursor

Go to start of current sentence

Go to start of next sentence

Scroll down (forward) half a screen

Scroll forward by afull screen

Scroll up (back) half a screen

Scroll back by afull screen

Find next occurrence of expr essi on, jump to itsfirst character
Find last occurrence of expr essi on, jJump to itsfirst character
Find the next occurrence of expr essi on (the last search)

Find the last previous occurrence of expr essi on (the last search)

Working with Text

The following commands are representative of the many commands available for working
with text from the command mode.

X
dw
dd
3dd
yy
3yy

J
p
p

-

Ctrl-I
zz

Delete 1 character

Delete word

Delete 1 line and put it into the buffer

Delete 3 lines and put them into the buffer

Yank aline (put current line into buffer)

Yank 3lines

Join the next line to the current line

Insert lineg(s) from buffer below current line

Insert lineg(s) from buffer above current line

Replace one character by one other character

Undo the last command

Repeat the last command

Change character from upper case to lower case and vice versa
Redraw the screen (e.g., remove error messages covering the text)
Write if necessary and quit vi

Changing to the Insert Mode

Any of thefollowing commands enable you to add or replace text. When you finish adding
text, press the Esc key to return to the command mode.

a
A
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Append text after the current cursor position
Append text to the end of current line

Insert text before current cursor position

Insert text at beginning of current line

Change word from current cursor position to end
Change 3 words from current cursor position to end
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Change sentence from current cursor position to end
Change line from current cursor position to end
Open line below current line

Open line above current line

Replace (overwrite text character by character)
Substitute one character

» I O©° 00

Changing to the Last Line Mode

Thelast linemodeisusedto quitvi , read and writefiles, call ancther file for editing, open
aUNIX shell, and similar actions. To change from the command modeto thelast line mode,
type acolon “:” asthefirst character of aline.

Insert Mode

A series of commands (listed above) switches you to the insert mode, where all the text
typed on the keyboard (except for the Esc key) shows up in the text. The only way to exit
theinsert mode isto press the Esc key, which leads back to the command mode.

Unfortunately, thereis no indication on the screen whether vi isin the command mode or
in the insert mode. Inexperienced operators often press the Esc key to make sure they are
in the command mode, but as you become familiar with vi , thiswill be seldom necessary.
The Esc key isalso the only possibility to avoid the execution of commands that have been
partially typed, such as when the number has been typed, but not the last character.

Specia (normally not displayable) characters can be inserted into the text if they are
preceded by Ctrl-v. For example, pressing Ctrl-v Ctrl-q is displayed in the text as “"Q".

Last Line Mode

Thelast line mode is also called the ex command mode because in this mode you enter
commands from the ex program:

r file Read afilenamedfi | e

tW Write back file

twfile Write under anew filewith namegivenby fi | e

' q Quitvi (quitsonly if fileis unchanged since opened or saved)

Twg Write back and quit vi

:q! Quit editor without saving changes

'n Edit next file

:sh Open ashell

: %/ ol d/ new g Replace all occurrences of string ol d by string new

:se nu Switch on line numbering

:se nonu Switch off line numbering

:set all Show all options

el Reedit file, discard changes

: I commands Execute UNIX commands (comrands) in atemporary shell, returnto
vi afterwards

The ex program was an early UNIX line-oriented text editor. For compatibility, ex
commands were integrated into vi asthe last line mode, making ex asubset of vi . With
two exceptions, the last line mode is initiated by typing a colon as the first character of a
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ling; thereafter any ex command can be entered. The execution of these commands, which
requires pressing Return, automatically leads back into the command mode.

Other vi commands

The sections above list only a selection of the most important vi commands. For a
complete description, refer to the Sun manuals and UNIX textbooks. Many powerful
features are available, but they normally are only required for experienced and frequent
users. Such featuresinclude:

» Options, such as special setups for writing programs.

e Customization file (. exr c).

* Macros.

» Abbreviations to avoid retyping long and frequent expressions.

« Additional buffersto increase flexibility in moving text portions around.

For example, the following inline shell calls provide advanced formatting and sorting of
text:

I1}fm -63 Reformats current text between the cursor and the end of the paragraph to
63 characters per line
11]fnt -70 Reformats current text between the cursor and the end of the file to 70

characters per line

I}fm -c -75 Reformats current text starting at the cursor position (first line) and indents
al following lines to the first character of the second line

I}sort -u Alphabetically sortsall lines up to the end of the current paragraph in the
text starting at the cursor position, removing duplicate lines.

Problems with Running vi

Thevi editor formats the screen by moving the cursor around. This can only work if
e Theterminal characteristics support such cursor movements

» vi knowsthe exact termind definition
If there are problems with these points, vi either incorrectly formats the screen, making
proper editing almost impossible (type ZZ to quit the editor) or switches to “open mode”
(it tellsyou about this on the last ling), which essentially isthe singlelineex editor (in this
case, type : q Return to exit the editor). Other problems are more subtle and relate to shell
calswithinvi , see below.

Using vi in Single-User Mode
Tryingto usevi in single-user mode can be unsuccessful for severa reasons:

* Thetermina type is undefined, which makesit impossible for vi to format the text
screen (or window) properly and control the cursor movements.

e The PATHvariable might not include / bi n or/ usr/ bi n, such that thevi
command cannot be found.
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Thereisan easy way out, which givesaccesstovi evenin single-user mode (notethat this
isin aBourne shell environment—you cannot use set env):

TERMEsuUN Defines the terminal type.

export TERM Makes TERMinformation available to child processes (e.g. when
calling ashell from withinvi )

Vi Callsvi

If the PATHdoes not include/ bi n or/ usr/ bi n, cal vi with the full path by entering
/usr/bin/vi.

Problems with Running vi Remotely

After aremotelogin throughr | ogi nort el net, vi often does not work properly

becausethet er mvariable (TERMin the Bourne shell) isnot defined properly. In particul ar,
the X environment, thet er mvariable after aremote login is usually set to xt er m which
isokay if you are working in an xt er mwindow but notinashel | t ool , cndt ool , or
dt t er m(the standard CDE shell window). To correct this, use the following commands:

set termedtterm For dt t er m(CDE shell windows)
set termesun-cnd For cndt ool (scrolling OpenWindows shell windows)
set ternrsun For shel | t ool (nonscrolling OpenWindows shell windows)

After this, vi should function as expected. If you are (remotely) logged inasr oot and/or
working inaBourneshell, use TERM=dt t er m TERMEsun- cnd, or TERM=s un instead.

Problems with Running vi Remotely in CDE

A peculiar problem ariseswhen callingvi from astandard CDE window (dt t er m) while
being logged in to a SunOS (and probably any other non-Solaris or non-CDE) system—the
proper setting for thet er menvironment variableisdt t er m Unfortunately, SunOS

(/ et c/ t er ntap) does not contain adefinition for the terminal typedt t er m

So far, we have not found a good solution for this problem. In Solaris 2.x,

/ et c/ t er mcap only contains the older definitions (for compatibility reasons) but no
definition for dt t er m(we don’t even know whether it would be possible to construct a
BSD t er ncap entry for the CDE dt t er m). On the other hand, we have found two
workarounds:

« A simplebut only partially functional solutionisto temporarily switchtothe DEC VT-
100 terminal definition by entering set t er mevt 100. For basic vi usage, this
seems to work reasonably well.

e The better solution isto call an OpenWindows command tool (cndt ool ) that is
available from the program manager (from the CDE toolbar) under “OpenWindows.”
You can call the“OW Command Tool” directly or you can drag theiconinto theicon
drop box of one of the CDE toolbar menus (typically under “Personal Applications’).
The OpenWindows command tool uses atermina definition (sun- cnd) that is
known both under SunOS 4.1.x and under Solaris 2.x.

Problems with vi Shell Calls in CDE

Occasionally, we have also found problems with vi shell calls (through the exclamation
mark, see“ Other vi commands,” page 145). If you run into this problem, the solution again
isto use the OpenWindows command tool (cndt ool ) rather than the CDE dt t er m see
above.
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In conclusion, it seemsthat if you want to continueusing vi rather than the CDE editor
dt pad, you are probably better off using the OpenWindows command tool (cndt ool ),
rather thandtt erm

9.3 Other Editors

The other editorsin the standard Sun software are line-oriented in which you work on only
oneline at atime (apart from printing portions of the text). These editors were basically
written for early computer terminals such as the teletype. Under these conditions, editing
consisted of entering, modifying. and displaying (printing) single lines.

Obviously, such editors are much more difficult to use than full-screen editors. UNIX
provides two of them: ed and ex.

ed and ex Editors

The ed program wasthe first UNIX text editor. It has avery terse user interface (e.g. a
single error message: the question mark) and is not very comfortable.

The ex editor isactually asubset of vi and, therefore, provides a better user interface (at
least one with decent error messages) than ed. At the same time, ex is an extended and
enhanced version of ed and was written at the University of California at Berkeley by
William Joy.

Line-oriented editors are only used in special circumstances: ex can be useful if for some
reason only aline terminal is available (which is seldom the case, because most standard
RS-232 terminals are supported by vi ) or if for some reason the terminal setup in UNIX
has been corrupted. ed is used if for some other reason only alimited UNIX command set
isavailable(e.g., vi command file corrupted or erased). Because such cases arerare, these
editors are not explained in detail here. A good introduction to both of them isfound in the
Sun manuals.

emacs Editor

Other editors are available on the market for the Sun. Best known among themisemnacs,
a sophisticated and powerful, screen-oriented editor that many people prefer over vi .
emacs seemsto combine the good parts of bothvi andt ext edi t . It iswindow-
oriented, mouse-friendly, model ess, and yet still fast and easy to use. On the other hand, it
makes heavy use of the Fn and Rn function keys, and many people don’t like that.
Unfortunately, it is not part of the standard Sun software, but Sun user groups can make it
availablefor little or no money because it is public domain software.
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Sections in this chapter:
e 10.1“tar Command,” this page
e 10.2 “ufsdump, ufsrestore, and dd Commands,” page 155
» 10.3“Using Floppy Disks,” page 156

OpenWindows includes the Tape Tool and File Manager programs for handling tapes and
floppy disks. The OpenWindows desktop utilities can also be called from CDE viathe
Application Manager. This chapter provides someinformation about the UNIX commands
used by these tools, which is necessary for afull exploitation of those media or for a direct
usein a shell window:

10.1 tar Command

The Tape Tool is an interface for selected options of the UNIX t ar command (derived
from “tape archive”). Thistool can be used to transfer filesby t ar to or from devices such
as atape drive, floppy disk drive or file. The button labeled props... opens a popup menu
for configuring thet ar command. To fill in the necessary options or to run thet ar
command from ashell, you need to know the structure and features of thet ar command.
We start with tape operations, the most frequent application of thet ar command.

Thet ar command can be used to read and writefilesto any kind of tape. It isthe standard
command for storing directorieswith all subdirectorieson tape. Filesthat have been written
witht ar must be read back with the same command. t ar is quite straightforward to use,
but it has some drawbacks:

« It does not keep track of the amount of tape used. An attempt to write very large
directoriesto tape starts correctly, but when the end of the tapeisreached, t ar issues
an error message and does not ask for further tapes.

* |t makes no mapping, therefore reading single subfiles can be time-consuming.

Entire file systems cannot be backed up witht ar . Theuf sdunp, uf sr est or e and dd
commands do file system backup (uf sdunp uses mapping and can write on multipletapes
where necessary). Chapter 12, “File Security, Repair, and Archiving,” coversthisfurther.

Command Syntax

A typical call tot ar is
tar xvbf 40 /dev/rmt/Onb

Thet ar command has a number of single character options, such asxvbf used here: x
for extracting, v for verbose showing, b for blocking factor, and f for source/target file.
Unlike most other UNIX commands, the optionstot ar are not preceded by aminussign.
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Some options require an additional argument (e.g., 40 for theoption b,/ dev/ rnt / Onb
for the option f ). The sequence of arguments must correspond to the sequence of these
options.t ar xvfb /dev/rm/Onb 40 isaso correct and has the same effect.

/ dev/ rnt / Onb isthelocation (source or target) of thet ar file. In this example, the
locationisamagnetictape (r nt identifiesaremovable magnetic tape) with logical number
0 and a medium write density m

Thefinal b meansthe devicefollowsthe BSD (Berkley Software Distribution); otherwise,
the SVR4 (System V, Release 4 of AT&T) convention is used.

Note: If youwant to write tapesthat are compatible with SunOS 4.x and BDS UNI X, you
must use the “b” device option (/ dev/ rnt / Ob,/ dev/r nt/ Obn,
/dev/rnt/0l b,/ dev/rnt/0l bn,etc.).

tar Files

Thet ar program isaconverter between the UNIX file system (a hierarchical structure)
and at ar file, and viceversa. At ar fileisalinear structure and has no directory. You
must scan thefile itself to find out what its contents are.

Inmost cases, thet ar fileislocated on amagnetictape. Thef optionindicatesthelocation
of thet ar file. The default value (leaving out thef option) is/ dev/ r nt/ 0, whichis
takenfrom/ et ¢/ def aul t s/ t ar. The default can be altered there or with an
environment variable TAPE. If youwant / dev/ r nt / Onb to be the default device, add
setenv TAPE /dev/rnt/Onb

toyour . | ogi n file. If the default matches the device you need, you don’t have to specify
thef option (and the device name itself).

The standard target file for thet ar command is/ dev/ r nt / 0. Having more than one
tape drive installed, the only requirement under Solaris 2.x is adifferent SCSI number.
During the boot process (boot - r), the tape devices are configured automatically. You
will find/ dev/rnt/0...,/dev/rmt/1..,andsoon. Withl s -| /dev/rnt, youcan
see which of the targets are connected to which device number (...st @4...: tape at target 4).

t ar automatically rewinds the tape at the end of the operation, unlessits nameis preceded
withann (eg.,/ dev/rnt/0n).

Thet ar filecanasobeadisk file. Just specify a(plain) disk file,andt ar creates(or reads
from) at ar file onthedisk:
tar cf userlib.tar userlib

Thisisuseful for compressing data, because the conpr ess command can only compress
singlefiles, not complete hierarchical file structures.

A common convention isto use the file name extension . t ar fort ar files. Asa
consequence, do not try to uset ar with a nonexisting tape device (such as

[ dev/ rnt/ 3). When writing to that “device,” this would eventually create aplaint ar
file3in/ dev/ rmt that could easily fill the root partition to 111%, (see “Managing Free
Space on Disks,” page 163).

t ar can aso produce output to the standard output or read data from standard input if a
minus sign is specified ast ar file. Thisisuseful for transferring directories (see “Using
tar to Transfer Directories,” page 153) or to createt ar fileson the disk:

tar cf - userlib > userlib.tar
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QIC Tape Formats

All Sun tape drives can read quarter-inch cartridges (QIC) in 4- and 9-track mode. Tapes
are automatically written in 9-track mode, providing maximum capacity. SPARCstations
use different tape drives. They can only writein the 24-track, 150-MB QI C-150 format, but
they can aso read in the other two formats.

If atape containsinformation in 4-track or 9-track format already, the SPARCstation
detectsthat and refuses to overwrite because the tape has the wrong format (evenif itisthe
right tape quality). In such a case, the tape has to be completely degaussed, either with a
degaussing coil or by holding the tapeto the areawith the strongest stray field at the bottom
of the NM R magnet, and then removing it slowly whilewagging it (flipping it over) rapidly.
Thefringefield of a200-MHz magnet may not be strong enough to erase tapes compl etely.
In general, old 25 MB and 60 MB tapes can not be overwritten on a SPARCstation (even
after erasing), because the tape characteristics don’t match the tape drive.

SPARCstations with 150-MB tape drive require 3M DC6150, DC600-XTD (600 feet, 150
MB maximum) or equivalent quality tapes for writing on tape. Other tape qualities can be
only be read. For newer systems with 2.5-GB QIC tape drive, DC 9250 or equivalent
quality tapes are required in order to exploit the full capacity, but DC 6150 tapes can also
be used to storeup to 150 MB. It is possible that tape drives on different Sun machines have
dlightly different head adjustments, so that tapes sometimes cannot be exchanged between
specific machines.

Blocking Factor

As the name streaming tape indicates, cartridge drives operate in streaming mode, which
means that the drive hasto speed up first over anumber sof sectors before it starts reading
or writing a data batch of b blocks at full speed. To create a continuous disk file, the tape
drive rewinds s sectors from the end-of-file mark and then spools forward s+b sectors
(writing after the end-of-file mark), rewinds s sectors, and so on. Obviously, if bisthe same
or smaller than s, streaming tape operations are very inefficient. The size of the data batch
is determined by the blocking factor, which indicates the number of 512-byte data blocks
in adata batch. The valueis entered as an argument using the b option.

Thedefault blocking factor for tape commandsis 20. The optimum blocking factor depends
on the tape drive and the speed of the disk. For SPARCstations, the optimum is 30 to 40
(QIC-150 tape drives speed up much faster). An optimum blocking factor can speed up tape
operations by up to 35% (SPARCstations).

Blocking factors of up to 2000 and more can be selected, but there is be no further gainin
speed. Very large blocking factors can eventually lead to an error message
could not allocate nmenory

Insuchacase, tryt ar againwith asmaller blocking factor or temporarily exit VNMR first.
Because the total number of blocks written to the tape is amultiple of the blocking factor,
very large blocking factors are inefficient for writing small amounts of data.

Writing Files

Writing at ar fileisdone using the ¢ option, for example,
tar cvfb /dev/rm /0 40 vnnrsys

(the c option requires the source file to be specified). t ar can be used to write multiple
filesin one go. Just enter multiple file names or groups of file names, for example,
tar cvbf 40 /dev/rnt/O0 filel file2 file3
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tar cvbf 40 /dev/rnt/0 *.fid
tar cvbf 40 /dev/rnt/0 .

Asmentioned above, t ar does not check on or keep track of the tape usage. It isup to the
user to make sure there is enough space on the tape. Use du to check the data size before
storing large amounts of data on tape.

t ar does not follow symboalic links, but it rather writes the symbolic link as such into the
t ar file. Thisis different from the way the cp command works. If absol ute paths are
specified, t ar writes absolute namesinto thet ar file (see below).

If the verbose option v is specified when writing atape, t ar prints out (standard output)
the character “a” (“archiving”), thefile name, and thefile sizein blocks (or information on
the symboalic link).

Tape Catalogs

Tape catal ogs are obtained with thet option, for example,
tar tvf /dev/rnt/O0

The blocking factor does not matter for reading tape catalogs. If the v optionisalso
specified, the catalog contains not only the file names, but also information about the
permissions, user-ID and group-1D of the file (both IDs in numeric form), the file size (in
bytes), and the date of last modification (the dateis given in an uniform format, unlike with
thel s command). Directories are shown with file size 0. A typical t ar listing (using the
v option) is displayed as follows:

rwxr-xr-x 10/ 30 0 Jan 26 10: 33 1993 bin/

rwxr-xr-x 10/ 30 0 Jan 25 09: 32 1993 vnnrsys/

rwxrwxr-x 10/ 30 0 Jan 25 09: 35 1993 vnnrsys/expl

rwrwr-- 10/30 17 Jan 25 09: 35 1993 vnnrsys/expl/text

Reading atape catal og takes considerabl e time. Because thereisno directory, the entirefile
must be scanned. Therefore, it is advisable to make a catalog once and then to either print
it out or (better yet) store that catalog on disk, see also “ Verbose Option,” page 153.

Reading Files

Reading from at ar fileisdone with the x option, for example,
tar xvf /dev/rnt/0

If the blocking factor specified for reading atape is different from the factor that was used
for writing, this can lead to error messages. To avoid errors, it is recommended to use the
same bl ocking factor for reading asfor writing or (better) not to specify the blocking factor
when reading tapes.

If nofilenameisspecified whenreading fromat ar file, all filesareread back. If selective
files should be extracted from thet ar file, the complete file name must be specified,
exactly the way it shows up in the output with thet or thev options. t ar does not know
wildcard characters for reading, and file names cannot be abbreviated. If adirectory is
specified, it is extracted with all its subfiles. If only asubdirectory or asubfileis extracted,
t ar automatically generates the necessary directory levels aboveit. If thefileto be
extracted already exists on the disk, the disk fileis overwritten (provided the user haswrite
permission on it).
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If thefileswere stored with absol ute paths, they are al so read back the sameway. Therefore,
storing files with relative paths is highly recommended. Upon extracting, there is no way
to redirect files that were stored with absolute path.

Verbose Option

Thet ar program is often used in the verbose mode (v option), which can generate
considerable output. Running t ar in a separate window is recommended. If the output is
to be inspected during or after the execution of the command, you should either pipe the
output to the more command, for example,

tar tvbf 40 /dev/rm/0 | nore

or use a Command Tool (scrollable window) for scrolling back later on.

Alternatively, the output can be dumped into atext file, for example,
tar tvf /dev/rnt/0 > tapecatal og

for easy and fast scanning of tape contents. Using the gr ep command, catal ogs from
dozens of tapes can be scanned for a specific file name in a fraction of a second.

Making Things Simpler

It is recommended that you use the environment variable TAPE. This allows you to leave
out thef option in most cases. To simplify operation using t ar , you can also define the
following aliasesin. cshrc:

alias twite tar cvbf 40 /dev/rnt/0

alias tcat tar tvf /dev/rnt/O0

alias tread tar xvf /dev/rm/0

Thismakesthe short commandst wri t e,t cat ,andt r ead availablefor tape operations.

The Tape Tool in Open Windows allowstodot ar read/write operationsin an interactive
way using a simple graphical interface that opens optionssuch asc, x, t , b, and
(mandatory) f for the source/target. Thef option extents Tape Tool to atool for
transferring files also to floppy disks or other files (file systems).

Using tar to Transfer Directories

You canalsouset ar to copy directories (with subfiles) between file systemswithout using
a tape (see the online manual or the Sun command reference manual). For example:

su

cd /export/home

nkdi r vnnr. bk

cd /vnmr

tar cf - * | (cd /export/honme/vnnr.bk; tar xviBp -)

All filesand directories (including subdirectories) in/ vnnr aretransferred to the standard
output (- ), then piped (| ) to the standard input where asecond t ar process, whichis
started in/ expor t / home/ vnnr . bk beforehand, reads all incoming files and saves
them there in the original form. The B option adjusts the blocking factor to the standard
input, and the p option tries to keep ownerships, permissions, and modification dates the
same as in the source files (the ownership part of this option only works if thisis done as
root). This sounds much the same as cp, but there is a subtle difference between the two
commands—c p does not copy symbolic links but rather the file itself which thelink is
pointing at.
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Using Multifile Tapes

t ar automatically rewinds the tape at the end. Therefore, thet ar command cannot be
applied twice on the same tape without erasing the first data (only one write operation per
tapeis possible) unless special measures are taken.

A data segment generated with a single tape command can be skipped with amagnetic tape
control command
n -f /dev/irnt/On fsf 1

where the n stands for no rewind and the 1 is the number of data segments to be skipped.
t ar can aso be called with a“no rewind” option by using the device name

/ dev/ rnt/On,for example,

tar cvbf 40 /dev/rnt/On *

But, in general, this practice is not recommended because the access to the second (or a
further) datasegment israther awkward. A simpletapecatalog (t ar tvf /dev/rnt/0)
only looks at the first data segment and does not indicate the existence of further dataon
the tape. For most read or catalog operations, themt command hasto be called for skipping
the required number of data blocks.

Further instructions on how to handle multisegment tapes, and a shell script for obtaining
complete multisegment tape catalogs were published by S. Patt and E. Williams of Varian,
Palo Alto, in Magnetic Moments, Vol. IV, No. 1, pp. 14 -15. An updated version of that
script isavailable with bi n/ ar chi ve from the VNMR user library.

Using tar Remotely

Frequently, atape driveis only available on aremote system in the local network (see
Figure 21).

network

host A host B

QO

Figure2l. Loca Network with Tape Drive

So how can you transfer datato or from this tape drive viathe network without temporarily
storing data on the disk of the tape server? The solution isto transfer the unextracted t ar

fileviathe network. On the system with the tape drive, you call dd to read or writethet ar

fileto or from the tape drive and then you use aUNIX pipeto link the dd input (or output)
with at ar command that is called on the system with the disk.

Reading Data from a Remote Tape Drive

Reading data from aremote tape drive can beinitiated from both hostsinvolved. If you are
working on host A, you can use the following command line:
dd if=/dev/rnt/0 ibs=20b | rsh B “(cd dir; tar xvf - files)”

to read the specified files, or
dd if=/dev/rnt/0 ibs=20b | rsh B “(cd dir; tar xvf -)"
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if youwant to read all files. The dd optioni bs=20b (or whatever block size is sel ected)
only needs to be specified if the tape was written with a nonstandard blocking factor, or
when the blocking factor was specified when writing the tape). If you are logged into host
B, you can use the commands

cd directory_nane

rsh Add if=/dev/rnt/0 ibs=20b | tar xvBfb - 20 files

(you are now executing the dd command remotely, rather thant ar ).

Writing Data to a Remote Tape Drive

Writing data to a remote tape drive can be performed from both hosts involved. If you are
working on host A, you can use the following command line;
rsh B "(cd dir; tar cvf - files)" | dd of=/dev/rm/0 obs=20b

Itisnot really necessary to specify the blocking factor (option obs=20b with thedd
command), but if you do so, you need to specify the same blocking factor when reading that
tape. If you are logged into host B, you can use the commands

cd directory_nane

tar cvf - files | rsh A dd of=/dev/rnt/0 obs=20b

More information on the UNIX commandsr sh and dd can befound inthe UNIX manuals
(use the man command).

10.2 ufsdump, ufsrestore, and dd Commands

Theuf sdunp, uf sr est or e, anddd commandsare used almost exclusively for backing
up and restoring disks, which is part of the system administration. Chapter 12, “File
Security, Repair, and Archiving,” discusses thisin detail.

dd can also handle byte-swapping where necessary (on certain computer systems the
byte-order isreversed as compared to the Sun).

Reading Gemini and VXR-4000 Tapes

dd isalso ageneral-purpose command for reading tapes of any format, including theformat
used with other computer systems such as Gemini and V XR-4000 systems.

V X R-4000 tapes created with the command STAPE( WRI TE, DSKn, . . . ) consist of two
files: a1-sector (512 bytes) header file and the datafile. Reading such tapesisas simple as
skip onefile and then read the next file. The VNMR software containsthet ape utility that
reads such tapes. Unfortunately, t ape isvery slow in reading 1/4-inch tape cassettes,
because it reads the data sector by sector (likeusing t ar with ablocking factor of 1).
Therefore, the following procedure might be useful as an alternative:

nm -f /dev/rmt /0l bn rew nd Rewind tape

n -f /dev/rmt/0lbn fsf 1 Skip tape header

dd if=/dev/rnt/0l bn of =tape. 288 i bs=512000 Read the second tape file
nm -f /dev/rmt/O0lbn rew nd Rewind tape

deconp tape. 288 Decompose tape file

In this example, a blocking factor of 512000 bytes (1000 blocks) was selected. This size
speeds up the reading operation dramatically.
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The name of the output file can be selected freely except for the suffix, which must be equal
to the maximum number of directory entries (12 for the file FCB on the Gemini or

V XR-4000). Otherwise, the deconp command, which splits up a VXR-4000 fileinto its
subfiles, cannot work properly.

Disk unitson the V XR-4000 always have 288 entries. Other directories (e.g. an automation
fileor user-created files) likely have adifferent number of entries. Of course, t ape extracts
that information from the tape header. If you are not sure about the number of directory
entries, you might want to try out different values of the suffix:

rm-r tape Remove previously decomposed file
mv tape. 288 tape. 144 Select adifferent suffix
deconp tape. 144 Decompose again

You only need to try multiples of 36 as suffix. Because deconp does not alter the
sourcefile, you can try many times. The VNMR commandt ape has one advantage—
it allows selective file extraction from a VX R-4000 tape, whereas with the above
procedure, the entire tape (which can be aslarge as 16 MB) must be read onto the disk.

10.3 Using Floppy Disks
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All desktop SPARCstation and Ultra models can be equipped with a 3.5-inch floppy disk
drive that can read and write floppy disks in the DOS format (PCFS), UNIX file system
format (UFS), ort ar format. Again, for most operations, the Open Windows File M anager
can handle the PCFS and UFS formats, and the Tape Tool thet ar format.

This section describes these operations in detail, starting with UNIX commands and
referring to the tools mentioned above.

Formatting Floppy Disks

Before they can be used under DOS or UNIX, floppies must be formatted into the UFS or
DOS format. Note that the SPARCstation recognizes high-density floppies by the
additional square hole at the rear edge of the floppy disk and refusesto format such floppies
in low-density mode (of course, the oppositeis also true). The raw size of formatted
floppiesis1.44 MB for high density (with the extraholein the corner) or 720 KB for double
density.

To format afloppy, insert it into the drive (remove the write protection first by making sure
the corner holeis covered). Then enter f df or mat for ahigh-density floppy (1.44 MB) or
fdf ormat -1 for alow-density floppy (720 MB). The DOS format is provided if a- d
option isused. To gject the floppy after formatting, add the - e option to the f df or nmat
command or enter the command ej ect after the formatting is finished. The - v option
causesf df or mat to verify the floppy after formatting.

In case the floppy disk has araw format, the above procedureis straightforward. If it hasa
DOS or UNIX file system format, the volume manager takes over the control and blocks
any operation on a floppy from a shell. A superuser can kill the volume manager, format
the disk, and can start the manager again (see “ Floppies with thetar File System,” next). A
more direct way isto add the - U option for f df or mat , which unmounts any file system.
This can be done by any user. To mount it again, eject the disk by theej ect command and
insert it again.

The File Manager also provides aformat option. It turns out, however, that thistool cannot
alter the format of afloppy disk. It denies reformatting a DOS floppy into a UNIX
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formatted floppy disk, and vice versa. Formatting is only possible using an unformatted or
t ar formatted disk.

A trick overcomes this handicap. In most cases, anew floppy disk is preformatted with the
DOSfile system. If you want to use a UNIX file system instead, you can “unformat” the
disk by destroying the format in the stray field of a supercon magnet. In such a case, hold
the disks to the area with the strongest stray field at the bottom of the NMR magnet, and
then remove it lowly while wagging it (flipping it over) rapidly. After this, the File
Manager formats the disk.

Floppies with the tar File System

The most direct way to use afloppy disk iswiththet ar command. The disk must be
preformatted (UNIX or DOS). In principle, there are the same options and arguments asfor
tape operations. Typicaly a command used has the form:

tar cvf /dev/diskette filel,file2,...

Instead of di sket t e, other namessuch asf | oppy orr f dOa ... r f dOe could be
defined in/ dev pointing to the same or similar floppy disk drives. Ther stands for raw
(nofilesystemisexpected), f d for floppy disk, and a through e determinewhich cylinders
are used (see the UNIX manual). Using di sket t e ishighly recommended, because it
guarantees the best exploitation of the floppy disk.

The Tape Tool can also be used to store files on a floppy disk with t ar . The operationis
similar to that with atape. However, the device name has to be changed to, for example,
/ dev/ di skette.

To use Tape Tool or thet ar command from a shell, you to get access to the floppy disk
drive. It is usually occupied by the volume manager. Trying to executet ar resultsin an
€rror message:

tar: /dev/diskette: Device busy.

To get access, you need to kill thevol d process:
su root -c '/etc/init.d/volgnt stop’

With st ar t instead of st op, the management is started back up again.
Alternatively, you can also just kill the process named “vol d”. First, get the process-id:

ps -ef | grep vold Gives 3-digit id-number of the process
and kill it as a superuser by one of the following:

su; kill id-nunmber; [Ctrl-d] Kill processin one step

su root -c 'kill id-nunber’ Asr oot , kill the process

To have the volume management back (e.g., to run afloppy disk drive with File Manager)
you must start it again as a superuser:
su root -c¢ '/usr/sbhin/vold &

Floppies with DOS Format

For transferring datato a PC or a Macintosh, the floppy drive in desktop SPARCstations
can also handle floppies with a DOS file system. Such floppies can be formatted on a PC
orontheSun. Use fdf ormat -U -d toformat the floppy and also create aDOSfile
system onit.

01-999166-00 C0503 System Administration 157



Chapter 10. Using Tapes and Floppy Disks

158

The easiest way to handle DOS formatted floppy disksis viathe File Manager of Open
Windows. It automatically recognizes the format and transfers files between UNIX and
DOS by mouse clicks.

For a manual mounting/unmounting you have to do the following:

To mount it, we create adirectory / pcf s and add alineto thefile/ et c/ vf st ab:
/ dev/ di skette - /pcfs pcfs - no -

The floppy can now be mounted with the command
mount /pcfs

Any user can change directory into the new disk and create, copy, modify and delete files,
directories and subfiles (a hierarchical file system).

To gect the floppy, you must first change the working directory (the floppy cannot be
unmounted while somebody has their working directory in it), then unmount and gect the
floppy with the commands:

umount /pcfs

ej ect

Unfortunately nount and unount can only be done by r oot , which is a security
drawback with this method of using the floppy drive.

The DOSfile system will have 1423 KB of free space (the boot block uses up some space).
The floppy is optimized for space, not speed. To write asingle 1-MB file onto the floppy
can easily take over 10 minutes.

The DOSfile system is al so not optimized towards storing many tiny files. Trying to store
all VNMR macroson afloppy stopsafter 225 files, because the directory spaceisexhausted
(although only 250 KB are stored on the floppy). The disk directory is not allowed to
contain more than 225 subfiles. All macros can be stored in a directory within the floppy,
but it takes about 90 minutes to write 500 macros (compared to about aminute witht ar ),
and even then it doesn’'t work properly, due to the file name restrictions, see below.

In some aspects, the DOS file system almost behaves like a UNIX file system, but
neverthelessit hasto follow DOS conventions: file names are truncated to 8 characters and
any extension to 3 characters. L owercase characters are mapped into uppercase (I s shows
al namesin lowercase). Thisis another severe limitation for any attempt to use a DOS
floppy like ageneric UNIX file system.

In addition to that, there are no permissions and no owner-ID or group-ID inaDOS
directory, of course. | s showsall fileswith r wxr wxr wx permission, and al files are
owned by the user r oot and the group daenon.

For transferring text filesto aDOS format, you should make sure that the text itself fulfills
DOS conventions, such asregarding cr and | f characters. The Sun software contains
utilities to convert filesin both directions:

uni x2dos -ascii unix_file dos file

dos2uni x -ascii dos_file unix_file

For Sun/UNIX text file, it is advisableto usethe - asci i option, and eventually also the
-7 option, but this may need to be tried out, depending on the target application program on
the PC or Macintosh.

Floppies with UNIX File System

Another possibility with floppy disksisto create a UNIX file system on them after
formatting. This makes the floppy identical to the other disksin every aspect (except for
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size and speed, of course). You gain afully hierarchical file system, within which we can
freely create, copy, delete, and modify files. There are also no DOS limitations. A large
number of files can be stored without restrictions in the file names and with the full UNIX
file protection scheme (permissions, ownership), the same as on a hard disk.

Not only do you gain additional flexibility, but also agreat deal of performance over the
DOSfile system. When storing aplain 1-MB file onto the floppy, UNIX returnsthe control
to you after just two to three seconds. The data transfer finishes in background after 50
seconds (UNIX datatransfersto the disk are buffered; t ar doesit in 36 seconds, the DOS
file system takes 11 minutes). Storing the VNMR macros or the entire macl i b directory
is no problem, although 500 macros take about 9 minutes to store (45 secondswith t ar ,
about 90 minutes with the DOSfile system).

The easiest way isto use the File Manager. The UNIX formatted disk is mounted
automatically. The floppy disk can be used as any other disk. Any user is able to do this.

What is necessary to know about and what happens in the mount and unmount process?

This can be understood best going the manual way in a shell window while the Volume
Manager vol d isnot running. (See above for how to stop vol d).

The UNIX file system is generated with the command
newfs /dev/diskette

(note that we have to specify a partition, not a disk). After this the disk can be mounted on
an empty directory using the commands

nkdir /floppy

mount /dev/di skette /fl oppy

and now the floppy can be used. We can change adirectory into it, create directories, store
and edit fileson it, like with any other file system. The only problem is that mounting can
only bedoneby r oot , and beforeit can be gjected, it hasto be unmounted again by r oot .
Notethat here thefloppy al so usesthe standard UNIX permissionsand ownership to protect
the data, different from aDOS file system.

Thefollowingisatypica sequence of commandswithout the File Manager for using anew
floppy containing a UNIX file system:

f df or mat

newfs /dev/diskette

mount /dev/di skette /fl oppy

(use floppy)

unount /fl oppy
ej ect

As mentioned above, note that you haveto ber oot to mount and unmount the disk, and
aso that unmounting is only possible if nobody is using the floppy as working directory.
The newf s command gives the following output:
/ dev/rdiskette: 2880 sectors in 80 cylinders of 2 tracks, 18
sectors

1.4MB in 5 cyl groups (16 c/g, 0.28MB/g, 128 i/Q)
super - bl ock backups (for fsck -F ufs -o b=#) at:
32, 640, 1184, 1792, 2336,

If weusedf to see how much space there is on the floppy, we get the following output:
/ dev/ di skette 1263 9 1134 1% /Tl oppy
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Obviously, a part of the capacity of the disk has been lost in the creation of features
necessary for the UNIX file system. The data are organized in 8-KB blocks, the disk is
organized in 5 cylinder groupsto makethefile system fast, every cylinder group hasaspare
superblock for recovering from disk problems, and the disk reports 100% full when the
filling degree is only 90%. We don’t need all these features, because the floppy is slow
anyway, and we don’t need all the backup provided for hard disks.

To store more data on afloppy, use 4 KB instead of 8 KB block size, reduce the fragment
size from 1 KB to 512 bytes, use 1 cylinder group of 80 sectors (covering the entire disk)
only, and allow for 100% disk usage instead of 90%. The command:
varian# newfs -b 4096 -f 512 -m O -c 80 /dev/diskette
setting optim zation for space with mnfree |l ess than 10%
newfs: /dev/rdiskette |ast nounted as /fl oppy
newfs: construct a new file system/dev/rdiskette: (y/n)? vy
/dev/rdi skette: 2880 sectors in 80 cylinders of 2 tracks, 18
sectors
1.4MB in 1 cyl groups (80 c/g, 1.41MB/g, 704 i/Q)

super - bl ock backups (for fsck -F ufs -0 b=#) at

32,

You could further increase the space by decreasing the number of I-nodes, but this may
limit the number of filesthat can be put onto the floppy.

newf s also createsadirectory | ost +f ound in the new file system, for the file system
check command f sck to store recovered files. If you don't use f sck on the floppy, you
can also delete that directory. If df isnow used to see how much space is on the floppy,
you get the following output:

/ dev/ di skette 1323 4 1319 1% /floppy

This has recovered more than 10% of disk space over the standard setup (we have only lost
10% of thet ar floppy disk capacity. Note that although we have deliberately not
optimized the file system for speed—it is still much faster than with the DOS file system.
The above performance tests were performed with the space-optimized file system.

CAUTION: Only experts should apply this or a similar procedures to improve the

capacity or the performance of hard disk partitions. In general, it is not
advisable to change the defaults for hard disks (in special cases, you
can use t unef s for file system optimization either for speed or for
capacity, see the Sun manuals or enter man t unef s).

Of course, mounting can be simplified by creating an appropriateentry in/ et ¢/ vf st ab
(see“ Automatic Mounting (/etc/vfstab),” page 238). For example:
/dev/ di skette - /floppy ufs - no -

Mounting can now be done by entering
nmount /fl oppy

Theabovelinein/ et ¢/ vf st ab can coexist with the line for mounting a floppy with
DOS file system, because nothing is mounted automatically.

Transferring Large Files Via Floppy Disks

Occasionally, there is a need to store and transport large files via floppy, such aswhen a
VNMR patch should be loaded on a system that is not networked but is equipped with a
floppy drive. Some VNMR patches (such asthe patch 6. 1AgenSOLi no101. t ar . Zfor
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UNITYINOVA systems running VNMR 6.1A in the example below) exceed the available disk
space (1.44 MB) on afloppy disk.

Thecpi o command opens up apossibility to store such large fileson multiplefloppies. In
order to use cpi 0, youmust first (asr oot ) stop volume management using the command
letc/init.d/volmgt stop

Now, you can insert a formatted floppy and enter:
echo 6. 1AgenSCLi nol0l.tar.Z | cpio -oc > /dev/rdiskette

After awhile, the system gjects the floppy and you get the output
End of medi um on "output”.
To continue, type device/file nane when ready.

At thispoint (and whenever this output turns up again), insert anew (formatted) floppy and
type (but do not press Return because it will cause the command to abort):
/ dev/rdi skette

At the end of the data transfer, the system reports the total number of blocks, and you can
gect the last floppy with the command
ej ect diskette

For important files, it is advisable to make a second copy. At the very least, you should
immediately verify whether the file can be read back completely, using the procedure given
below. Finally, you can restart the volume management asr oot :

letc/init.d/ volmgt start

The procedure to read thefile back from the floppiesis similar (you again must disable the
volume management for the duration of this task):
varian> cpio -ic < /dev/rdiskette
End of mediumon "input".
To continue, type device/file nane when ready.
/ dev/rdiskette
End of mediumon "input".
To continue, type device/file nane when ready.
/ dev/rdiskette
7671 bl ocks

vari an> ej ect diskette

varian> |s -|
total 7696
-rwr--r-- 1 vnmrl nnr 927375 Dec 5 12:00
6. 1AgenSCLi nol0l.tar. Z

Reading bar Floppies

In SunOS 4.x, files could be written to floppy disks using the bar command. In contrast to
t ar, bar allowed adding filesto an existing bar file on the floppy, and it also permitted
storing big files on multiple floppies. bar isnolonger supported in Solaris 2.x, and you
should uset ar or cpi o (for large files, see above) instead. cpi 0 also permits reading
bar floppies that were generated under SunOS 4.x. To do this, you must first stop the
volume management asr oot :

letc/init.d/volmgt stop

Then you can insert and read the bar floppy, and then gject it using ej ect :
cpio -iH bar < /dev/rdiskette
ej ect diskette
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After thecpi o step, you can restart it again (asr oot ) using
letc/init.d/ volmgt start
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chapter 11. Periodic Maintenance and Troubleshooting

Sections in this chapter:
e 11.1*Daily and Periodical Care of Computer Hardware,” this page
» 11.2 “Managing Free Space on Disks,” page 163
e 11.3"Automatic File System Maintenance,” page 164
e 11.4*Troubleshooting,” page 165
Although Sun systems require almost no periodic maintenance, thereare several thingsyou

can do to keep your system running smoothly and reduce the chance of abreakdown. This
chapter should help.

11.1 Daily and Periodical Care of Computer Hardware

Little hardware maintenance is required with Sun systems:

* Usel ockscr een fromther oot menuto avoid screen burn-in effects. Under CDE,
an automatic screen blanker is activated by default. Using | ockscr een isonly
needed when you want password protection while the screen is locked. On
SPARCstations and Ultraworkstations, switching off the screen overnight (to save
energy) should be no problem and is recommended.

» External tape drives and CD-ROM drives are normally used only from time to time.
They should be switched off in-between to save energy and to stop dust collection
through the cooling fan.

» When necessary, degauss color screens by switching it off and on again (monitorsthat
are permanently exposed to strong magnetic fringefields may require degaussing with
an external degaussing cail).

» Fromtimetotime, clean the screen using asoft cloth and the appropriate cleaning fluid
(see the manual for your monitor).

» Periodically check the fans (where applicable) and clean the air filters.
 Clean the head of the streaming magnetic tape drive periodically using acleaning tape.

11.2 Managing Free Space on Disks

Software maintenance on amultiuser system primarily meansfile system discipline. Check
the file systems periodically with the df - k command. For safety reasons, df - k reports
“100% full” at the 90% level. “ Completely full” isactually 111%. Whenever afile system
is getting full, put unnecessary data files onto tape and/or remove them.
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Usedu -sk * tocheck for largefiles and directories (output isin kilobytes). When file
systems are filled up, you most likely detect a drastic slowdown of most UNIX software.
In severe cases, individual commands or even UNIX might crash or hang up.

Here are some other suggestions on maintaining free disk space:

» When programscrash (or similar seriousthings happen), UNIX usually dumpsacor e
file (the current program-related contents of the RAM) into the present working
directory for later debugging. Because no oneislikely to be ableto do such debugging,
you can safely removethe cor e file, which might be morethan 1 MB. Try to educate
all usersto work in their home directory, whenever possible. If they must temporarily
work in some other directory, they should use cd to go back into their home directory.
Automatic removal of corefiles can be done using cr on (see below). A singleline
limt coredunpsize 0O
in~/ . cshrc (asoin/. cshrc for r oot ) stops the system from dumping core
files—a much better solution.

e Asroot, youcaneasly getther oot partition“111% full” by submitting thewrong
arguments to tape commands such ast ar or uf sdunp. When the system triesto
write onto a nonexisting tape device (e.g., usingt ar asr oot and incorrectly typing
/dev/ rnt/9mb instead of / dev/ r nt / Ob, or typing a correct device but having
it not configured), the data actually ends up in the corresponding filein/ dev/ r nt .
Thereis normally only limited free space on the root partition; therefore, it is easy to
fill it up. Only limited operations are possiblewith afull root partition, but file systems
can still be inspected and files can be deleted (if not in multiuser mode, then in the
single-user mode). To fix the problem, remove unwanted files. To find those or other
erroneousfiles, enterl s -1 /dev/rnt | nor e. All correct files should be symbolic
linksto/ devi ces, so erroneous additional files can be easily recognized.

Of course, software maintenance al so means maintaining software security by having files
backed up on tape at the appropriate intervals. Use passwords to protect your software and
data from hackers and others that could destroy or alter it.

11.3 Automatic File System Maintenance
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The useful UNIX feature cr on can be used to periodically search the file system for
obsolete files and reduce chronically growing files to areasonable size. cr on looks up a
file/ var/ spool / cron/ cront abs/ r oot every minute. Periodic actions can be
specified to be performed at a certain minute of the hour, acertain time of the day, acertain
day of the week, and so on.

To find and remove core files from the/ hone directory on aweekly basis, such as every
Saturday at midnight, the following cr ont ab file entry may be used:
00* * 6 find /export/hone -name core -exec rm{} \;

Thefirst 0 stands for the minute, the second O for the hour, the third entry isthe day of the
month (* indicates any), the fourth entry is the month, the next entry stands for the day of
theweek (0 is Sunday, 1 isMonday, etc.).

Every user can create a separate cr ont ab file. Such afileis created and edited with the
command cr ont ab - e. A printout (without editing) can be obtainedby crontab -1 .
Never try to edit the cr ont ab file directly, aways use the cr ont ab command because
otherwise the new entry is not activated.

A shell usesthe uncommon lineeditor ed asdefaultfor cr ont ab - e. Togetthevi editor
(as superuser), enter the command EDI TOR=vi ; export EDI TOR before executing
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cront ab - e. For asuperuser, this can be made permanent by putting those commands
into thefile. prof i | e under thedirectory / . For any other user, put the command
setenv EDI TOR vi intothe. | ogi n file of the user's home directory.

11.4 Troubleshooting

This section presents some general troubleshooting help including acquisition status codes,
Ethernet network problems, system hanging, and other topics. Be sure to contact Varian
service for expert maintenance and repair of your system.

Acquisition Status Codes

Whenever wbs, wnt , wexp, or wer r processing occurs, the acquisition condition that
initiated that processing is available from the parameter acqst at us. Thisacquisition
conditionisrepresented by two numbers, a“ done” codeand an “error” code. The done code
issetinacqgst at us[ 1] andtheerror codeissetinacqst at us[ 2] . Macros can take
different actions depending on the acquisition condition.

The done codes and error codes are listed below and in thefileacq_errors in/vnnr/
manual . For example, awer r command could specify special processing if the maximum
number of transients is accumulated. The appropriate test would be:

if (acqgstatus[2] = 200) then

“do special processing, e.g. dp="y' au
endi f

These codes apply to al systems, except codes marked with an asterisk (*) are not used on
MERCURY and GEMINI 2000 systems.

Done 11. FID complete

codes: 12. Block size complete (error code indicatesbs number completed)
13. Soft error
14. Warning
15. Hard error

16. Experiment aborted

17. Setup completed (error code indicates type of setup compl eted)
101. Experiment complete

102. Experiment started

Error Warnings

codes: 101. Low-noise signal
102. High-noise signal
103. ADC overflow occurred
104. Receiver overflow occurred*

Soft errors
200. Maximum transient completed for single precision data
201. Lost lock during experiment (LOCKLOST)

300. Spinner errors:

301. Sample fails to spin after 3 attempts to reposition (BUMPFAIL)
302. Spinner did not regulate in the allowed time period (RSPINFAIL)*
303. Spinner went out of regulation during experiment (SPINOUT)*
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395. Unknown spinner device specified (SPINUNKNOWN)*

396. Spinner deviceis not powered up (SPINNOPOWER)*

397. RS-232 cable not connected from console to spinner (SPINRS232)*
398. Spinner does not acknowledge commands (SPINTIMEOUT)*

400. VT (variable temperature) errors:

400. VT did not regulate in the given time vt t i me after being set
401. VT went out of regulation during the experiment (VTOUT)
402. VT in manua mode after auto command (see Oxford manual)*
403. VT safety sensor has reached limit (see Oxford manual)*

404. VT cannot turn on cooling gas (see Oxford manual)*

405. VT main sensor on bottom limit (see Oxford manual)*

406. VT main sensor on top limit (see Oxford manual)*

407. VT sc/ss error (see Oxford manual)*

408. VT oc/ss error (see Oxford manual)*

495. Unknown VT device specified (VTUNKNOWN)*

496. VT device not powered up (VTNOPOWER)*

497. RS-232 cable not connected between console and VT (VTRS232)*
498. VT does not acknowledge commands (VTTIMEOUT)

500. Sample changer errors:

501. Sample changer has no sample to retrieve

502. Sample changer arm unable to move up during retrieve
503. Sample changer arm unable to move down during retrieve
504. Sample changer arm unable to move sideways during retrieve
505. Invalid sample number during retrieve

506. Invalid temperature during retrieve

507. Gripper abort during retrieve

508. Sample out of range during automatic retrieve

509. lllegal command character during retrieve*

510. Robot arm failed to find home position during retrieve*
511. Sampletray sizeis not consistent*

512. Sample changer power failure during retrieve*

513. Illegal sample changer command during retrieve*

514. Gripper failed to open during retrieve*

515. Air supply to sample changer failed during retrieve*
525. Tried to insert invalid sample number*

526. Invalid temperature during sample changer insert*

527. Gripper abort during insert*

528. Sample out of range during automatic insert

529. lllegal command character during insert*

530. Robot arm failed to find home position during insert*
531. Sampletray sizeis not consistent*

532. Sample changer power failure during insert*

533. lllegal sample changer command during insert*

534. Gripper failed to open during insert*

535. Air supply to sample changer failed during insert*
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593. Failed to remove sample from magnet*

594. Sample failed to spin after automatic insert

595. Sample failed to insert properly

596. Sample changer not turned on

597. Sample changer not connected to RS-232 interface
598. Sample changer not responding*

600. Shimming errors:

601. Shimming user aborted*

602. Lost lock while shimming*

604. Lock saturation while shimming*

608. A shim coil DAC limit hit while shimming*

700. Autolock errors:

701. User aborted (ALKABORT)*

702. Autolock failure in finding resonance of sample (ALKRESFAIL)
703. Autolock failurein lock power adjustment (ALKPOWERFAIL)*
704. Autolock failurein lock phase adjustment (ALKPHASFAIL)*
705. Autolock failure, lost in final gain adjustment (ALKGAINFAIL)*

800. Autogain errors.
801. Autogain failure, gain driven to 0, reduce pw (AGAINFAIL)

Hard errors

901. Incorrect PSG version for acquisition

902. Sum-to-memory error, number of points acquired not equal to Np
903. FIFO underflow error (adelay too small?)*

904. Requested number of data points (np) too large for acquisition*
905. Acquisition bus trap (experiment may be lost)*

1000. CH errors:

1001. Recoverable SCSI read transfer from console*
1002. Recoverable SCSI write transfer from consol e* *
1003. Unrecoverable SCSI read transfer error*

1004. Unrecoverable SCSI write transfer error*

1100. Host disk errors:

1101. Error opening disk file (probably a UNIX permission problem)*
1102. Error on closing disk file

1103. Error on reading from disk file*

1104. Error on writing to disk file*

Converting References to Subnet 10.0.0 (“NTYINOVA)

Prior to VNMR 5.2F, the YWNTYINOVA consol e was placed on subnet 120.0.0. In compliance
with RFC1597, the "TYINOVA console now uses subnet 10.0.0. The UNIX command
set acq automatically converts references from 120.0.0 to 10.0.0in/ et ¢/ host s and
/ et c/ boot pt ab.

If it becomes necessary to switch back to an older version of VNMR, be aware that it is not
possibleto reverse the subnet change using versions of set acq before VNMR 5.2F. Only
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/ et c/ boot pt ab will be correct after an older version of set acq isrun. To correctly
run an older version of VNMR, use atext editor to change the two entriesfor i nova and
i novaaut oin/ et c/ host s from10to 120.

Display Hardware Console Status (WNTINOVA)

Use the UNIX command i hwi nf o to display the status of digital hardware in the
UNITYINOVA console. The command
i hwi nfo startup

displaysthe status at the conclusion of the last consol e startup (powerup, reboot, etc.). The
command
i hwi nfo abort

displaysthe status the last time an acquisition was aborted or the consol e rebooted from the
host computer (abor t al | acgs). In this context, exiting from either the FID display or
lock display of acqi counts as an abort. Only the status from the last abort can be

displayed.

Global Parameter File Corrupted
Symptoms that the global parameter file (~/ vnnr sys/ gl obal ) is corrupted include
messages such as the following:

 variable printer not found

e variabl e wenmax not found

e variable lastnenu not found

The most frequent cause for this problem is probably afull disk when exiting VNMR, but
it isalso caused by killing VNMR from exiting the window environment directly.

To correct the problem:

1. Exit VNMR.

2. Enter:
cd /vnmr/user_tenpl ates/ gl obal ~/vnnrsys
Restart VNMR.

4. Reselect your printer and plotter.

To avoid global parameter file corruption in the future, follow these precautions:
» Alwaysexit from VNMR before exiting from the window environment.
* When the disk isfull, do not exit VNMR but free up some disk space first.

» Alwaysexit VNMR by using the Exit VNMR button or by using the exit command in
VNMR.

» Donot start VNMR with afull / hone (or / expor t / home) partition or with afull
user disk quota.

Insufficient Swap Space

If the swap space on the host computer is set too low, processes such as PSG may not find
sufficient space in which to operate. For proper VNMR operation, the disk should have

been partitioned with swap space egual to twice the computer memory. On systems using
Solaris 2.x, you can enter the command swap - | to check the amount of free swap space.
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If the proper amount was not partitioned, you can increase the available swap space, as
follows:

1. Becomer oot .

2. Usethenkfi | e command to make anew file for the additional swap space. The
size, name, and location of thisfileareuptoyou (e.g., for a16-MB file named swap
in/ export/ honme,enternkfil e 16m / export/ hone/ swap).

Enter swap - a/ export/ hone/ swap to add thefileto the avail able swap space.

4. To make the new swap space permanent so that it reappears when the computer is
rebooted, edit thefile/ et ¢/ vf st ab and add the following line:
[ export/ honme/ swap - - swap - no -
where the first entry isthe name of the file created in step 2 above.

To remove a swap space, usetheswap - d command to release the swap space, followed
by the r mcommand to remove the swap file.

tmp Partition Fills Up

If the/ t np partition fills up, it can cause problemsfor VNMR users. One solution isto
movethet np partition. Hereis one method for doing so, which assumesthat you have lots
of free space in adifferent partition (/ dat a in this example).

1. Makesurethereisno user activity on the system.

2. Enter:

su
cd /

tar ¢f - tnmp | (cd /data; tar xfBp -)
rm-r tnp; In -s /data/tnp tnp

3. Reboot UNIX.

Password Invalid

A password may be invalid because it has expired. Solaris 2.x has a password aging
mechanism that disables passwords after a predefined time. This security feature can be
activated to force usersto periodically changetheir passwords. r oot canturn on password
aging for an existing user (likevnnr 1) by entering:

passwd -n 7 -x 1000 -w 30 vnnmrl

This sets the time between password changes by vnnr 1 to 7 days, the time the password
isvalid to 1000 days, and the time when warning messages start on login to 30 days prior
to the expiration date. After expiration, thevnnr 1 password becomesinvalid and can only
be reset by r oot using the command

passwd vnnr 1l

Password aging can also be entered by r oot through the adni nt ool program.

While password aging may be desirable for standard users, especially in larger networks, it
is not appropriate for users such asacqpr oc that usually have no password (even users
with no password can become invalid if password aging is turned on). Should password
aging be inadvertently turned on, commands suchassu acqpr oc may become invalid.

To tell the system that auser (such asacqpr oc) will never again need a password, r oot
should enter:
passwd -d acqproc
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To disable password aging for any user after VNMR isinstalled, r oot should enter:
passwd -x -1 acqproc.

Password aging for r oot should be used with care—if ther oot password becomes
invalid, you may need to reload UNIX.

System Hangs

System “hangs’ are most likely to occur when several shells are opened at the same time
and then are not closed or exited properly or if the memory buffer for awindow (such as
the dg window) is exceeded with alengthy file (e.g., apr ocpar file). At that point,
nothing on the screen appears to be active—the mouse buttons does not work and
commands can not be entered. Some suggestions:

1. Try resetting the console with the reset button inside the console.
2. Try holding down the Stop key on the keyboard (labeled L 1 on some keyboards).

3. If another workstation is available and networked with the host, try aremote login
(r 1 ogi n)tothehost, identify the hung process(usingps - ef inSolaris), andthen
kill that process.

4., When all elsefails, hold down Stop (or L1) and then pressthe A key.

Pressing Stop-A should not be used more than necessary because of the chance of
corrupting data and files on the disk drive (the CPU is constantly accessing and
monitoring the disk drive, and the Stop-A key combination could halt processing
while afile was being looked at, thereby damaging thefile).

After pressing Stop-A, wait for the boot prompt to appear, reset the console, and then
power up the system.

SCSI Communications Unreliable

Newer software runs faster and as a consequence is more sensitive to hardware that is not
running perfectly. If you observe adecreasein reliability of SCSI communications, you can
do the following to check the hardware:

1. Check the 5-volt power supply on the acquisition computer backplane. It should be
4.9 to 5 volts and have less than 20 millivolts of ripple.

2. Check the 5-volt power supply on the differential driver box. It should also be4.9to
5 volts and have less than 20 millivolts of ripple.

If either 1 or 2 appears to have low voltage or excessive ripple, you should contact
Varian Service.

Add an active SCSI bus terminator (Part No. 01-902819-00).
4. Add asecond SCSI adaptor board to your computer (Part No. 00-993756-00).

Changing the Name of a Solaris Host

If you need to change the hostname of a computer using Solaris software, the easiest way
to proceed isto enter the command / usr / sbi n/ sys- unconf i g. Rebooting after this
then asks all the questions that were asked at startup about the hostname, | P address, etc.
This processremovesthehost s file, so you should have acopy or be prepared to enter all
the information again.
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Ethernet Network Troubleshooting

Troubleshooting problems on the Ethernet network involves determining whether the
problem lies within the hardware or the software. Try to check for the most obvious
problems first (such as cables properly connected and boards properly seated) and then
proceed to eliminate factors indicated by suspicious symptoms.

Error Messages

“ienocarrier”

“ie cable problem, Requesting Internet addressfor 8:20:0:n:n:n”
“Connection timed out”

“? possible cable problem”

Check that the transceiver cable is properly connected to the machine.
Check that the Ethernet Controller board (if applicable) is properly seated.
Check the connections at the multiplexer box (if applicable).

Runthenet st at command to get packet collision information (see “ Commands for
troubleshooting the network” below).

“ie ethernet jammed”
“Ethernet transmission error”

Check that the Ethernet cableisterminated at both ends with a 50-ohm terminator.
“machine_name not in hosts database”

Check the/ et ¢/ host s fileto seeif the system name is properly listed along with its
complete Internet Protocol (IP) address.

Check that the “Network Information Services’ (N1S) database has been updated on the
Master NIS file server system and that the associated processesin /etc are running. To find
the name of your NIS server, enter y pwhi ch. To find your nodenamein the NI S database,
enter ypcat hosts | grep 'nane -n'.

Find the host system by running the pi ng command (see “ Commands for troubleshooting
the network” below).

Check the connection with the host system by running ther | ogi n command (see
“Troubleshooting commands’ below).

“x connection OK - but possiblefile problem”

Check the/ et ¢/ host s fileto seeif the system name is properly listed along with its
complete Internet Protocol (IP) address.

Check / et ¢/ nd. | ocal filefor proper root and swap entries.
Check / et ¢/ et her s filefor correct Ethernet address of client machines.
No message or solutions above do not work

Check the/ et c/ rc. boot filefor the proper / et c/ i f confi g statements (without
comments). An extraline is needed for a second Ethernet controller on a*“ gateway”
machine.

On Solaris, check / et ¢/ def aul t domai nand/ var/ yp/ bi ndi ng.
Check that the proper Ethernet controller exists in the system kernel configuration file.
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Swap transceiver boxes to determine if the existing boxes might be defective.

Commands for Troubleshooting the Network

The following commands for troubleshooting over the network can be executed when
loggedinasr oot (“# prompt), asany VNMR user (“>" prompt), or as any other user
(“%" prompt).
 Tofind the host system, enter the pi ng command with the name of the host system
you want to check replacing thehost argument to pi ng (from Solaris only):
% / usr/ sbi n/ pi ng <host >
If the program does not find the host system, it displays the message:
unknown host <host >
For more information, refer to the Sun manual Administration (it may refer to the host
system as the “machine_name”).

» To get packet collision information, use thenet st at command:
% netstat -i

A large number of collisions might indicate some kind of cable problem. Refer to Sun
manual Administration.

 Check the connection by entering ther | ogi n command with the name of the host
system you want to join replacing the host argument:
% rlogin <host>
If the connection is not completed, the system might return one of the following error
messages.
connection refused
<host >: unknown host

Console Problems

On YNTYINOVA systems, enter the UNIX command showconsol e to display the console
hardware configuration parameters and system versions. Parameter and system version
information, which is recorded when the console is booted up, represents the system
hardware options recognized by the acquisition computer. showconsol e isused mainly
during troubleshooting and diagnostics.

System Failure

Perform the following corrective actions in case of a system failure. In the event of an
emergency, contact your system administrator.

Basic Corrective Actions

 Check spectral window —Isthefull spectrum displayed, or off-center? Check t of , sw;
np, f n, enter ds and click on the Full button. Enter f ul | .

» Check pulse parameters — Enter dps to display pulse sequence. Are the values
reasonable? Check pw; p1,t pwr, gai n,nt, ss, and d1. Which pulse sequence are
you running? |s your pulse sequence compiled?

» Sandard parameters — If you are having problems with parameters, retrieve the
parameters or pulse sequence from a standard source.

« Cancel command — Is acommand running that has not finished yet? Wait for the
command to finish, or click on the Cancel Command button. If the command is a
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macro, which version of the macro (vnnr sys/ macl i b or/ vnnr/ macl i b) are
you using?
Abort acquisition — I's an acquisition running in the experiment? To abort the

acquisition, enter aa. Arethere other experiments queued up? Enter abor t al | acqs
to abort al acquisitions.

Check the probe — I s the probe tuned? I s the pul se length calibrated?

Check hardware — Are the cables configured correctly? | sthe sampl e seated correctly
in the probe? I's the probe seated correctly? Isthe VT unit regulating? Is the sample
spinning? |'s the sample shimmed?

Check hardware configuration — Enter conf i g. Check the amplifier types and
gradient types.

Advanced Corrective Actions

Restart acqproc — If the acquisition status window showsthe Status as | nactive and not
Idle, acqpr oc needsto berestarted. In a shell window, enter su acqpr oc. If the
message says “Acquisition Terminated,” enter su acqpr oc again. Or become
root,entercd /vnnr/acqgbin,thenenter./ kil l acqprocor./

st art acqpr oc, as appropriate.

Exit VNMR — If you are having persistent VNMR command problems, exit VNMR
(click on Exit VNMR or enter exi t from VNMR). Restart VNMR (select VNMR
from the right mouse button drop-down menu). How much disk space do you have?

Log out — If you are having persistent Sun or UNIX command problems, log out, and
log back in.

RESET button — If the acquisition has problems, open the console housing door and
press the small red RESET button. You do not need to exit VNMR before performing
this action.

Power cycle — If the acquisition cannot be restarted, power cycle the spectrometer by
switching off the main power supply. Wait one minute for all devicesto stop. Then
switch on the main power supply. Wait for the system to come back up. If you power
cycle the computer and peripheral devices, be sure to switch them on and off in the
correct order.

Color Flashing Problem with Adobe Acrobat Reader

Color flashing can occur if VNMR Online (vnnr _i hel p) isstarted before VNMR. Adobe
Acrobat Reader, by default, allocates 135 colors in the color map, which does not leave
enough colorsfor VNMR.

To prevent colormap problems, edit thefile/ vnnr / acr obat / sol / sparcsol ari s/
app- def aul t s/ Acr or ead by inserting the following line:
*t ar get Col or Cube: 3

Thislineinstructs Acrobat Reader to reduce the default number of colormap entriesto 35.
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chapter 12. File Security, Repair, and Archiving

Sections in this chapter:
e 12.1*"fsck Command,” this page
e 12.2 *ufsdump Command,” page 176
e 12.3*“ufsrestore Command,” page 178
e 12.4"tar Backups,” page 179
e 12.5"Backups Using cron,” page 179
e 12.6 “Data Compression,” page 179

Certain non-standard operations can result in damage to the file systems that cannot be
repaired, especially when the system was just about to write afile to disk. Causes include:

* Sudden power failure (e.g., switching off the power on arunning UNIX system)
* Interrupting operation (e.g. pressing Stop-aor pulling cables)

» Hardware problem

* Booting the system without an automatic file system check

To prevent permanent loss of valuable data, it is essentia to have backup copies of al data
on magnetic tape. The optimum way of making tape backupsisdifferent for the variousfile
systems—it basically depends on how often and how much each file system is changed.

Tape backups are time-consuming. A full backup of acomplete disk on streaming magnetic
tape can easily block or slow down your system for an afternoon. But this should not be
taken as an excuse for not securing the data. Certainly, the backup time has to be balanced
against productive time on the system and against the importance of the data on the disk.

Simply recovering from scratch, reformatting the disk and loading all the software from the
original tapes may take about 4 hours, and this does not account for dataloss and the time
it takes to create the data again. The UNIX tool cr on can be applied to make backups at
times of low computer activities (see “ Backups Using cron,” page 179).

12.1 fsck Command

Before making backup copies using the uf sdunp or dd command or after afile system
damage, checking the file system with f sck is strongly recommended. The command

f sck, which isusually called automatically during a UNIX bootup, scans aentire file
system, or even all file systems, for completeness and consistency. f sck triesto repair
possible inconsistencies. If it cannot make arepair, it notifies the operator and asks for
possible actions, such asdeleting or clearing the files that are damaged. Only the superuser
should run f sck, ideally in the single-user mode when no one else is using the system.

In the multiuser mode, there is an additional problem in that some parts of the file system
might have a duplicate in memory. After running f sck, any sync (which happens
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periodically dueto the updat e daemon and also happens upon operator call or when
shutting down the system) will revert any modification in the file system. If after running
f sck, themessage“FI LE SYSTEM HAS BEEN MODI FI ED’ shows up, do not use
sync or shut down, but instead kill thef sf | ush daemon, run f sck again, and when
f sck completes, stop the system by pressing Stop-a (or L1-a). Tokill thef sf | ush
daemon, find the process-id (enter thecommand ps -ef | grep fsfl ush andnote
the PID on the second row of the output line), and enter ki | | - 9 ###, where ### isthe
value of the PID.

While running f sck, some actions, such as answering “y” to the prompt “CLEAR?”, can
result in new errors. Therefore, some people suggest running f sck twiceif any errors are
found—in the first run, all prompts except “ SALVAGE?” and “RECONNECT?” are
answered with “n” in order to find out about the number of errorsinvolved. If the number
of errorsishigh, the original super block is probably damaged. In that case, you should try
to replace the super block by one of the backups.

Thefirst backupisin block 32in each file system. Further block locations can be displayed
by the command
newfs -Nv /dev/rdsk/cOt3d0s7

having the partition cOt 3d0s 7. The replacement is done by entering
fsck -F ufs -0 b=32 /dev/rdsk/cOt 3d0s7

Thentry f sck - n again. Hopefully, the number of errorsis decreased.

Uy, n

All you can do in the second runisto answer “y” to al questions, forcing the file system
to be consistent again. Certain files may be lost completely, while others may be found
under a different nameinthel ost +f ound directory of the corresponding file system.

Whenever f sck has modified afile system, check the file system once more to make sure
that it is permanently consistent. Normally, this is done automatically during the reboot
after f sck.

The following examplesillustrate f sck command syntax:

fsck /dev/rdsk/ cOt 0d0sO Standard form for interactively checking asingle
partition

fsck -n /dev/rdsk/cOt0dOsO Run f sck with all questions automatically
answered “no”

fsck -y /dev/rdsk/cOt0dOsO Run f sck with all questions automatically
answered “yes’

fsck Interactively check all file systems (aslisted in

[ etc/ mttab)

12.2 ufsdump Command
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For disk partitions or file systems that are less subject to changes, such asthe/ usr
partition, the uf sdunp command is the best choice for creating backups. In case of
symboalic links, the uf sdunp command copies only the link not the data of the link target
(different from the cp command).

uf sdunp isaso the most efficient tape command, allowing backing up tapesto their full
capacity. By automatically prompting the user for a new tape, uf sdunp allows dumping
largedisk partitions onto multipletapes. A level 0 dump isrecommended immediately after
installing the complete software. After that, perform thelesstime-consuming level 1 dumps
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about once aweek, or even lessoftenfor the/ usr partition. Level 1 dumpscopy only files
that are new or have changed since the last level 0 dump.

Dumps should be made in single-user mode, or after unmounting the partition, or at least
when no other operator isusing the system. Otherwise, somefiles might change during the
dump, which can lead to possible inconsistencies. It is also recommended switching
between two sets of tapes for each dump level.

For alevel 0 dump of / dev/ dsk/ c0t 3d0s5 partition, use the command:
uf sdunp Oucbfs 40 /dev/rmt/0 590 /dev/dsk/cOt3d0s5

For alevel 1 dump of / dev/ dsk/ cOt 3d0s5, use
uf sdunp lucbfs 40 /dev/rmt /0 590 /dev/dsk/cOt3d0s5

In both commands, the 40 isthe blocking factor (option b), option ¢ means cartridge tape
and the 590 is the usabl e tape length (option s), in feet. The usable tape length is usually
calculated as 0.95 times the real length of the tape, in feet. Table 11 gives guidelines for
usable tape length.

Table 11. Usable Tape Lengths of Tape Cartridges

Tape cartridge Real tapelength  Usable tape length
QIC, 150 MB, DC-6150 620 ft 590 ft
QIC, 2.5 GB, DC-9250 900 ft 860 ft
4 mm DAT, 5 GB 90 m 280 ft
4mmDDS-2, 8 GB 120 m 375ft
8 mm Exabyte, 25/5/10 GB 112m 350 ft
8 mm Exabyte, 14 GB 160 m 500 ft

When using standard media, both the blocking factor and the usable tape length don’t need
to be specified. A suitable, time-saving blocking factor is automatically used with Sun tape
drives, and uf sdunp knows about the length of standard media. This allows simplifying
the two commands above to

uf sdunp Oucf /dev/rmt /0 /dev/dsk/cOt3d0s5

uf sdunp lucf /dev/rmt /0 /dev/dsk/cOt3d0s5

The 0 option specifies the full backup (level 0). The u option updatesthe log file
/ et ¢/ dunpdat es, which is necessary for alater restoring. Thef option specifiesthe
target deviceor file.

Theuser partition/ usr isvirtually read-only and, in fact, is seldom atered after installing
the complete software. A single backup of that partition should do for the entire lifetime of
the software. Frequently used partitions should be dumped by the scheme explained in
detail at the end of the Sun manual for uf sdunp (enter man uf sdunp inaUNIX shell).
Table 12 repeats this dump scheme.

Table 12. Dump Scheme for Frequently Used Disk Partitions

un Mon Tue Wed Thu Fri
Week 1 0 (full) 5A 5B 5A 5B 3A
Week 2 5A 5B 5A 5B 3B
Week 3 5A 5B 5A 5B 3A
Week 4 BA 5B 5A 5B 3B
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The numbers 0, 3, and 5 in thistable refer to uf sdunp levels. Such adump scheme
guaranteesthat any lost file can be recovered from the last day’s backup, while minimizing
the dump time:

» At the start of every four-week period, afull file system dump is made.
» Thelevel 3 dumps on Friday record all changes since the last level 0 dump.

« Thelevel 5 dumps on the other weekdays only dump files that have changed since the
last lower level dump (level O for the first week, level 3 for weeks 2, 3, and 4).

This scheme maximizes archiving security while minimizing the dump time. The
frequency of the backups can of course be adjusted, depending on how heavily asystemis
used, and on how important data security is regarded, but it is strongly recommended to
stick to afixed scheme; otherwise, doing the backups s easily forgotten.

The characters A and B in the table indicate tape sets. For optimum security, switching
between two sets of tapes for each dump level is recommended, for the case where
something happens during a backup. A simplified version of this scheme would be, for
instance, to do only level 0 dumps on alternating tape sets every weekend.

Dumping theroot partition (/) may not be so useful. On one hand, you areworking with this
partition while dumping it. uf sdunp keeps arecord of dumped filesin the root partition,
and filesfor the uf sr est or e command could be damaged in case of problems with the
root partition. A better solution here is to make a backup of filesthat have changed since
installation. To find customized filesin/ et ¢ (such as hosts, printer administration files,
etc.) and to save them on atape, enter:

su root

cd /

tar cvf /dev/rnt/0 ‘find etc -mine -days -a -type f -print’

The command in back quotes is executed first. days must be replaced by the number of
days since the installation. Don't forget to also save customized filessuch as. r host s,
.profile,.login,andsoon. Thesefile names can be appended to the above
command. In case of adamaged root partition, you can reload UNIX from the original
CD-ROM, preserving al partitions other than root, and reload all files above at the end.

12.3 ufsrestore Command
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If file system errors need to be corrected, it is recommended not to restore the whole
partition, but to selectively recover damaged files. To avoid causing additional damage, it
is best to restore the files first into atemporary directory such as/ t np:

cd /tmp

uf srestore xvbf 40 /dev/rm /0O etc/inet/hosts

The last argument is always a relative path, because uf sdunp storesthe filesrelative to
the mount point.
cp /tnpl/etc/inet/hosts /etc/inet/hosts

To restore files selectively, using the interactive option is recommended.
ufsrestore bfi 40 /dev/rnt/0

givesthe prompt “uf sr est or e>". Enter hel p at this prompt to see the interactive
command options.

The blocking factor only needs to be specified if a non-standard blocking factor was
specified with the uf sdunp command. If the default blocking factor was used, the above
two uf sr est or e calls can be smplified to
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uf srestore xvf /dev/rnmt/0 etc/inet/hosts

or, for the interactive version:
ufsrestore fi /dev/rnt/0

With most disk slices you will first need to create a temporary directory, such as

/ export/hone/t np, for restoring individual datafiles. If you ever want to restore an
entire disk dlice, you must of course not use atemporary directory, otherwise you would
duplicate the contents of the entire slice, and you would most likely run out of disk space.
It should rarely be necessary to restore an entire disk slice.

12.4 tar Backups

Because filesin user home directories are changed often during day-to-day operation,
doing manual tape dumps would be inefficient and time-consuming for the superuser. On
the other hand, users do not have the permission to use uf sdunp. So every user will
probably automatically usethet ar program (see“tar Command,” page 149) to make
individual backups (archives) of hisor her NMR data and the other customized filesin the
user’'s home directory.

12.5 Backups Using cron

In multiuser environments, frequent backups are highly recommended. Thecr on
command can be quite helpful in this case. It executes jobs at a defined time according to
alistin/ var/ spool / cron/ cront abs/ user. Each user, including r oot , hasa
cront ab filenamed user . Editing thisfile directly hasno effect. To activate entries, each
user entersthecr ont ab - e (edit option) command.

Sometimes an uncommon line editor is defined as the standard editor. You can change to
thevi editor by setting the environment variable EDI TORtovi (asr oot , use
EDI TOR=vi ; export EDI TOR).

To make abackup of / dat a (partition/ dev/ dsk/ cOt 3d0s7) at 4 o'clock in the
morning, from Monday through Friday, you (asr oot ) have to enter:
04 * * 1-5 conmmands

where conmrands are UNIX commands separated by semicolons. Here the string
commands isreplaced by, for example,
cd /; ufsdunp lucbfs 40 /dev/rnt/0 590 /dev/dsk/cOt3d0s7

Messages from commands that usually go to the standard output are mailed to the user,
which alows checking for execution and errors. Make sure that atape drive is connected
to the system and a tape of high enough capacity is loaded. Two tapes should be used, at
least exchanging them from backup to backup (see above).

12.6 Data Compression

Over the years, the capacity of disks and tapes has grown continuoudly. At the same time
the requirements on disk space have increased and, with the advent of multidimensional
NMR, the size of the FID alone can exceed the size of a single 1/4-inch tape of 150 MB.
Data compression is avery helpful tool for reducing the size of files and reducing time
especially for archiving on tapes.

01-999166-00 C0503 System Administration 179



Chapter 12. File Security, Repair, and Archiving

180

Often the size of NMR data, especially if multidimensional or if acquired in 32-bit format,
can be reduced by over 40%. Of course, the reason that data files on disks aren’t
compressed in general isthat compressing and uncompressing data takes time and requires
additional manipulations. Data compression therefore is suitable for mid-term disk storage
and especially for archiving data on tape.

What Files Can Be Compressed?

Any plain file can be compressed: datafiles, text files, and even compiled programs.
Directories cannot be compressed directly (discussed below). The amount of compression
depends on the internal structure of the file. Table 13 provides some examples.

Table 13. Examples of File Compression.

Before After

File Kind (KB) (KB) Reduction
/vnnr/ bi n/ Vnnr (Sun-4) compiled 1696 952 44%
/vnnr/ parlib/dept. par/procpar ascii (text) 14 6 57%
/vnnr/fidlib/fidld.fid/fid binary, 32 bit 128 51 60%
/vnnr/fidlib/fid2da.fid/fid binary, 32 bit 1056 704 33%

The largest reductions can normally be obtained for ASCI| text files and compiled
programs. Other binary files such as FIDs are sometimes more difficult to compress
(particularly if FIDswere acquired in 16-bit (dp="n’ ) mode or if the VNMR

conpr essfi d command was used). It is possible for acompressed file to be larger than
the sourcefile: for example, / vnnr / fi dl i b/ dept . fi d/fi d). Insuchacasethe
conpr ess command leaves the source file untouched (unlessthe - f option is used).

In general, FID files, together with their parameters and text files, can be reduced by 30%
to 40%; therefore, it isworth the effort. Especially for archiving data, the tape capacity can
beincreased up to about 50%, with 35% an average reduction, and the timefor compressing
and uncompressing the datais normally shorter than the transfer time to and from the tape.

Note that 4-mm DDS-2 and 8-mm Exabyte tapes in high-density mode use compression
software built into the firmware of the tape drive. As compressed files usually cannot be
compressed any further, it is questionable whether it isworth compressing datafiles before
saving them on such tapes.

Of course, compressed files cannot be used directly. They must be uncompressed first using
theunconpr ess command.

Procedures for Compressed Archiving

FID filesare actually directory filesthat contain the FID, aparameter file (pr ocpar ), and
atext file. Because directory files cannot be compressed directly or recursively, each
individual subfilein aFID file would have to be compressed and uncompressed. Because
this would be tedious, most people normally combine directories into asingle disk file
using thet ar command, asfollows:

tar cf directory.tar directory

Thist ar file can now be compressed in one step. The target file name can be selected
freely, but for an easier identification asuffix . t ar isusualy added to thefile name. After
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that, the source directory file can be deleted. This step reduces the disk space requirement
and can be regarded as afirst level of compression.

On what level should thet ar command be used? There is a temptation to use the above
procedure on complex directories containing lots of subdirectories and files, but that does
not make the compressed data transparent enough, because subfiles are “invisible” within
at ar file.Usingt ar onindividual FID directoriesisrecommended. The conpr ess
command adds a further extension .Z to the file name, and the source file-I1D is deleted
automatically. A typical procedure for compression might be the following:

tar cf sanple.fid.tar sanple.fid

rm-r sanple.fid

conpress sanple.fid.tar

Thisresultsin asingle, compressed disk filesanpl e. fid. tar. Z. Incasethe

conpr ess command cannot reduce the size of thefile, it leaves the file untouched (and
not append the .Z extension). If the - v option is used with the conpr ess command, it
reports the percentage of compression.

The advantage of keeping the completeoriginal file name by adding suffixesisthat original
filenames can easily be recognized when | ooking for specific data. K eeping the suffix .f i d
is also recommended, because that suffix can distinguish compressed FID files from other
compressed files.

The procedure for uncompressing such filesis asfollows:
unconpress sanple.fid.tar

tar xf sanple.fid.tar

rmsanple. fid.tar

The . Z extension can be omitted with theunconpr ess command.

Duetothet ar command, this procedure temporarily requires almost twice the disk space
before the duplicate file is removed, during both compressing and uncompressing. The
conpr ess command itself temporarily requires space for the full (t ar ) file plusthe
compressed file. This means that when the disk is 100% full, it is too |ate for starting to
compress data. In such a case, one way is to store the uncompressed file on atape, delete
the sourcefile, read thet ar file off the tape using dd into standard output, and then
compress from standard input to create the compressed file directly:

tar cvf /dev/rnt/0 sanmple.fid

rm-r sanple.fid

dd if=/dev/irm/0 | conpress > sanple.fid.tar.Z

Notice that with this procedure conpr ess does not generate the file name automatically.

Both the compression and the decompression can be donein asingle step if the - ¢ option
of theunconpr ess command is used:

tar cf - sanple.fid | conpress > sanple.fid.tar.Z

rm-r sanple.fid

unconpress -c¢ sanmple.fid.tar.z | tar xfB -
rmsanple.fid.tar.Z

The disk space requirement of this method is between the step-by-step method and the
method with the tape. Both the original files and the compressed file coexist after the
compression and decompression. The compressed archive files generated with this last
method are compatible with step-by-step decompression. Selective extraction is possible
with both methods.

To obtain a catalog of acompressedt ar file, enter:
unconpress -c¢ sanple.fid.tar.z | tar tfB -
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Or even simpler, using zcat instead of unconpr ess -c:
zcat sanple.fid.tar.Z | tar xfB - files

To selectively and specifically extract a subfile from a compressed t ar filetype
zcat sanple.fid.tar.Z | tar xfB - files
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Sections in this chapter:
e 13.1"“Genera UNIX Customization,” this page
e 13.2"X Window System Configuration Files,” page 186
e 13.3“CDE Customization Files,” page 186
e 13.4“OpenWindows Configuration Files,” page 186
e 13.5“VNMR and Other Application Configuration Files,” page 187

The entire user interface can be customized by editing a series of files, such as. cshrc
and . | ogi n, ineach user’'s home directory. This chapter describes these files.

VNMR stores a set of default customization filesin/ vnnr / user _t enpl at es, from
which they are transferred into the various home directories by the makeuser command
when installing VNMR or adding new users. Note that most of these customization files
have namesthat start with adot, hence the name dot files. Dot files can not be seen with the
| s command unlessthe - a or the - A optionis selected or if you arer oot . For more
information on customization files, refer to the Sun manuals.

13.1 General UNIX Customization

The primary dot file for every user is the personal login start-up file . |1 ogi n. Apart from
that, many UNIX commands and utilities have dedicated customization files, for example,
mai | usesafile. mai | r c andthe C shell (csh) uses. cshrc. The“r c” in some of
these file names stand for “remote control”.

Jogin File

Thefile. | ogi n isashell script that runs automatically after every log in. The main task
for .l ogi n isto define environment variables. There are several UNIX global
environment variables, such as pat h, MANPATH, PRI NTER, and TAPE. Additionally,
there are a number of variables used in connection with VNMR, including vnnr user,
vnnr syst emvnnr edi t or, nensi ze,vnnr nenu,vnnrt ext (inVNMR6.1), and
VNMR-specific path additions (/ vnnt / bi n, ~/ bi n). Additional variables are used for
the GNU C compiler (such as GNUDI R, GCC_EXEC PREFI X, and GNU path additions)
and for the execution of Tcl/Tk utilities (TCL_ LI BRARY and TK_LI BRARY).

Next, the. | ogi n script (it isaC shell script) determines the environment in which itis
run. If it isrun on the system consol e (the nongraphical login screen), it starts up the
OpenWindows environment (after setting the DI SPLAY and gr aphi ¢cs environment
variables and adding / usr / openwi n/ bi n to the command path)?. If the CDE or
OpenWindows environment is already started (from the CDE xdmgraphical login
interface), . | ogi n essentially only setsthegr aphi cs environment variable (used by
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VNMR), and the rest of the startup is done by startup scripts specific to the selected
environment.

If run viaaremote terminal or on avirtual terminal (remote network login), . | ogi n
prompts the user to specify the terminal type:

g for GraphOn terminal
e d for adumb terminal
« t for Tektronicsterminal (the user is also prompted for the exact terminal type)

« s for Sun terminal (typically used with remote logins from a Sun window when no
remote X session is to be started)

» x for aremote X Window system server.

In the case of the remote X server, the user is also prompted for the host name of the X
server (a numeric | P address can be entered instead). With many X servers (such as most
UNIX workstations), running remote X displays requires the user to first enter

xhost +

or
xhost renote_host

prior to starting the remote login, in order to allow remote systems to display information
on the local screenviaX. Thexhost + option gives this permission to any remote host,
thexhost renpt e_host option is specific for one system only.

For remoteterminals, . | ogi n also setsthet er mand gr aphi c¢s environment variables
that allow VNMR to run properly on the respective terminals. It is al'so possible to run
VNMR in non-graphical modeif d (dumb terminal) is specified. The same can be achieved
by entering

set env graphics none

prior to starting VNMR using vn. Thisis of interest in the case of very slow connections.
All VNMR commands and macros can be run from the command line with no graphical
display, but any text output from the text window or from line 3 (and error messages) is
shown.

.cshrc File

Thefile. cshr ¢ isfor generating command line aliases—such as h as the command for
hi story, mfornmore,l aforls-a,andl | forls -al —andto set certain variables
such asthe length of the history or the format of the prompt.

The Sun manual Getting Sarted with UNIX lists alarge number of items that can be
implementedin . cshr ¢, including featuresthat try to increase data saf ety by enabling the
interactive mode for ther mand cp commands or features that avoid unintended
destruction of windows by disabling Ctrl-d. While some of these features may be
acceptable for beginners, they can make life hard for others working on the system.
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L Inthis case, the system does not automatically log out when the user exits from the OpenWindows
environment. But it ispossibleto change . | ogi n to log out automatically after OpenWindows
software. Just insert the following lines after the call to OpenWindows (openwi n - noaut h):

cl ear

| ogout
cl ear emptiesthe screen, and | ogout logsthe user out, leaving a clear screen with the login
prompt. Thisisonly helpful if the nongraphical login is used.
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Some dlias definitions mentioned in the Sun manuals may even interferewith the execution
of certain C shell scripts (note, however, that traditionally most shell scripts are Bourne
shell scripts). If you would like to use these features, make sure they are valid in the
interactive mode only and not when running C shell scripts. It is perfectly possible to have
partsof . cshr ¢ only executed during shell scripts and other parts only during interactive
mode. See the Sun manuals for more information—the version distributed with the
standard VNMR software has a global part only.

C shell scriptscan also bewritten suchthat . cshr c isnot called— start them with theline
#!/bin/csh -f

.exrc File

Thefile. exr c isspecifictotheex andvi file editors and can be used to individually
customizefor any directory some of thevariablesfor thevi text editor, for example, enable
the line number display flag. Thisfileis not normally used on VNMR systems.

.profile File

Thefile. profi | e isspecifictothe Bourne shell. It isused to customize the Bourne shell
environment, which in SunOS is normally used only for shell scripts. Thisfileis not
normally used on VNMR systems.

.mailrc File

Thefile. mai | r ¢ isaconfiguration file for the mail software. The file can be generated
and modified through the def aul t sedi t tool (SunView) or through a separate,
window-based tool started from within Mail Tool in Open L ook.

Thefile. mai | r ¢ containslines specifictothemai | command, tothemai | t ool utility,
or to both. It contains a series of set statements and defines variables within mai | and

mai | t ool . Somevariables have values—such asbell, flash, and interval—that define the
number of beeps and flashes when new mail arrives (very useful whenusing mai | t ool ),
and theinterval (in seconds) at which mailtool checksfor new mail (default is 300 seconds).

If thevariableaskcc isset, mai | andmai | t ool ask for carbon copy (cc) recipients. If
askbcc isset, mai | t ool also asksfor blind carbon copy (Bcc) recipients. See the Sun
manuals for more information about mail software.

indent.pro File

The. i ndent . pr o fileisaconfigurationfile (profile) for thei ndent command, which
serves to standardize the format of C source files (programs). See “How Should C
Programs Be Formatted?,” page 204. Normally, thisfileis not placed in the user’s home
directory, but rather in the directory that contains C sourcefiles. i ndent , unfortunately,
is not included with standard Solaris 2.x software.
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13.2 X Window System Configuration Files

Thefiles. xi nitrc,. Xdef aul t s,and. x| ogi n areamong thedot filesused inthe X
Window system software environment.

Xinitrc File

Thefile. xi ni t r ¢ isfor the Open Look environment only. It installs the Open Look
defaults from the . Xdef aul t s file (see below), starts up the Open Look window
manager programol wm calls. openwi n-i ni t (seebelow), and definesthe Open Look
screen background (the file/ vnnr / var i an. xi con in standard VNMR).

Xdefaults File

Thefile. Xdef aul t s isfor the OpenWindows environment only. It contains the default
valuesthat define the behavior (outlook, color, fonts, etc.) of the generic X Window system
aspects of the user interface. The contents of . Xdef aul t s areinstalled through the file
. Xi ni trc (seeabove).

xlogin File

The. x| ogi n shell script isintended for use (explicit calls) with remote X terminals, in
case some of the environment variables required for Open Look have not been defined
properly (OPENW NHOVE, LD LI BRARY_PATH, pat h, etc.). . x| ogi n can often be
used in shell tools, instead of logging out and in again. Thisfileis not executable (not isit
called automatically). It must be called with sour ce . x| ogi n.

13.3 CDE Customization Files

The CDE customization and definition files are all placed in the local directory ~/ . dt .
Thereisusually no need for the user to modify thesefiles directly. The CDE graphical user
interface can be defined, modified, and customized directly and interactively. For further
information, consult the Sun documentation or the online Answer Book.

Many CDE applications use aconfiguration filein / usr/ dt/ app- def aul t s. A user
can customize these through a copy in alocal ~/ app- def aul t s directory.

13.4 OpenWindows Configuration Files
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Several OpenWindows configuration files are placed in the user’s home directory.
OpenWindows applications (such as the Open Look Deskset utilities) use configuration
filesin/ usr/ openwi n/li b/ app- def aul t s. A user can customize these through a
copy inaloca ~/ app- def aul t s directory.

.openwin-init File

Thefile. openwi n-i ni t isfor the OpenWindows environment only. It defines special
keysfor the Open Look and X.11 environment as well as the windows that show up
automatically at startup. These windows and tools can be defined in their size, position,
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color, and font selection, whether they are open or iconic, and so on, similar to the
file. sunt ool s. See the Sun manuals for more information.

The Open Look background menu also offers the Save Workspace option that is supposed
to freeze the current window setup, so that upon restarting Open Look an identical screen
layout isobtained. Thisisfor asimple, flat window setup. It cannot reconstruct parent/child
relationships asthey exist between the calling window and VNMR, or within VNMR itself,
and can therefore lead to error messages and a situation where VNMR is not started
automatically.

There are two possible solutions to this problem:
« Don't use Save Workspace and modify ~/ . openwi n-i ni t by hand if necessary.
» Use Save Workspace and then fix the resulting file~/ . openwi n-i ni t asfollows:

a  Eliminate the following two lines:
toolwait VNMR -geonetry +0+0
toolwait VNWMR -geonetry +0+160

b. AddVn &totheend of theline that defines the window from which VnmrX
should be started—either the line ending with - W VNIVR (the window
labeled “VNMR”) or the line that defines the console window (the line with
the -C option).

.openwin-menu File

Thefile. openwi n- menu isalso for the OpenWindows environment only. Thisfile
definesthe Open L ook root menu. Defining stacked menusis possible (see the Sun manuals
for information).

All functions are called here through exec command. For each submenu, a DEFAULT
entry can be defined, which is selected if the menu button is released on the submenu title
(without actually entering the submenu). The default can be any item from a submenu. If
the END keyword from a submenu definition is followed by PI N, the submenu can be
“pinned down” on the screen background—a useful feature that makes it easier to access
frequently used submenus. The Open Look root menu as such can be pinned down anyway.

Other Customization Files

Inthe OpenL ook environment, ¢l ock andthe Open Look filemanager (f i | engr ) create
theirrcfiles(. cl ockrcand. fil engrrc). Itisadvisableto usethel s command
without - Aor - a option, dueto the proliferation of dot filesthat clutter the homedirectory.

Thefile. wast ebasket isnot aconfiguration file, but adirectory for files that are
thrown into the wastebasket from within the OpenWindows file manager f i | engr .
Discarded files can be recovered from the . wast ebasket directory. The CDE file
manager places such filesin ~/ dt / Tr ash.

13.5 VNMR and Other Application Configuration Files

INVNMR5.1and earlier, the . Xdef aul t s filecontained application-specific definitions
such aspul set ool , Acgst at , etc. for VNMR. In newer VNMR rel eases, these
definitions have been moved into application-specific filesin/ vnnr / app- def aul t s
(app- def aul t s/ Vnnr, app- def aul t s/ Acqi , etc.).
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To customize any of theapplicationsthat havefilesin / vnnr / app- def aul t s, any user
can createalocal directory ~/ app- def aul t s and then havelocal, customized copies of
any or all of thefilesin/ vnnr / app- def aul t s. For other Solaris (OpenWindows and
CDE) applications, there are similar defaultsfilesin/ usr/ dt / app- def aul t s, andin
/usr/openw n/|i b/ app-defaults.

Most changesin either . Xdef aul t s or ~/ app- def aul t s concern either colors or
fonts. For alist of possible fonts under OpenWindows, use the command
xl sfonts | nore

(don't be scared off by the complex X font names—there are some simpler font names
further down the output).

Colors can be specified three different ways:

» Specifying theintensitiesfor red, green and blue asthree decimal numbersintherange
of 0 to 255, for example:

W ndow. Col or. Backgr ound: 255 255 255
W ndow. Col or . For egr ound: 0 0 127
 Specifying asix-digit hexadecimal number with two digits (00 uptof f ) per color, for
example:
OpenW ndows. W ndowCol or : #e2e2e2
OpenW ndows. Wor kspaceCol or : #2dcleb

» Specifying color names, suchaswhi t e, bl ack, Royal Bl ue, St eel Bl ue, etc. A
list of possible color namesisfoundin/ usr/ openwi n/li b/ rgb. txt.

System Administration 01-999166-00 C0503



chapter 14. A Quick Guide to C

Sections in this chapter:
e 14.1 " Genera Program Structure,” page 190
e 14.2 *Constants, Preprocessor Functions,” page 191
e 14.3"Types,” page 192
e 14.4"Variables,” page 193
e 14.5"Operators,” page 195
e 14.6“Flow Control,” page 197
e 14.7“Functions,” page 199
« 14.8"Pointers,” page 200
e 14.9“Input/Output,” page 201
e 14.10 " Syntax Checking and Compilation,” page 203
e 14.11 “How Should C Programs Be Formatted?,” page 204

It is beyond the scope of this manual to include a complete introduction to the C
programming language. The only goal in this chapter isto give enough background in this
language for beginners to read and write pul se sequences and simple C programs.

Considerable literature exists on programming languages, and programming in general,
that can be consulted for more complex problems. Anything that specifically relatesto
pul se sequences can be found in the manual VNMR User Programming. Although the
source code for VNMR can be purchased, there is no specific information on VNMR
programming and programs.

The C programming language was written for and first implemented in UNIX (which by
itself iswrittenin C) inthe early 1970'sby B.W. Kernighan and D.M. Ritchie, who are also
the authors of the classic textbook on C. As alow-level language, C allows writing
programs close to the machine language level. By using alimited set of instructions and
data structures, C is aso relatively compact.

On the other hand, C allows writing programs that are as structured and about as easy to
read as Pascal programs, although is does not force the programmer into such a
well-defined programming style aswith Pascal. While Pascal is an excellent programming
language for teaching and learning programming, C is a much more flexible tool for the
experienced programmer. It might be said that the disadvantage with C isthat it does not
control the programmer well enough—that’swhy C is so flexible!

C programs often compile despite severe bugsin the program. What is usually abug in
other languages might be used legally in C by an advanced programmer. Fortunately, UNIX
containsatool called| i nt that doesabout as much syntax checking as any Pascal or other
high-level language compiler.
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The literature list at the end of this manual mentions afew of the many textbooks on C.
Most books on UNIX also contain material on C programming as well.

VNMR itself iswritten in C and compiled under the SunSoft C (Sun C) compiler. If auser
wantsto modify VNMR, not only does thisrequire the purchase of the VNMR source code
kit and license (VNMR source code is not included with the standard VNMR software
license) but it also requires purchase or access to the Sun C compiler. Asof Solaris 2.1, a
C compiler is no longer included with Solaris. It must be purchased separately.

Probably, few users would want to modify VNMR, but many users would like to compile
pul se sequences or other small C programs (the user library also contains many stand-alone
C programs). To alow usersto compile C programs without the price penalty of the Sun C
compiler, VNMR for Solaris comes with the GNU C compiler, which is available for free
on the Internet. Pulse sequences and user-defined weighting functions are compiled with
the GNU C compiler. As there are some slight, subtle differences between the different C
compilers, it should be assumed that seqgen, psggen (andf i xpsg), aswell aswt gen
only work with the GNU C compilerl.

14.1 General Program Structure

The global structure of a C program looks like this:
#i ncl ude <stdio. h>

mai n() [* main function definition */
{

function_a();

st at enent ;
}
function_a(); [* definition of function_a */
{
}

Linesthat start with the number sign (#) are processed by the preprocessor, a program that
isrun before the compilation starts. Thelibrary file st di 0. h contains a set of standard
input and output functions and must be included in every C program.

In C, commentsaredelimited by / * and*/ . Inserting commentsis always recommended,
especialy because sometimesin C afew characters can define a complex function that
needs explanation. Without comments, it is sometimes difficult for a programmer to read
even his or her own programs.

C programs consists of functions only, one of which must be called nai n, which iswhere
execution of the program starts. Functionsin a C program can be defined in any order. The
definitions of functions called within the program areidentical to theformat of the function
mai n, except for the function name. The parentheses are necessary in the header line of a
function definition, even though there are no arguments. There is no semicolon at the end
of the function header line.
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L For the same reason, the VNMR source code (as delivered with the VNMR source codekit) can not
be compiled with the GNU C compiler.
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The beginning and the end of afunction body are marked with braces ({ and } ). Itisgood
programming practice to write corresponding braces at the same indentation level.
Although this might lead to lengthy code, it certainly helps avoid simple mistakes.

Theformat of aCisfree. Spacesand new linescan beinserted at any place, but itisstrongly
recommended to useindentation, such asinside branchingsand | oops, to show the structure
of aprogram. “How Should C Programs Be Formatted?,” page 204, has more information
on thistopic.

For pulse sequences, the following basic construction is used:
#i ncl ude <standard. h>
pul sesequence()

{
}

Thefilest andar d. h, whichisstoredin/ vnnr / psg andisacollection of other include
filesfrom the same directory, contains st di 0. h. The only function that hasto be written
isthe function pul sesequence. Of course, new functions can be defined and called
from within the function pul sesequence.

14.2 Constants, Preprocessor Functions

C basically does not know constants. Still constants are often helpful; therefore, they can
be introduced via the C preprocessor. The line
#define LIMT 100

definesaconstant LI M T with avalue 100. The preprocessor replaces all occurrences of
“LI M T” by “100” from the definition onward. Definitions are usually written directly
after thei ncl ude preprocessor statements.

Constants are “typeless’ because the preprocessor simply replaces one text string by
another (the expression token replacement is a better description for this feature). Writing
constant names in uppercase is recommended, because it hel ps distinguish them from
variable and function names. Note that there isno semicolon after preprocessor statements;
otherwise, for example, the preprocessor would replace“LI M T” by “100; ”.

Constants are also used in the pul se sequence generation software. They are defined in the
include files (you do not have to specify the following definitions because they are
automatically included in the program by the preprocessor):

#defi ne MAXSTR 256

#define A O

#define B 1

#define C 2

The constant MAXSTRisthe length of flag strings and statusfield related parameter strings,
for example, the parameter dmmight have thevalue’ nnyn’ . The other constants listed
here represent indices for status fields (alarge number of constants are available and
defined for pulse sequences).

Constants can be defined anywhere in a C program. Unlike C function definitions,
constants are only valid after their point of definition. Constants can also be undefined:
#def i ne DEBUG
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#undef DEBUG

In this case, the constant DEBUG is only defined between thedef i ne and undef
preprocessor statements. The constant DEBUG in the above example has no value. A
possible application of such constants (we should call them flagsin this case) isin
conditional preprocessor statements, such as

#i f def DEBUG

#el se
#endi f
This allows performing certain parts of a program only if the constant DEBUG s defined.

In pulse sequences, the following preprocessor statements are sometimes used:
#i fndef LINT

#endi f
The statements between these two lines are only used if the constant LI NT is not defined.
LI NT is defined automatically whenthel i nt tool checks the program. This enables the

program to exclude some linesfrom thel i nt checking (see “ Syntax Checking and
Compilation,” page 203).

Constants can also be defined at compile time, with the - D option. In the example above,
if the program is compiled with the option - DDEBUG, certain conditional parts can be
included without changing the source code. Such definitions are sometimes used to
incorporate temporary or experimental sectionsin the source code, or more often, to
combine source code for different architectures (such as optimized code for specific chip
architectures), or to make a source module for different but related programs.

14.3 Types

192

The C programming language has only afew basic data types. The type definitions depend
on the computer architecture and the C compiler. The definitions mentioned below are
those used by typical C compilers on Sun workstations:

char 8-bit character (0 to 255)

short 16-bit integer number (—32,768 to 32,767)

i nt 32-bit integer number (—2,147,483,648 to 2,147,483,647)

| ong 32-hit integer number (-2,147,483,648 to 2,147,483,647)

fl oat 32-hit floating point number (approximately +5.8774572I0e-38 to
3.402823* 10e38, with about 7 significant digits)

doubl e 64-bit floating point number (approximately +2.22510e-308 to
1.797* 10e308, with about 15.5 significant digits)

voi d null type used for functions that don’t return avalue.

Mostly char,i nt and doubl e are used, especially for writing pul se sequences. Integer
types(short,int,and| ong) can also be declared unsi gned, which allows only
positive values:;

unsi gned short 16-bit unsigned integer number (0 to 65,535)
unsi gned int 32-hit unsigned integer number (0 to 4,294,967,295)
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Strings are defined as arrays of characters, wherethelength of the array may not be defined
(see“Variables,” next).

One-dimensional and multidimensional arrays are possible (see “ Variables,” next). Other
types of arrays are not required for pulse sequences. Neither strings nor arrays need to be
defined as types; therefore, in many C programs, there is no type declaration.

Asan equivalent to the Pascal record type variables, C allows for structures that are
declared asst r uct . Seebooks onthe C programming language (described in “ Annotated
Bibliography,” page 329) for more information on structures.

Another type, the pointer variable, is very important in C programs (see below).

For pulse sequences, thereis also a predefined type codei nt for real-time variables,
which isa 16-hit integer number. This type does not normally show up in pulse sequences
because all real-time variables are usually predefined.

14.4 Variables

A schematic sample program that includes different kinds of variable declarations could
have the following form:
#i ncl ude <stdio. h>

int i, ok;
mai n()
{
int a,b;
int ¢ =0;

function_a();

}
function_a()
{

int d;
}

Global variables (i and ok in the example above) are normally defined after the

#i ncl ude filesand any #def i ne constant definitions, usually before the first function.
All local variables (a, b, ¢, and d) are declared within the function definition. Local
variables are not known to subfunctions called within the function where they are local
(eg., a, b, and c are not known to the subfunction f unct i on_a).

Variablesarenot initialized automatically, but the variableinitialization can be done within
thevariable declaration (asini nt ¢ = 0 inthe above example). The GNU C compiler
issueswarningsif avariableis used without initialization. Note that variable initializations
withinani f statement lead to a compiler warning, because there is a chance that the
variable is used without initialization.

C also alows specifying a storage class for variables: external, automatic, static, and
register:
» External variables are defined as follows:
extern int x;
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Such avariable refers to aglobal variable x that has been defined in another source
file, which may have been compiled separately, for the same program.

« Automatic variablesare the default storage class within afunction (including theword
aut omat i ¢ isnot needed in declarations). Such variables are created and destroyed
after every function call.

» Satic variables are only allowed within functions:
function_a()

{

static double r;

}
Static values are not created and destroyed for each function call, but they keep their
value between each call to the same function.

» Register variables are used for variables that are often used in a program. The system
triesto keep such variablesin CPU registers, to allow for faster execution. Only local
automatic variables within a function can be made register variables.

Array variables can be defined easily:

int z[3]; Defines an array variable z consisting of three integers

doubl e y[4][4]; Defines atwo-dimensiona array y, consisting of 4 x 4
double-precision floating point numbers

Theindividual elementsof z canbeaddressed by z[ 0] , z[ 1] ,and z[ 2] . Notethat in C,
the index count starts at 0. Elements of a multidimensional array can be addressed by

y[illil.

Array variables can beinitialized with the declaration:
int z[3] = {3, 4, 5};

int x[2][3] ={{3, 3, 3}, {4, 4, 4}};

String variables are a special kind of array variable:
char s[64];

This defines a string variable s, with a maximum length of 64 characters. String variables
can also be initialized with the declaration:

char s[64] = "exanple string";

char n{64] ="";

Strings don't have to be filled. C automatically adds anull character \ 0 to the end of the
string. The null string " " implicitly contains just the null character. Strings are enclosed in
doublequotes (" . . . "), whereas character values are enclosed in single quotes (' . . . " ):
s[0] ="¢e;

Thisfillsthecharacter’ e’ into thefirst position of the string s. Note that thismay lead to
astring that is not terminated with anull character. If you are filling a string directly,
character by character, you must also fill in the null character, e.g.:

s[1] ="'\0";

The backslash can be used to define any character, especialy if nonal phanumeric:
char ¢ = "\12';

Thisdefinesachar variable c that isinitialized with a character of decimal value 12.

For pulse sequences, the variable definitions are listed in the fileacqpar ns. h in
/ vnnr / psg. Thereal-time variables are defined as (initialized) external variables:
extern codeint ct, oph, ssval, ssctr, bsval, bsctr, \
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zero, one, two, three, v1, v2, ... vl4;

Other variables, especially new variables specific to a pul se sequence, need to be defined
and initialized locally. The C compiler reminds you of variables that have been created a
second time, and it aborts if there are undefined variables.

14.5 Operators

The assignment operator in C iswritten with asingle equals sign:
a=23,

A number of standard mathematical operators are available;

+ addition

- subtraction

* multiplication

/ division

% modulus (works only on integers)

Convenient increment and decrement operatorsfor char, short,i nt andl ong type
variables are available:

a++

a_ -

++a

--a

Thereisadistinct difference between the two forms available.

a = +th - c;

increments b beforeit is used in the assignment to a. The equivalent conventional
operations would be:

b=">b+ 1

a=b- c

If the incrementation operator follows the variable name, it is applied after being used in

the statement:
a = b++ - c;

corresponds to

a=b- c

b=">b+ 1;

Short forms exist for assignments where a variable shows up on both sides of the equals
sign:

Short form Long form
a+=c¢ a=-a+c¢
a-=c¢ a=a-c¢
a *= c; a=a* c
al=c a=al c
a% c a=a%c
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The purpose of these short formsis not just elegance: the short form causes the system to
load the variable a only once into the CPU registers. This has a direct influence on the
execution speed of the program.

The assignment statement works like a function that returns the assigned value as resullt,
therefore:

a=b=c=d=e+f;
isaperfectly legal statement that assignsthe samevaluetothevariablesa, b, c,andd. This

works because the assignment operators are evaluated from right to left, whereas the
operators +, - , *, / , and %are evaluated from left to right.

Multiplication, division, and modulus functions all have the same priority and are executed
before addition and subtraction. Parentheses can be used to change priorities:
a=(b+c) *d

Logical and relational operators are used for boolean operations:

== equality (in Pascal: =)
= inequality (in Pascal: <>)

> more than

>= more than or equal
< less than

<= less than or equal
| logical or

&& logical and

! logical negation

Negation has highest priority, followed by >, >=, <, and <=. Equality and inequality are
another level lower, followed by thelogical and. Thelogica or hasthelowest priority. To
change or clarify priorities, use parentheses.

A complete set of bit operatorsisalso available (see the C programming literature for more

information):
& bitwise and
[ bitwise or
~ binary complement
<< n bitwise left-shift by n positions
>> n bitwise right-shift by n positions

C providesfor automatic type conversion if the two arguments of a binary operator are not
of the same type. This conversion happens always upwards: char and short are
convertedtoi nt, or if one operandisdoubl e, the other is also converted to doubl e.
All floating point operationsin C are executed in double precision. Also, the two sides of
an assignment do not have to correspond in type—conversions occur automatically.

Itis certainly not a good programming practice to rely upon automatic type conversion,
especialy because it doesn’t cover all the cases. For example, type conversion does not
occur automatically in function arguments. Therefore, type conversions can a so be forced
with a (unary) type casting operator, such as

(doubl e) converts following expression into adoubl e

(1 ong) converts following expression into al ong integer

(voi d) converts following expression into voi d (nothing)
For example:
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a((double) n);

forcesthe variable n to be converted to doubl e before being passed to the function a. In
fact, many programming errors (often the most fatal ones) are dueto typeincompatibilities.
It is strongly recommended to not mix types. Statements such as

doubl e delta, j = getval ("]");

delta = 1/(2*j);

should be regarded as bad programming practice and should be strictly avoided.

The (voi d) casting operator is sometimes used to discard function return values. Note
that casting to integerstruncatesthe val ue (beware of negative values) and doesnot perform
aproper rounding. An example for the use of casting operators, taken from a pulse
sequence (simplified):

int t1 counter;

t1l counter = (int) (d2 * swl + 0.5);

initval ((double) (2 * (t1 _counter %2)), vl);

14.6 Flow Control

A series of statements can be joined together in ablock using braces ({ and} ). Such a
block acts like asingle statement. Within a block, statements are separated by semicolons
(; ), and the last statement in ablock is also followed by a semicolon.

Branching

Branchings can be generated by using thei f statement with the following structure:
i f (bool ean_expression)

statement or bl ock
el se

statenent or bl ock

Note that the boolean expression must be written using parentheses:

if (a>h)
a=b;
el se
b = a
or for compound statements after i f and el se:
if (a>h)
{
}
el se
{
}

Multiplei f statements can be combined usingtheel se i f statement:
i f (bool ean_expression)

statenment or bl ock
el se if (bool ean_expression)

statenent or bl ock

01-999166-00 C0503 System Administration 197



Chapter 14. A Quick Guide to C

el se if (bool ean_expression)
statement or block

el se
statement or block

Instead of along seriesof i f andel sei f branchings®, thereisan equivalent to the Pascal
case statement: the swi t ch statement, which is even more powerful although rather
complex in syntax:

switch (variable or function)

{
case valuel : <statenent;> <break>;
case val ue2 : <statenent;> <break>;
case val ue3 : <statenent;> <break>;
<default: statenent; <break> >

}

The parts within angle brackets (< and >) are not required. The swi t ch statement
compares the value of the variable or function given in the first line with the values
specified after the case keyword. All statements after a matched value are executed until
theswi t ch statement isterminated or until abr eak isfound. Therefore, unless br eak
isused, all statements from the match downwards are executed for any matched value.
Unmatched values can be collected inthedef aul t case. The last break is not required,
but is often left in so it is not forgotten if another case is added | ater.

Looping

Looping can be achieved by various statements:
» A loop with afixed number of passes, thef or loop
« A loop with at least one pass, the do loop
« A loop that starts with atest, the whi | e loop.

Thewhi | e loop has the following general form:
whi | e (bool ean_expressi on)
statenent or bl ock

The do loop is used when aloop should be executed at |east once:
do

statement or bl ock
whi | e (bool ean_expr essi on);

Note the semicolon after bool ean_expr essi on. Thebool ean_expressi on is
true until the loop is terminated®.

Thef or loop isdistinctly different from the corresponding construct in other languages,
such as Pascal:
for (<statenent> ; <bool ean_expression> ; <statenent>)

statenent or bl ock

2 Longchainsof i f ...el seif ..el seif .. notonly clutter C code and more difficult to read.
They are also inefficient in the execution. Furthermore, some compilers may limit the number of
sequential el se i f constructs.

3 In Pascal, the boolean expression (inr epeat ...unti | )isfaseuntil theloop isterminated.
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Thef or keyword isfollowed by three expressionsin parentheses, for example;
for (i =1; i <= 10; i++)
statement _or_bl ock

» Thefirst expression is normally a statement that initializes the loop variable and is
executed before the loop is started.

» Thesecond expression is normally aboolean expression and is run at the start of each
loop cycle. If itisfalse, thefor loop is terminated.

» Thethird expression is a statement that isrun at the end of each loop cycleand is
usually used to increment (or decrement) the loop variable:

Any of those expressions can be left out but the semicolons must stay there.

If theloop contains asingle statement (which can include theloop variablevariation), it can
also be packed into the third expression (theloop statement would in this case beterminated
with a semicolon after the right parenthesis), but thisis normally regarded as bad
programming style.
Endless loops can be defined as well:
for (i3)

statement _or bl ock
An additional statement br eak allows jumping out of aloop, such as an endless loop:
for (i3)
{

i f (bool ean_expression) break;

}

A rather terse form of conditional statements has been used by some pulse sequence
programmers, for example:
delta = ( (j >0.0) ? 1.0/(2.0%j) : 0.013);

This construct checksif thevariablej ispositive. If itis, thevaluereturnedintodel t a is
1.0/ (2. 0*j); otherwise, del t a assumes a default value of 13 msec. The above
construct could be rewritten as

if (j >0.0)

delta = 1.0/ (2.0%j);
el se

delta = 0.013;

14.7 Functions

C only knows a single type of subroutine—the function. The structure of afunctionis
outlined in the following example:
doubl e cal cul ate(a, b, c¢)
doubl e a, b;
int c;
{
int d;
doubl e e;

return(e);
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}

Like variables, functions are of a certain type. The default function typeisi nt , whichis
often not specified. The value of the function is returned with ther et ur n statement.
Functions that do not return values may be defined astype voi d, for example:

voi d result_nessage(r)

doubl e r;

{
printf("The result is: 9%.2d \n",r);

}

Argument variables are specified by writing the parameter names between the parentheses
inthefunction header line, separated by commas. Argument variables are declared after the
header line, on top of the function body (outside the braces), whereas local variables are
declared within the braces.

A function is called by its name, asin example above:
cal cul ate(x,y, z);

Its value can be used in expressions like any variable:
result = cal cul ate(x,y, z);

Programming languages such as Pascal have two types of arguments: call by value, where
just the value of the argument is passed to the local parameter, and the call by reference,
where the value of the variable that is passed (as an argument) can also be changed.

In C, al arguments are always called by value, and the value of avariable given asan
argument (X, y, and z in the above exampl es) does not change. Thereis, however, away to
change the value of avariable given as an argument in C, by passing pointers to variables,
instead of the variables themselves (see below).

14.8 Pointers

200

Pointers are used very often in C to increase the speed and flexibility of programs. Pointer
operations involve the use of two special characters, * and &

» If p isapointer variable, * p isthe value of the object it pointsto.
e If visanormal variable, &v isthe pointer to that variable.

Pointers are declared asfollows (i nt isthetype of the object the pointer points to):
int *p;

Pointers can be set and used with standard assignment statements:

int v;

int *p, *pl, *p2;

p = &;

pl = p2;

v = *pl;

Pointers play an important role in connection with arrays, where they allow much faster
access to individual array elements (as compared to conventional constructions):

int a;

int *p;

int array[100];

p = &array[0];

a=*p;
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+p;

Pointers can be incremented or decremented to access specific elements of an array;
however, C does not check whether the calculated index isinside the array limits.

With functions, pointers can be used as equivalent to acaling by reference. Only values
can be passed to afunction, not variables themselves, but it is possible to change the value
of an external variable instead the pointer to that variable is passed as argument. For
example, the call

dermo(&x, &y)

sends pointersto x and y to the function as follows:

dermo(a, b)

int *a, *b;

{
}

Pointers are a so involved when strings of variable length are used with a single variable:
stringfunction(a)
char *a;

{
}

Pointers to strings of any length can now be passed to this function.

To visualize the pointer to an array, there is a second way to define the same function:;
stringfunction(a)
char a[];

{
}

With an array a[ 100] , the following formulations are equivalent:
ais equivalent to &a[0]
at2 is equivalent to &[2]

In pulse sequence programs, pointers are normally only used for low-level programming.

14.9 Input/Output

C programs can write formatted output:
printf("text % nore text \n",a);

Thepri nt f function directsthe output to the standard output device, normally the screen
or the window, from which the program has been called. The text string is enclosed in
double quotes and can include special characters, such as\ n for the newline character and
the formatting strings listed below. For each formatting string (if there are any), an
additional variable is supplied as argument. The formatting strings are defined as follows:

%l decimal number

% unsigned decimal number

% unsigned octal number

U unsigned hexadecimal number
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%e exponential notation

% floating point number

% exponential notation or floating point number, whichever is shorter
% single character

%s string

A number after the percent sign indicates the width of the field into which the number (or
string) is to be printed:

%d decimal number, right-justified in afield n characters wide
% nd decimal number, left-justified in afield n characters wide

An additional number allows specifying the number of digits after the decimal point:

%. 2d decimal number infield, 6 characters wide, 2 digits after decimal point

Special characters can be printed by using the backslash:

\n newline

\t tab

\r carriage return
\ f form feed

\b backspace

" double quote
\\ backslash itself

Input from the default input device (normally the keyboard) can be read by using the
scanf function, for example:
scanf("enter nunber: %", &a);

This would set the number a to a value entered from the keyboard. Unlike the pri nt f
function, scanf requiresapointer to avariable to be supplied as an additional argument.
Remember that because arguments are called by value only, using the variable a instead of
&a inthe above cal to scanf would not allow scanf to change the value of a (and
would, in fact, cause arun-time error in the program). The formatting string defines the
kind of input expected:

% decimal number

% octal number

U hexadecimal number

% short integer number

% single character

% string

% real number

% real number (exponential notation)

Thefunctionf pri nt f isused to write formatted output to afile. Within pul se sequences
fprintf issometimes used to echo text to the VNMR text window:
fprintf(stdout,”textstring\n”);

The sameformatting stringsasfor pri nt f canbeused. Sincepr i nt f alsowrites output
tostdout , f pri ntf canbereplaced by thesimplepri nt f cal inall pulse sequences.
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14.10 Syntax Checking and Compilation

The C compiler iscalled cc. It iscalled by supplying the name of the text (source) file to
be compiled. cc includes the C preprocessor and alinker for linking after a successful
compilation. The source file must have a. ¢ extension to its file name:

cc sanpl e_programc

By default, this produces an executable output file with the name a. out , which already
has its execution permission flags set. Therefore, cc isnormally followed by the command
nmv a.out sanple_program

which changes the default name into something sensible. These two steps can be reduced
to asingle command:
cc -0 sanpl e_program sanpl e_programc

Programs can be optimized using a built-in code optimizer that operates at different levels
(- O<I evel > option), Thelowest optimization level (apart from not using optimization at
al)is1, thehighest level is4; the default level (- Ooption) is2 (seethe UNIX manual page
on cc for more information about compiler optimizations).

Some exampl es of optimization are the following:
cc -O4 -0 sanpl e_program sanpl e_program c
cc -0 -0 sanpl e_program sanpl e_programc

Programsthat usethemat h. h includelibrary need aninstruction for the compiler that tells
it to link in the run-time math library (the math functions are not be compiled at runtime,
but a precompiled module islinked in at the end):

cc -O4 -o sanple_program sanple_programc -Im

Some programs run faster if the - f si ngl e option is specified with the compilation. C
usually converts all valuesin expressions involving floating point numbersinto doubl e,
before starting the calculation. With the - f si ngl e option, the valuesremainf | oat (as
longasnodoubl e isinvolved), which speeds up cal cul ations considerably (at the expense
of limited mathematical precision (larger round-off errors).

If the GNU C compiler isinvoked with the - DLI NT option, it performs extra, extensive
syntax checks:
cc -0 sanpl e_program sanpl e_programc -DLINT

This often produces along but useful list of warnings about possible errors.

For pulse sequence programming, the shell script seqgen is provided with VNMR, which
includes everything from the syntax check and a complete cc to renaming the compiled
program. seqgen can be called from within UNIX (itislocated in/ vnnr / bi n) or via
the VNMR macro seqgen. Both versions accept the sequence name with or without

the . ¢ extension in the argument. If there is output from the syntax check, an appropriate
warning is printed, together with the error messages. Any messages are also stored in afile
sequence_nane. errors.

All sequences from Varian in Palo Alto store the revision number in a static variable
SCCSi d (SCCSisthe UNIX Source Code Control System), which is defined and set on
thefirst lines of each sequence:

#ifndef LINT
static char SCCSid[] = "@#)hetcor.c 3.1 Copr 1988 Varian Assoc.”
#endi f

Because thisvariableisinitialized but never used later on (it just allows finding out the
source revision number from acompiled modul€), the syntax check (I i nt ) would produce
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an unwanted error message. This can be avoided by the preprocessor statementson line 1
and 3.

The syntax check sometimesistoo accurate and giveswarningsfor fully correct programs.
In pulse sequences, this can happen with multiple pri nt f statements that include a
variable number of arguments, for example;

printf("d3 or jxh nust be set!\n");

printf("d3 has been set to %. 3f\n",d3);

The syntax check producesthe message saying that pr i nt f hasbeen used with avariable
number of arguments, which would be amistakewith normal functions. Thiserror message
can easily be suppressed through the C preprocessor, exactly as above:

printf(”d3 or jxh nust be set!\n");

#i fndef LINT

printf(”d3 has been set to %. 3f\n", d3);
#endi f

You should, of course, only apply thistrick when you are sure that the enclosed source code
is correct.

14.11 How Should C Programs Be Formatted?

204

With the exception of preprocessor statements, which always occupy afull line that starts
withanumber sign (#), theformat of C programsiscompl etely free—spaces, new-line, and
tab charactersare all treated the same way. Even spacesare only required between character
tokens, for example:

double f;int i;long ix;

It would sometimes even be possible to write an entire C program on asingle, long line. In
practice, many programmershavetheir own preferencestowardsformatting of C programs,
to an extent that often makes it difficult for other people to read a program.

Especially for beginnersit is strongly recommended to strictly adhere to indentation rules,
such as always keeping corresponding braces at the same indentation level. The amount of
indentation is debatable: one character is certainly not enough, but for very short C
programs like a pul se sequence (20 to 100 lines) two spaces per indentation should be
adequate. For long programs, some people recommend 8 spaces per indentation for
optimum readability; however, this conflicts with the fact that most terminals, windows,
and printers are till 80 characters wide (an old convention), and complex programs with
such aindentation would often lead to very long lines. Therefore, an indentation level of 4
should be an acceptable compromise.
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Sections in this chapter:
e 15.1"C Shell Scripts,” this page
e 15.2"Bourne Shell Scripts,” page 212
e 15.3“How to Write Shell Scripts,” page 218

Shell scripts are text files containing UNIX commands, mostly interspersed with
programming tools (branching, loops etc.), and comment lines. They actually serve as new
commands and are executed like commands, by calling them by their name. Solaris 2.x,
SunOS 4.x, and most other UNIX implementations have two built-in command
interpreters; therefore, two different kinds of scripts exist: Bourne shell scriptsand C shell
scripts. Each script is covered in this chapter:

15.1 C Shell Scripts

The C shell isthe best selection for interactivework (like standard UNIX command entry).
It is therefore the default interactive shell. But it isless suitable for elaborate shell script.
The programming control structures (e.g., case statements) are rather complex, and C
shell scripts use more resources and run slower than Bourne shell scripts. For people who
know C, however, C shell scripting is probably the easiest to learn, because its syntax is
very much like the C programming language (hence its name). For help, enter man csh or
refer to Sun documentation or any book on BSD 4.2 UNIX.

C Shell Selection, Comments

Irrespective of the calling shell, both command interpreters (Bourne and C shells) are
always available (on 4.2BSD UNIX). Therefore, at the beginning of the shell script a
selection must be made. Thefirst linein aC shell script must begin with anumber, or hash,
(#) sign. Also comment lines must start with a number sign.

The most convenient way to write C shell scriptsisto start with comment lines (or a
descriptivetitle). Thisisagood practice and it selects the C shell at the sametime. A safer
way of defining C shell scriptsisto include the following comment linein front of thefirst
command (somewhere in the starting comment, ideally on the first line):

#!'/ bi n/ csh

Thiscallsthe C shell command interpreter explicitly. Itispossibleto speed up the execution
with afast call:

#!'/bin/csh -f

Thisversion doesnot run~/ . cshr c beforestarting, which meansthat the standard aliases
are not available. This should be no problem, because shell scripts normally don’t use
command aliases.
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Set-Variables

Any number of new variables can be generated and initialized with thefollowing statement:
set nane=val ue

where nane is any a phanumeric name. The standard convention is that normal variables
arewritten in lowercase and environment variablesin uppercase. The value can be aname
(no quotes necessary), anumeric value, astring, or aword list (or namelist seebelow). Any
reference to that new variable is made by a dollar-sign notation:

$nanme

Example for the use of avariable:
echo $name

A set of standard variables are predefined and globally accessiblein the C shell, for
example:

hi story Length of history, e.g., 32

pr onpt Prompt for input, e.g., * host nane‘ -*who ami*‘ #
term Termind, e.g., vt 100

user User name

A list of all so-called set-variables can be obtained with the command set (no argument).

Environment Variables

Global to both command interpretersis aset of environment variables that are transferred
when the two command interpreters call each other. By convention, these variables have
uppercase names. A listing of all currently defined environment variables can be obtained
with the command set env, for example:

vnnr 1> setenv

HOVE=/ export/ home/ vnnr 1

PATH=. : / usr/ bi n: / export/home/vnnr 1/ bin:/etc:/vnnr/bin:/usr/c
cs/ bin:/vnnr/gnu/bin

LOGNAMVE=vnnT 1

HzZ=100

TERMEsun- cnd

TZ=MET

SHELL=/ bi n/ csh

MAI L=/ var/mai | /vhnr 1

PWD=/ export/ honme/ vnnr 1

USER=vnnr 1

vnnr user =/ export/ home/ vanr 1/ vnnr sys

vnnT syst env/ vnnr

vnnr edi t or =vi

nensi ze=8

vnnr menu=/ vnnr/ gl i de/ vnnr menu

BROWSERDI R=/ export/home/vnnmr1/ib_initdir

OPENW NHOVE=/ usr/ openw n

LD LI BRARY_PATH=/ usr/openwin/lib

XFI LESEARCHPATH=/ expor t / hone/ vnnr 1/ %I/ YN¥S: / vnnt /| %6 VNS
GNUDI R=/ vnnt/ gnhu
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GCC_EXEC PREFI X=/vnnr/gnu/lib/gcc-1ib/sparc-sun-solaris2.3/2
. 6.3/
gr aphi cs=sun

Environment variables can be changed with the same command set env:
setenv nane val ue

For example:
setenv TERM sun-cnd

Arithmetics with Variables

Simple integer math is possible within the C shell. Arithmetic lines must start with an at
symbol (@), followed by a space:

@count =0 Assign 0 to the variable count
@count = $num + 3

@count = $num - 3

@count = $num* 3

@count = $num/ 3

@count = $num % 3 Modulo function

@count += 2 count = count + 2

@count -= 2 count = count - 2

@count *= 3 count = count * 3

@count /=3 count = count / 3 (truncation of result)
@ count ++ count = count + 1

@ count - - count = count - 1

The operators +, - , *, / , and %can aso be combined to form complex mathematical
expressions. Multiplication, division, and modulo operators are executed before addition
and subtraction. Parentheses can be used to change the precedence.

A number of bit operators (right-shift, left-shift, complement, logical negation, bitwise
exclusive and inclusive OR, and bitwise AND) are also available (see C manuals).

Flow Control

A number of C-like flow controls have been built into the C shell to allow for conditional
execution and both conditional and unconditional looping. Conditional execution and
looping need alogical function that is either true (numeric value 1) or false (numeric value
0). Thisiseither at est function (e.g. for the existence of afile) or alogical expression.

t est Function

Thet est function workslike a UNIX command with options and an argument. It can be
written in two forms, which are basically equivalent:

test -f filenane

( -f filenane )
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For reasons of consistency with C, the second formisusually preferred. The example above
tests whether thefilef i | enane exists and is not a directory. The following options are

possible:
r Read access
w Write access
X Executable
e Existence
o] Ownership
z Zero length
f Plain file, not directory
d Directory

Numeric comparison operators are also available;

== Equal to

I = Not equa to

> Greater than

>= Greater than or equal to
< Lessthan

<= Lessthan or equal to

For example:
( $num == 3)

Also, string comparison is possible (do not put the pattern in quotation marks):
== Equal to
I = Not equa to

=~ Matches (with wildcard characters)
I~ Does not match (with wildcard characters)

For example:

( $str == xyz ) Trueif $str isxyz

( $str =~ [abc]* ) Trueif $st r startswitha, b, or ¢
( $str '~ *.¢c) Faseif $str endswith. c

These logical functions can be combined with logical operators:

&& Logica AND
| ] Logical OR
For example:
(( $num==5) && ( -f filenanme ))
The entire expression must be enclosed in parentheses, and again parentheses can be used

to group such functions. The logical AND has precedence over thelogical OR (and is
therefore evaluated first), but for clarity it is recommended to always use parentheses.

Conditional Execution

Conditional execution isaccomplished withthei f statement:
if ( <logical _function>) then

<conmands>
el se
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<conmmands>
endi f

Of course, the el se branch can beleft out if it is not required. Thet hen must be on the
sameline asthei f, and both the el se and theendi f should be on separate lines.
Multiplei f statements can aso be linked, but in this case thereisonly oneendi f :
if ( <logical_function>) then
<conmands>
else if ( <logical _function>) then
<conmands>
el se
<conmands>
endi f

Conditional Looping

Conditional looping is accomplished with the whi | e construct:
while ( <logical_function>)

<conmands>
end

Endless |oops can be constructed as follows:
while (1)

<conmands>
end

Because true has the numeric value 1, thiswhi | e loop executes forever, unlessthereisa
br eak statement insidetheloop (see below), or until an external termination (abort) signal
isgiven.

Unconditional Looping

Unconditional looping is used to work through a number of itemsin alist, using alist
variable, for example:
foreach suffix(a b c)
date > tine. $suffix
sleep 3
end

Thisgeneratesthefilesti me. a,ti me. b,andti me. c. Theitemsin thelist can also be
numbers (rather “number names’). suf f i x isalist variable as it would be set with the
following statement:

set suffix=(a b c)

Theindividua elements of such alist variable can be accessed as follows:
$suf fix[ 2]

The numbering starts at 1. The number of list elements (which is 3 in the above example)
isaccessible as
S#suf fix

A br eak statement allows jumping to the next command after the end from within a
whi | e or af or each loop:
while ( <logical _function>)
<conmands>
if ( <logical_function>) break
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<conmands>
end
<nor e_conmands>

Note that thereisno endi f after the br eak command.

case Construction

Multiplei f statements can be avoided with a C-like case construction:
switch (<string variabl e>)
case <val uel>:
<conmmands>
br eaksw
case <val ue2>:
<conmmands>
br eaksw
<nore_cases>
defaul t:
<commands>
br eaksw
<conmands>
endsw

Thedef aul t branch can beleft out if it isnot required, and also thelast br eakswisnot
necessary, but agood practice, because then it isn’t left out when afurther case isadded).

The program flow is the same asin C. Whenever the interpreter finds a match, it executes
the commands up to the next br eakswor endsw.
exit Statement

Theexi t statement can be used to quit the execution of ashell script at any point. Itisa
good practice to return with some status information:

exit O Exit with good status
exit 1 Exit on error (error status)
Arguments

All arguments given to ashell script command are accessible within the script under thelist
variablear gv:

$#ar gv Number of arguments
$ar gv[ 1] First argument

$ar gv[ 2] Second argument

$ar gv[ $#ar gv] Last argument

The command shi ft can be used to |eft-shift all arguments (argument 1 is deleted,
$#ar gv isdecremented by 1). Shift without an argument operateson ar gv; any other list
variable can be given as argument.

The simpler argument syntax using $1, $2, ... and $# from the Bourne shell (see the
section “Arguments,” page 210) has also been made available within the C shell.
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Interactive Input

Instead of setting a variable directly, it can be interactively filled with input from standard
input (the terminal), for example:

echo -n "pl ease enter filenane:
set name = $<

Thisscript regardstheentireinput lineasasingleword and putsit into thevariable nare.
A way around this is the generation of alist variable:

echo -n "please enter filenanes: "

set line = $<

set nanes = ($line)

or, in acomplex script:
echo -n "please enter filenanes:
set line = $<
foreach file ($line)
<conmands>

end

Another way to generate alist variable iswith the get s command, which generatesit in
one step:

echo -n "please enter filenanes:
set nanes = ‘gets'

Here Documents

Commandsthat work with standard input (such assed, awk, gr ep, and ed) can also take
their input from the script itself, using a here document. The syntax is as follows:
command_name << end_narker

lines of data in the here docunent

end- nar ker

The command oftenisfollowed by arguments. The << notation meansthat it takesitsinput
from the here document. The end_mar ker can be any special character that does not
appear in the here document, including +, ?, EOF, ! , and % Hereis an example:

ed filename <<%

g/ stringl/s//string2/g

w

%

This sequence callsthe ed editor onthefilef i | ename and substitutes all occurrences of
stringlbystring2.If sequenceswith adollar sign should not be interpreted as
variablesin the here document, the dollar sign must be escaped with a backslash:

ed filename <<%

g/\$s/s//string/g

w

%

If substitution should be avoided in the whole document, the end-marker can be quoted out.
Thisisthe safer way to avoid substitution:

ed filename <<" %

g/ $s/s//S$tlg

w

%
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Bourne shell scriptshave simpler control structuresfor branching and looping, and they run
faster because they use less system resources. Therefore, most longer shell scripts use the
Bourne shell. For help, enter man sh, check Sun documentation, or ook up the topicin
almost any book on UNIX.

Bourne Selection, Comments

At the beginning of the shell script, a selection must be made, the same as for the C shell.
Thelines before the first command call must not begin with anumber sign (#). A safer way
of defining Bourne shell scriptsistoincludethe following comment linein front of the first
command, somewhere in the starting comment, ideally on the first line:

#!'/ bi n/ sh

This calls the Bourne shell command interpreter explicitly and allows starting the shell
script with comment. Unlike the C shell, there is no fast call for the Bourne shell.

The number sign is used to write comments into the script. Anything after a# sign (up to
the end of the line) is regarded as a comment

Variables

Any number of new name variables can be generated and initialized in asimple way:
name=val ue

where nane is any alphanumeric name. The standard convention is that normal variables
arewritten in lowercase and environment variables in uppercase. The value can only be a
name (no quotes necessary). Any reference to that new variable is made by dollar sign
notation:

$nanme

An example for the use of avariable isthe following:
echo $name

There are no real numeric variables; however, variables can be numeric strings.

Environment Variables

C shell environment variables are also known and recognized within a Bourne shell.
However, thecommandsset andset env don’t exist within the Bourne shell, where such
variables are defined just as normal shell variables:

GNUDI R=$vnnr syst enf gnu

To make such variables known to subshells (thisis what distinguishes environment
variables from normal shell variables), you must export them:
export GNUDI R

InVNMR, such environment variables are used to transfer variables (information) from the
seqgen and psggen Bourne shell scripts to their make tilities.

Arithmetic with Variables

No direct arithmetic operations are supported directly within the Bourne shell, but the
expr command can be used to do calculations with numeric strings. This command puts
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the result of its calculation into standard output. Therefore, to set the value of avariable,
you use command substitution. The following examples should be self-explanatory:

val 3=' expr $val 1l + $val 2 Add numeric (string) values

val 3= expr $vall - $val 2 Subtract numeric (string) variables

val 3= expr $val 1l \* $val 2 Multiply numeric (string) variables (notethat * hasto
be escaped by \ *)

val 3=" expr $vall / $val 2 Divide numeric variables

val 3=" expr $val 1l % $val 2 Take modulo function of anumeric variable

Flow Control

Variousflow controlsare built into the Bourne shell to allow for conditional execution and
both conditional and unconditional looping. Conditional execution and looping need a test
function that is either true (numeric value 1) or false (numeric value 0).

t est Function

Thet est function workslike a UNIX command with options and an argument. It can be
writtenintwo formsthat arebasically equival ent (notethat the brackets must be surrounded
by spaces):

test -f filenane

or
[ -f filenane ]

Each of these examples test whether thefilef i | ename existsand is not adirectory. The
possible options for test are the following:

r Existence and read access

w Existence and write access

f Existence and plain file, not directory
d Existence and directory

s Existence and size greater than zero

Thet est function can also be used to check the size of strings (name variables), for
example:
test -z $nane

This example tests whether the string nane has size zero. The other option is
test -n $nane

This exampl e tests whether the length of the string in the variable name is nonzero.

String comparison is aso possible:

test $namel = $nane2 Check if two strings are equal
test $nanel != $nane2 Check if two strings are not equal
test $nanel Check if astringsis not the null string
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For comparison of partial strings, the commands basenane and awk can be useful (see
UNIX manuals for more details)—for example;

base=' basenane $nane Strips off directory part of file name stored in
variable $nanme
base=' basenane $nane .c’ Strips off directory part of file name stored in
variable $nane and removes suffix . ¢ (if present)
| en=" echo $base | Sets $1 en to length of string $base
awk '{print length}
nanme_end=' echo $base | Sets$nane_end tothelast four charactersof string
awk ' {print $base

substr($0,l ength-3,4)}""

Integer (numeric string) comparison is also available:

test $numl -eq $nunf Equal

test $numl -ne $nunp Not equal

test $numl -gt $nunf Greater than

test $numl -ge $nunk Greater than or equal
test $numl -1t $nunp Less than

test $numl -le $nunp Less than or equal

These functions can be combined with logical operators (for more information about this
feature see UNIX manuals):

-a Logica AND
-0 Logica OR
! Logica negation

Parentheses can be used to group such functions. Thelogical AND has precedence over the
logical OR (andistherefore evaluated first), but for clarity it isrecommended to always use
parentheses. Note that parentheses have a specific meaning for the shell and must be
escaped with a backslash.

For example,
if test $# -ge 3 -a -f $1 -a -d $2 -a -d $3; then ...

tests whether there were at least three arguments, whether the first argument isaplainfile,
and whether arguments 2 and 3 are directories. Only if al four conditions are fulfilled, the
statements after the t hen are executed.

Thet est command can also bewrittenin ashort form. The last example above then reads
asfollows:

if [ $# -ge 3 -a -f $1 -a -d $2 -a -d $3 ] ; then ...
Note: You must have spaces inside the brackets.

Parentheses are not required in the above examples, because only logical ANDs are used.
An example of acombination of OR and AND is the following;:
if [ $# -ge 3 -a \( -f $1 -0 -d $2 -0 -d $3 \) ] ; then ...

If you have any doubts about logical precedences between OR and AND, it is better to
define them explicitly using parentheses!

Conditional Execution

Conditional execution isaccomplished with thei f statement:
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i f <commandsl>

t hen <commuands2>

el se <comrands3>

fi

Of course, theel se branch can beleft outif itisnot required. Notethati f ,t hen, el se,
elif,andfi must beon separate lines (or semicolons must be used to mark the lines). It
would, therefore, be possible to write the above sequence as follows:

i f <commandsl>; then <commands2>; el se <commands3>; fi

Multiplei f statements can also be linked:
i f <commandl>

t hen <conmands2>

elif <command3>

t hen <conmands4>

el se <conmmands5>

fi

Note that in this case thereis only onef i .

Thereis aso ashorthand version for thei f statement: & works like alogical AND, and
| | isalogical OR that can be used to link commands:
<conmandl> && <comand2>

means that conmand2 is executed only if conmandl1 does not fail. Thisisthe same as:
i f <commandl>

t hen <command2>

fi

For example,
[ -f <filel>] && [ -f <file2>]

On the other hand,
<comandl> || <conmand2>

means the conmand?2 isonly executed when cormand1 fails.

Looping

Conditional looping is accomplished with the whi | e construct:
whi |l e <conmands1>

do <commands2>

done

Note again that whi | e, do, and done are on separate lines.

Unconditional looping is used to work through a number of itemsin alist, for example:
for <name> in <val uel> <val ue2> <val ue3>

do <commands>

done

A f or loop can also be used to scan through the argument variables, see below.
case Construction

Multiplei f statements can be avoided with acase construction:
case <variable> in
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<patternl>) <conmmandsl> ;
<pattern2>) <commands2> ;
<pattern3>) <comands3> ;
< ... >
*) <conmands4> ;;

esac

The patterns can al so contain wildcard characters. Only the commandsfrom thefirst match
to the next double-semicolon (; ; ) are executed. Becausethewildcard* matchesall values,
it takes the default cases, and the command therein is only be executed if no other match
was found. Multiple patterns can be combined, for example;
case <variable> in

<patternl>|<pattern2>) <conmandsl> ;;

*) <conmands2> ;;
esac

Special character in apattern—such asaquestion mark or parentheses—have to be escaped
with the backslash (\ ).

Theexi t statement can be used to quit the execution of ashell script at any point. | tisa
good practice to return some status information;

exit O Exit with good status
exit 1 Exit on error (error status)

Anexi t with no argument exits with the status of the last command beforethe exi t .

Arguments

The command name, the process-ID, and arguments given to a shell script command are
accessible within the script:

$$ process-ID of the current shell script

$# Number of arguments

$0 name under which the script was called (complete path)
$1 First argument

$2 Second argument

The same as C shells, the command shi f t can be used to left-shift all arguments
(argument 1 is deleted, the number of arguments, $#, is decremented by 1).

The argument variables can be scanned easily with af or loop:
for i

do >$i

done

This script creates an empty filefor each of theinput arguments. Thenotation >f i | ename
createsor clears (if it already exists) atext file. Another example:
for i
do case $i in
-[abc]) <commandsl>;

-*) <comuands2>; ;
*.[oc]) <commands3>;;
*) <comuands4>; ;
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done

In this script:
« comuands1 isexecuted for the options- a, - b,and - ¢
» conmands?2 isexecuted for all other options
« comuands 3 isexecuted for argumentsthat are not optionsand havea. o or . ¢ suffix
e comuands4 isexecuted for the rest of the arguments.

Only inthis case, wherethei n part of thef or construction isleft, can the do stand on the
sameline asthef or :
for i do >$i; done

If the value of avariable should be built into a string, its name must be separated from the
rest of the string, for example:
t np=~/ bi n/data; cat source > ${tnp}l

This puts the output of thecat command into afile~/ bi n/ dat al, whereas
cat source > $tnpl

putsit into avariable $t np1.

If avariable name has not been set, $nane or ${ nane} represents anull string. The
braces also allow you to define default values for the case where avariable is not set.

Interactive Input

Instead of setting avariabledirectly, it can befilled with interactiveinput from the terminal
(actually from standard input, which can also be a pipe). For example:

echo -n "please enter filenanes: "

read nanel nane2 nane3 ...

Thisreadsasinglelinefrom standard input (normally the keyboard). Thewords of theinput
line are assigned to the variables nanel, nane2, nanme3, etc. sequentially. The last
variable takes all the remaining words of the input line. If there are less words than
variables, these variables are be set. Variable defaults can be used to define default input:

${1-'*"} Returns* if $1 isnot defined

${2- $1} Returns $1 if $2 is not defined

${1="*"} Sets$1 to * if $1 isnot defined, then returns $1
${2=%$1} Sets $2 equal to $1 if $2 isnot defined, then returns $2.

Here Documents

The basic syntax of here documents for Bourne shell scriptsis the same as for the C shell
(which was described in “Here Documents,” page 211), except that the way to quote out
the end-marker to avoid substitution in the whole document is accomplished with the
backslash in the Bourne shell:

ed filename <<\ %

g/ $s/s//S$tlg

w

%
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Procedures

Shell scripts can be called within shell scripts (with arguments, of course), but apart from
that, procedures can be defined within a Bourne shell script. The main purpose of using
procedures isto simplify shell scripts by reducing repetitive tasks to procedure calls.
Similar to many programming languages, such procedures must be defined before they can
be called. The following is a simplified example from a Sun installation script:

LOGFI LE=sanpl e. | og

stdin_log() {
read $1 < /dev/tty
eval echo "\$$1" >> $LOGFI LE

}
stdin_log replyl

stdin_log reply2

The main task of this procedure isto capture the keyboard input for alog file (with the

r ead command, the keyboard input isnot part of the standard output and can therefore not
be rerouted into alog file). Note that within the procedure $1 refers to an argument to the
procedure, not to the shell script.

15.3 How to Write Shell Scripts
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Any method for generating atext fileis adequate for creating shell scripts. Scripts should
be placed somewherein the C shell path; otherwise, the script can only be called with afull
(absolute or relative) path. The path isnormally setin. | ogi n (orin. cshrc) and
includes/ bi n,/ usr/ bi n,/ home/ vnnr / bi n, ~/ bi n, and other command
directories. Usually scripts are placed in the personal bi n file~/ bi n, sometimesin the
directory in which they are going to be used (especialy if the shell script includesrelative
pathnames). If a shell script should be made available to al users, it might be placed in

[ usr/ bi n (change the ownershipto r oot ). If only the NMR users should have access,
it can be placed in/ hone/ vnnt / bi n (change to ownershiptovnnr 1).

Unlessascript is generating by duplicating and then modifying an existing shell script, the
new file does not have the execution permission flag set. Enter
chnmod 755 fil ename

to achievethis (read and execution permission for all users, write permission for the owner
only). If only people from the own group should execute the script, enter:
chrnod ug+x fil enane

Still the system will not find this new command (unless the user haslogged out and logged
in again) because the C shell reads the command directories only when it is started up and
does not know about new additions unlessit is notified accordingly. Ther ehash
command forces the C shell to update its internal command reference list. (Thisis not
necessary when working with the Bourne shell.)
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Tcl/Tk (pronounced “tickle tee-kay”) is used more and more in the VNMR environment.
Tcl/Tk is a scripting language and Tcl/Tk tools are special kind of shell script. The scripts
areinterpreted, not compiled, and much simpler than the equivalent C or C++ programsfor
the X Window system environment. This leads to some significant advantages:

 Itisfairly easy to implement elements of a graphical user interfacein Tcl/Tk, which
greatly shortens software development cycles. Debugging is very direct, as no
compilation isinvolved.

» Theuser getsaccessto thefull details of theimplementation. Tcl/Tk even allowsauser
to modify these utilities if desired. A typical example for thisfrom VNMR isthe
ent er program that queues experiments in automation environments. The program,
was explicitly designed to be user-modifiable because the requirements of the various
sample changers were far too divergent to be covered in asingle user interface.

InVNMR 6.1, quite a number of system utilities, including the dg window, are written in
Tcl/Tk. You might want to add your own Tcl/Tk utilities, perhaps for data and system
administration and related tasks. For developing new tilities, you definitely should
purchase abook on Tcl/Tk, but for just modifying existing tools you should not need to.
The section “ Specific UNIX Tools,” page 330, in the annotated bibliography lists Tcl/Tk
books.

In afuture version of thismanual, we plan on giving you an outline of the Tcl/Tk language
features, so that you don’t always need to refer to the language reference manuals when
modifying existing Tcl/Tk scripts. We will aso point out some of the special features of the
version of Tcl/Tk delivered as part of VNMR, in particular, the windowing shell for Vnmr,
vnnr wi sh/ vnnr W sh.
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chapter 17. Networking via Ethernet

Sectionsin this chapter:
e 17.1"Ethernet Configurations,” this page
e 17.2"Basic Ethernet Network Access,” page 225
e 17.3“Network Access and Security,” page 228
e 17.4"Checking the Network,” page 230
e 17.5"Disabling the Ethernet,” page 231

* 17.6 “Remote Login, Remote Shells, Remote Copy,” page 232

e 17.7 “Remote Printing and Plotting,” page 232

e 17.8"Advanced Networking: Connecting to the Internet,” page 233
e 17.9“Mounting File Systems (mount, /etc/dfg/dfstab),” page 234

e 17.10“Automatic Mounting (/etc/vfstab),” page 238
e 17.11 * Automounter,” page 240

 17.12“Using FTP" page 241

e 17.13“NISand NIS+,” page 245

e 17.14 “Heterogeneous Networks,” page 245

e 17.15“Remote Home Directories,” page 246

e 17.16 “Gateway Machines,” page 247

e 17.17 “Diskless Systems,” page 248

Networking is such awidespread topic with UNIX in general, and especially with Sun
computers, that only selected areas are discussed in this chapter. Further details can be

found in the sections covering networking in Sun manuals.

17.1 Ethernet Configurations

In the past, an Ethernet network was constructed from 50-ohm cable, which comesin two

different qualities: thick Ethernet and Thinnet. Recently, a new standard for low-cost
Ethernet connections, twisted-pair Ethernet, has emerged. It provides for Ethernet

communication through cheaper cabling and with more flexibility in the network topol ogy.

Standard Ethernet and Thinnet

The basic Ethernet structure consists of a backbone, alinear coaxia cable with 50-ohm
impedance that must be terminated with 50-ohm resistors at both ends. Branching in the

backbone is strictly forbidden with Ethernet. The maximum length of the backbone

depends on the physical layout of the cable.
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There are two standards for Ethernet cable: the original, expensive thick cable, which can
be extended over 500 m, and the Thinnet or thin Ethernet, whichisbased on normal 50-ohm
BNC cable and can be extended over 180 m. Up to five such cable segments can be linked
together with signal repeaters (as recommended by Sun), which results in the maximum
total length of 2500 m for thick Ethernet or 900 m for Thinnet, in asingle Ethernet network
(often called alocal-area network, or LAN).

Several such networks can be linked together via gateway stations, which are basically
computers with more than one Ethernet interface. Standard Ethernet cable is equipped with
high-quality N-type connectors so that shorter pieces can be linked together. In theory,
Thinnet and standard Ethernet cables can be linked together, but thisis not recommended.

The device that transmits and receives datais called the transceiver (short name for
transmitter-receiver). The transceiver consists of the transceiver hardware and of atap kit
that connects the transceiver (normally a small box) with the backbone cable. Note that
Varian field service does not connect systems into existing networks; thisisthe
responsibility of the user or the network administrator.

Insertion points are marked every 2.5 meters on the standard Ethernet cable. Standard cable
lengths should be used for Thinnet. Be sure to use Thinnet cables, not just any BNC cable.
Three types of tap kitsarein use:

« N-typeinlinetap kit — It has two N-type connectors and can be used as a junction
between two standard Ethernet cable segments (not as arepeater). Thisisthe safest
connection, but the Ethernet has to be broken for connecting thistap kit, resulting in a
temporary communications |oss in the entire Ethernet segment.

» Vampire tap kit — At one of the insertion marks a hole is drilled into the standard
Ethernet cable, which alows connecting a new transceiver without interrupting
communication. Specia tools are needed.

 Thin Ethernet or standard BNC tap kit — Although it has two BNC type connectors,
some thin Ethernet tap kits only have asingle BNC connector. Insuch acase, aT
junction has to be used immediately at the tap kit (no branching is allowed with
Ethernet) and the two segments of the Thinnet must be attached to it. If the tap kit is
located at the end of the network, aT junction is still required with connectionsto the
Ethernet, the tap kit and to a50-ohm resistor. Also here, the backbone hasto be broken
up for the installation, causing an temporary loss of communication in the entire
Ethernet segment, unlessthere are spare (unused) T-junctionsin the Thinnet backbone.

The Ethernet controller is connected to the transceiver via a branch cable, which uses
15-pin connectors and can be up to 50 min length. A computer connected to Ethernet
(computer, controller, transceiver, and tap kit) isalso called Ethernet node. Up to 100 nodes
are allowed per each 500 m standard Ethernet segment.

Most Sun computers are equipped with an Ethernet controller with branch cable connector,
either directly on the CPU board or through a special interface cable., newer models are
equipped with a 10/100BaseT connector, see below.

Connecting to the Network

Oncethe softwareisinstalled and set up to run the Ethernet network, the network hardware
can be connected. You may perform the installation yourself, but if you have purchased a
Point-to-Point Thinnet Network (Varian Part No. 00-992489-00) or an additional Thinnet
Node (Varian Part No. 00-992491-00), a Varian service engineer will perform the
installation, subject to the following limitations:

» The network consists of Thinnet products listed above.
» Theinstallation takes place at the time of the installation of the spectrometer.
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» The computers at both ends of the network were purchased from Varian.

» The cabling can be routed on the floor and does not involve walls or ceilings.

* The connection does not involve connecting to an existing Ethernet network.
Thinnet is a network composed of thin Ethernet coaxial cable (RG/58U). Each end of the
cable connects to a transceiver viaa BNC T-connector, and the transceiver connects to an
Ethernet port on the rear of the computer. A 50-ohm terminator must be placed into any
BNC T-connector port not attached to the transceiver or a cable. The configuration of the
Point-to-Point Thinnet Network is shown in Figure 22. It consists of two transceivers

(called ptransceivers due to their small size), two BNC T-connectors, two 50-ohm
terminators, and alength of thin Ethernet.

Thin Ethernet

50-ohm Terminator / \ 50-ohm Terminator
AN /

I s < I

SN
- e

Transceiver Transceive

| I  E— |

\ Connector to computer /

Figure 22. Point-to-Point Thinnet Network

Because of the nature of thick Ethernet cabling and the connections made to it, Varian
policy isto not install thick Ethernet. Thisincludesinstalling the cables, transceivers, and
checking theinstallation. Theinstrument owner isresponsiblefor correct completion of the
installation of a network using thick Ethernet cabling.

If you decide to perform the installation yoursdlf, the following instructions apply.

1. Follow theinstructionsin the “Normal UNIX Shut Down,” page 68 of this manual
to shut down the system and power down the workstation.

CAUTION: Do not install Ethernet cable with power on. Blown fuses can result.

2. Ifinstalling a Thinnet (thin Ethernet) network, connect atransceiver to the Ethernet
port on each workstation, attach aBNC T-connector to each transceiver, and connect
thin Ethernet cable between the transceivers. Attach a 50-ohm terminator to each
BNC connector without a cable.

If installing thick Ethernet, connect the cable from the workstation to the nearest
Ethernet transceiver (from the InLine Tap Kit, Part No. 00-968492-00). Refer to the
Sun Microsystems Hardware Installation Manual for the procedure. On some Sun
systems, ajumper must be changed.

3. Follow theinstructionsin the section “ Restarting UNIX,” page 69 to turn the power
on to the workstation and reboot the system.
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4. Loginasroot, enter ther oot password (if implemented), and then confirm
network operation running pi ng, whereyou replacethehost name argument with
the name of your host system:

# pi ng hostname
You should get the message below:
hostnane is alive

Details of the remote log in operation and other networking features are available by
entering man r | ogi n or by referring to the Sun Microsystems documentation.

Disconnecting from the Network

If your system is going to be (or has been) removed from the Ethernet network, enter the
set noet her command and reboot the system, asfollows, before running an acquisition.

1. Loginasroot,andenter ther oot password (if implemented).

2. Enter the following commands:
# cd /vnnr/bin
# ./ set noet her
3. Reboot the system:
#init 6
Ther eboot command does a shutdown and a

boot on Solaris. ﬂ
If Ethernet is disconnected and set noet her is

not run, the display in Figure 23 may appear if a
performance meter isrunning on the system. This CPU
display indicates the CPU is busy looking for a
non-existent Ethernet and cannot do acquisitions,
lock, or shim.

Figure 23. Performance Meter
with Nonexistent Ethernet

Twisted-Pair Ethernet

Twisted-pair Ethernet (TPE) usesacompletely different topology All systems connect with
acentral hubin astar-shaped configuration, and several hubs can be connected again, using
twisted pair cabling. Converters allow connecting TPE networks with conventional (BNC
or Thick Ethernet) networks. The cabling is TPE networks is done with either shielded or
unshielded twisted pair cables with RJ-45 connectors (same as used for telephone
connections). In NMR laboratories, shielded cables are strongly recommended. TPE
networks operate at 10 Mbps (megabits per second) for a 10-MHz base modulation rate.

Recently, 100-Mbps fast Ethernet has become available. Fast Ethernet uses the same TPE
cabling standard, but high-quality shielded cables specified for 100 Mbps are highly
recommended.

Most or all fast Ethernet ports support both 10 Mbps (10baseT) and 100 Mbps (100baseT)
communication, even on the same network. The Ethernet hardware automatically adjusts
the transmission speed to that of the current communication partner. The Ultra 1 models
with Creator graphics controller (Ultra1/170E, Ultra 1/200E) and the newer Ultra(Ultra5,
Ultra 10, Ultra 30, Ultra 60)workstations are equipped with afast 10/100baseT Ethernet
port. For earlier workstations, fast Ethernet ports are available through an SBus expansion
board.
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17.2 Basic Ethernet Network Access

After computers have been linked via Ethernet, their communication software needs to be
activated; otherwise, the systems don’t know about Ethernet or other computers. The
Ethernet communication is a complex multilayer process. In this manual, we only look at
those parts of the software that are essential for the user.

The best and safest way to define the network parameters and set up a workstation for
network accessisnot to start manipulating the network definition filesby hand, but to either
start entering the proper networking parameters upon loading Solarisor (if Solarisisloaded
aready) to enter

sys-unconfig

which removes all local information from the networking definition filesin/ et ¢ and
reboots the system. Upon booting, the user isthen prompted for the necessary information,
such as the local host name, the | P address, and netmask (see a'so the manual VNMR and
Solaris Software Installation). Other hosts on the network can then be added using the
Solaris AdminTool. However, for debugging purposesit is often useful to be able to check
the networking information directly in the administration file. Therefore, we provide this
information as if you were modifying these files by hand.

Ethernet Hardware Address

The first thing to consider is that each of the systems must have a unique address for
identification in the network. Each Ethernet device hasahardware address, aPROM-based
sequence of hexadecimal numbers that is unique worldwide (license and distribution by
Xerox). A hardware address might be, for example:

8:.0:20: 1: 6: 4a

The user does not need to know this address on standard systems (it is read out from the
PROM when booting up UNIX), unless the ImNET program is being used.

Numeric IP Address

More important than the hardware address is the I nternet address, which is user-definable.
The software looks up the Internet addressin aninternal library / et ¢/ host s. If the
Ethernet is not activated, thisfile, created by the suni nst al | program, consists of a
single line (apart from comments):

127.0.0.1 unity | ocal host | oghost

Thisdefinesuni t y aslocal host and also as loghost. The number 127. 0. 0. 1 isthe
default Internet address for systems without active Ethernet. It definesuni t y as host
number 1 (0.0.1) on network number 127

The Internet address consists of two parts: the host number and the network number. The
address has atotal |ength of 4 bytes (with avalue of 0to 255 each). In asimple network, to
communicate, all hosts communicate must use the same network number, and each host
must have a unique host number.

Three classes of Internet addresses exist:

» ClassA—Thefirst number between 0 and 127. Thelast 3 bytes define the host address.
This allows defining 128 networks with up to 16,777,214 hosts each (x.0.0.1 —
X.255.255.254).

01-999166-00 C0503 System Administration 225



Chapter 17. Networking via Ethernet

226

e Class B — Thefirst number between 128 and 191. The network and the host address.
are defined by 2 bytes. This gives 16,384 network numbers (128.0 — 191.255) with up
to 65,534 host numbers each (x.x.0.1 — x.x.255.254).

e Class C —Thefirst number between 192 and 255. The network number uses 3 bytes
but only 1 byte as the host number, resulting in 4,194,304 different network numbers
(192.0.0 — 255.255.255) with up to 254 host numbers each (X.x.X.1 — X.X.X.254).

Do not use host numbers that have either all bits set or all bits unset (0x00 and Oxff, or O
and 255 for aclass C address), because either one of the two (depending on the network
protocol) isreserved as the broadcast address, through which all hosts on anetwork can be
reached.

For apurely local stand-alone network, the choice of the network class and network number
isarbitrary. Most people choose to stay with Sun’s default class C network number
(192.9.200). The choice of host number is completely up to the local network manager
(within the restriction mentioned above).

For alinked (internetworked) network (through gateways or through attachment to the
Internet network), the network number cannot be freely selected. It must be ensured that
the same network number is used on all systems that should be reached directly (without
going through a gateway system). If you are hooking up to an existing network, you are
given both the host and the network numbers from the network administrator. If youintend
to hook a new network onto existing other networks, you have to talk to the networking
facilitiesmanager to obtain anew network number or you should obtain an officia network
number from your Internet service provider (ISP).

On newer spectrometers (Y“NTYINOVA, MERCURY-Series, and GEMINI 2000) the acquisition
computer is connected to the host through Ethernet. On this network, network address 10
isused, aclass address officialy reserved for interna networks. Therefore, do not select
this network address on your local network. The term “internal network” implies that this
network will never be visible to the public (e.g., thereis no Internet packet routing to the
acquisition computer). If you have alocal network with the network address 10, you can
certainly expect problemswhen connecting to Internet, becauseyou are not using anetwork
address that is officially assigned to your site.

Netmasks, /etc/netmasks

Larger institutions often posses a class B network number for the entire facility, because
there may be far more than 255 hosts. For security, however, it may be undesirable to let
everybody talk to everybody €l se throughout the institution. Also, distributing the network
over several subnets, instead of using a single large backbone, reduces the network load.
For these reasons, the facility manager may decide to divide the facility network into
several subnets that behave like different networks. You may receive a 3-byte class B IP
address, such as 135.24.68. For you, thisis the same as a class C network number, because
byte 3 of the address has been declared part of the network number. The mechanism which
allows doing thisis called a netmask.

The netmask defines which bits within an Internet address define the network number, in
cases where a higher class network (typicaly class B) should be split into a series of
subnetworks. The default netmask is 255.0.0.0 for class A networks, 255.255.0.0 for class
B networks, and 255.255.255.0 for class C networks.

In the example given above, the netmask is probably 255.255.255.0. Thisis the most
common nondefault netmask, although in theory any number of bitsin the host part of an
Internet address can be declared part of the network number. For example, a small
institution with a class C network could create four subnets (up to 62 hosts each) using a
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netmask of 255.255.255.192. A network number and the associated netmask are defined in
afile/ et c/ net masks (on systems without subnetting thisfile can be left untouched).
For example, in thisnet masks file,

135.24.6.0  255.255.255.0

the network 135. 24. 6. 0 isassociated with the netmask 255. 255. 255. O:

letc/hosts File

If you are going public with your network (e.g., through public e-mail access), you need to
obtain an IP network address that is unique worldwide. In the United Stated, contact a
Internet service provider (ISP). For Europe this authority has been delegated to the national
branches of EUnet (the European Internet). You need a good justification (over 255 hosts
within 5 years) for aclass B network number. Class A addresses are not available for those
who don’t have one already. It is easier to obtain aclass C address.

What doesthe/ et c/ host s filelook like on a system within a network? Hereis an

example:

192.9.200.1 i nova500 | oghost
192.9. 200. 2 uni t y400

192. 9. 200. 3 i nova300
192.9.200. 4 sun

127.0.0.1 | ocal host

Thelist is generally self-explanatory. The address 192. 9. 200 isthe default (class C)
network address given by the suni nst al | program. When loading UNIX, this number
can be modified. The host number is set on the Workstation page, and the network number
on the Defaults page. The suni nst al | program creates a correct file/ et ¢/ host s.
Other systems, however, have to be added by editing/ et ¢/ host s (be sureto make a
backup copy of the original file before starting to edit it). Remember, do not use the host
numbers 0 and 255 for any of the four fields.

Several separated networks (or subnets), even several network classes, can coexist on the
same cabl e segment. Only gateway machines with two Ethernet controllers can accesstwo
networks (or more, with more controllers) simultaneously. They also have one host address
and one host name per network. The gateway machineisthe only possibility for hosts on

different networks to talk to each other.

On UNITYINOVA spectrometer hosts, / et ¢/ host s also contains standardized entries for
the communication with the acquisition console. The network 1P address for thisis 10,
whichisaclass A address reserved for internal networks (i.e., networks that are not
intended for communication with the rest of the world). These spectrometer entries are

10.0.0.1 wor mhol e
10.0.0.2 i nova
10.0.0.4 i novaaut o

In this example, wor mhol e isthe name of the spectrometer host (on the acquisition
network only), i nova isthe host name for the acquisition CPU, andi novaaut o isthe
host name for the Magnet and Sample Regulation (M SR) board. This makesit obviouswhy
i nova must not be chosen as hostname on spectrometer hosts.

L For Germany, the e-mail address is hostmaster @deins.| nformatik.Uni-Dortmund.de; for
Switzerland, it is hostmaster @eunet.ch.
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On MERCURY-Series and GEMINI 2000 spectrometers, there are two entries for the
acquisitionin/ et ¢/ host s

10.0.0.1 wor mhol e
10.0.0.21 gencton

letc/hostname.*, /etc/nodename Files

Apart from/ et ¢/ host s, thelocal host name must also be storedin/ et ¢/ nodenane
(thisfile contains just the local host name, nothing else). The UNIX start-up scriptsin

/ etc/rc. dcheckforafilenamed/ et c/ host name. *. On astand-alone system, this
fileisnamed/ et ¢/ host nane. xx0 or/ et ¢/ host nane. | 00 and containsthelocal
host name (same as/ et ¢/ nodenan®). If one of these two filesis found, the Ethernet
hardware is not activated at bootup time.

On networked systems, thereisonefile/ et ¢/ host nane. * per network interface (two
or more on gateway machines), and it contains the local host name for the corresponding
network. The file name extension is the name of the network:

host nane. | e0 Standard Ethernet, first (standard) port

host nane. | el Standard Ethernet, second port (typically on an SBus card)
host nane. nte0 10/100baseT Ethernet, first (standard) port

host nane. ntel 10/100baseT Ethernet, second port

Thel e in the above port names stands for Lance Ethernet, named after the manufacturer
of the Ethernet interface chip. On some older systems, different (Intel) Ethernet hardware
was used, and the corresponding port namesthen werei €0, i el, etc.

17.3 Network Access and Security
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On a stand-al one system, the password mechanism provides areasonable level of security
(in connection with the file permissions). In a network, system security becomes more
complex:

« Itisundesirable to always have to type the password when working across a network
(especially in your own account on a remote system).

» Certainremote commands(r sh andr cp, see* Remote L ogin, Remote Shells, Remote
Copy,” page 232) do not work if a password has to be specified.

Global Access Control, /etc/hosts.equiv

The most important file for access control is/ et ¢/ host s. equi v. For the above
example, apossible host s. equi v file would be the lines:

i nova500

uni ty400

i nova300

sun

Thisfileisalist of trusted hosts, the host names of systems allowed to have direct access,
suchasviar | ogi n orr sh, on that system. If auser (the name, not the ID counts) is
defined on both systems and does a remote login into the account with the same name, no
password is checked if the remote system islisted in/ et ¢/ host s. equi v. Remote
shells (r sh) and remote copying (r cp) are only possibleif the user or the host is trusted
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through host s. equi v. Notethat host s. equi v isonly valid for users other than
r oot (forroot,thefile/ . rhosts providesthe same functionality, see below).

In the example above of host s. equi v, every host nameison asingleline. The above
form would give any user from the listed hosts remote access (the local host name doesn’t
need to belisted, but including it simplifiesthe administration because the samefile can be
used throughout a network). If the file consists of asingle plus (+) sign (the default after
loading SunOS), every host istrusted. Host names that are preceded by aminus sign (- )
are explicitly not trusted (users from such a host would have to use passwords when
executing aremote login, and remote shells or remote copying is not allowed).

If only the host nameislistedinhost s. equi v, every user from that host isatrusted user.
Itisalso possible to specifically exclude certain users from a given host from ther sh and
r cp commands (for remote logins, these users always have to use a password):

i nova500 -vnnmr2 -vnnr3

We can also deny access to the local system to a specific user from any host:
+ -vnnr2 -vnnr3

On the other hand, it is aso possible to further open up the access for a remote user:
i nova500 vnnrl

Thisallowsvnnr 1 fromi nova500 to do aremote login into any local account (except
for r oot ) without having to supply a password. Remote shells are also possible using any
account except r oot . For r cp, the remote user name determines the local write
permission. It is obvious that this feature should be used very restrictively (if at all);
otherwise, the system security could be severely affected. The same access can also be
granted to a specific user from any host:

+ vnnrl

We could even open up this facility to every user from aremote host (again, except for
r oot ), but thisis certainly most undesirable from a security point of view:
i nova500 +

Individual Access Control, ~/.rhosts

Any user can specify additional hosts and users that are allowed (or denied) logging into
the user’s account without being asked for a password, overriding or complementing the
datain/ et c/ host s. equi v. Thisisachieved with afile. r host s inthe user’'shome
directory (~/ . r host s). Thefunctionality and the structure of thisfile areidentical to the
file/ et c/ host s. equi v, except that if users are specified behind ahost name, accessis
only granted to the local account, not into any account, aswith/ et ¢/ host s. equi v. It
isadvisableto only specify usersin~/ . r host s (of course, it isacceptableto deny access
for specific usersthrough / et ¢/ host s. equi v).

For security reasons, r oot isaspecia case. For r oot , only thefile/ . r host s is
checked, not/ et ¢/ host s. equi v. While opening up the accessto normal users, r oot
can stay restrictive in the access into its own account. It is crucial for the network security
that/ . rhost s isset upin avery restrictive way.

It isobviousthat thefiles/ et ¢/ host s. equi v and ~/ . r host s are sensitive points
with respect to security, especially on larger networks. It is therefore recommended to
carefully check entriesin/ et ¢/ host s. equi v. Even more important than

host s. equi v and . r host s isthe password protection, of course. Even the most
restrictive use of the files mentioned aboveisworth nothingif r oot (or any other account)
does not have a password on a single machine in the network. It is strongly recommended
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that the network administrator periodically check all accounts for the presence of a
password.

A good password is not aword, an abbreviation, or acombination of charactersthat can be
found in any book, newspaper, or dictionary. Users should be strongly discouraged from
using a birthday, a name of afriend, or a pet as password, or character sequences that can
be easily decoded when they are typed in. We recommend using a combination of

al phabetic and numeric characters, some uppercase and some |owercase. Passwords should
be at least six characters long (better eight, which is the maximum number of significant
charactersin a password). Furthermore, urge users not to write down their password and to
change their password periodicaly, like once a month.

17.4 Checking the Network

230

Once the Ethernet is turned on (see above), the kernel starts looking for the Ethernet
hardware, even if thereis no communication going on. This provides some basic and
continuous system diagnostics.

+ Should the branch cable not be connected (transceiver cannot be reached), the
following error message appears in the console window:
ie0: no carrier
or
| e0: No carrier - transceiver cable problenf
Such messages show up every minute or so, or more often if any attempt to
communicate via Ethernet is made. This can also indicate that the branch cableisjust
loose. Unfortunately, the mechanism that fixes abranch cableto the connector does not
quite meet the standards of the other Sun or Ethernet hardware. Be careful not to move
the cable onceit isinstalled.

» The following message means that the Ethernet hardware has not been activated (no
file/ et c/ host nane. | e0)
network i s unreachabl e

» The following messages indicate that the Ethernet transceiver is not hooked up to the
backbone cable or that the backbone is not terminated correctly.
Et her net janmed
or
Et hernet cabl e problem

The next step isto check Ethernet with real communication programs. Thefirst questionis
whether the other host up and running, and is its software (also thelocal files) for Ethernet
set up correctly?

Thefirst test is use the pi ng command to seeif the two CPUs recognize each other via
Ethernet. The usage of pi ng and the reply, if successful, for aremote host named
ot her host:

pi ng ot her host
ot herhost is alive

In case of problems, the response would be as follows (after several seconds):
pi ng ot her host
no answer from ot herhost

The next higher level of testing is use the spr ay command to transmit data and to check
how successfully and efficiently the data transfer works. Ethernet sends datain packets. If
two devices transmit data at the same time, thisresultsin a collision, and the packets will
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be dropped and transmitted again, which will affect thetransfer rate, of course. Entering the
spr ay command with aremote host name might give the following response:
spray ot herhost
sendi ng 1162 packets of Inth 86 to otherhost
no packets dropped by ot herhost
219 packets/sec, 18855 bytes/sec

The number of packets and their length can be varied. The maximum length of a packet is
1514 bytes:
spray otherhost -c 1000 -I 1514
sendi ng 1000 packets of Inth 1514 to ot herhost
72 packets (7.200% dropped by ot herhost
133 packets/sec, 202448 bytes/sec

Larger packets obviously make the communication much more efficient. In practice,
however, the standard test (spr ay with only the host name as argument) is much more
critical as check on collisions and other communication problems. spr ay can serveasa
test for the maximum practically achievable transfer rate at a given packet size.

If pi ng and spr ay are working, this proves that the Ethernet connection is functioning
properly, that both hosts are up, their Ethernet enabled (/ et ¢/ host namne. | e0), and that
thefile/ et ¢/ host s isset up correctly.

A final level in thetest procedureis to check programs with remote operations. This
requires/ et ¢/ host s. equi v to be set up correctly. These commandsarer | ogi n
(remote login), r sh (remote shell) and, and r cp (remote copy). Each is described in
“Remote Login, Remote Shells, Remote Copy,” page 232.

The commandsr | ogi n and r sh do not ask for a password, aslong asahost islisted in
/ et c/ host s. equi v onthe remote system and as long as the user name is known on
both systems. Usersfrom hoststhat arenot listedin/ et ¢/ host s. equi v need to supply
a password.

The command r cp only works if no password is requested and if write permission exists
in the target directory. If r sh works without problems and without password, r ¢ p should
also work without problems. If vnnr 1 has a home directory on both systems, it should be
possible for vnnr 1 to copy between the two home directories and to or from any of the

/ vnnr directories.r oot may have aproblem copying into aremote directory. Itsuser-1D
on the remote host is reset to —2 (65534), which is equivalent to “nobody,” and therefore

r oot can only writeinto remote directorieswith global write access. Ingeneral, it isbetter
to use remote copy to copy filesinto thelocal account (if necessary, do aremoteloginfirst).

17.5 Disabling the Ethernet

Just unplugging the Ethernet or the branch cable results in messages that show up
periodically in the console window. If any attempts to communicate are made, these error
messages accumulate dramatically, which isthe least of all possible troubles. In some
situations, the computer can be locked up due to continuous attempts to do something over
the network. When operating in a nonwindow environment, the error messages actually
pop up in the middle of the current command line. When using afull-screen editor likevi
it disrupts the screen.

Therefore, it is strongly recommended that Ethernet is properly disabled. Thisis achieved
by renaming thefile/ et ¢/ host nane. | e0 (or/ et ¢/ host nanme. nte0 on some
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systems) into/ et ¢/ host nanme. xx0. After that, the system must be rebooted
completely; otherwise, the Ethernet controller will not be deactivated.

In theory, you could directly deactivate the Ethernet hardware with a command such as
/letclifconfig | ed down, but because rebooting also switches off any daemon that
could try to use Ethernet, renaming thefile is safer. Consider active disabling only for
emergencies such asif the system is flooded with Ethernet hardware error messages.

The next step isto make sure no part of the software tries to use Ethernet. This mostly
concerns mounting (see below) and NIS (see“NISand NIS+,” page 245), where additional
steps are necessary to shut down these activities. Of course, the same precautions are
necessary for other systems trying to access your disk via Ethernet.

17.6 Remote Login, Remote Shells, Remote Copy

This section describes the commandsr | ogi n, r sh, andr cp that are used for remote
login, to execute acommand on a remote host, and to make a copy remotely.

Ther | ogi n command handles remote login on a remote host, for example:

rl ogin rhost Remote login on host r host under same
user nane

rlogin rhost -l usernane Remote login on host r host under new
user nane

Ther sh command allows executing commands on aremote host, for example;

rsh rhost command Execute command on remote host r host
under the same user-ID

rsh rhost -1 usernane conmand Execute conmrand on remote host rhost under
anew user nane

rsh rhost Sameasr | ogi nrhost

Ther cp command makes a remote copy. Do not use it for local copying. For example:

rcp source target Remote copy, wheresour ce or t ar get (or
both) have form r host : pat hname

rcp -r source target Recursive remote copy, where sour ce and
t ar get must be adirectories

Each command requires a correct setup of / et ¢/ host s. equi v or ~/ . r host s (or
both) on both systemsinvolved.

17.7 Remote Printing and Plotting
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Remote printing and plotting are as easy to set up aslocal output. The manua VNMR and
Solaris Software Installation contains information. Just ensure that the printer and plotter
definitions are consistent throughout the network. Even cross-platform printing and
plotting should be fully functional, with few exceptions (we have seen occasiona
compatibility problemswhen remotely printing or plotting between SunOS 4.x and Solaris
2.X systems).
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17.8 Advanced Networking: Connecting to the Internet

To connect to other networks, a number of additional steps must be undertaken. Besides
telling the system in which fully qualified Internet domain it resides, we must establish
mechanisms for the system to access | P addresses on other networks through a gateway
computer (IP routing), and then we want to enable a mechanism for the system to convert
fully qualified Internet Host names into numeric | P addresses (Domain Name Services,
DNS).

Defining the Default Gateway (/etc/defaultrouter)

Your network administrator providesinformation on the Internet router to use. You should
storethe numeric I P address (such as192.72.123.2) of the router (rather than the host name,
even if therouter isdefinedin/ et ¢/ host s) inthefile / et ¢/ def aul trout er.
When booting up next time, the system automatically accesses the router whenever you try
communicating with an |P address that is not on the local network. You can aso directly
activate this I P routing using the command

route -f add default ‘cat /etc/defaultrouter® 1

Activating DNS (/etc/resolv.conf, /etc/nsswitch.conf)

With the above steps, you can now communi cate with any system on Internet, provided you
know its numeric I P address. Any host for which you know the | P address can be listed in
/ et ¢/ host s, and then it can be accessed with the host name rather than the numeric IP
address. However, you may not always know the numeric | P address of the system with
which you want to communicate. As numbers are difficult to memorize, people prefer
addressing remote systems by their Internet host name, such as

| al 600. al . nnr. vari an. com

Thereisno global address book for translating such host namesinto | P addresses, but there
are name servers running specialized software that gathers such information from the
Internet. All you need to do for the local host is to tell it which name server to contact for
resolving host namesnot listedin/ et ¢/ host s. The primary step for achieving thisis, to
createafile/ et c/ resol v. conf of theformat

nameserver 132. 190. 185. 172

nameserver 192. 76. 144. 66

domai n ch. vari an. com

Thefilecontains one or more lines starting with nanmeser ver , followed by the |P address
of each name server (ask your system administrator about the name serversto use). These
name servers are typically not on the local network. It is advisable to list the name server
that is easiest to access on the first line, the secondary name server on the second line, and
so on. Specifying multiple name serversis helpful in case one of these systemsis
temporarily down, or if one system has problems resolving an address. The last line
(starting with domai n) definesthe local Internet domain name (same asin

/ et ¢/ def aul t domai n).

This alone doesn't yet activate DNS. Thefile/ et ¢/ nsswi t ch. conf defineswhere
information for the various networking services can be retrieved from. On a stand-alone
system (without NIS), this file (without comment lines) looks as follows:

passwd: files
group: files
host s: files
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net wor ks: files
prot ocol s: files
rpc: files
et hers: files
net nasks: files
boot par ans: files
publi ckey: files
net gr oup: files
aut onount : files
al i ases: files
servi ces: files
sendnai | var s: files

This meansthat for all these categories, the information isto be retrieved from the local
filesin/ et c. All you need to do now isto changethetwo lines startingwith host s: and
net wor ks: to

host s: files dns
net wor ks: files dns

Thistells the system to retrieve host and network information using DNS (as configured
through/ et c/ resol v. conf ). OnsystemsusingNIS, / et ¢/ ni sswi t ch. conf has
adifferent format.

Of course, apart from systems on your own network, you can still only access systems that
are accessible to the public. Some systems, such as most systems at Varian, are hidden
behind a security door, typically firewall software, which allows connections from alocal
system to the outside world, but which blocks off incoming traffic (except perhapsfor afew
selected protocoals, such as simple mail).

17.9 Mounting File Systems (mount, /etc/dfs/dfstab)
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The mounting process allows building afile system or a part of afile treeinto another file
tree. Mounting requires two files—the file system to be mounted (it can be adisk partition
or apartial file system such as/ usr / man) and a mount directory onto which the file
system is mounted. This process hides any previous contents of the mount directory, which
only can be accessed by unmounting the file first. Therefore, mount directories normally
are empty.

Local Mounting

What can mounting be used for? Mounting is already used on every UNIX machine. For
example, / dev/ dsk/ c0t 3d0s5 ismounted onto/ usr, and/ dev/ dsk/ c0t 3d0s6
ismounted onto / expor t / honme./ usr and/ expor t / hone are empty mount
directories. Thesefilesare mounted as ufstype (UNIX file systems). Thistype of mounting
isaways used for a system’s own disks (more exactly, disk slices or file systems). These
disk partitions can also be mounted, explicitly, using the nrount command:

mount -F ufs -o rw /dev/dsk/cOt3d0s6 /export/hone

This would be the full command (it allows for alarge number of options). Thefiletypeis
specified as uf s, the partition is mounted with r w (read/write) permissions. For local
disks, these are the default options, and a simpler command would do as well:
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nmount /dev/dsk/ c0t 3d0s6 /export/hone

If thisfilesystemislistedin/ et c/ vf st ab, which isusually the case (see below), even
nmount /export/hone

or
nmount /dev/ dsk/ cOt 3d0s6

issufficient. Only block devicesfrom/ dev (not raw devicessuchas/ dev/ r dsk/ *) can
be mounted this way.

Thenount command without arguments displays alist of the mounted file systems, for
example:

> nount

/ on /dev/dsk/cOt3d0sO read/wite/setuid on Mon Cct 27 13:27:33 1997
/usr on /dev/dsk/cOt3d0s5 read/ wite/setuid on Mon Oct 27 13:27:33
1997

/proc on /proc read/wite/setuid on Mon Cct 27 13:27:33 1997

/var on /dev/dsk/cOt3d0s3 read/wite/setuid on Mon Cct 27 13:27: 33
1997

[ export/home on /dev/dsk/cOt3d0s6 setuid/read/wite on Mon Cct 27

13:28:27 1997

/opt on /dev/dsk/cOt3d0s4 setuid/read/wite on Mon Cct 27 13:28:27
1997

/di sk on /dev/dsk/cOt2d0s2 setuid/read/wite on Mon Qct 27 13:28: 27
1997

/tnp on swap read/wite on Mon Cct 27 13:28:27 1997

Unmounting a Local File System

The command unount enables the unmounting of mounted file systems, for example:
urmount /dev/ dsk/ cOt 3d0s6

The following simpler version works as well:
urmount /export/ hone

Because al ufs-type mounted file systems are usually essential for stand-al one operation
(and mounting is done automatically at bootup time), theunmount command israrely used
for local file systems. File systemsthat arein use, such asthe/ and/ usr filesystems, can
not be unmounted. A file system isin use as soon as a user or ashell in general hasthe
working directory within it or aslong as a program keeps a file open in that slice.

On desktop SPARCstations, floppieswith UNIX file systems can be mounted the sameway
as hard disk partitions (note that the floppy must be mounted as a partition). Floppy disks
with DOSfile system require special optionsto be used withthemount command (seea so
“Using Floppy Disks,” page 156).

Remote (NFS) Mounting

With Sun computers (and most other UNIX workstations), thenmount command hasavery
important extension: NFS-type mounting of remote file systems. NFS is Sun’s Network
File System, a popul ar mechanism to extend afile system across anetwork. NFS mounting
works very similar to ufs mounting:

mount -F nfs -0 ro unity500:/export/home /hone500

This mountsthe / expor t / hone file system of the host uni t y500 inr o (read-only)
mode onto the local directory / hone500, which must exist before the mount command
canbecaled. Inthiscase, uni t y500 isafile server for thelocal host, whichisthen called
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an NFS client machine. Note that NFS mounting only works if afile system is shared by
the server system, see “NFS Mounting Options, Sharing a File System,” page 236.

There are certain default values. For remote files, NFS-type mounting is default; thus,
nmount uni ty500: / export/ home /hone500

mounts the same file with read-write permission (read-write is the default).

Unmounting a Remote File System

Unmounting works the same way as for ufs-mounted file systems:
unmount uni t y500: / export/ hone

or simply
unount / hone500

Accessing NFS files is more complex than accessing than local disks because NFS must
provide for facilities that can cope with a broken Ethernet, an inactive file server, or a
temporarily broken or overloaded Ethernet.

NFS Mounting Options, Sharing a File System

This leads to a number of new options for NFS type of mounting, including:
* Number of mount retries(retry)
» Whether or not to retry in foreground (f g and bg)
« NFStime-out (t i neo, intenths of a second)
* Number of retransmissions

» Whether to return an error if the server does not respond (sof t ) or to retry until the
server does respond (har d)

» Buffer sizes
The defaultsaref g, r et ry=10000,ti meo=7, r et rans=3, and har d.

Similar to the commandsr | ogi n, r sh, and r cp, NFS can affect the security of aUNIX
system in anetwork. Therefore, the operating system has afacility allowing specification
of the file systems on the server that can be mounted by remote clients. Thisis achieved
withthe/ et ¢/ df s/ df st ab file. Thisisasimpletext filethat lists file systems that are
shared with (and can therefore be mounted by) other systems. / et ¢/ df s/ df st ab
contains one line with a share command per shared file system, e.g.:

share -F nfs -0 ro=unity: nercury /export/hone

share -F nfs /data

Thisallowsthe/ export/ hone and/ dat a file systems to be mounted remotely. By
default, file systems (such as/ dat a in the above example) are shared with read-write
permission (but the standard permission mechanism can still be used to secure individual
filesand directories). Also, by default, an shared file system can be mounted by every host
on your network, not just in your local subdomain. If you want to share afile system with
selected hosts only, you must use the following syntax:

share -F nfs -o ro /usr/share

share -F nfs -0 ro=nercury /export/hone

share -F nfs -0 rw=i 400:i500: mercury, ro=server /data
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Inthiscase, / usr/ shar e is shared with any system, but isread-only; / expor t / hone
can be mounted read-only and by the named host only; and / dat a can be mounted
read/write, but only by the listed hosts plus read-only by a system named ser ver.

Note that optionsto the shar e command (r w, r 0, etc.) must be separated by a comma,
and in options with host name lists, the names must be separated by a colon.

Creatingthefile/ et ¢/ df s/ df st ab doesnot automatically sharethefile systems. If the
fileis newly created, the NFS and mount daemons (nf sd and nount d) are not even
running yet. Rebooting the system is the safest and recommended way to achieve this. If
you have aready shared file systems before and were just adding another entry in

/ et c/ df s/ df st ab, you can share the newly added file systems by entering

shareal |

To see which file systems are currently shared on your system, enter shar e without any
argument (thisinformation isalso foundin/ et ¢/ df s/ shar et ab). This does not
indicate whether the file systems are actually mounted by any remote system. It isalso
possible to unshare selected file systems (if they are not currently mounted by any remote
system) using the unshar e command. For details, seeman unshar e.

If mounting doesn’t work after entering shar eal | (and shar e indicates that the file
systemisreally shared), most likely the NFS daemon or the mount d daemon (or both) are
not running. Check the processtableusing ps - ef toseeif/ usr/ i b/ nf s/ nf sdand
[ usr/1i b/ nfs/mount d arerunning. When you don’t want to reboot the server system
but still want to start sharing file systems, you can start the NFS and mount d daemons (as
r oot , of course) by entering:

lusr/lib/nfs/nfsd -a 16

fusr/1ib/nfs/ mountd

Limitations

Note that mount makesfilesfrom many partitions, disks, and even computerslook like a
singletree structure. For most commands, thisisreally the case. For other commands, such
as nv on directories, do not work between different computers or partitions and always
recognize mount points.

With NFS, the user gets easy accessto files on other machines, too easy in some ways. A
user can move around in foreign directories, execute commands from remote disks, and can
copy those onto the local disks. Thereis no check whatsoever whether compiled software
is compatible with the user’s hardware. Incompatibilities can lead to error messages and
even serious crashes. Unless the server and the client both have the same architecture and
operating system, such as two Sun workstations running Solaris 2.x, you need to be quite
careful when dealing with compiled programs on remote disks.

NFS Mounting and r oot Access

Theuser r oot faces another problem. When working on mounted remote file systems, its
user-1D isautomatically reset to 60001, and its permissions correspond to those of nobody,
which only gives accessto files with permission for others. This prevents inadvertent file
destruction by r oot on remote data systems. On the other hand, it also does not allow

r oot to createfileson remote disks. Acqpr oc isowned by r oot and, therefore, cannot
acquire (write) into experiments located in NFS-mounted file systems. There is a remedy
for this problem, however (giving up on some security features). In/ et ¢/ df s/ df st ab
you can specify hosts from wherer oot keeps root permission on exported and
NFS-mounted file systems:
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share -F nfs -0 root=unity: mercury /data

givesr oot fromuni ty andmer cury root access on the remotely mounted / dat a file
system. Therefore, users are allowed to have their experiments or home directories on that
remote file system and do acquisitions into these experiments, see “Remote Home
Directories,” page 246. Note that multiple hosts are separated by a colon; the commaisthe
separator between multiple arguments.

17.10 Automatic Mounting (/etc/vfstab)

When UNIX is booted up into multiuser mode, thefile systems/ dev/ dsk/ cOt 3d0sO0,
/ dev/ dsk/ c0t 3d0s5, and others are mounted automatically. On a standard system,
thisfeatureis used for al local disk partitions set up by the installation software when
loading Solaris. The information asto what partitions need to be mounted istaken from the
file/ et ¢/ vf st ab, which on a stand-alone system with a single disk may consist of the
following lines:

238

#devi ce devi ce nmount FS fsck nmount nount
#t 0 nount to fsck poi nt type pass at boot options
#

fd - /[dev/fd fd - no -

/ proc - / proc proc - no -

/ dev/ dsk/ cOt 3d0s1 - - swap - no -

/ dev/ dsk/ cOt 3d0s0 / dev/rdsk/ cOt 3d0sO / ufs 1 no -
/ dev/ dsk/ cOt 3d0s5 / dev/rdsk/ cOt 3d0s5 / usr ufs 1 no -
/ dev/ dsk/ cOt 3d0s3 / dev/rdsk/ cOt 3d0s3 /var ufs 1 no -
/ dev/ dsk/ cOt 3d0s6 / dev/rdsk/ cOt 3d0s6 / export/hone ufs 2 yes -
/ dev/ dsk/ cOt 3d0s4 / dev/ rdsk/ cOt 3d0s4 / opt ufs 2 yes -
/ dev/ dsk/ cOt 6d0s0 - /cdrom hsfs - no ro
swap - /tnp tnpfs - yes -

The meaning of the individual entriesis reasonably obvious:
» Deviceto be mounted (ablock device for disk slices)
» Device address used by thef sck command (araw device for disk slices),
* Mount point (mount directory)
* Mount type (uf s for local disk dlices)

 f sck pass number defining the sequence in which disk slices are checked (a hyphen
- meansnof sck onthat file system)

» Flag (yes or no) that defines whether a slice or file system is to be mounted
automatically at boot time

» Options(suchasr o for read only, r wfor read/write, or simply - ) to select the default
mount options for the given mount type).

Thelinestarting with f d refersto afloppy drivethat requires special mounting (see”Using
Floppy Disks,” page 156). Alsothe CD-ROM, / dev/ dsk/ c0t 6d0s0, requiresaspecial
mounting mechanism (hsfs for the High-Sierra File System). File systems that are not
mounted automatically can be mounted manually, using the mount command. Still it
makes sense to have such entries, because then only the name of the mount directory or of
the file system needs to be specified with the nbunt command.

Thefile/ et ¢/ vf st ab can now be extended to al so automatically include NFS mounted
files, for example:
#devi ce

#t o nount

fsck
pass

nount
options

nount
at boot

nount FS
poi nt type

devi ce
to fsck
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#

fd - /dev/fd fd - no -

/ proc - / proc proc - no -

/ dev/ dsk/ cOt 3d0s1 - - swap - no -

/ dev/ dsk/ cOt 3d0sO /dev/rdsk/ cOt 3d0s0 / ufs 1 no -
/ dev/ dsk/ c0t 3d0s5 /dev/ rdsk/ cOt 3d0s5 /usr ufs 1 no -
/ dev/ dsk/ c0t 3d0s3 /dev/ rdsk/ c0t 3d0s3 /var ufs 1 no -
/ dev/ dsk/ cOt 3d0s6 /dev/rdsk/cOt3d0s6 /export/home ufs 2 yes -
/ dev/ dsk/ cOt 3d0s4 / dev/rdsk/ cOt 3d0s4 /opt ufs 2 yes -
/ dev/ dsk/ cOt 6d0s0 - / cdrom hsfs - no ro
swap - /tnp tnpfs - yes
-server:/usr/share/man - /[usr/share/ nan

nfs - yes ro, soft

unity:/data - / dat a fs - yes rw, bg

This also mountsthe/ usr / man directory from aremote host server. The UNIX manual
ismountedr o and sof t , and/ dat a from the same host is mounted as well. Thef sck
pass number is not specified (- ) because NFS mounted file systems are normally not
checked with f sck. The bg option can be used to avoid that the bootup procedure gets
stuck when trying to mount. If afile should temporarily not be mounted, unmount it
manually and set the second-to-last item to no (no automatic mount at boot time).

To see what file systems are currently mounted (ufs and nfs), use mount without
arguments. To mount all file systems specifiedin/ et ¢/ vf st ab, you can use
nount al |

Thenount al I command also tries mounting items such as the floppy disk and CR-ROM
(if thereareentriesin/ et ¢/ vf st ab for these devices). To mount only file systems of a
specific type, use

mountall -F ufs
or
mountall -F nfs

which only mount the ufsor nfstypefilesystemsfrom/ et ¢/ vf st ab. Thisisno problem
if filesfrom/ et c/ f st ab are mounted already. You don’'t need to unmount first because
nount al | makes the necessary additions.

The same options are valid for unount :
urount al |

triesto unmount all mounted file systems. It does not unmount file systems currently in use,
such asif auser currently has his or her working directory in afile system that is mounted.
Only certain mount types can be addressed, which usually makes more sense:

umountal I -F nfs

tries to unmount all NFS mounted files.

Finally, here are some hints and useful applications for rount and unount :

» Beforecalingfsck orfind / (runsfind on al accessible file systems), you don’t
necessarily want to cover NFS-mounted file systems. You could first unmount all NFS
mounted files. Alternatively, you can use the pr une option for NFS-type directories,
for example:
find / -nanme ‘*.fid -print -fstype nfs -prune
Notethat the- f st ype nfs - prune options should be specified last.

* |f Ethernet or afile server is down while booting up, and you have NFS-type entriesin
/ et c/ vf st ab, the system gets stuck while booting up. Press Ctrl-d to stop the
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mount process, and the bootup will continue. Log inasr oot afterwards, and mount
al NFSentriesinvf st ab withnmountal I -F nfs.

Itisbetter to usethesof t option for non-vital file systemslike/ usr/ shar e/ man,
and the bg option for all other file systemsthat are to be mounted automatically. This
allows the bootup process to proceed even in the case of networking problems.

17.11 Automounter

240

The automounter does more than automatic NFS mounting (standard NFS mounting is
already automaticif set upvia/ et ¢/ vf st ab). Theautomounter is mounting on demand.
It works with automount directories, such as/ hone or / net —special directorieswith an
associated automounter map. As automounting only happens as needed (requested), it is
more economical on system and network resources than standard NFS mounting. Also,
automounting has been reported as being more robust and user-friendly in the case of
temporary network problems.

How it Works: An Example

Your system has an automount directory / net (thisis standard with Solaris 2.x), and we
assume that you have aremote host i 500 on your network that is sharing the file systems
/ dat a and/ export/ homne.

> cd /net
> |s
>

This indicates that right now there is no automatic mounting to/ net . Now watch the

following steps:

> cd /net/i500
> |s

dat a export
> | s export
hone

>

Note that the subdirectory i 500 was not there before we changed directory into it. The
point isthat mount pointsinside an automount directory asgenerated asyou need them. The
details of the automounting are fixed in an automounter map in/ et c, see below. In this
case, the definition is that shared directories from remote hosts can be accessed as

/ net/renot ehost / shar ed_di r, whichintheabove examplegivesusthe new paths
/ net/i500/dataand/net/i 500/ export/hone.

Again, thisis a standard Solaris 2.x feature—all that is needed for thisto work is that the
remote system shares a file system first. You can now see why we recommend sharing file
systems with specified hosts only.

If you list the contents of the remote directories, you see thesefiles asif they werelocal. If
your system is not granted access to certain shared file systems (see “NFS Mounting
Options, Sharing a File System,” page 236), you still see the subdirectories (dat a and
expor t / home in the above example), but these directories would appear to be empty.

The automount subdirectories (mount points) are there for aslong as we need them (e.g.,
aslong as we work on filesin thistemporary file system hierarchy or aslong as any user
has his or her current working directory somewhere in the temporary directory structure).
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When these directories and their subfiles are not used or accessed for more than five
minutes (default), the automount daemon (aut orount d) automatically unmounts them.

Automount Maps (/etc/auto_master)

The central definition file for the automount daemonis/ et ¢/ aut o_mast er. The
relevant lines from thisfile are
+aut o_nast er

/ net -host s -nosui d
/ hone aut o_hone
[ xfn -xfn

Thefirst linerefersto an external NIS or NIS+ map and is not discussed further here (if an
NISor NIS+ map named aut 0_mast er exists, itscontents are used in place of the above
first line). The following lines stand for one automount directory each:

* / net automount directory — The - host s option specifies that shared directories
from remote NFS servers are to be mounted as described in the previous section. The
- nosui d option prevents SUID operations (see” Special Permissions,” page 122) and
is an extra security feature.

« / home automount directory — A separate automount map, / et ¢/ aut o_hone, isto
be used.

 / xf n automount directory — A directory used in connection with the “federated
naming system,” It will not be discussed here.

Theautomounter map for/ homre, thefile/ et ¢/ aut o_hone, initsdefault form contains
only one single line for systems with NIS or NIS+:
+aut o_hone

This means that unless we have the corresponding NIS or NI S+ map set up, automounting
in/ hone isnot activated. If we want to use automounted home directoriesin/ horne, we
need to expand / et ¢/ aut o_hone:

+aut o_hone

userl server:/export/home/ userl

user 2 server:/export/home/ user?2

Itisadvisableto have alocal home directory, at least for vnnr 1 (see also “ Remote Home
Directories,” page 246). In the above case (assuming / expor t / hone on the server is
shared), these directories are already accessible by using a path such as

I net/ server/export/hone/ user 1. Thepath/ hone just providesfor asimpler
path than/ net , at the expense of some extra setup work. You must have consistent user
(user- and group-1D) definitions across your network for thisto work properly.

17.12 Using FTP

NFS mounting is certainly the most convenient way of accessing remote files or making
local files accessible to remote systems, especially if such connections are to be set up
permanently. For a certain larger range of hosts, another optionisto enabler cp for
occasionally transferring files between two workstations. However, both these options
require extra administrative overhead and a friendly administrator who sets up the
networking parameters and permissionsto maker cp possible.

Incaseyoucan'tdor cp, you canstill use FTP (filetransport protocol) to transfer your data
to aremote system. For transferring data to and from distant host, and in particular to
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download software and patches from a public FTP site, you have no other choice than to
use FTP.

Using FTP Interactively

FTP can be used several ways; by using the f t p command directly or by using a Web
browser or other graphical user interfaces, such asf t pt ool (public domain software).
Web browsersand f t pt ool offer more comfort and security than using f t p directly. In
particular, they automatically use the proper transfer modes. But as long as you observe
some basic precautions, you can use the smplef t p command, even for multiplefiles.

Here are sometips on using the f t p command:

By default, f t p operatesin ASCII mode. This mode should only be used for ASCI|
files (normal text files, README files, pul se sequence source code, etc.). With binary
files (compiled programs, compressed and tar files, binary data such asFIDs, etc.) you
must use the binary mode; otherwise, thetransferred datamay be corrupted. Enter bi n
to switch to binary mode. Actually, ASCI| files also work with the binary mode, so it
is probably a good idea to use binary mode all the time.

If you don’t want to overwrite an existing file, you can specify with the put and get
commands an optiona target file name instead of the current working directory:

get source_file target_file

put source_file target_file

For transferring multiple files from the same directory, use the rget and nput
commands with multiple file names or wildcard characters (or both), for example,
nget 5. 3BacqSCLi n0o103.* 5. 3BpsgSOLi nol101. *

Withnget andnput , thetarget file nameisalwaysthe same asthe sourcefile name.

Thenget and nput commands ask for a confirmation for every single file that they
are about to transfer. This may be useful if awildcard argument covers files that you
don’'t want to transfer, but mostly it is unwanted and just slows down the transfer,
requiring unnecessary user interaction. You can easily switch off (and on) this
prompting with the pr onpt command. The interactive prompting can also be
suppressed by calling f t p withthe-i option. Thisoption is particularly helpful
when using nget or nput inft p within shell scripts, see“ Calling ftp Within Shell
Scripts,” page 244.

Even without prompting, nget and nput still produce lots of output—reporting
established data connections, transfer rates, file sizes, and so on. When transferring
many small files, thisis sometimes undesirable. With thever bose command you can
toggle FTP between the silent and verbose modes.

Most people don’'t know that f t p also haskdi r,r ndi r, del et e, ndel et e and
r ename commands. All of these operate on the remote system.

With| cd you can change thelocal working directory (the cd command within FTPis
remote). For quickly inspecting local directory listings or for performing any other
local UNIX command without quitting f t p, you can use ashell call viathe
exclamation mark as escape character:

s -1

Moreinformation of f t p isfound in UNIX manuals (use man f t p), or withinf t p by
using the ? command for getting alist of available f t p commands.
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Making FTP More Automatic

With FTPR, you must first log in and specify a password. This can be simplified by creating
afile~/ . net r c that can contain auser name and, optionally, the corresponding password
for an arbitrary number of FTP sites, e.g.:

machi ne www. nnr. vari an. com | ogi n anonynous password

rol f. kyburz@h. vari an. com

machi ne vnnrnews. nnr.varian.com | ogi n usergroup password
vnnt 4web

machi ne codoni csl | ogi n anonynous password 2

The format is the keyword machi ne followed by a host name (either alocal host, afully
qualified Internet address, or a numeric IP address), the keyword | ogi n followed by a
login name (for anonymous FTP, useanonynous aslogin name), and finally the keyword
passwor d followed by the appropriate password (for anonymous FTP sites use your
e-mail address as the password). The passwor d keyword and password is optional.

You can add as many entries as you like. If the file contains passwords, it must have
permission 600; otherwise, f t p refusesto useit:
chmod 600 ~/.netrc

When cdling f t p with ahost name and password specifiedin ~/ . net r ¢, you can
bypass the login procedure and directly start with the FTP transactions, for example:
> ftp -i www nnr.varian.com

Connected to gabri el

220 gabriel FTP server (SunCS 5.6) ready.

331 Cuest login ok, send ident as password.

230 Cuest login ok, access restrictions apply.

ftp> cd pub/patches

250 CWD conmand successful .

ftp> bin

200 Type set to |

ftp> nget 5.3BacqSOLner 103*

200 PORT command successful .

150 Binary data connection for 5.3BacqSCLner 103. Readne
(132.190. 187. 200, 40020)

(1472 bytes).

226 Binary Transfer conplete.

| ocal : 5.3BacqSOLner 103. Readne renpt e:

5. 3BacqSOLner 103. Readne

1472 bytes received in 1 seconds (1.4 Kbytes/s)

200 PORT command successful .

150 Binary data connection for 5.3BacqSOLnmer103.tar.Z
(132.190. 187. 200, 40021)

(167569 bytes).

226 Binary Transfer conplete.

ftp>!ls -1

total 2908

STWr--1-- 1 vnnrl nnt 1472 Jan 9 01: 38
5. 3BacqSOLner 103. Readne

STWr--T-- 1 vnmrl nnr 167569 Jan 9 01: 38
5. 3BacqSOLner 103.tar. Z

ftp> bye
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221 Goodhbye.
>

or in silent mode (using the ver bose command), with less outpuit:
> ftp -i www nnr.varian.com

Connected to gabriel.

220 gabriel FTP server (SunOS 5.6) ready.

331 Guest login ok, send ident as password.
230 Guest login ok, access restrictions apply.
ftp> cd pub/patches

250 CWD conmand successful .

ftp> bin

200 Type set to I.

ftp> verbose

Ver bose node of f.

ftp> nget 5.3BacqSOLner 103* 5. 3BpsgSOLner 101*
5. 3BgenSQOLal | 101*

ftp> bye

>

Calling ftp Within Shell Scripts

With the presenceof a~/ . net r c file, it even becomes possibleto call f t p within ashell
script and without user interaction. An example where this could be used is with printing
on a Codonics dye sublimation printer. These devices are driven by a SPARC engine, and
plots aretypically submitted through FTP. The user nameis arbitrary, but the passwordisa
number that specifies what print options are to be selected (e.g., 2 isatypical value for

printouts in landscape format).

The~/ . net r ¢ file shown above includes an example line for such a printer, named
codoni cs1. Thefollowing shell scripti magepr permitssubmitting aplot to that printer
by specifying the name of thefile to be printed (typically a Sun raster or a PostScript file):

#!/ bi n/ sh

ftp codonicsl << +
bi n

put $1

bye

+

This script (make sureit is executable) can now be called with afile name, for example:

i magepr image.rs

We could also suppressthe f t p output to make this script silent:
#!'/ bi n/ sh

ftp codonicsl > /dev/null << +

bin

put $1

bye

+
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17.13 NIS and NIS+

NIS, the Network Information Service (initially called the“yellow pages’) isadatabasefor
networks that allows for an easy maintenance of system administration files throughout a
network. NIS coversfilessuch as/ et ¢/ passwd, / et ¢/ shadow, / et ¢/ gr oup,

/ et c/ net wor ks, / et ¢/ host s, and many others. The advantage isthat all those files
are centralized and need only to be maintained on a single host, whereas the others fetch
thisinformation via network.

With Solaris 2.x, NISis being replaced by the newer NI S+, which offers enhanced security
by using encryption and other features. NIS+ retains some back-compatibility with NIS.

Within an NIS/NIS+ domain, which or may not may not include all hosts within anetwork,
there are three classes of hosts:

¢ NIS master server
* NISdave servers
* NISclients

The slave servers improve network safety by maintaining a duplicate of the master data
base, the case the master is not operative.

Unfortunately, setting up an NIS+ serviceis arather complex operation and covering that
isfar beyond the scope of this manual. Refer to the Solaris documentation Name Services
Administration Guide and Name Services Configuration Guide for more information.

17.14 Heterogeneous Networks

Ethernet can be used to talk to computers other than Suns, of course. In fact, various
configurations allow communication via Ethernet:

* The other systemisaUNIX system and has NFS. Such an implementation should be
straightforward.

e Theother systemisaUNIX system and does not have NFS, but TCP/IPispresent. The
implementation should still be simple. Commandsliker | ogi n,r sh,andr cp work,
but not NFS mounting of file systems.

* Theother systemisanon-UNIX system, such asaVAX under VMS. Either the other
system requires TCP/IP or you' Il need to have special software on the Sun to talk to
the non-UNIX system. For example, TCP/IP is available for VAX computers but is
expensive. The less expensive DECNET for the Sun achieves similar results but you
have to review appropriate manuals to operate it.

« Other computerswithout standard operating systems—such as Gemini, VXR, and XL
spectrometers—require special software (such as the Varian limNET software in the
case of these systems) for both the remote computer and for the Sun to allow for some
lower-level but still fast file transfers.

« TCP/IP ftp,andtel net arealso available for Apple Macintosh computers, IBM
PCs, and PC compatibles. Therefore, ahigh-level protocol can be used, even with these
systems.
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17.15 Remote Home Directories

246

In anetwork, it is not necessary to have a home directory on each system for each user.
Every user can basically have asingle home directory. How can this be achieved?

Using the Automounter

Setting up remote home directories is relatively easy with the automounter, see

“ Automounter,” page 240. You set up an automount map / et ¢/ aut o_home according
to the following scheme:

vnnr 1 server _nane: /export/ honme/ vnnr 1

vnnr 2 server _nane: / export/ honme/ vnnr 2

provided that on the server system thefile system / expor t / hone is shared, see “NFS
Mounting Options, Sharing aFile System,” page 236. You can then define these userswith
the same user- and group-1D as on the server and with ahome directory in/ hone (rather
than/ expor t / hone), using the Solaris AdminTool.

Inthe case of network problems, however, userswith automounted home directories cannot
even log in. If everything works as it should, a user’'s home directory is mounted
automatically when the user logsin, and it is automatically unmounted five minutes after a
user logs out.

If you prefer a solution with static mounting and with a possible fall-back position in the
case of network problems, see the next section.

Using Standard NFS Mounting

For standard NFS mounting, on each system where that user should have access, the
password and group files (and eventually other filesthat regulate the access to certain files
or systems) must be updated (thisis easy with NIS). Then, an empty home directory is
generated on all systems (/ horre/ user nane). This home directory might contain some
default files (dot files, eventually also asmall vnnr sys for VNMR) that would allow the
user to log in and work, even if the network cannot be reached. The path to that home
directory may be the same on all systems. Thiswould allow fetching all information in the
password file viaNIS (see “NIS and NIS+,” page 245).

Next, on each remote system, the full home directory must be mounted onto that directory.
The mount should be read-write (type NFS, of course) and, therefore, hard mounted. The
corresponding entry in vf st ab would be, for example:

uni ty:/export/home/ evan - /export/hone/evan nfs - yes rw, bg

Once the home directory is mounted with the command nount al | - F nf s or by
rebooting, the contents of the default directory on the local machine are hidden so they can
only be accessed by unmounting the NFS-mounted home directory exported from the
remote host. The home directory on the remote host can be accessed like alocal home
directory./ et c/ df s/ df st ab onthefile server must allow mounting the homedirectory
remotely.

Alternatively, if the whole remote disk or at |east the file containing the home directory is
NFS mounted (it would have to be hard mounted, with read-write access again), asimple
symbolic link can be created instead of a default home directory:

In -s /sun/ hone/evan /export/home/ evan

Thiswould be less safe solution, in that it would not provide for a home directory if the
network is down.
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Notethat if aspectrometer host isinvolved, Acqpr oc must have write accessto the home
directory. There can be problemsiif the disk with the active experiment is not local to the

spectrometer. This can be fixed by exporting the file system with r oot access for remote
systems, see“Mounting File Systems (mount, /etc/dfs/dfstab),” page 234. Without that, the
acquisition process, which isowned by r oot and has only “other” permission on remote
systems (its user-1D is reset to 60001 for “nobody” on the remote host) cannot access the

experiment files unless permissions are opened up dramatically (which is undesirable).

17.16 Gateway Machines

A gateway machineis a CPU that can talk to two different networks, usually on two
Ethernet cables. It links two different networks and allows all users of the linked networks
to talk to each other. This can be repeated on the added-on network and allows creating
large scale networks.

What are the requirements for the gateway machine?

* It requires two Ethernet controllers. On Sun workstations, this means an additional
Ethernet controller board. For installation of the extra board, see Sun manuals.
Obvioudly, systems without a free expansion sot cannot be made a gateway system.

« It has two identities—one network number and one host name per network

Thefile/ et ¢/ host s on agateway containstwo lines for the local CPU, defining two
unique host names for both networks:

192.9.200.1 sun | oghost #(i e0)
192. 9. 201. 33 vnnr - net #(iel)

The same file also contains the network addresses for all additional systems the gateway
should talk to.

To activate the Ethernet hardware (through r c. boot at bootup time), you need an
equivalentto/ et ¢/ host nane. | e0. Thefileisnamed/ et ¢/ host nane. | el for
standard Ethernet interfaces and contains the host name for the other network (vnnt - net
isused in our example).

After these changes, the gateway must be rebooted using boot -r.The/etc/ hosts
file also must be updated on al other systemsto include the newly accessible network
addresses, unless the gateway is also the NIS master server.

Spectrometer Hosts Should Not Act as Gateways!

From a hardware configuration point-of-view, host computers of networked YNTYINOVA,
MERCURY-Series, and GEMINI 2000 spectrometers are also gateway computers, because
they have two Ethernet interfaces. We do not activate any gateway functionality, however,
because the acquisition network is not intended for communication with other networks.
Creating afile/ et ¢/ def aul t r out er ensuresthat no Internet routing or name daemon
(i n. rout edori n. named) is started on a spectrometer host. If any of these daemonsis
running by mistake, the spectrometer host can be severely slowed down. An even safer way
to suppress unwanted routing activitiesisto create afile/ et ¢/ not r out er, by entering:
su

touch /etc/notrouter

01-999166-00 C0503 System Administration 247



Chapter 17. Networking via Ethernet

17.17 Diskless Systems

Solaris permits setting up servers that store all the disk-based information for other Sun
computers on local disks. These other systems then become diskless clients, because they
don’'t have any local disks. The server knows the Ethernet hardware address for these
clients. Upon booting, aclient broadcastsits Ethernet address, and the server respondswith
its own and the client’s IP addresses. The client then downloads the booting software,
followed by the kernel (from its dedicated root partition on the server), and finaly it starts
UNIX, using shared partitions on the server.

Such a setup has some advantages:

« All disk-based information is stored, administered and backed up at acentral location.
Onceit is set up, the system administration is centralized and easier.

» All user software needs to be installed only once.

» Because most of UNIX is stored in shared partitions and all system share the home
directory and data partitions, disk space and disk hardwareis saved. But because disk
spaceis no longer excessively expensive, this argument loses much of its validity.

But there are also disadvantages:
e Theinitial setup is considerably more complex.
* There are performance losses due to network speed limitations.
» With fast networks, the disk might become a performance bottleneck.

» Suchasetup ismorevulnerable. If either the server or the network isdown, the clients
are down aswell.

Because such configurations are now used even more rarely than afew years ago (when
disks were much more expensive relative to the costs of aworkstation), thistopic is not
discussed further in this manual.
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Sections in this chapter:
e 18.1"“X Window System Environment,” this page
e 18.2"X Window System Operation,” page 250
e 18.3“Using a Workstation asan X Server,” page 252
e 18.4"“Using aPersonal Computer asan X Server,” page 254
e 18.5"Customizing the X Environment,” page 258

X Window system VNMR software from Varian existsin several variations, each operates
with adifferent graphical output:

e VnmrX on Sun computers with the Open Look window system.
* Vnmrl on IBM RS/6000 computers with the Motif window system.
« VnmrSGlI on Silicon Graphics computers with the Motif window system.

All VNMR products can send their output to certain graphics terminals either directly
attached to one of the RS-232 ports of the computer or in some way accessible to the
computer over anetwork (serial or Ethernet). The terminals supported for graphicsinclude
the Tektronix models 4105, 4107, 4205, and 4207, and the GraphOn models 235, 240, and
250. Terminal emulation programs that run on Macintosh or IBM PC computers can also
be used, although users should be aware that terminal emulation is an imperfect science,
and a program that emulates 99 out of 100 commands will not be useful with VNMR if
VNMR relies on the remaining command.

Other terminals or terminal emulators can also be used to operate VNMR in a*“dumb”
mode (i.e., in amode that does not support graphics). Whilethisis obviously less than
desirable, in some situationsit may be perfectly reasonable—for testing macros, preparing
parameter sets, and so on.

18.1 X Window System Environment

VnmrX, Vnmrl, and VnmrSGI are X Window system products. In the X framework, one
computer, referred to in this chapter as the X host, is the computer that runs the software
(this computer is aso called the X client). Either the same computer or another computer
actsasthe X server, which isthe computer on whose screen the graphi cs output of the client
appears and whose mouse and keyboard are used for input. An X host can support multiple
X servers, which means that alarge number of users can be operating the software from
multiple remote sites (the same is true using Tektronix or GraphOn terminal graphics).

X servers can be a variety of things:

« Onepossihility isthat the same computer that isthe X host isalso the X server. Inthis
case, graphicsaredisplayed on the screen of the same computer inwhich computations
occur.
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» A second possihility is that a second computer is used for this task. The second
computer has to be equipped with X server software that allowsit to functionin this
manner. If the second computer isaMacintosh or PC computer, X server software must
be purchased to allow that computer to receive X output.

» Thefina possibility for an X server is adedicated X terminal, a special-purpose
terminal programmed to receive and interpret commands in the X language.

All operation of Vnmrl and VnmrSGI from terminalsand X serversisfundamentally data
station operation (i.e., data processing only). Limited control over data acquisition is
possible, assuming that the computer running the software (not the computer displaying the
graphics) is connected to the spectrometer. The remainder of this chapter describes only
differences in operation of these products from VnmrX.

Note: Varian neither sells nor endorses X Window system products for the PC or
Macintosh. Please contact the software companies selling these products or their
dealers for information, purchase, and support.

18.2 X Window System Operation
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The Vnmrl and VnmrSGI versions differ from VnmrX in the following ways:
e Vnmrl, VnmrSGI — Theacqi command is not active.

e VnmrSGI — A C compiler is optional on Silicon Graphics systems. If it is not present,
theseqgen and wt gen commands will not work.

Starting and Exiting Vnmrl

The following sections describe how to start and exit the Vnmrl software version.

To Start Vnmrl

Assuming you are using an account that has been configured properly (see the manual
VNMR and Solaris Software Installation for a description of this process), the Vnmrl
program can be run one of the following ways.

* When you first log in to the data station, your . | ogi n fileis executed. The system
prompts:
Aut o W ndow start ("~C aborts)

A Motif Window Manager window (filled with the Varian icons) opens, and Vnmrl
starts automatically. At the same time, a second virtual terminal showing a console
window (a“vanilla’ window in which awindow manager is not operating; usually
showing green letters on a black background) is accessible; you can switch between
the Moatif window with Vnmrl and the console window by pressing simultaneously the
Alt and Ctrl/Act keys.

If you press Ctrl-C, the login process halts with you in the console window.

¢ From aconsole window, enter vnnr or vnnri (but not vnnr &) to start the Motif
Window Manager and Vnmrl.

» Fromawindow withinaMotif environment (thewindow labeled VNMR or any other),
enter either vnnr or vnnri to start Vnmrl and then leave that window active.

If you find the mouse sensitivity too great when running Vnmrl, you may wish to edit
your . | ogi n fileand changexi nit —bstoxinit —-bs —a 2 toachieveamore
controlled mouse movement.
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Running Multiple Copies of Vnmrl

More than one copy of Vnmrl can be started in asingle virtual terminal using the third
method described above (under “To Start Vnmrl”) although, in general, thiswill be
confusing. A preferable method isto open a second copy of Vnmrl in a different virtual
terminal asfollows:

1. PressAlt and Ctrl/Act simultaneously to switch to the second virtual terminal.

2. Enter vnnr to start the Motif Window Manager and Vnmrl. Alternatively, enter
open csh to open athird virtual terminal.

3. From the console window in either of the two virtual terminals not running Motif,
enter vnnr.

Again, switch between the various virtual terminals using the Alt and Ctrl/Act keys (or the
Shift and Ctrl/Act keys to switch in the opposite direction).

Unlessyou log in as adifferent user in the second virtual terminal, the limitation you face
isthat the two or more copies of Vnmrl now running cannot both be in the same
experiment.

When programs are running in different virtual terminals, processing occursin all virtual
terminals—the one which is visible, and any others that are present. Graphical operations
however (e.g., dpcon) only occur in the visible virtual terminal. Thus, if you start alarge
transform in one experiment in one virtual terminal, and then switch to another virtual
terminal to work on datain another experiment, when you return to thefirst virtual terminal
the processing will probably be finished, but the display of the datawill not begin until the
moment you reactivate that terminal.

To Exit Vnmrl
* Toexit from Vnmrl, enter exi t .

» Toexit from the Motif Window Manager, press the Ctrl, Alt, and Backspace keys
simultaneously (not Ctrl-Alt-Del asin DOS).

» To close asecond virtual terminal that isin a console state (Motif has already been
exited), press Ctrl-D.

« When you return to a console window, you may find the terminal characteristics are
altered so that new lines do not return to theleft edge of thedisplay. If thisoccurs, enter
stty sane tofix the problem.

Starting and Exiting VnmrSGlI

The following sections describe how to start and exit the VnmrSGI software version.

To Start VnmrSGil

Assuming you are using an account that has been configured properly (see the manual
VNMRand Solaris|nstallation for adescription of thisprocess), the VnmrSGI program can
be run in one of the following ways:

« When you first log in to the data station, your .| ogi n fileis executed, a4Dwm
Window Manager window (filled with Varian icons) opens, and VnmrSGI
automatically starts.

* From awindow within a4Dwm environment (either the one labeled VNMR or any
other), enter either vnnr orvnnr sgi tostart VnmrSGI and leave that window active.
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Moving Windows within VnmrSGI

If you use the default software configuration, VnmrSGI appears with windows lacking the
usual Motif title bar that simplifies moving, closing, and resizing windows. The software
can be configured to display the title bar, but if you choose not to do so, it is still possible
to move, close, and resize the VnmrSGI windows.

To perform any of these operations, move the cursor to anywhere on the thin border that
surrounds the window—it will change from an arrow to another shape.

 To resize the window, hold down the left mouse button and drag the window to the
desired size. Thisworks for the graphics window; however, you must redisplay
anything that was on the screen. Do not resize the text entry and display windows.

« To move the window, hold down the center mouse button and drag the window to
where you want it.

» To perform other operations, hold down the right mouse button and select the desired
action from the menu. You should not select Close or Quit because these will terminate
the program in an unexpected and undesired way.

To Exit VnmrSGl

e Toexitfrom VnmrSGl, enter exi t . Do not use Window Manager commandsto close
or quit.

* To exit from the 4ADwm Window Manager and log out, select Log Out from the drop
down menu.

18.3 Using a Workstation as an X Server

Several similar operations exist when using any workstation (Sun, IBM RS/6000, SGI, and
probably other, untested workstations aswell) as an X server for any of the versions of
VNMR— VnmrX, Vnmrl, or VnmrSGil.

Setting Up a System
Of the several ways to configure your system, the following method is the simplest:

1. Enter xhost + onthe workstation you will be using as an X server, which alows
remote hosts to use your computer asan X server, or just enter xhost host nane
to alow asingle remote host to be used.

2. Froman X environment (Motif, Open Windows, or whatever is available on your
workstation), usether | ogi n command to remotely log on to that computer.

3. You are asked about the type of terminal you are logging in from:
Choose x)wi ndow t)ek d)unmb g)raphon [x/t/d/g(default]:

Enter x.

4. You are also asked to enter the name of your display server:
i nput display server nane:
Enter the name of your computer.

5. Entervnnr tostart VNMR (the X client) on the remote host and display information
on your computer (the X server).

Thexhost command did not execute correctly if you get messages such as the following
on the local window:
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Xl'ib: connection to “varian:0.0” refused by server.
Xlib: client is not authorized to connect to server.

Some general difficulties you may encounter have to do with the interpretation of different
keys. When you are working on aremote computer in ageneral window (shell), the Delete,
Backspace, and Ctrl-H keys may all function differently than you expect. If you make a
mistake when typing, the one key combination that seems to work universaly is Ctrl-U,
which erases the entire line you have entered. Within VNMR itself, however, al keys
should function normally.

An dternative method of running VNMR remotely is to execute aremote command string
on the workstation in order to start VNMR, without ever logging in directly to that
workstation. To do this, the file x| ogi n is provided with your VNMR software to
function as an aternative to the standard . | ogi n file. The. xI ogi n file setsall of the
environmental variables reguired for proper functioning of VNMR. Therefore, aremote
command string can be set up to execute both thisfile (sour ce . xI ogi n) and thevn
command to start VNMR. This command string supplies the display variable as an
argument:

rsh renot ehost "source .xlogin; vn —display xserver:0.0"

substituting computer names as appropriate, for example,
rsh u500 "source .xlogin; vn —display ipx:0.0".

Using ther sh method of running VNMR remotely requires proper setup of UNIX files,
including/ et ¢/ host s. equi v. Enter man r sh from UNIX for more details.

Some specific difficulties, generally having to do with font availability, are described in
subsequent sections of this chapter.

Using the RS/6000 as an X Server

IBM RS/6000 computersrunning AlX haveavirtua terminal modeinwhich morethan one
screen (up to 16) can be made avail able and accessed successively by simultaneously
pressing the Alt and Ctrl/Act keys. In thismode, it is essential to know the display number
of the particular virtual terminal from which you are going to remotely activate VNMR
running on another computer.

Beforeusingr | ogi ntologintotheremote computer, but after starting the Motif Window
Manager on the RS/6000, open awindow and enter env to display alist of environmental
variables. Look for the entry that reads DI SPLAY uni x: n, where n isanumber from 1
to 16. Now enter r | ogi n as described above, and respond to the questions, but before
starting VNMR, enter

setenv DI SPLAY host name: n. 0

substituting the host name of your RS/6000 for host name and setting the number n as
appropriate (e.g., set env DI SPLAY nyi bm 2. 0). Thisstep isnot necessary if n=1.
Now start VNMR by entering vnnr .

Using the RS/6000 as an X Server with a Sun as Host

The fonts required by VnmrX (the software running on your Sun) are not present on the
IBM RS/6000. Included inthe/ vnnr directory isaVnmrX subdirectory named

xvf ont s, whichincludesinstructionsand UNIX toolsto help get the necessary Sun fonts
into the IBM RS/6000.

Briefly, Sun fonts are converted into a portable format with the VNMR command
get xvf ont s. These fonts are then transferred to the IBM system and added to the IBM
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font list withtheVNMR command addxvf ont s. Detailed instructionsareincluded in the
README filein the xvf ont s subdirectory.

Using the Sun ELC as an X Server to Vnmrl

If you are using a monochrome Sun ELC computer asan X server for Vnmrl, you haveto
editthe. Xdef aul t s fileonyour Sun, changing* VNMR* f or egr ound toBl ack and
*VNMVR* backgr ound to Wi t e.

Using a Sun as an X Server to VnmrSGI

If you are using a Sun computer running OpenWindows as an X server to VnmrSGI and
you do not want title bars on the VNMR windows, you need to add thefollowing lineto the
dot file. Xdef aul t s onyour Sun:

ol wn M ni mal Decor: master VNWR

You should also set * VNVR* cl i ent Decor at i on inthe .Xdef aul t s dot file on your
Silicon Graphics computerto-titl e.

18.4 Using a Personal Computer as an X Server
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Personal computers running a version of UNIX generally function similarly to that
described above for workstations. The vast majority of personal computersare not running
UNIX, however. To function as an X server for VNMR running on a remote workstation,
apersonal computer needs X server software. Such programsinclude MacX and eXodus
for the Macintosh, and eXceed and PC-Xview for the IBM PC and compatible computers.

Withinmost X server software packages, two environments exist—rooted and rootless. The
rooted environment means that all of the windows opened by VNMR (or other programs
that you run) are contained within asingle, larger window. By contrast, in arootless
environment, all of the X windows are separate windows. Both environments are
acceptable, although you will probably find the rooted environment more convenient.

Starting Up VNMR Using a Personal Computer

Onceyou are running PC X server software on your personal computer, four VNMR start-
up methods are available:

» Execute ablind command string on the workstation to start VNMR. To do this, the dot
file . xI ogi n is provided with your VNMR software as an aternative to the
standard . | ogi n file. The. xI ogi n file sets all of the environmental variables
required for proper functioning of VNMR. Thus, aremote command string can be set
up to execute thisfile (sour ce . xI ogi n) and then to execute the vn command to
start VNMR, supplying the display variable as an argument (e.g.,
source. xl ogi n; vn -di splay pcnane: 0. 0).

» Remotely log in to the host computer using the telnet protocol if available, and then
execute a command string similar to that described above for a blind command string.

 Start aterminal window (xt er nm) using the blind command mechanism, and then,
from that window, start VNMR.

» Start an xt er mwindow; then start a remote window manager such as Open Look
(ol wm) on the Sun, or Motif (mavn) on the RS/6000. Next, start VNMR either with
typed commands or with choices from a suitably configured drop-down menu.
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Most X server software offers a choice between two command execution protocols—RSH
and REXEC. These protocolsdiffer only in password requirements—RSH does not require
a password while REXEC does.

xt er moperation requires the least overhead and setup. If VNMR is started from an

xt er mwindow, VNMR isdisplayed on the server with fixed windows. With ol wmor mvm
running as the windows manager on the client, the server screen looks like the screen on
the Sun when ol wmis running on the Sun, or it looks like the screen on the IBM RS/6000
when mamis running, or like the screen on an SGI when a 4Dwm Window Manager is
running.

Starting VNMR in either the ol wmor mvmenvironment provides sizable and moveable
windows. In the ol wmenvironment, the VNMR windows can be collapsed to individual
icons by pressing F7 on the server keyboard.

Setting Up Telnet

Thetelnet protocol takes several steps, but it is useful during theinitial set up of the server
and client, and it provides confirmation of network communications between the systems.

If you are starting the client using atelnet session, the X server is started in the passive
mode with the X server software running on the server, awaiting instructions from the
client. To communicate with the client and instruct it to display back onto the server, you
open the communications to the client through a telnet session.

1. Afteryoulogin, thefollowing isdisplayed on the system that will become the
server:
Choose x)wi ndow t)ek d)umb g)raphon [x/t/d/g(default)]:

2. Choose x to start the X environment. You are then prompted to enter the name of
your X server:
i nput display server nane:

3. Todtart aclient onaSunand display asimplext er mwindow on the server, the PC
in this case, enter the following command line on the client:
/usr/ openwi n/ bi n/ xterm -di spl ay servernane: 0
where ser ver nane isthe name of your X server.

To start aclient on an IBM RS/6000 and display asimple xt er mwindow on the
server, the PC in this case, execute the following command line on the client:
[usr /| pp/ X11/ bi n/ ai xterm -di spl ay servernane: 0

To start aclient on an SGI and display asimple xt er mwindow on the server, the PC in
this case, execute the following command line on the client;
/usr/bin/ X11/ xterm -di spl ay servernane: 0

At this point an xt er mwindow displays on the server. You can aso editthe. | ogi n file
toincludethe above instructions and create anew choice, p, for aPC X terminal login. The
following is an example of such a modification:

1. Copythe. | ogi nfileto abackup file (e.g., bkup. | ogi n).
2. Editthe. | ogi n file by first finding the following line:
echo -n ' Choose x)wi ndow t) ek d)unb g)raphon[x/t/d/ g(default)]:

3. Edit thelineto include the following (keeping the entry on asingleline):

echo -n ' Choose x)w ndow p)cXtermt)ek d)unb g)raphon \
[x/p/t/d/g(default)]:

4, Locatetheline:
else if ($a =t) then
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Then insert the following lines above it (replace ser ver nane as appropriate):
else if ($a = p) then
set termrsun; setenv graphics sun
setenv DI SPLAY servernane: 0
[ usr/ openwi n/ bi n/ xter m&
The choiceto login asa PC and display the xt er mwindow back on the PC is now
available and isidentified inthelineset env DI SPLAY ser ver nane: 0.

The only X server that can use thislogin is the machine specified in ser ver nane. This
featureis useful if limited accessis desired. If many X servers are logging on to an
individual account, using . x| ogi n may be more desirable than the limited access.

Starting the Client

If you have set up passwords and permissions, you can start the client and display the

xt er mwindow on the server using either the REXEC (you are prompted for a password)
or the RSH (no password prompt—a trusted user login) protocol. In either case, the
following instructions are required. These instructions are transmitted to the client by the
server when the RSH or REXEC protocol isinitiated.

To start aclient on a Sun and display asimple xt er mwindow on the server, the PC in this
case, the server instructs the user to enter the following command line on the client:
source .xlogin; /usr/openw n/bin/xterm-display servernane: 0

To start aclient on an IBM RS/6000 and display an xt er mwindow on the server, the PC
in this case, enter the following command line to be executed on the client:
source .xlogin; /usr/bin/X1l1l/ xterm -di splay servernane:; 0

If you are not usingthesour ce . xI ogi n script, thenadd —I s after xt er m(one space
between xt er mand - | s), and then a space and the rest of the command. The option —
| s following xt er minstructs the client to start alogin shell and display it inan xt er m
window on the server. The xt er mwindow can be further defined to include scroll bars,
change the foreground and background colors, and so on.

Thel ogi n command can be expanded to start VNMR immediately by adding- e vn&to
the end of either of the above command lines. The option —e followed by the command
vn& must bethelast statement in the line. The effect isto log onto the client and be placed
inthe VNMR environment without any further effort and to start VNMR in the background.
Thext er mwindow, fromwhich VNMR isstarted, isavailableto start other processes. For
simple xt er moperations, thisisnot as useful asit appears. Since the windows cannot be
moved or sized, the xt er mwindow is covered by the VNMR window. If you choose to
start aremote window manager, adding the & to the end of the instruction to begin VNMR
isimportant.

Making the Display Resemble a Window Manager

If desired, the server display can resemble the ol wmor mvmdisplay of the client system.
Thisis accomplished by adding the following instructions to the command line for the
system on which you are starting aclient. (This procedure may not work on some systems.)

« If aSunistheclient and ol wmisthe environment desired, add the following after
servernane: 0:
-e /usr/openw n/bin/olwm -display servernamne: 0

« If anIBM RS/6000 isthe client and mvmisthe environment desired, add the following
after ser ver nane: 0:
-e /usr/bin/ X111/ mvn - di spl ay servernane: 0
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With awindow manager running, VnmrX can be started by opening awindow and entering
vn& or, in the case of ol wm by editing thefile. openwi n- nenu and adding the line
"Vnnr X..." exec vn.

The drop-down ol wmmenu will now have an option for VnmrX. Clicking on the VnmrX
menu option starts VnmrX.

Controlling xterm Window Appearance

The xt er mwindow can take on a number attributes depending upon your needs. The
following examples of scripts can be made into executable files. As executablefiles, they
can be run during the RSH or REXEC start up of the X server. If you use atelnet login, you
do not need to change the scriptsto executablefilesbecausesour ce . fi | enane aways
works (unlike RSH and REXEC).

In these examples, note that when aline needs to be broken in a script, abackdash (\) is
placed at the end of each part of theline.

Example 1. An xterm window started with a login shell
goxterm-ls
# Xtermnal session on the PC
#
/usr/ openwi n/ bin/xterm-sb -bg black -fg cyan \
-bd blue -cr yellow -ms red -b 3 -bw 3 -1s \
-di splay servernane &

Inthisscript, thext er mwindow has scroll bars (shown by - sb), black background (- bg
bl ack), cyanforeground ( - f g cyan), blueborder (- bd bl ue), yellow cursor ( - cr
yel | ow), red pointer (- ns r ed), internal border width of 3 pixels (- b 3) and window
border width of 3 pixels (- bw 3) and begin alogin shell (-1 s). Thext er mwindow is
displayed on the X server in the background (&), <ser ver name> (- di spl ay
<server name>: 0&)

Example 2. VnmrX started in an xterm window upon login
vnxterm
# Xterm nal session on the PC and Vnnr X startup
#
/usr/ openwi n/ bin/xterm-sb -bg black -fg cyan \
-bd blue -cr yellow-ns red -b 3 -bw 3\
-di splay <servername>:0 -e vn -fn 8x13 &

Along with the instructions defining the xt er mwindow, but excluding the login shell
instruction (- | s), an additional command to start VnmrX (vn) in the background (&) with
an8x13fontsize(-e vn -fn 8x13&)isadded asthe last command.

Solving Networking Problems

Some networks use a host address file to list all the machines and their addresses on the
network. Other networks use a server to store all the machine names and addresses (e.g., a
domain name server). Problems, such as “unknown host,” which causes the server to
terminate and not make the connection, can occur with the X server software.

If nominal login and network functions are working, such asdumb terminals| ogi n,r cp,
and so on, and you are using a domain name server, the problem might be the inability of
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the X server to access the host namesin the domain name server (assuming no errorsin the
configuration files for the X server host and client).

A solution to the unknown host problem is to create a host address file in the network
directory that has the name and network address of the machine you are logging onto and
aswell and the name and address of the X server. For each machine you intend to start as
an X client, you need that machine's name and network address added to your host file.

18.5 Customizing the X Environment

258

Some VNMR programs have X resource setup filesinthe/ vnnr / app- def aul t s
directory that define the parameters of the program windows. These parameters include
colors of the objects in the windows, font size and style of the lettering, and the size and
location of thewindow. Thefilesuse ASCII text to set the values of the parameters. Editing
the files can be done by any UNIX text editor suchasvi ortextedit.

For example, Figure 24 shows the default X resource file for the gt une command. The
full path of thefileis/ vnnr / app- def aul t s/ Q une. Anexclamation mark (! ) at the
start of alinein the file indicates that the line is a comment. Because a comment line can
be placed anywhere, a common use of the exclamation mark isto identify an alternate
choiceto the previousline, asinlines3 and 4 of QX une:

*background: grey90

I *background |ightsteel bluel.

By simply changing the exclamation mark from line 4 to line 3, the background color is
changed fromgr ey90 tol i ght st eel bl uel.

System defaults file for the parameters are provided in/ vnnr / app- def aul t s during
installation. Users can override the system defaults for group or individual use by creating
asimilar directory in~vnnr 1 or ~user.
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| @#)tune 1.2 10/ 25/ 9X
*Q uneAppDef aul t sVersion: 1
*background: grey90

I *background: |ightsteel bluel

I Note: inputFocusColor is different than background,
! but visually identical

*i nput FocusCol or: #e6e6eb

I *i nput FocusCol or: #cbelff

|

*Text Fi el d*i nput FocusCol or: bl ack
*Text Fi el d*bl i nkRate: O

* MessageW ndow. background: white
*MessageW ndow. | i nesVisible: 5
*MessageW ndow. wi dt h: 250

*Hel pW ndow. background: white

*Hel pW ndow. | i nesVi si bl e: 30

*Hel pW ndow. wi dt h: 600

*Hel pW ndow. font: 7x13

*Axi sCol or: green

*&idColor: forestgreen

*Dat aCol or: cyan

*CursorCol or: yell ow

*Mar ker 1Col or: red

*Mar ker 2Col or: hot pi nk

*Mar ker 3Col or: magent a

*TuneDi spl ay. backgr ound: bl ack

! *TuneDi spl ay. background: bl ue4

*Di spl ayGeonet ry: 800x500+4+25

*Di spl ayFont: 9x15bold

1*Di spl ayFont: 7x13bold

*TuneDi spl ay. geonetry: 836x509+0+127
*Q@ une. geonetry: 297x509+845+127
*TuneCal i bration. geonetry: 318x156+824+665
*TuneHel p. geonetry: 631x508+203+127

Figure 24. Example of app- def aul t s X Resource Setup File
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chapter 19. Other Networking Options

Sections in this chapter:
e 19.1 “Hardware Options,” this page
» 19.2 “Direct Connections,” page 262
e 19.3“Using aModem,” page 263
e 19.4“Using Mail on aClient Machine,” page 264
e 19.5"Avoiding Disk Full Problemswith Mail,” page 264
e 19.6 “Other Software,” page 266

This chapter is an attempt to cover the broad topic of how to connect two Sun systems
through a direct RS-232 serial link, a modem, a phone connection, or a packet-switched
data network (PSDN). Also included are some instructions on using electronic mail (e-
mail) on systems connected to Internet:

Thistopic is quite extensive, the software and its configuration files are rather convoluted
and, to some extent, specific to the hardware involved. It is not possible to cover thistopic
completely in this manual. In many cases, it will be necessary for you to seek the help of
an expert to solve site-specific problems.

19.1 Hardware Options

The simplest way of connecting two systemsviaserial lineisadirect RS-232 connection.
Compared to RS-232, Ethernet isabout 100 timesfaster, simpler to use, morereliable, built
into every Sun, and can span over longer distances (depending on the hardware). For these
many reasons, the RS-232 connection isalmost never used except for aspecial application,
such asto provide some loose but safe connection between amail server on apublic
network and another system on alocal network, to prevent outside people from breaking
into alocal network. With such a connection, overall transfer rates of up to approximately
1750 bytes per second (at 19,200 baud) can be obtained (compared to several hundred
kilobytes per second with Ethernet).

The main application for connections via serial linesisto link two systems that are not
located inthe samesite. Infact, any two systemsin theworld can, in principle, be connected
using the serial ports. There are two basic options for doing this: using regular phone lines
in adial-up connection or using adedicated lineinto apublic data network. Phonelinesare
typically accessed via modem. Common modem transfer rates are 9600 to 28800 baud
(about 1000 to 3000 characters per second) or sometimes over 50 kilobaud using data
compression.

To access public networks (assuming you cannot access the Internet vialocal network and
gateway), asimple dial-up serial line using amodem is not good enough. You need afull
IP (TCP/1P) connection such that e-mail transfers, FTP (datatransferswith error checking),
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telnet (remoteloginsin general), X terminal operation over Internet, and Web browsing are
possible. There are a number of alternatives:

« Direct networking connection to alocal gateway computer
PPP (or SLIP) over amodem

e PPPover ISDN

» X.25 over adedicated line

» Leased line access

These alternatives are often accessed through a dedicated line. Special protocols using
synchronous data transfer allow for transfer rates between 2400 baud and 64 kilobaud
(about 6000 bytes per second). The line rental fee depends mostly on the data transfer rate.
Alternatively, dial-up connections to the data networks are permitted (using normal
modems, but mostly only at 1200 to 2400 baud, or about 100 to 200 characters per second).
Usually, this precludes automatic mail delivery to the dial-in site.

Most universities are already hooked up to public networks, and usersthat arelinked to the
local university data network can also access public networks by communicating to a
gateway computer via Ethernet. In these special situations, there are local experts who
know how to establish a connection, and this case will not be covered here (except for the
discussion of mai | ).

19.2 Direct Connections
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Direct data transfer is possible without a software protocol, with thet i p program, and
using uucp on adirect line. Eachis covered in the following sections.

Transfers without Software Protocol

Direct data transfer can be achieved without any special command or utility. Simply
connect two Sun systemsviaone of their RS-232 portssuchas/ dev/ t t ya (port a), using
anull modem (see “ Connecting Serial Terminals,” page 90). On the receiving system you
type

cp /dev/ttya targetfile

This puts anything that comes from port ainto anew filet ar get fi | e. Onthe
transmitting system, you can now send the contents of that new file to the RS-232
connection:

cat sourcefile > /dev/ttya

This copies the file via RS-232. Because nothing has been specified, the transfer happens
under standard conditions (9600 baud, 7 bits, no parity bit, 1 stop bit). Thest t y command
can be used to change the speed if a different speed is required:

stty 1200

This command, which must be entered beforehand on both systems, changes the baud rate
to 1200. The echo command automatically terminates the transmission by sending a
Ctrl-d as terminating end-of-text (EOT) character, but on the receiving system, which is
still waiting for further data, the file transfer must still be terminated by pressing Ctrl-c.
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Using tip on a Direct Line

The above procedure provides only very rudimentary error checking, if any, and the
integrity of the transferred data cannot be guaranteed. Also, it israther awkward as a
method, asit requires coordinated actions on both systems involved for every file transfer.

It is much better to use software such ast i p that provides proper error checking, such as
checksum comparison, and permits handling data transfers from onesideonly. ti p is
much more becauseit allowsfor afull-duplex terminal session on aremote host. Again, we
connect two serial portsviaanull modem. On the remote system, set up the corresponding
port (/ dev/ tt yaor/ dev/ t t yb) forterminal operation and send ahangup signal to the
i ni t process (see”Connecting Serial Terminals,” page 90).

Note that the default speed on Sun serial portsis 9600 baud. You can use this value on both
systems. Theserial line servesas aone-way terminal connection, and you must not activate
alogin on thelocal port.

To defineaport for t i p on thelocal machine, edit thefile/ et ¢/ r enot e by changing
theentry har dwi r e for the correct port and baud rate (if necessary):
hardw re:\

:dv=/dev/ttya: br#9600: el ="C "S"Q"U'D: i e=%$: oe="D:

For an explanation of the entries, seethefile/ et ¢/ r enpt e. You can now uset i p:
tip hardwire

At this point, you are in aterminal session, working on the remote system. You should get
alogin prompt and can work on the remote system. The login session is terminated by a
entering | ogout or by pressing Ctrl-d.

To terminatethet i p session (you don’t log you out automatically), type a special escape
sequence using the tilde (~) sign (other escape sequences serve to transfer files):

~. Terminatet i p session (no automatic | ogout )

~p source <target> Send afile to the remote computer, and if t ar get isnot
specified, it has the same name as the local file

~t source <target> Receive afile from aremote computer, and if t ar get isnot
specified, it has same name as the remote file

~Cc <directory> Change directory on the local machine

Sessionsusing t i p can aso be preconfigured and customized with thefile~/ . ti prc.
See Sun documentation for details. Notethat t i p can only transfer ASCII files, because
control characters are used to terminate the file transfer.

Using uucp on a Direct Line

Thet i p program only alows for online file transfers during alogin session, and only
ASCII files can betransferred. The uucp (UNIX-to-UNIX copy) program allows off-line
transfers and some binary file transfers. Using uucp on adirect line provides for aloose,
but safer link, between a system with public network access and a local network.

19.3 Using a Modem

Not only isthere a multitude of modems on the market, but each modem type has different
properties and requires a different setup (a different software interface, in essence). Trying
to cope with the different modem types on the market would be beyond the scope of this
manual. You are referred to the documentation that accompanies the modem.
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19.4 Using Mail on a Client Machine

A mail client machineisasystem that only knowstwo classes of mail—Ilocal messages and
all other messages. Mail between two local usersis distributed directly, and al other mail
is sent to amail server for further distribution.

Mail administration on such amachineisfairly ssmple. In/ et ¢/ host s, add the dlias
mai | host tothe machine that isthe mail server on your network, for example:

192.9.200.1 uni t y500 | oghost
192. 9. 200. 2 vxr 400

192. 9. 200. 3 vxr 300

192. 9. 200. 4 sun nai | host
127.0.0.1 | ocal host

You don't even have to reboot. Your system is now ready to send e-mail to any place and
user the mail server can reach.

19.5 Avoiding Disk Full Problems with Mail
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Receiving mail is a slow process because a network (TCP/IP over Ethernet or X.25, or
uucp over X.25 or modem) isinvolved.

Receiving Large Mail Files

Incoming mail isfirst built upinthedirectory / var / spool / nqueue or inthe directory
/ var/ spool / uucp/ <r enot ehost nane> onsystemsusinguucp for mail transfers.
While mail is arriving, atypical listing of the nqueue directory may ook as follows:;

CTWe - - - 2 root 0 Aug 5 14:12 | fAA01781
W mm - 2 root 0 Aug 5 14:12 gf AAO1781
-rwr--r-- 1 root 0 Aug 5 14:12 xfAA01781
STW-- - - 1 root 0 Aug 5 14:12 df AA01781

Thefiledf <nessage- | D> receives the incoming message and grows as the message
arrives (in many cases, the directory listing does not indicate the intermediate or final size,
because the directory is never adjusted before the file is deleted again). The other filesin
thedirectory (I f <message- | D>, qf <message- | D>, etc.) are described below.

After the entire message is received, it is then copied into the file

/ var/ spool / mai | / <user name>. Temporarily, disk space of twice the size of the
messageisrequired (the sourcefileisonly deleted whenthetarget fileis completely written
out). Later on, when looking at the message through mai | t ool ,thenmai | t ool program
opensatemporary file / t np/ M'da<PI D>, and again, disk space of twice the size of the

message is required.

Sending Large Mail files

Building up an outgoing message is afast process (several megabytes of disk space can be
eaten up in afew seconds) becauseit is purely local. As a consequence, the disk may get
filled very quickly, but you may not be able to see which fileis using up the disk space,
because the directory entry for that file is probably never really made (it would only show
up after completing thefile).
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The only command that shows disk space usageisdf . It turnsout that for sending mail, the
dataisbuilt upin/ t mp. The message is built up in one file and then copied into afile

/ var/ spool / nqueue/ df <message- | D> such that, temporarily, the space
reguirement istwice the size of the message (concluding from the disk space consumption,
it seemsthat before copyingthedatato/ var / spool / nqueue, asecond copy of thedata
is made temporarily within/ t np).

The other filesin/ var / spool / nqueue are used with the spooling software:
| f <message- | D> and xf <nessage- | D> arelock files, and gf <message- | D>
contains routing and header information for sendnmi | andsnt p.

How to Avoid Problems with Mail

Solutions to disk full problems with mail include the following::

* Increase the size of the root partition — Thisis not really recommended becauseit is
not trivial (it requires reformatting the entire disk and reloading UNIX) and it
permanently takes away disk space from other partitions. Furthermore, with asmaller
internal hard disk (e.g.: lessthan 500 MB), it is often impossible to increase the size of
the root partition, because this limits the size of the swap space or the size of / usr
(and hence the number of |oadabl e software options) or both. See Chapter 2, “ Software
Installation,” for amethod for changing the size of the disk partitionsduring the Solaris
installation.

» Move the spooling directories to another disk partition — This has the advantage that
it doesn't require changing disk partitioning (you can work with standard disk
partitions) and no additional free space is permanently locked away in the root
partition. Moving spooling directoriesto another partition a so resolves problemswith
editinglargefiles, andit can easily be expanded to resolve problemswith plotting large
files from aremote system (so the dataresidesin
/ var/ spool / <host nane>_<port name>, notin/ vnnr/ t np). Thefollowing
procedure assumes a large disk partition / dat a (with enough free space guaranteed)
exists:
su
cd /
tar cf - tnp var/spool/mail var/spool/ngueue |(cd /data; tar xvfBp -
m/ tnp tnp.std; In -s /data/tnp tnp
cd var/ spool
m/ mail mail.std; In -s /data/var/spool/mail mail
m/ ngueue ngueue.std; In -s /datalvar/spool / ngueue ngueue

Itisobviousthat filling/ dat a can now disable mail spooling. It should be made sure
that this partition is never filled to 100%.

Systems using uucp should also include/ var / spool / uucp:

su

cd /

tar cf - tnp var/spool/mil var/spool /ngueue var/spool /uucp | \
(cd /data; tar xvfBp -)

m/ tnp tnp.std; In -s /data/tnp tnp

cd var/ spool

m/ mail mail.std; In -s /data/var/spool/mail mail

m/ ngueue ngueue.std; In -s /datal/var/spool / nqueue ngueue

m/ uucp uucp.std; In -s /datalvar/spool/uucp uucp
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A more general solution to spooling disk space problems would be the following:
su

cd /

tar cf - tnp var/spool | (cd /data; tar xvfBp -)

m/ tnp tnp.std; In -s /data/tnp tnp

cd var

m/ spool spool.std; In -s /data/var/spool spool

Remember, thisis not a 100% safe solution. The directory / dat a can aso fill up, which
then can lead to problems receiving and sending mail, printing and plotting, and even
editing files. On the other hand, this may be the only solution that permits sending or
receiving large datafiles.

19.6 Other Software
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If data should be transferred to a PC that is not equipped with Ethernet, this can also be
achieved through serial line (RS-232) using the Kermit protocol. For Sun computers
running VNMR software, the Kermit software has been submitted to the user library (for
Sun-4 computers only). No further discussion of this subject is provided here.

For Apple Macintosh computers, a software package, PlotView (from Stevens Creek
Software, 21346 Rumford Drive, Cupertino, CA 95014), allows capturing plotter output
directly through RS-232 (the Macintosh is hooked up as a plotter). This software is made
specifically for HP-GL plotter output and is designed for direct incorporation of spectral
resultsinto reports, publications, etc.

Another application of RS-232 communication is the use of terminals and terminal
emulation software on IBM PCs and Apple Macintoshes. This (as well asthe use of X
terminals and terminal emulators) is not discussed any further here, mainly becausein this
case the processing happens on the workstation, and only display information istransferred
to the terminal.
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The difference between SunOS 4.1.x (BSD UNIX) and Solaris 2.x (AT& T SVR4 UNIX)
are considerable. Trying to cover all thisin achapter of this manual would be a pointless
exercise. However, there are still many users still running SunOS 4.1.x that soon will
upgrade to Solaris 2.x or to a new workstation running Solaris 2.x. For most users, the
transitionisfairly easy, especially given the new CDE graphical user interface. On the other
hand, migrating shell scripts to Solaris 2.x can often cause problems and extra work, and
that is where we want to provide help in afuture version of this manual:

» Topoint out critical areasfor shell scriptswhere things change, and which may require
special attention, and

« Toindicate how you could write shell scripts compatible with both SunOS 4.1.x and
Solaris 2.x.

With these hints, the transition to Solaris can be made almost painless, reducing the
disruption in your productivity to a minimum.
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chapter 21. Calibration Tests and Shimming

Sections in this chapter:
e 21.1*"Cadlibrating Pulse Width Manually,” this page
e 21.2"Testing Decoupler Field Strength,” page 270
e 21.3"“Testing Decoupler 90° Pulse Width with Polarization Transfer,” page 271
« 21.4“Calibrating *H Decoupler Pulse Width with PPCAL,” page 273
« 21.5“Calibrating 13C (or X) Decoupler Pulse Width with PWXCAL,” page 274
e 21.6“Shimming,” page 275
o 21.7“AutoTest—Automated Instrument Testing,” page 284

This chapter describes calibration tests and shimming procedures for a Varian NMR
spectrometer system. Tests described here cover pulse width calibration, decoupler field
strength, decoupler 90° pulse width, and decoupler pulse calibration. There are two ways
to perform calibrations: manually or by automatic calibration. As described in the manua
Walkup NMR Using GLIDE, calibration can be placed in asingle probe file, saving the user
the problem of updating numerous parameter sets with the same numbers.

21.1 Calibrating Pulse Width Manually

Sample: Any sample;
Parameter set: None.

1. Set up parameters to obtain a spectrum on the sample of interest.

2. Using either the macro novet of or the macro novesw, arrange the spectral
window so that at least one resonance falls relatively near the center of the spectral
window. So that you can repeat any experiments using intervals between pulses
several times greater than that T4, it is helpful to estimate the relaxation time T, of
the sample.

3. Usingapulsethat you know (or suspect) to belessthan 90°, do onetransient (nt =1)
with no steady-state (s s=0) and absolute intensity mode (ai ). Phase that spectrum
properly.

4. Estimate the 90° pulse width, multiply by 4 to get the 360° pulse width, and enter an
array around the 360° pulse width.

5. Makesuredl isgreater than 3 times T,, and acquire data using ga.

The signals should be negative if the pulse is shorter than 360°, zero if the pulseis
360°, and positiveif the pulse islonger than 360°.

6. Select avalue of pwthat gives the result nearest to zero, using rough mental
interpolation if none of your resultswere exactly zero. Dividethisvalue by 4 to give
the 90° pulse width and enter thisvaluein pw90 aswell asin your log book. To be
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sure you were not off by afactor of two, set pwequal to a 180° pulse and obtain a
spectrum—the result should be near zero. Now set pwto a 90° pulse and the result
should be a maximum.

In many cases, the peak is never exactly zero but instead shows a“dispersive” signal with
some signal positive and some negative. Do not readjust the phase in thiscase. Thisis
normal behavior. Simply select the value of pwthat gives*equally balanced” up and down
resonances.

21.2 Testing Decoupler Field Strength

270

Sample: 60% CgDg/40% dioxane (5-mm probe, Part No. 00-968120-69;
10-mm probe, Part No. 00-968123-69; 16-mm probe, Part No. 00-949134-69)
Parameter set: / vnnr / t est s/ ganah?2

The strength of the decoupler field, known as yH», isimportant to know for a number of
reasons:

o dmm¥’ ' (swept fm or fm-fm modulation) decoupling, the decoupler field strength
gives arough measure of the range over which protons will be efficiently decoupled.
Thus at 200 MHz, one might want a 10 ppm or 2 kHz decoupler field.; at 300 MHz, a
3 kHz decoupler field; etc.

e« dnmm¥’ W (WALTZ-16) decoupling, protons are efficiently decoupled over roughly
twicethat range; that is, efficient decoupling over a2 kHz range can be achieved using
only a1 kHz decoupler field strength.

e For WALTZ-16 decoupling, the decoupler field strength must be known because the
modulation frequency parameter dnf must be set to equal 4syH-.

 Various experiments that require the use of decoupler pulses will also require a
knowledge of the decoupler field strength.

Decoupler field strength is afunction of the decoupler power level (controlled by the
parametersdpwr or dhp/dl p) and the probe. To alesser extent, but especially when using
highly ionic samplesthat can “ detune” the probe, the decoupler field strength al so depends
on the sample. For “normal” organic solvents, it is usually sufficient to calibrate the
decoupler field strength for each probe at avariety of settings and perhaps to repeat the
calibration every few months. For polar solvents, and samplesin water at high buffer
concentrations, it may become necessary to calibrate the decoupler on the sample of
interest, or at least on a comparable sample.

The standard method of calibrating the strength of the decoupler field is off-resonance
decoupling. Two experiments are performed, one with the decoupler at a higher frequency
than the proper decoupling frequency for a particular proton, and one with the decoupl er at
alower frequency. Thistechnique producestwo carbon spectrawith “reduced” couplings—
multiplets that have basically the same pattern asin a coupled spectrum (doublets, triplets,
etc.) but in which the coupling constant is reduced. With these two spectraplus a
knowledge of the full coupling constant, an appropriate equation can be used (see K.G.R.
Pachler, J. Magn. Reson. 7:442 (1972)) to determine the value of yH,. The following
procedure is recommended:

1. Insert the standard 13C sensitivity sample (60% CgDg and 40% dioxane).

The dioxane produces a single resonance, atriplet with 1:2:1 amplitude, when
coupled (from the CH, carbon in dioxane). This pattern will change when
decoupling is used.
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Retrieve an appropriate parameter set (assuming that dpwr or dhp is set correctly)
by entering rtp(’/vnmr/tests/gamah?2’)

Acquire two spectra by entering ga
Display the first spectrum with two cursors by entering ds( 1)

Position the cursors on the
outer lines of thetriplet, as
shown in Figure 25.

Read thevalue del t a from
the screen. Dividetheresult by
2 (because wereally want just
the value of asingle splitting)
and write down that number.

Display the second spectrum
by entering ds( 2)

Positionthecursorsinasimilar

fashion, and read the value of Figure25. Measuring Residual
del t a. Againwritedown half Couplingsin Dioxane
that difference.

Start the program to calculate the strength of the decoupler field by entering:
h2cal .

When the system prompts for the low-field residual coupling value, enter the result
from step 6.

When the system prompts for the high-field residual coupling, enter the result from
step 8.

When the system prompts for the full coupling constant, enter 142, the value for
dioxane.

The system displays the calcul ated value of the decoupler field strength yH,, the
predicted coalescence point (the frequency at which single-frequency decoupling
would collapse the dioxane to asinglet), and the pul se width for decoupler pulsesif
this decoupler level isto be used for pulsed decoupling.

21.3 Testing Decoupler 90° Pulse Width with Polarization Transfer

Sample: 30% menthol in CDCl3 (Part No. 00-968120-94)
Parameter set: / vnnr / st dpar/ C13

The decoupler 90° pulse width value (parameter pp) from the test above should be
appropriate for polarization transfer experiments. It is also possible to calibrate pp
separately by using a polarization transfer pulse sequence directly, on the sample of
interest. As an example of this procedure, a sample such as menthol having CH, CH, and
CHg carbons is useful. If menthol is unavailable, use any small molecule organic
compound that is highly soluble.

1
2.
3.

Enterj exp2 setup(’' Cl3',’CDA 3') nt=4 ga.
Phase the spectrum and place the two cursors around the aliphatic region.

Enter novesw ga to narrow the spectral window. Phase the new, narrowed
spectrum.
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10.
11
12.

13.

Enterj expl setup(’HL',’ CDCl 3') nt=4 ga.

Place the cursor in the center of the aliphatic region and enter sd. Note the value of
dof (decoupler offset) after entering sd.

Enter j exp2 and set dof to the valuejust found by sd.

Asan dternative to this step, set the decoupler offset dof to-2.5 timesthe
spectrometer frequency of the system (e.g., on a 200-MHz system, set
dof =—500; on a400-MHz, set dof =—1000).

Enter dept . After the help fileis displayed, enter an estimate of the decoupler 90°
pulse width that was obtained previously, or some other conservative estimate.

Enter nult=0.5 d1=1 ss=2 nt=16 ga.

Phase the data when finished. All resonances should be positive.
Enter pp=10, 20, 30, 40, 50, 60, 70 and rerun the experiment.
After the data are transformed, enter dssh.

Select the value of pp that gives the maximum peak heights (use da to check the
array).

Enter anew array of pp values, bracketing the value determinedin step 12 by £20%,
using about six smoothly-spaced val ues. Rerun the experiment and determinethe pp
value for maximum intensity, the sameasstep 12. Thisvalueisareasonable estimate
of the decoupler 90° pulse width.

For spectral editing withtheadept program or MAGICAL macros such ascdept ,
hcdept , or dept , you must have avery accurate value of the decoupler 90° pulse width.
Obtain this by observing pp dependence of CH3 and CH,, carbons for mul t =1. 0 (CH

selection).

1. Enter nul t =1.

2. Makeanarray of pp instepsof 1 us, from -5 to +5 psaround the pp value
determined above.

3. Enter ga and when finished, enter dssh.

4. Withthe CH carbons phased vertically, the CH-, carbons should go from positive to
negative with increasing pp. The CH3 carbons decrease to zero and then increase.
The pp value corresponding to a decoupler 90° pulseis the value that nulls the
CHos. Idedlly, the Jvalue used in the parameter set should correspond to that for the
typeof CH, inthemolecule: 125 Hz for menthol. If amore accurate valueis needed,
reset the pp range to cover asmaller span and make the stepsin pp smaller.

5. Update the system log book.
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21.4 Calibrating *H Decoupler Pulse Width with PPCAL

The PPCAL pulse sequence is used to calibrate the proton decoupler pulse width for
experiments such as DEPT, INEPT, and HETCOR. Figure 26 shows the sequence.

pw pl
90.0 180.0
dl d2
TX d2
pp
Dec J
A l B ' c
Figure26. PPCAL Pulse Sequence
Parameters

Theppcal macro sets up the parameters for PPCAL as follows:

pp isaproton 90° decoupler pulse (in ps).

d2 isadelay that should equal 1/(2* J-p) (in sec).

pwisa90° pulse on 13C (in ps).

plisa180° pulseon 13C (in ps).

dmisthe decoupler mode. The value should be’ yny’ .

dnmis the decoupler modulation mode. Itsvalue should be’ wew or’ fcf’ .

ppl vl isthe power level for the proton decoupler pulse. dpwr isthe power level for
broadband proton decoupling if the decoupler channel uses alinear amplifier. If the
decoupler channel uses a class C amplifier, maximum power is used for the proton
decoupler pulse and dhp isthe power level for broadband proton decoupling.

Technique
The following technique is recommended:

1. Array parameter pp, starting at 0. Make sure that delay d1 isreasonably long
compared to the 13C relaxation times.

2. Phasethefirst spectrum (pp=0). CH and CH5 carbons should go from positive to
negative, and CH, from positive to zero and again positive. All peaks should null
when pp isa90° pulse. The CH carbons are the most sensitive.
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21.5 Calibrating 13C (or X) Decoupler Pulse Width with PWXCAL

The PWXCAL pulse sequence (not supplied with GEMINI 2000) is used to calibrate the
pulsewidth characteristics of the probe’s decoupler channel (s) inindirect detection or triple
resonance experiments. PWXCAL can also be used to determine the rf field homogeneity
of the decoupler. This calibration is a more sensitive measure of the decoupler X pulse
widths than the first increment of HMQC. PWXCAL is designed for dual-broadband
systems only and does not support “reverse mode” acquisition.

Parameters

The pwxcal macro sets up the parameters for PWXCAL asfollows:
pwisaproton pulse width (in ps)

pwx1 isa90° pulseon X (in us) for the first decoupler.

pwx2 isa90° pulse on X (in us) for the second decoupler.

pwx 3 isa 90° pulse on X (in us) for the third decoupler.

j C13,j N15, orj P31 should be set to the appropriate coupling constant.

j nane isset by the pwxcal macro to indicate which nucleus has been selected.
dmis the decoupler modulation and must be’ nnn’ .

dnmis the decoupler modulation mode and should be’ ccc’ .

dof isthe X-nucleus resonance location (note: CH4l dof is—14800 for a 500-MHz
systemat 11.4T).

dpwr (or dpwr 2) isthe power level of the“X” decoupler pulse, andt pwr isthe power
level for proton observe if the decoupler channel uses alinear amplifier.

Technique
The following technique is recommended:

1. Starting from a 1D proton parameter set, type pwxcal and answer the questions
“use decoupler 1, 2, or 3[1]” and “calibrate C'3, N*°, or P31 [C13]". Pressing the
Return key to either of the questions selects the default response enclosed in square
brackets.

2. Array parameter pwx 1, starting at 0, making sure that delay d1 is reasonably long
compared to the *H relaxation times.

3. Phasethefirst spectrum (pwx1=0). All peaks null when pwx 1 isa90° pulse.

4. If asecond decoupler is present, the parameter pwx 2 is arrayed to cdibrate the 90°
pulse width on that decoupler. If athird decoupler is present, the parameter pwx 3 is
arrayed to calibrate the 90° pulse width on that decoupler.
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21.6 Shimming

Field strength  e——f-—

Shims are aset of coilsinside the magnet that induce changes in the shape of the magnetic
field. Each shim produces a specific change in the magnetic field that can be easily shown.
To provide avisual reference for the interactions of the shims, the approximate shapes of
the axial gradients (spinning shims) are shown in Figure 27.

Z axiS POSItioN e

Z1 (linear)

Z3 (non-linear)
Z5 (more non-linear)
Z2
Z2 (parabolic)

Z4 (non-parabolic)

Z5
Z3

Z1

Figure27. Approximate Shape of Axia Gradients

Understanding the effect of various shims on symmetry of the resonance isimportant in
simplifying the shimming process. The following two points must be considered:

» Theeffect of agiven shim on the spectral lineshape.
* How the shimsinteract with each other.
Understanding how the shimsinteract is critical to simplifying the task of shimming. Pure

shim gradients produce a very specific and predictable effect on the magnetic field and, to
alesser extent, on the resonance lineshape.

For gradient shimming, refer to the manual User Guide: Liquids NMR.

Shim Interactions

The following sections show theoretically predicted changes in lineshape caused by
changes in shim DAC values. Shim sets with pure shims, such as the Varian Ultrasnmr
shims, follow the theoretically predicted response very closely. Other shim systems, with
more interactions between shims, produce somewhat different results.
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Theoretically Perfect Lineshape and Effect of Z1 Shim

Figure 28 shows atheoretically perfect line shape (at |eft) produced in a perfectly
homogeneousfield (at right). The magnetic field shape appearsasaflat line, indicating that
the magnetic field does not change across the length of the sample.

Figure 29 shows how changing the linear shim Z1 affects the line shape and the magnetic
field.

Lineshape (d) Magnetic field shape (z)

gradients
Z1=0
Z2 =0
Z3=0
- Z4 =0

75 =0

Figure 28. Theoretically Perfect Lineshape

Lineshape (d) Magnetic field shape (z)

— gradients
Z1 =256

Z2 =0

Z3=0

. Z4 =0

Z5=0

Figure29. Effectsof Linear Shim Z1
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Effects of Even-Order Shims Z2 and Z4

Figure 30 shows the effect of the even-order shims, Z2 and Z4, on the line shape. Notice

that a positive misadjustment of both shims produces an upfield tail on the peak. If Z2 and
Z4 are misadjusted in the negative direction, the asymmetry occurs on the downfield side
of the peak. The difference between Z2 and Z4 isin the height of the asymmetry. The Z2
shim causes asymmetry higher on the peak than Z4.

Lineshape (d) Magnetic field shape (z)

Asym m etry \’/

or tail

,/ gradients
Z1=0

Z2 =256
Z3 =0
Z4 =0
Z5=0

D

Lineshape (d) Magnetic field shape (z)

gradients
Z1=0

Z2 =0
Z3=0
- Z4 =256

75 =0

Figure 30. Effectsof Even Order (Parabolic) ShimsZ2 and Z4

Effects of Odd-Order Shims Z3 and Z5

Figure 31 shows the effects of the odd-order shims Z3 and Z5 on the line shape. The odd-
order shims cause broadening of the peak and therefore affect resolution.The Z5 shimis
unavailable on systems with 13-channel shim sets (shi mset =1).
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Lineshape {d) Magnetic field shape (z)
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Figure 31. Effect of Odd Order (Non-Linear) ShimsZ3 and Z5

Effects of Misadjusted Shims

Figure 32 showstwo examples of the effects when more than one shimis misadjusted. This
isthetypical casewith real samples. The complex line shapes make simple visual analysis
difficult. A procedure for correcting the shimsis provided later in this section that can be
used as a guide when adjusting shims.
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Figure 32. Effectsof Misadjusted Shims

Effects of Non-Spin Shims

Figure 33 shows the effect of the non-spin shims on the spectrum (note that Z3X and Z3Y
are not available on 13- or 14-channel shim systems). If set wrong, thefirst-order non-spin
shims (X, Y, ZX, and ZY) can cause first-order spinning sidebands. XY and X2-Y2 can
cause second-order spinning sidebands. High-order non-spin shims can cause a broad peak
base.
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Jd U

First-order spinning sidebands: Second-order sidebands: XY, X2-Y2.
X, Y, ZX, ZY On top of the first-order sidebands

<+—— Good half-height linewidth

Broad base
(exaggerated for clarity)

High-order nonspin shims: X3, Y3, Z3X, Z3Y

Figure 33. Effects of Nonspin Shims
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Summary of Shim Interactions

Table 14 lists some line shape effects associated with shims. Note that 13-channel shim
systems(shi nset =1) do not have Z5, Z3X, ZXY, etc., and that 14-channel shim systems
(shi nset =10) have Z5 but do not have Z3X, ZXY, etc.

Table 14. Lineshape Effects and Their Associated Shims

Lineshape Effect Shims

Split peak Z4 and Z1

Asymmetry greater than half-way up Z2

Asymmetric foot Z4

Symmetric feet and or low broad base Z5

Symmetrically broad base Z3

Spinning sidebands Low-order radials X1, Y1
Symmetric broad base High-order radials X3, Y 3, etc.

Typical interactions for axial shims:

Z1 and al other axial shims, to some extent

Z2and Z1

Z3and Z1

Z4 and Z2 (with large delta Z4s: Z4 and Z3)

Z5 and both Z3 and Z1 (Z5 not available on 13-channel shim systems)

Setting Low-Order (Routine) Shims

The following procedure describes how to set the low-order, or routine, shims. You may
need to reset Z0 and lock phase if you are making very large changesin the room
temperature shims. With this procedure, you should concentrate on improving the
symmetry of the main resonance as well as the half-height resonance and line shape.

1
2.
3.

Click on the Connect button in the Acquisition window.
Click on the SHIM button and set SPIN to on

Adjust the lock level to about 80 if possible.
Maximizelock level with Z1.

Maximizelock level with Z1 and Z2. Do thisby making achangein Z2 followed by
maximizing with Z1 again. Continue toiteratein this manner until you can no longer
increase the lock level.

Acquire the spectrum.
If the sampleis properly shimmed, the lines should be symmetric.
If the lines are not symmetric or unusually broad at the base, refer to Table 14 and

the previous sections for which shimsto adjust. You should not need to adjust Z3,
Z4, or the non-spins for most routine samples.

If you do need to adjust Z3, do so by interactively shimming Z1 and Z3 in the
manner described in step 3 for Z1 and Z2. Changesin Z3 may affect Z2 so after
shimming Z3 maximize Z1 and Z2 again.
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Removing Spinning Sidebands (Non-Routine)

If the spinning sidebands are not within specification, use this procedure to remove them.

1

2
3
4,
5

10.
11

12.

13.

Write down thelock level, set SPIN to off, and write down the lock level.
Adjust lock to about 80 if possible.

Maximize lock level with X.

Maximizelock level with Y.

Maximize lock level with X and Y.

Do thisby making achangein Y followed by maximizing with X again. Continue
toiterate in this manner until you can no longer increase the lock level.

Maximize lock level with X and ZX.

Do this by making achangein ZX followed by maximizing with X again. Continue
to iterate in this manner until you can no longer increase the lock level.

Maximize lock level withY and ZY.

Do this by making achangein ZY followed by maximizing with Y again. Continue
to iterate in this manner until you can no longer increase the lock level.

Repeat step 4 above.

Maximizelock level with XY and ZXY (ZXY not available on 13 or 14 channel
shim systems).

Repeat step 4, step 5, and step 6.

Set SPIN to on and acquire a spectrum.

If the sampleis properly shimmed, the lines should be symmetric.

If the lines are not symmetric or unusually broad at the base, refer to Table 14 and
the previous sections for which shims to adjust. For most routine samples, you
should not need to adjust Z3, Z4, or the non-spins.

If you need to adjust Z3, do so by interactively shimming Z1 and Z3 in the manner
described in step 3 in the previous procedure (* Setting Low-Order (Routine)
Shims”) for Z1 and Z2.

Changesin Z3 may affect Z2 so after shimming Z3 maximize Z1 and Z2 again.

Setting the High-Order Axial Shims (Non-Routine)

1

If Z4 needs to be adjusted, look at which side of the peak the asymmetry appears—
low field to the left and high field to the right.

Use Figure 30 to determine which direction to move Z4. If the asymmetry islarge
(z4 isfar off), change Z4 by a considerable amount to try to push the asymmetry to
the other side of the peak. This provides two important pieces of information:

» Confirmsthat Z4 isthe problem if the asymmetry moves.

« Indicateswhat the actual value of Z4 should be when Z4 is changed. Since you
know the values that caused it to be on either side of the peak, the correct value
must be between the two extremes.

Set Z4 to the value that produces neither a high-field nor low-field asymmetry.

Z4 dffects al the shims below it, so repeat the in the “ Setting L ow-Order (Routine)
Shims’ procedure.
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Maximize the lock level with Z5.

Repeat step 3 and step 4 until no further increase is obtained.

Setting High-Order Radial Shims (Non-Routine)
Note that 22X, Z2Y, ZX2-2Y 2, Z3X, Z3Y, and Z5 are not available on 13-channel shim

systems.

1. Set SPIN to off and write down the new lock level.

2. Setthelock level to about 80.

3. Maximizethelock level by shimming Z2X against ZX.

4. Maximizethelock level by shimming Z2Y against ZY.

5. Repeat the “Removing Spinning Sidebands (Non Routine)” procedure.

6. Maximizethelock level by shimming ZXY against XY.

7. Maximizethelock level by shimming ZX2-ZY 2 against (X2-Y 2).

8. Set SPIN to on and adjust the lock level to 80.

9. Maximizethelock level by shimming Z1, Z2, Z4, and then Z1, Z2, Z3.

10. Repeat step 1.

11. Maximizethelock level by shimming X3 against Y3

12. Maximizethelock level by shimming Z3X against Z3Y if available.
Refer the Oxford manual for your magnet for approximate Z3X and Z3Y values. Be
aware that the signs may be reversed in the Oxford manual, so you will have to
experiment to determine the correct sign.

13. Look at the spectrum and decide where to concentrate your effort:

* For abroad base, adjust Z4 and Z5.
« For spinning sidebands, adjust the proper order radial shims.

AsZ4 and Z5 are optimized, the contribution of Z3 to the breadth of the base
becomes more clear, as well as any contribution from the high-order radia shims.
Several cycles of shimming are required.

In some cases, local maximawill be encountered, causing the greatest problems. A
local maxima may beindicated if a high-order shim continues to increase and
eventually reaches the maximum output of the shim supply, without having reached
the optimal lock level.

In such acase, carefully reexamine the lower-order shims by making large
excursions (systematically), beginning with the lowest-order shim and working up.
Thisisaparticularly difficult issue when dealing with the high-order radial shims
such as X3, Y3, Z3X, and Z3Y, because their perturbation of the lock level is small
relative to the change in the shim current.

At the same time their perturbation of the spectrum is significant in experiments
such aswater suppression, but their effects can go unnoticed or may not beimportant
in some routine 1D spectra, where large solvent peaks are not encountered.

Note that Z-axis gradient shimming can be used on YNTYINOVA, UNITYplus, UNITY, and
VXR-S systems. Refer to the manual User Guide: Liquids NMR for instructions.
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AutoTest is aseries of automated tests for the console and the probe. These tests
demonstrate the consol e performance and its compliance with the acceptance test
specifications.

The tests automatically write the results to atext file and optionally plot the resulting
spectra (although plotting is optional, it should be activated for acceptance testing and
customer review). At the time of system installation, a hard copy of the AutoTest report is
attached to the appropriate Acceptance Test Results form.

WARNING: Remove any files used for previous versions of AutoTest from your

vnnr sys directories, particularly any ~/ vnnr sys/ seql i b/ AT* or
~/ vnnr sys/ macl i b/ AT* files. Remove AT*. DEC, gauss32. RF,
gauss. RFand ebur p1. RF from ~/ vnnr sys/ shapel i b if present.
Make sure that ~/ vnnr sys/ macl i b/ aut ot est is not present.

AutoTest Step-by-Step Procedure

The following procedure provides an overview on running AutoTest. Subsequent sections
cover configuring and running the software, as well as the experiment involved, in detail.

1

Make sure all elements of the rf system (transmitters, linear modulators, rf
attenuators, amplifiers, receivers, and probes) are in the standard configuration.

If the system has a PFG (pulsed field gradients) accessory installed, make sure that
the gradient amplifier ison and pf gon is set correctly for the number of gradients
available.

eFor VNMR, set pf gon="nny’ for Z-axisonly or pf gon="yyy’ for triax.

eFor VNMRJ, usethe utilitiesdrop-down menu and select syst em set t i ngs to
set the active gradients.

Allow sufficient time for stabilization. AutoTest calibrates the gradients.
Use the sample described in AutoTest Sample on page 285.

Setthe VT to 25° C. Allow the temperature of the sampleto regulate and equilibrate.
While specifications are determined at 25° C, normal day-to-day AutoTest runs may
be done at other temperatures.

Tune the probe, and lock on the D,0 resonance.

Shim the field on the sample to give anonspinning half-height that is dominated by
the paramagnetic rel axation agent. This should reguirelittletimesincethe H,O line
is quite broad.

Notethet pwr value necessary to produce a *H 90° pulse width that is within
specification (8 to 10 ps) but does not cause probe arcing. AutoTest usesthist pwr
value and determines the 1H 90° pulse width and calculates the amplifier
compression at thist pwr value.

If you want to savetheresults of aprevious AutoTest run, renamethehi st or y and
dat a directories.

For VNMR, enter the macro aut ot est . For VNMRJ, use the utilities drop-down
menu and select the AutoTest option from the calibrations sub-menu. In the
AutoTest display, specify the optionsand enter valuesfor power and an approximate
IH PWBO for thisvalue of t pwr (10 pisec recommended). Specify the coil size (in
mm). Thisvalueis 18 mm for most Unibody-style (hexagonal base) probes and
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16 mmfor all others. A full AutoTest run including all available options must berun
before any single test or partial set of testsis specified. Most of these testsrely on
calibrations that are performed as part of the full AutoTest run. Thisoptionis
specified by the All Standard Tests checkbox.

After selecting the Begin Test button, AutoTest begins. The total time for the test(s) will
depend on the test(s) specified and on plotting, and CPU speed.

AsAutoTest runs, the FIDs are stored in the dat a directory, and the results from the tests
are stored inthe hi st or y directory.

AutoTest Sample

As the sample, AutoTest uses 0.1% *3C-enriched methanol in 1% H,0/99% D,0. The
sample is doped with gadolinium chloride at a concentration of 0.30 mg/ml, which
produces aH T, relaxation time of about 50 to 75 ms. The resulting linewidth is
considerably larger than the magnet-determined line width because of the paramagnetic
relaxation contribution, minimizing any dependence on shimming skill and permitting
rapid collection of data.

Starting AutoTest

AutoTest is started by entering the macro aut ot est or by selecting a menu button that
runs this macro. The system first checks for an aut ot est directory in the user’s current
vnnr sys directory. If no aut ot est directory is present, ~/ vhnr sys/ aut ot est is
automatically created and subdirectories are copied from / vnnr / aut ot est . These
directoriesinclude parameter, data, history and database at db directories.

The AutoTest program appears similar to Figure 34. If needed, this window can be resized
using the mouse. The Begin Test button should be visible in the lower Ieft corner. If not,
resize the window.

Across the top of the window, several tabs appear, including Configuration, Test Library,
History, and Test Report. Selecting one of these changes the display:

AutoTest Window

Configuration Tab

The Configuration tab selects a display with entry fields and checkboxes for configuring
AutoTest.

Entering System Information

At thetop of the Configuration display are fields for entering user, console, and probe
identification as well as the nominal t pwr and pw90 values for 1H.

Thet pw and pwoO0 values are used as starting points and should be entered the first time
AutoTest is run. The 'H pw90 value should be correct to within +30%. The power level
entered is used for most of thetests so it should be alevel that isused in normal day-to-day
work. For most probes this would be a power level sufficient to get a 10 ps pwoO.

Running at the upper range of t pwr may result in a situation where the amplifier isin
compression. This means that although the pw90 may be shorter at t pw =63 than

t pwr =57, the pw9O at the former power may not be afactor of two shorter. If a 100-watt
high-frequency amplifier is present, thet pwr value should be set so that *H pw90is 10 us
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Figure34. AutoTest Program Display

at that power. In any case, the amplifier compression at the entered t pwr is determined,
with the assumption that t pwr -12 dB is a setting where there is linear behavior.

The length (in mm) of the active window in the receiver coil is also specified. Thisis
normally 16 mm, unless the probe has ahexagonal base (Unibody-styl€), in which case the
coil may have an 18 mm length (normally true for indirect and triple-resonance liquids
probes).

Some probes require more careful power control (very high field and cryogenic). Power
control for 13C and 1°N pulses and decoupling is available within this panel. These values
are used to set upper limits on power (attenuator) settingsfor 3C and 1°N 9 (using channels
2 and 3) pulses and decoupling for those tests which have power limits. These are primarily
decoupling noisetests. The 13C pw90 calibration is normally donefor a power level giving
anominal 15 psec pulse and this power level isfound by experiment. This power valueis
limited by the above values. If the probe used has no 1°N port, set the maximum pulse
power to zero. The relevant macros check for a zero value and skip °N pulses or
decoupling for thiscase. AutoTest macrosincluding ¢ after AT have power limitsinternally
coded.
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Configuring Tests

The top-left column of checkboxes in the AutoTest window selects test configurations:

« Auto Plotting — Automatic plotting of spectra after each experiment. This box should
be on the first time AutoTest is run to produce a hardcopy record, but can be off for
subsequent normal maintenance mode.

 Print Parameters— Automatic plotting of aseparate page that includes a parameter set,
pul se sequence and descriptivetext (only if Auto Plotting is selected). Thisbox should
be on the first time AutoTest is run to produce a hardcopy record, but can be off for
subsequent normal maintenance mode.

» Graph History — Automatic plotting of history graphs (only if Auto Plotting is
selected).

 Process During Acg. — Automatic (wnt ) processing and display of spectra after each
FID.

* Repeat Until Stopped — Automatic repeating of AutoTest (until manually aborted).

These checkboxes reflect the setting (y or n) of global parametersat _pl ot aut o,

at _pl ot parans, at _graphs,at_wnt proc andat _cycl et est, respectively.
These global parameters, as well as those mentioned for test selection, are updated when
the Begin Test button is selected.

In most cases, asingle AutoTest run is appropriate and the Repeat Until Stopped checkbox
should not be set. For troubleshooting, or to establish a statistically valid database,
however, you might want to run the test overnight. When the Repeat Until Stopped
checkbox is selected, the automatic processing and display of data after each FID optionis
disabled after the first pass (becauseit is unlikely that the user is present to view the data).
In addition, al function tests that do not produce a numerical result are skipped.

Note: If you select Auto Plotting, Print Parameters, or Graph History, make sure enough
paper is available for the printer or plotter.

Enabling Tests

The top-right column of checkboxes on the AutoTest window set whether VT, C12, lock,
and gradient tests are enabled or not. These check boxes should be set appropriately before
selecting the Begin Test button. If these are not selected, any tests involving them are
skipped in an AutoTest run, even if the tests are selected in atest package or individually.

The normal use of these check boxesisto allow skipping of some tests when the All
Standard Tests package is used. The boxes reflect the current state of the options when the
AutoTest program starts (these boxes reflect the user global parametersvalues, y or n, of
at_vttest,at cl3tests,at | ocktests,andat gradtests, respectively).

Selecting Test Packages

In the center of the AutoTest window is a column of check boxes used to select test
packages.

The first checkbox is All Standard Tests. This option sets AutoTest to make afull run,
checking out all the relevant hardware enabled by the upper checkboxes.

All Sandard Tests must be the first test performed (with all options enabled) because it
determines calibrations for any of the specific tests. Once the full AutoTest is run, any
single test may be run and it uses the calibrations stored in the standard parameter set or in
the global variables updated by specific tests. Thus, asingle test can be run without doing
any calibrations, but its accuracy is dependent on the last calibration performed.
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As AutoTest experiments are completed, relevant calibrations are stored in special global
parameters. In addition, the st andar d. par parameter set (storedin aut ot estdir +
/ par anet er s) isupdated whenever thet of , pw90, T1, linewidth, or gain values are
determined. These are determined in thefirst few experimentsof the All Standard Testsrun,
or if specific tests are requested.

Thus, if only asingle specific test is requested, the st andar d. par parameters should
have appropriate values so that afull autocalibration of all parametersis unnecessary. The
relevant global parametersinclude C13-related parameters, gradient calibrations, etc. The
macro/ vnnr / macl i b/ macl i b. aut ot est/ ATgl obal createsthese variables (if
not already present) and you can read it to get an idea of the global variables used by
AutoTest. For VnmrJ, the utilities, menu has AutoTest information showing the val ues of
most of the AutoTest global parameters.

Below the All Standard Tests checkbox are several checkboxes for different packages of
tests. By selecting one or more of these, you can chose the tests performed. Selections may
be unselected by clicking the checkbox once again.

If thereis not enough room within the display to show all choices, apair of arrow symbols
appears at the top of thelist. Selecting the right arrow updates the display with the next list
of choices. Selecting the left arrow returns to the previous page of choices.

Test Library Tab

Selecting the Test Library tab at the top of the AutoTest window displays alist of specific
tests. Use theright and left arrow buttons to view groups of individual tests organized by
hardware, for example, channel 1 tests, z-axis gradient tests, C12 tests, etc.

Selection of one or more of the checkboxesin any of these displays specifiesthe teststo be
performed, in the order selected. Tests may be unselected by using the checkbox once
again. Any of these tests may be grouped with the group test(s) specified in the
Configuration panel.

Experiments are initiated by returning to selecting the Configuration tab and clicking the
Begin Test button.

History Tab

Selecting the History tab at the top of the AutoTest window provides graphical output of
the hi st ory filesaccumulated after several AutoTest runs.

Toselectahi st ory file, scroll to the name of thefile. Theleft arrow and right arrow may
be used to rapidly step through the list.

Buttons are provided to specify agraphical or text output of the history file. If more than
oneresult is contained in the history file, amenu of choicesis displayed to theright of the
display of results.

Values of resultsthat exceed specified limitsaredisplayed inred in the graphical output and
in color in the text output. If a history file has multiple results with specifications, all
displayed points for that run will indicate failure if only one has failed. Thus, a particular
display may show afailure even though the result is within specification. If thisistrue,
select the other entriesin the list to show which result had actually failed.

Printed graphs may be obtained by selecting the button at the bottom of the screen. A full
set of small graphsis plotted automatically after an AutoTest run when the Graph History
checkbox is selected in the Configuration display (if automatic plotting is requested).
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Test Report Tab

Selecting the Test Report tab at the top of the AutoTest window allows viewing the
atrecord_report file areport on the results for the current AutoTest run. The
atrecord_report fileisoneof two filesthat contain test results (both files are stored
intheaut ot est di r directory):

e The REPORT fileis more compact and is automatically printed at the end of the run.

e Theatrecord_report hasthe same results, but in aformat that is similar to the
hi st ory fileformat. In addition, it indicates a Fail statusif any of theresultsina
history filelineis out of bounds relative to the upper and lower limits stored in the
at db/ at _specs_t abl e file.

Theatrecord_report report may bescrolledto view all of theresults. All failuresare
indicated. Tests that have passed defined upper and lower limits, and tests for which there
are no defined upper and lower limits have no Pass/Fail statusindicated. A rapid indication
of any failuresis given by selecting the Fail Only option. Either mode of the report can be
printed by selecting the Print Report button at the bottom of the display.

Failed experimental dataisstored, with adate-stamp, inadat a. f ai | ed directory which
iscreated inthe aut ot est directory (if needed). If tests are repeated, new date-stamped
files are created at each failure, permitting later examination of the failed experiments. In
addition, afile FAILREPORT is stored in the aut ot est di r directory and it is printed
out at the same time asthe REPORT file. Thisreport showsthehi st or y fileentry for all
failures and the time of the failure. Thisreport is also stored with date-stamp in the
autotestdir reports directory when anew AutoTest run is begun.

Saving Data and FID Files from Previous Runs

As AutoTest executes, data and FID files are written into the hi st or y and dat a
directories, which are located in the aut ot est directory. The aut ot est directory is
usually located in the directory vnnr sys of auser’s home directory. The contents of the
dat a directory are progressively overwritten as AutoTest continues.

Before starting a new AutoTest run, do the following to save the data from a previous run:
1. OpenaUNIX window. and enter cd ~/ vnnr sys/ aut ot est .

2. Change the name of the hi st or y directory by entering, for example,
mv history history. ol d.

3. Change the name of the dat a directory by entering, for example,
nv data data.old

Creating Probe-Specific Files

If you run AutoTest with different probes, you should keep separate aut ot est
directories. Use the following steps to create probe-specific files.

1. After you have run AutoTest using a specific probe, change the name of the
aut ot est directory by using the mv command, for example:
cd ~/vnnrsys
mv aut ot est aut otest_pr obe_l
Where pr obe__1 isthe name of the probe that was tested, for example,
5mTri pl ePFGor 5mm D.

Any new AutoTest run automatically createsanew aut ot est directory in the
user’'svnnr sys directory. The only file that needs to be updated would be
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~/ vnnr sys/ aut ot est/ par anet er s/ st andar d. par. This can either be

copied from the saved aut ot est file or the parameter set may be retrieved using
rt orrt p, the parameters updated and then saved, replacing thest andar d. par

file. This should be safe for any parameters displayed in the dg window, but there

are several parameters dealing with gradients and indirect detection that must also

be checked. It is safest to do an All Standard Tests run the first time anew probeis
used.

Once acalibrated st andar d. par parameter set is present, aut ot est
directories may be renamed whenever aprobeis changed. In thisway, hi st ory
files may be kept specific to a probe.

2. Tochangethe file name back to pr obe_1 (or the name you have chosen), enter,
for example:

cd ~vnnrsys
nv aut ot est aut ot est _probe_2

Where pr obe_ 2 isthe name you have chosen for the probe | ast tested.

nv aut ot est _probe_1 aut ot est

Where pr obe_1 isthe name you have chosen for the probe you now want to test.
If you need to repeat any individual test, you can do so by recalling the appropriate
FID from the dat a directory. The experiment can then be started with the go
command without overwriting the previous data. Or the test may be selected from
the Test Library after using the aut ot est macro or amenu calling this macro.

AutoTest Directory Structure
AutoTest usesthe ~/ vnnr sys/ aut ot est directorieslisted in Table 15.
Table 15. AutoTest Directories.

Directory Contents

dat a FIDs from the recent AutoTest run(s)

data.failed FIDs from any failed Auto Test experiments

hi story History files for the various tests

reports Copies of the report generated each time AutoTest isrun
par aneters Parameter files—default entry isst andar d. par

texts Copies of the text files attached to the AutoTest experiments
atdb AutoTest database

data Directory

The~/ vnnr sys/ aut ot est / dat a directory contains FIDs collected in previous
AutoTest experiments. As each experiment finishes, the macro specified by the wexp
parameter executes, and as part of that macro, asvf command is performed that savesthe
FID under afile name specified by the parameter at _current t est (if it containsa
name). The macro first removes any file by the same name (the results of the test from the
last time it was run) and then executes svf . Thus, the data directory may contain FIDs
obtained during different AutoTest runsif those runs were not full runs.

Any data files stored in the data directory can be recalled by normal VNMR commands
such asr t . The data may then be transformed and displayed. Thewexp parameter will
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contain the name of the macro normally used for data processing, so that the wexp
command can be used to duplicate the actions normally done in an automatic manner.

Note: If file ~/ vnnr sys/ aut ot est/ at db/ at _sel ect ed_t est s isempty,
only processing and no further acquisition isdone. If thefile~/ vnnr sys/
aut ot est/atdb/at _cycl ed_t est s isnot empty, thosetests may start.
Therefore, clear the contentsof at_selected_testsand at _cycl ed_tests
before manually executing the macro.

Thisresult is normally the caseif the last AutoTest run came to a normal completion.
However, if thelast AutoTest run was aborted and no new entry into the AutoTest Program
was done, thisfilewill contain entries and an acquisition may start up following thewexp
command. If so, just abort the acquisition.

data.failed Directory

The~/ vnnr sys/ aut ot est/ dat a. f ai | ed directory contains any data from any
failed experiment. Failure resultswhen a calculated result falls outside limits defined in the
~/ vnnr sys/ aut ot est/ at db/ at _spec_t abl e file. Varian specifications are
indicated inthe ~/ vnnr sys/ aut ot est / at db/ at _spec_t abl e file. Userscan
modify thisfile by supplying upper and lower limits. Any user-modified

at _spec_t abl e fileshould be saved outside ~/ vnnr sys/ aut ot est , sincethisfile
can be deleted later.

parameters Directory

The~/ vnnr sys/ aut ot est / par anet er s directory contains any parameter set used
by AutoTest macros, including any put there by the user. Normally, only st andar d. par
ispresent. Thisparameter set hasall parameters necessary for the AutoTest macros. Values
of parameters may be displayed by using dg in the text window. Some parameters are only
displayed when certain variablesare nonzero, or ' y’ if astring parameter; however, these
parametersare printed and displayed if used in an experiment. The AutoTest macroAt rt p
is used to recall a parameter set from this directory.

reports Directory

The~/ vnnr sys/ aut ot est/r eport s directory containstext files from previous
AutoTest runs, by date. Each run produces a report, whether plotting is requested or not.
Thereport file for acurrently proceeding AutoTest runis~/ vnnr sys/ aut ot est/
REPORT. At the end of an AutoTest run, thisfileis copied to the reports directory under a
title that includes the date and time. If AutoTest is repeated, automatically anew report is
written out for each complete AutoTest run. The existing ~/ vnnr sys/ aut ot est /
REPORT fileisrenamed as~/ vnnr sys/ aut ot est / LASTREPORT whenever an
AutoTest run begins. Similar actions are executed for theat r ecor d_r eport . This
directory also stores any FAILREPORTS with appropriate date-stamps.

texts Directory

The~/ vnnr sys/ aut ot est / t ext s directory contains mainly text filesthat are
printed on some spectral plots and most parameter set printouts. These files explain the
purpose of the test.
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history Directory

The~/ vnnr sys/ aut ot est / hi st ory directory containstext files that record the
values determined in AutoTest runs. They are generated automatically by the ATr ecor d
macro which isused in any AutoTest macro that obtains a numerical result from an NMR
experiment. Each result is written on anew line and is date-stamped. Tests that have a
Varian specification listed in the manual Acceptance Test Procedures will be denoted as
having passed or failed.

If thehi st or y filehasmorethan oneresult per line, any onefailurewill cause afail result
for thewholeline. Whenthe hi st or y fileisviewed using the History display (after using
the macro aut ot est ), failureisindicated by ared data point in graphical output and a
colored entry in the text output.

If auser writes a new AutoTest macro including the ATr ecor d macro, the
at _spec_t abl e must be updated for the history files to be displayed. In addition, the
new macro must be listed withintheat _tests _file.

atdb Directory

The ~/ vnnr sys/ aut ot est / at db directory contains mainly the following text files
used by the Auto Test program to create the AutoTest interface:

at_tests file

Theat tests_fil efiledefinesall theteststhat AutoTest can perform. Tests are
specified by amacro name and description. Normally, these are grouped and separated by
aline starting with Label . Theword following will be displayed as a heading for agroup
of tests. The test descriptions are displayed in the Test Library display (after entering the
macro aut ot est or by using amenu calling this macro). The macro names are not shown
in the display, just checkboxes next to the test description.

New testsmay beadded totheat tests fil e by specifying agroup title (use the
Label keyword asthefirst word on theline, followed by a descriptive phrase). Specify a
macro name and then atest description, one per line.

at_groups file

Theat _groups_fil e filedefinestest packages that have been assembled for
convenience. Each package has aline that gives a description (in double quotes) followed
by alist of macros to be used in the order of acquisition. There are no restrictions on the
placement of these macros in the text file, only the order matters. When the next double-
guoted entry appears, a new group is set.

The AutoTest interface display shows these packages as checkbox entriesin the
Configuration display. Selection of one or more of these causestheir execution in the order
of selection, once the Begin Test button is selected. When this happens, the

at _selected_tests fil eisfixed. Selection of the All Standard Tests checkbox
disables any other selections that will be done as part of the All Standard Tests run.

Users may add new packages to the Configuration display list by adding appropriate lines
totheat _groups_fil e inthe sameformat.

Any macro specified within agroup must be defined intheat _tests_fil e.

at_selected tests

Theat _sel ect ed_t est s file containsthe names of the macrosto be run as part of the
AutoTest procedure and isfixed at the time the Begin Test button is selected. Theformat is
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one line per macro with each line containing the name of a macro, in the order of
acquisition.

AsAutoTest proceeds, each lineisdeleted asthe specified macro finishesits activity. Thus,
completion of the AutoTest run is defined as when this file is empty. The single exception
is the case of automatic repeating of AutoTest, as specified by the Repeat Until Stopped
checkbox inthe Configuration display and asindicated by the value of the global parameter
at _cycletest(’'y’).Inthiscase at the completion of the AutoTest run, the contents
of thefileat _cycl ed_t ests arecopiedintoat _sel ect ed_t est s andthe process
then continues.

at_cycled tests

Theat cycl ed_t est s fileisupdated when the Begin Test button is selected. If the
Repeat Until Stopped checkbox is selected in the Configuration display, the global
parameter at _cycl et est sissetto’ y’ andthefileat sel ect ed_t est s iscopied
toat _cycl ed_tests. If notest cycling isrequested, thisfileis emptied.

at_spec_table

Theat _spec_t abl e fileiswritten out whenthe~/ vnnr sys/ aut ot est directoryis
created and is spectrometer-dependent. The appropriate file is copied from the directory
/ vnnr / aut ot est , depending on spectrometer frequency. It contains alist of macros
used in AutoTest for producing entriesin the history files. For each macro the following is
specified:

» The history file affected by the macro.

¢ The column number (not counting date) containing the result.

e Thelower limit for the result.

* The upper limit for the result.

A text description of theresult. Thistext description is used for the graphical displays
and plots. A comment line above each macro serves to describe the test.

All results specified in the manual Acceptance Test Procedures have upper and lower limits
specified numerically in thisfile. Those not having Varian specifications have asterisks (*)
asentriesfor upper and lower limits and these results will have no indication of pass or fail
intheir history files, or colored indication of failurein the graphical displays of the history
files.

Users may wish to set their own upper and lower limits for many, if not all, of the results.
They may do so by replacing the asterisks with numbers. Of course, this should only be
done after agood statistical baseis obtained, such asmorethan 20 complete AutoTest runs.
Oncethisbaseisobtained, thenumbersputintotheat _spec_t abl e fi | e should have
areasonable margin of error built in.

It isagood ideato make acopy of thefileat _specs_tabl e fil e prior to changing
it, aswell asthe modified file, because deletion or renaming of the aut ot est directory
will resultinadefault at _spec_t abl e being copied from/ vnnr / aut ot est / at db.

AutoTest Macros

To help users who want to add or modify tests, this section describes some of the macros
used by AutoTest. These macrosarein/ vnnr / macl i b/ macl i b. aut ot est .
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ATglobal Macro

The ATgl obal macroisrun when the AutoTest program begins. The macro checks for
the existence of aut ot est parametersin the user file~/ vnnr sys/ gl obal . These
parameters are used to store calibrations and results that are used by aut ot est macros.
If the parameters are not present, ATgl obal createsthem. Otherwise, the parameters are
left unchanged. In VNMRYJ, the Utilities drop-down menu system settings option permits
convenient viewing (and entry of) AutoTest global parameters. A partial list of these
parametersis given in Table .Selected Parameters Created by ATglobal

Table 16. Selected Parameters Created by ATglobal

Parameter

Contains

at_currenttest
autotestdir

at _user

at _coil si ze

at _consol etype
at _consol esn
at _probetype
at _wnt proc

at _cycl et est

at _print parans
at_plotauto

at _graphhi st

at _| ocktests
at _max_pwxl| vl
at _max_pwx2l vl
at _nmax_dpwr

at _max_dpw 2
at_T1

at_gain

at _tof

at_fsq

at _dsp

at _anpl _conpr
at _LBanpl _conpr

at _LBanpl _conpr_10usec_c

at _decHeati ng
at_linew dth
at _pwao

at _t pw

at _pwx90c

at _pwx90l vl ¢

at _pwoOLowpower
at _pwx90Lowpower ¢
at _t pw Lowpower
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Name under which the FID is stored

Full path of theaut ot est directory

Name of the user running aut ot est (printed in report)
length (in mm) of active window in coil (typically 16 or 18 mm)
Name of console entered in AutoTest window
Number of console entered in AutoTest window
Name entered for probe used in AutoTest window
y or n (for processing/display after each FID)

y or n (for automatic repeating of AutoTest)

y or n (for parameter list/pul se sequence printouts)
y or n (for automatic plotting)

y or n (for history graphs plotting)

y or n (for lock power/gain tests)

Maximum permitted 13C power level

Maximum permitted 1N power level

Maximum permitted 13C decoupling power
Maximum permitted 1N decoupling power

Value of |ast determined T,

Value of gain determined by autogain

Value of t of for water

Value of f sq parameter

Current value of dsp at start of run

Value of high-band amplifier compression

Value of low-band amplifier compression

13C amp compression at at_pwx90lvl_10usec_c
Temperature increase from decoupling

Linewidth of water resonance

90° pwat power specified in AutoTest display
Power specified in AutoTest display

13C pw90 at power at_pwx90Ivic

13¢C power level for ~15-pis pwx90 at power<= to
at_max_pwxIvl

90° pwat reduced power
13C pw90 at power at_pwx90L owpowerlvic
Power level at reduced power
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Table 16. Selected Parameters Created by ATglobal

Parameter Contains

at_pwio0_ch2 90° pwon channel 2

at_pwx90 13C pwoO determined at at _pwx 90! vl

at_pwx90l vl 13¢C power level for approximately 15-us pwx90

at_pwx90Lowpower 13C pwaO at reduced power

at_pwx90Lowpower | vl 13¢ power level at reduced power

at_pw90_10usec_c 13C pw90 at power level at_pwx90lvl_10usec ¢

at_pwx90l vl _10usec_c 13¢C power level for ~10-pis pwx90 at power<= to
at_max_pwxIvl(typically at 800 MHz)

at_pwx90Lowpower _10usec_c 13C pw90 at at_pwx90L owpowerlvl_10psec ¢

at _pwx90Lowpower | vl _10usec_c 3¢ power level for at_pwx90L owpower_10usec ¢

at _vttest y or n (for VT test)

at_tenp Current temperature

at _vttype Current value of global parameter vt t ype

at _tenpcontrol Vauereflectsusageof t enp t ¢l / t k panel

at _gradtests y or n (for gradient tests)

at _pfgon Current value of pf gon

at _gmap y or n (for gradient mapping/shimming)

at _gzcal Value of G/cm per DAC unit for z-axis gradient

at _gxcal Value of G/cm per DAC unit for x-axis gradient

at _gycal Value of G/cm per DAC unit for y-axis gradient

ATstart Macro

The ATst ar t macro isrun after the Begin Test button is selected in the Configuration
display. The macro sets the global parameters to reflect the current state of the hardware
and aborts under certain circumstances, such as if requested tests are not compatible with
the current hardware settings.

Messages are displayed indicating the source of the problem. The reports are initialized
with relevant information and the ATnext macro is executed.

ATnext Macro

TheATnext macrocheckstheat sel ect ed_t est s fileand copiesthefirst entry into
the global parameter at _cur _snacr o, deletesthetoplineinat _sel ected_tests
and executes the macro specified by at _cur _smacro. Iftheat _sel ected_tests
fileisempty, ATnext either finishes the AutoTest run or callsthe ATr est art macro
which copiestheat _cycl ed_testsfiletoat _sel ected_t ests, permitting
repeated AutoTest runs until manually aborted by the user.

ATnext isusualy found at the bottom of each macro defining a particular test. This
permits the linking of one test to another, in ageneral fashion.
ATxxx Macros

Specific tests usually have the designation of AT, followed by anumber or group of letters.
Each macro is self-contained, having the ability of setting up parameters, performing
acquisition, processing the acquired data, possibly setting up new experiments and
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processing the data acquired from those experiments, creating plots, parameter printouts,
archiving the raw data, performing statistical analyses of the data, and writing results to
history files and reports.

To better illustrate the structure of these macros, Table 17 gives the source code for macro
AT16, the turn-on test (channel 1). A column of descriptive comments has been added to
clarify the statements.

ATrecord Macro

The ATr ecor d macro isrun whenever anumerical result is stored in ahistory file. Itisa
general macro that will create the specified history fileif it is not present. The macro has a
minimum of four arguments; Name of history file,comment |ine,colum
header | i ne (nameof result) andval ue of result.For example, seethe above
macro near the bottom. The variables $t ur non and $cor r coef are calculated prior to
using the ATr ecor d macro, and these appear in two columns headed by t i e and
corr_coef. Notetheuse of t r unc. Thisisnecessary to limit the number of decimal places
produced.

Up to seven results may be stored in one history file. If thismacroisused, be sureto modify
theat _spec_fil ein~/vnnrsys/ aut ot est/ at db toadd the necessary number of
lines describing the results and any upper and lower limitsdesired. If anew history filefails
to appear it is usually because of failure to updatetheat _spec_fi | e. A backup copy
should be made of the at db in case of accidental overwriting.

The AutoTest macros can be run asindependent macrosif a specific test isdesired. Thisis
done by either entering the macro in the VNMR command line or by selecting the single
test from the AutoTest test library panel by using acheckbox and the Begin button. Again,
if thefileat _sel ect ed_t est s isnot empty, the AThext macro will start a new
acquisition.

Standard Tests Performed by AutoTest

Automated Console Tests (channel 1 refers to pulsing on channel 1,
channel 2 refers to pulsing on channel 2)

» 90° and 30° pulse stability channel 1 and channel 2

1 psec amplitude and turnon stability channel 1 and channel 2
 Pulse turnon time channel 1 and channel 2

e DANTE turnon test channel 1 and channel 2

e Quadrature image: 1 scan and 4 scans

* Quadrature phase selection: 0, 90, 180, and 270 degrees

* Freguency-shifted quadrature image: 1 scan

» Phase stahility test (13° test) channel 1 and channel 2

 Phase switch/settling time channel 1 and channel 2

 Attenuator test channel 1 and channel 2 at full and reduced power
+ Attenuator test for channel 2 as 13C

* Modulator linearity channel 1 and channel 2

« Small-angle phase shifting 0-360 degrees channel 1 and channel 2
« High-band amplifier compression
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Table 17. Source Code for AT16 Macro Example

if ($#=0) then

ATrtp(’ standard’)

text (' Pul se Turnon Test’)
at_currenttest=turnon_chl

tpw =t pw -6 ph

array(’ pw , 37,0.1,.025)

ss=2

wnt =" ATwft sel ect (cel em) aphO vsadj
wexp="AT16(‘ PART1')’

ATcycl e

au

wite(’'line3 ,’ Pulse Turnon Test (channel
dps

)

el seif ($1="PART1') then

if (at_plotauto="y’') then
if (at_printparams="y’) then
pap ATpltext
pps(120, 0, wermax- 120, 90)
page
endi f
endi f
sel ect (arraydi m aphO
f peak: $ht,cr rl (0) sp=-1pwp=2pvsadj dssh dt ext
ATr egb
ATpl 3: $t ur non, $corr coef

$t ur non=trunc($t urnon) $corrcoef =
trunc(1000*$corrcoef)/ 1000

ATrecord(’ TURNONchl',’ Pul se Turnon Tine (nsec)
(channel 1)’ ,’tine ', $turnon,’
corr_coef.’, $corrcoef)

wite('file',autotestdir+'/REPORT ,
"Pul se Turnon Tinme (channel 1): %. 0f
nsec.-Corr. Coef. = %.3f ', $turnon, $corrcoef)

if (at_plotauto="y’) then
ATpl t ext (100, we2nax- 5)
full we=50 pexpl page

endi f

ATsvf

ATnext

endi f

dssh dt ext’

First time AT16 is run it has no arguments.
Recalls standard parameter set.

Puts name of test in global variable.

Sets up pulse width array.

Specifies what to do every FID
Specifies what to do at end of experiment.
Disableswnt processing if in repeat mode.

Begins acquisition and specifieswnt /mexp
processing to occur.

This part executes at end of experiment.

If parameter printout requested.

Fitsto straight line and displays/plots data.

Determines turn-on time and correlation
coefficients

Limits number of decimal places.

Writes out results to history file.

Writes results to report.

Plotsregression fit

Removes old data set and stores FID under
namein at_currenttest.

Starts next macro in at_selected_testsfile, if
present.

Closesel sei f part
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» Low-band amplifier compression

» Temperature homogeneity and rise in decoupler heating test
» Temperatureincrease in spinlock test

e Temperature jump test

» Sensitivity

» AutoGain result for 90° pulse.

» Receiver gain (normal sampling 10-kHz sweep width)
» Receiver gain (oversampling 100-kHz sweep width)

* Folded noise reduction with large spectral width

» Benefit of oversampling at normal gain

 Benefit of oversampling at normal gain + 12dB

* Signal-to-noise as function of gain

* Spectral purity (“glitch test”)

» Lock power test correlation coefficient

» Lock gain test correlation coefficient

Automated Tests with Shaped RF
e Gaussian 90° stability, channel 1 and channel 2
» Gaussian phase stability test, channel 1 and channel 2
» Phase-ramped Gaussian phase stability test, channel 1 and channel 2
« Shaped pulse accuracy- gaussian excitation profile, channel 1 and channel 2

» RF amplitude predictability using a gaussian pulse at variable power, channel 1 and
channel 2

» RF amplitude predictability using a gaussian, rectangular and eburp-1 pulses,
channel 1 and channel 2

» Amplitude scaling of shaped pulses using a gaussian pulse, channel 1 and channel 2
* RF excitation predictability using a variety of shaped pulses, channel 1 and channel 2

Automated Decoupling Performance Tests

« 13C phase modulation decoupling profiles
13C GARP decoupling profile
13C WALTZ-16 decoupling profile
13¢ X Y-32 decoupling profile
1BC MLEV-16 decoupling profile

« 13C adiabatic decoupling profiles (if waveform generator present on decoupling
channel):

13¢ STUD decoupling profile
13C WURST decoupling profile

« Sample heating during *3C broadband decoupling

Automated 90° Pulse Width Calibrations (PW90)
+ 1H 90° pulse width calibrations on channels 1 and 2 at high and reduced power
« 13C 90° pulse width calibrations at high and reduced power
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RF Homogeneity Tests
« 1H rf homogeneity test
« 13C rf homogeneity test

Gradient Calibrations and Performance Tests

« Gradient level for 10 G/cm aong the following:
Z axisfor all gradient probes
X axisfor triax probes
Y axisfor triax probes
Cancellation following a gradient
 Gradient echo stahility for the following:
Z axis at 30 G/cm
X axisat 10 G/cm
Y axisat 10 G/cm
Z axisat 10 G/cm
» Gradient recovery stability for the following:
X axisat 10 G/cm
Y axisat 10 G/cm
Z axis at 10 G/cm
» Gradient recovery (rectangular and shaped gradients) for the following:
X axisat + 10 G/cm
Y axisat + 10 G/cm
Z axisat + 10 G/cm
» Cancellation after gradient.
CPMG T, result for the following:
» Gradient level = 10 G/cm
Without gradients
1% gradient mismatch

Details of AutoTest Experiments
This section provides descriptions of the experiments performed by AutoTest.

All units of the rf system (transmitters, linear modulators, rf attenuators, amplifiers,
receivers, and probes) must be in the standard configuration when AutoTest isrun. If the
system configuration has been changed, it must be returned to the standard configuration
before running AutoTest for acceptance testing.

All datais stored, and both plots and statistical analyses are provided as part of the
acceptance testing. Plots and statistical analyses are made concurrently with acquisition.

RF Performance Test Descriptions (Nonshaped Channels 1 and 2)

Pulse Sability

Experiment — A single-scan pulse experiment is repeated 20 times and the spectra plotted
in ahorizontal stack. The average peak amplitude and rms deviation are measured and
reported. Thistest isrun for the following:
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e 90° flip pulses
» 30° flip pulses
e 1 psecpulses

Purpose of 90° Pulse Stability — Modern experiments require very high pulse
reproducibility to minimize cancellation residualsand T, noisein 2D experiments. Thistest
checks amplitude reproducibility by comparing a series of spectra obtained with the signal
following asingle 90° pulse. The statistical analysis produces an rms deviation, in percent
of the average peak height.

Purpose of 30° Pulse Stability — The sinusoidal nature of the excitation profile makes the
signal generated following a90° pulse less sensitive to error than signal following a much
smaller flip angle pulse (the top of asine waveis broad and changes in amplitude less for
small changesin flip anglethan for asmaller pulse). A 0° flip angle would have the highest
sensitivity to flip angle, but would give no signal, of course. A compromise between the
extremes of large signal following a90° pulse, and no signal following a 0° pulseisto use
a 30° pulse. The rms deviation is measured from an array of spectra obtained using 30°
pulses.

Purpose of 1 psec Pulse Sability — Thistest emphasizes the turnon characteristics of the
pulse. Any instability of the pulse rise should give a corresponding reduction of measured
stability. Since the flip-angle is much less than a 90° or 30° pulse, the measured stability
may belower. Thermsdeviationismeasured from an array of spectraobtained using 1 pusec
pulses.

Cancellation Test

Experiment — Four single-scan, 4 two-scan, and 4 four-scan 90° pul se spectra are acquired
inwhich the transmitter phase is held fixed and the receiver isphase-cycled 0, 2, 1, 3. Data
are plotted in a horizontal stack with the single-scan spectraon scale. The vertical scaleis
increased by 100 times and plotted in the same manner. Average residual signal for 2-scan
and 4-scan cancellation are determined.

Purpose — Modern experiments (HMQC, HSQC, NOE-difference, etc.) often rely on
phase-cycling to achieve desired results. This test compares single-transient response
versus two- and four-transient response in which the phase-cycling is set to achieve
cancellation.

Phase Sability (13° Phase Error) Test

Experiment — The 90° pulse stability test is repeated but uses a90° pulse-1 ms—90° pulse
train with the carrier positioned 37 Hz off-resonance from the water.

Purpose — Phase stability is essentia for high-performance modern experiments. Poor
phase stability would produce poorer water suppression and increase T4 noisein 2D NMR.
The most robust tests of phase stability are solids tune-up sequences used for verifying
performance for line-narrowing sequences, such as WAHUHA or MREV-8, because these
sequences are fairly independent of amplitude stability.

Another test isthe 13° test in which two 90° pulses separated by 1 ms are applied with the
transmitter placed 37 Hz off-resonance. The resulting NMR response stability is a product
of both rf amplitude stability and phase stability because variations in phase between the
pulses induce an amplitude change. The observed amplitude error should be divided by a
factor of 7.1 to obtain ameasure of phase error, in degrees.

System Administration 01-999166-00 C0503



21.7 AutoTest—Automated Instrument Testing

Pulse Turn-on Time

» Experiment — Single-scan experiments are taken in which the pulseisvaried from 0 to
1-2 psin minimum pul se-width steps at low enough power so that the responseis
linear. The response isfitted to a straight line and the turn-on time is determined.
Because of differences in implementation, turn-on times for channel 2 are usually
longer than for channel 1, even though the hardware isidentical.

e Purpose — The quality of modern rf is good enough that examination of pul se shapes
using an oscilloscope is not asinformative as well-designed and executed NMR tests.
Theturn-on and turn-off characteristics of avery short pulse are propertiesthat can be
measured sensitively by NMR.

* The turn-on test measures the amplitude of asignal following a short variable-length
pulse. Inthelimit of asmall flip angle, thisdependenceislinear. The dataare analyzed
and least-squares fitted to a straight line. The intercept is the pulse turn-on time.

Attenuator Linearity

Experiment — For asmall flip angle pulse, the rf coarse power is varied from maximum to
minimum in single-scan mode. The data are plotted in a horizontal stack to facilitate visual
inspection. Thedataarefitted to alinear regression and plotted in phased modeto show any
phase change as a function of power.

Purpose — Overall power control is accomplished using PIN diode-controlled rf
attenuators. These attenuators are precision devices that should have negligible phase
change throughout their full range. The amplitude response should also be logarithmic. A
log regression analysis should show the extent of fit to the ideal. The phase change as a
function of power is examined. Raw, uncorrected output should be examined without
software adjustment of phase and amplitude.

This test does not permit afull assessment of the cause of the phase error, because the
amplifier might be in compression at the maximum power output.

Attenuator Linearity at Reduced Power

Experiment — The attenuator linearity test is repeated but with output of the transmitter
reduced by the linear modulator. Thisis done to isolate the effect of the rf amplifier.

Purpose — The attenuator linearity test is performed, but with reduced power input to the
attenuator (using the linear modulator to reduce the output power from the transmitter).
Raw, uncorrected output should be examined without software adjustment of phase and
amplitude corrections.

Linear Modulator Linearity Tests

Experiment — With the coarse rf amplitude set at avalue 23 dB down from maximum, the
rf power isvaried using the linear modulator. The linear modulator is used for fine power
control and shaped rf excitation. The rf amplitude is varied, over arange of 60 dB, in 100
equally-spaced steps over the whole range. This should produce alinear ramp of signal
response following a small flip-angle pulse. Spectra are plotted in a horizontal stack of
spectrain phased mode with the highest signal full scale. The width of the plotted region
around the water is set narrow enough to clearly show the base of the water peak. The data
arefitted to astraight line using alinear regression analysis and plotted.

Purpose—Further power control ispossible using thelinear modulator present onthe NMR
transmitter board. This test produces a series of experiments in which the pulse power is
changed over the full range of the modulator. The linear nature istested by alinear least-
squares fit of the data.
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Predictable power control isessential for delivering accurate shaped pulses and for precise
power level control in Hartmann-Hahn experimentsin both solids and liquids. Raw,
uncorrected output should be examined without software adjustment of phase or amplitude.

Linear Modulator Linearity Tests with Attenuators Set to Full Attenuation

Experiment — The linear modulator linearity test is repeated, with the coarse rf amplitude
control set for minimum power (resulting in amaximum attenuation of 139 dB). The pulse
width isincreased correspondingly to obtain comparable signal-to-noise asin the linear
modulator linearity test. The data are fitted to a straight line using a linear regression
analysis and plotted.

Pulse Shape Test—DANTE

Experiment — The rf amplitude is set for a 20 ps 90° pulse, and the result is compared to
that for a single-scan spectrum:

e 10 pulses, 2 pseach
e 20 pulses, 1 useach

25 pulses, 800 s each

50 pulses, 400 ps each
100 pulses, 200 pseach

For all except thefirst 20 ps pulse, a1 us delay isinserted between each pulse. The data
are plotted in a horizontal stack to permit comparison of amplitudes. The amplitudes are
measured and printed.

Purpose — A DANTE-type test is performed in which the signal response following a 20-
us pulse is measured. Thisis compared with a series of experiments in which the pulseis
increasingly divided into series of pulses spaced by 1 ps. The sum of the pulsesis held
constant at 20 ps.

If the pulse shape isideal and the total time of the pulse train is short compared to T,, the
rotation of magnetization should beidentical . Asthe pulselength shortens, any non-ideality
of pulse shapeisrevealed as areduction in intensity.

Phase Switch Settling Time

Experiment — Parameters p1 and pw are set to the same value (1 ps) and 30 spectraare
acquired using a 2-pul se sequence, with the first and second pul ses separated by a delay of
20 ps. The phase of the second pulse is shifted 180° from the first pulse at avariable time
prior to the second pulse. A single-pulse spectrum is aso acquired. The arrayed 2-pulse
spectraand the single-pulse spectrum are plotted, with the single-pul se spectrum last. This
last spectrum serves as a reference. The phase shift should be accomplished in 100 ns or
less.

Purpose — This test exercises the phase-shift hardware by finding the time needed to
perform a 180° phase shift. The pulse sequence is aversion of jump-and-returnin which
two 1-ps pulses are executed just 20 ps apart. 1deally, because the second pulse has a 180°
phase shift with respect to thefirst pulse, there should be no excitation. By varying thetime
beforethe second pulse, at which the phase shift isdone, from 0 to 20 ps, an estimate of the
phase switch and settling time can be made. The last spectrum isthat from just asingle, 1-
Ms pulse, and serves as a reference. This phase shift should be accomplished in 100 ns or
less.

System Administration 01-999166-00 C0503



21.7 AutoTest—Automated Instrument Testing

RF Homogeneity

1H RF Homogeneity Experiment — One hundred experiments are run in which the pulse
width isincremented from 1 to 100 us. The spectra are plotted in a horizontal stack in
phased mode and sufficiently expanded so that the base of the water can be examined using
the same phase settings for each spectrum (use channel 1).

13C RF Homogeneity Experiment — In the pul se sequence
del ay—pw90( 1H) —del ay( 1/ 2JCH) —pw( 13C)

the pw( 13C) isvaried from 0 to a flip angle greater than 900 ° while observing the 13C-
coupled protons. The O-flip-angle spectrum is adjusted to full scale and the data expanded
to show only the 13C-bound protons side-by-side to permit measurement of X-coil rf
homogeneity. The results are plotted and displayed in magnitude mode showing one of the
lines of the methanol doublet.

Purpose — This test checks the homogeneity of the rf field strength throughout the active
region of the sample. In an ideal case, for nuclei having reasonable T, values, the signal
generated following a 360° + 0° pulse should match that following a0° pulse. The signal
strength as a function of flip angle should be sinusoidal. The amount of drop off is related
to the inhomogeneity of the rf field (RF homogeneity results are shimming-dependent. If
resultsfor agiven probe are outside of specifications, reshim the sample or use the sample
specified in the probe test manual).

High rf homogeneity is important because many important pulse sequences use alarge
number of pulses. The signal losses accumulate with each pulse such that, in worst cases,
all the desired signal islost. Most heteronuclear, indirect detection experiments on large
molecules use HSQC pul se sequence components. These contain 6 to 10 *H pulses,
including 4 to 8 X nucleus 180° pulses. High rf homogeneity is especially important in
these cases.

Receiver Test

Experiment — Single scan spectra are collected that span the range of receiver gain and
divide that rangeinto at least 25 evenly spaced values of gain, including the highest and
lowest gain values. The data are plotted with the highest signal on scale so that the heights
can be easily compared.

Theresultsarefitted to astraight line using linear regression, and thefitted data are plotted.
Next, the data are normalized and plotted with the water signal held to a constant height so
that the noise levels are easily compared (afew mm of noise in the baseline are provided).

Thesignal-to-noiseratiosfor thewater linein all spectraare measured with aspectral width
of 10000 Hz and no oversampling. Channel 1 is used for the acquisition. With
oversampling x10, the experiment isrepeated. Processing, plotting, and quantization of the
oversampled data are the same as for the data from the 20000-Hz experiment.

Purpose — Receiver gain is selectablein alogarithmic manner (in dB). In an ideal case,
variation of receiver gain should produce alogarithmic dependence of signal strength. As
the gain is lowered, the noise becomes dominated by noise generated in the ADCs, not in
the preamplifier and probe. Regardless of the signa strength, operationin thisrange of gain
will produce poorer signal-to-noise.

Image Rejection Test

Experiment — Plot the data from the following tests first in a horizontal stack, with the
single-scan data on-scale, and then with the vertical scale increased 100 times. Quantitate
the average image and center glitch.
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 Four single-scan and four 4-scan 90° pul se spectra are acquired in which the carrier
frequency isshifted 1000 Hz from the water. The carrier position isnot changed during
the pulse sequence and acquisition, and digital filtering is not used.

e Thetest is repeated using FSQD with single scans.

Purpose — This test checks the inherent balance in the two quadrature channels and the
ahility of phase cycling to eliminate any quadratureimage. Four single-transient and 4 four-
transient responses are collected and compared.

Quadrature images can also be eliminated using digital filtering techniques. The FSQD test
measures image rejection under these conditions.

Quadrature Phase Sdlection

Experiment — Plot the data from the following tests first in a horizontal stack, with the
single-scan data on- scale. Quantitate the average intensities.

« With constant receiver phase, acquire multiple spectra with the observe pul se set
to aphase of 0, 90, 180 and 270 degrees. Phase the O degree spectrato positive
absorption. The spectra should show absorption, dispersion(+), absorption(-) and
dispersion(-). Calculatethe average and standard deviation of the spectragrouped by
phase.

Purpose — This test checks the quadrature phase shift which is used within any phase-
cycling experiments

Shaped Pulse Test Descriptions (Channels 1 and 2)

Gaussian-Shaped Pulse Excitation

Experiment — A gaussian-shaped pulse, with excitation bandwidth at 50% amplitude about
200 Hz, isapplied (e.g., a 12-ms, 90° pulse length). Single-scan spectra are taken with the
transmitter stepped over the range +250 Hz from resonance, in 5-Hz steps.

The data are plotted in a horizontal stack, with the on-resonance spectrum at full scale to
illustrate the gaussian shape of excitation. The vertical scaleisincreased by x10 and plotted
again to show the wings.

Purpose — The most demanding test of shaped pulse accuracy isthe ideality of the NMR
datafollowing a shaped pulse. This test determines the accuracy of a gaussian pulse by
examination of the off-resonance excitation. This is done by repeating the same single-
pulse excitation while varying the transmitter position through awide range.

A stacked array of datashould show the magnitude of excitation asafunction of offset from
resonance. In the ideal case, this excitation envelope would also be gaussian. Any non-
gaussian nature of the pulse, as delivered to the probe, would be represented by a
convolution of excitation envelopes. For example, if the power were not delivered in a
linear manner, producing some rectangular nature, the excitation envelope would have
some sinx/x nature, producing characteristic sinc wiggles. The lack of such non-gaussian
behavior is adirect measure of the accuracy with which the hardware can deliver an ideal
shape to the nuclei.

Gaussian 90° Pulse Sability

Experiment — The rf 90° pulse stability test is repeated using a gaussian pulse at the same
peak power.

The data are plotted in a horizontal stack, with the on-resonance spectrum at full scale to
illustrate the gaussian shape of excitation.
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Purpose — Modern experiments require very high pulse reproducibility to minimize
cancellation residuals and T4 noisein 2D experiments. This tests amplitude reproducibility
by comparing a series of spectraobtained with the signal following asingle 90° pulse. The
statistical analysis produces an rms deviation, in percent of the average peak height.

Gaussian 13° Phase Error

Experiment — The rf 13° test is repeated using a gaussian pulse at the same peak power as
in the phase stability test.

The data are plotted in a horizontal stack, with the on-resonance spectrum at full scale.

Purpose — The rf 13° test can be done using shaped pulses. In thiscase, agaussian pulseis
used at high peak power.

Gaussian SLP 13° Phase Error (Phase-Ramped Gaussian Pulses)

Experiment — This 13° test is repeated using a phase-ramped gaussian pulses. Therf carrier
should be 37 Hz off-resonance from water, but the center of excitation of the gaussian
phase-ramped pul ses should be 1000 Hz from the carrier. The amplitude of the gaussian
pulsesis set high enough to exert a 90° pulse on the water.

Purpose — The 13° test can be done using phase-modulated pulses. These types of pulses
provide single- or multiple-frequency selective excitation through the use of both
amplitude and phase modulation.

Shaped Pulse Settability

Experiment — Single-pulse, single-scan spectra are collected. The rf power is dropped in
eight successive spectraby 3 dB each time and the pulse width increased so that a 90° flip
angle is maintained. The spectra are plotted in ahorizontal stack for easy amplitude
comparison.

Purpose — An rf attenuator should permit accurate power control. In this case, the pulse
length is repeatedly incremented while appropriately reducing power levels. The NMR
response should beidentical.

Shaped Pulse Test — Rectangular, Gaussian, and EBURP-1

Experiment — Single-scan, one-pulse excitation spectra are collected using rectangular,
gaussian, and EBURP-1 pulses at the same peak amplitude (note the power value and pulse
lengths). Constant peak amplitude is maintained; therefore, pulse width ratios of
1.0:2.4:16.0 for the rectangular:gaussian:EBURP-1 pul ses, respectively, are used to obtain
the same flip angle. Spectra are plotted side-by-side in absolute intensity mode at full
vertical scale.

At any constant power, the 90° pulse lengths should reflect their theoretical ratios. Here,
the pulse lengths are set in aratio of 1:2.4:16. The resulting NMR responses should be
identical in amplitude.

Shaped Pulse Test—Constant Bandwidth for a Variety of Shapes

Experiment — Single-scan, one-pul se excitation spectra are collected using a variety of
shapes that are automatically calculated using Pbox, based on a single pulse calibration
using a rectangular pulse, for a constant 4000 Hz bandwidth. The shaped pulses have
different peak amplitudes and pulse widths (note the power value and pulse lengths).
Spectra are plotted side-by-side in absolute intensity mode at full vertical scale. The
resulting NMR responses should be identical in amplitude.
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Shaped Pulse Scalability

Experiment — A small flip-angle gaussian pulse is used for a single-transient, one-pulse
spectrum. The linear modulator is used to scale down the amplitude of the pulsein 100
steps over arange of 60 dB. Plot widths are set small enough to show the base of the water
and plot all spectrainahorizontal stack in phased mode with the maximum signal spectrum
at full scale.

Purpose — The linear nature of the system is graphically tested by measuring NMR
response when the amplitudeisunder full control, both by therf attenuator and by thelinear
modulator.

13¢C Test Descriptions

X-coil rf homogeneity can be determined using an indirect detection pul se sequence.
Sensitivity in many indirect detection experiments is markedly affected by X-cail
performance because of the large number of 180° pulses used.

X-decoupling istested for various modul ation schemes at constant amplitude (WALTZ-16,
GARP-1, etc.) aswell asmore powerful adiabatic pulse techniques. Efficiency is measured
by varying the 13C decoupling frequency while observing the proton spectrum under
broadband decoupling.

13C 90° Pulse Width Calibration

The power level for a 90° flip of approximately 15 pus on the X-cail of the probeis
determined. Amplifier compression is determined by lowering power by 12 dB and
redetermining the 90° pulse width. Both results are reported.

X-Phase Modulation Decoupling Profiles

3¢ power level isreduced 20 dB from the level used to obtain a 15 us 90° (approximately
1.8 kHz), and the B¢ decoupling efficiency is determined for the following phase-
modulated, constant-amplitude broadband decoupling sequences:

« WALTZ-16
* GARP-1

o XY-32

* MLEV-16

The 13C decoupling frequency is varied over arange of + 80 ppm in aseries of single-scan,
proton-observe experiments. Only the 13C-bound protons are shown in the expanded
spectrum, which is plotted with spectraside-by-side in absol ute intensity modetoillustrate
decoupling efficiency.

X-Adiabatic Decoupling Profiles

The decoupling profile experiment is repeated with the following adiabatic decoupling
schemes:

e STUD modulation
* WURST modulation

Decoupler Heating

The same test asin the variable temperature test is performed but thistime using a 75-ms
13C decoupling period prior to acquisition within atotal recycle time of 1.5 seconds,
including acquisition. One-hundred, single-scan spectraare collected with 13C decoupling
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followed by 100 identical spectrawith no decoupling. The spectra are plotted in a stacked
manner to permit examination of the rate of change of temperature, the homogeneity of
temperature, and the length of time necessary to reach equilibrium. The rf field strength
must be sufficient to decouple over a 160 ppm range using garp-1.

Gradient Tests Descriptions

Gradient Profile

Experiment — A spectrum with a 100 kHz spectral width is acquired using a gradient echo
(collect echo during a Z-axis gradient). This acquisition is repeated for both positive and
negative gradients that are sufficient to spread the pattern greater than 50 kHz at the base.
Gradient strength and duration aswell as the size of the active length of the coil are noted.
The experiment is repeated for both the X-axis and Y-axis gradients if available.

Purpose — This test uses pulsed field gradients (PFGSs) to quantitate the gradient field
strength. Thewidth of the patternisdirectly proportional to the gradient strength. Thewidth
at 20% of maximum is used to calculate the gradient strength. Both positive and negative
gradients are used. This should be done for all orthogonal axes available.

Field Recovery Sability

Experiment — The 90° pul se stability test is performed but, preceding therf pulse, isal-ms,
30-G/cm Z-axis gradient pulse, which is then followed by a 100—ps field stabilization
delay. Thistest isrepeated with a10 G/cm gradient pulse. If X and Y gradients are
available, the test is repeated with a 10 G/cm gradient pulse for each gradient.

Purpose — A gradient is applied prior to ameasuring pulse. The stability of the signal
response is used to measure the ability and reproducibility of the system to recover from
the gradient pulse.

Field Recovery

Experiment — The gradient 90° pul se stability test is repeated with the field recovery delay
varied from 0 to 1000 ps, using a positive 10 G/cm Z-axis gradient pulse. The spectra are
plotted in a horizontal stack with the 1000 psdataat full scale. Thetest is repeated using a
negative 10 G/cm gradient and, if available, for both the X and Y gradients. Rectangular
and half sine gradients are used. Recovery isdefined asthe time it takes to recover to 95%
or more of the amplitude at 1000 us.

Purpose — A gradient is applied prior to ameasuring pulse and the time before the pulseis
varied. The rate of recovery determines how soon a pulse may be applied.

Gradient Echo Stability

Experiment — The 90° pulse stability test isrun, thistime with a positive gradient for 1 ms,
a 500 ps delay, and a negative gradient for 1 msfollowing the rf pulse. The following
gradient strengths and axes are used.

* 30 G/cm—Z axis only

¢ 10 G/cm—Z axisand, if present, Y and Z axes
Purpose — Following a single pulse, a pair of oppositely-signed gradientsis applied. The
stability of theresulting refocused signal measuresany instability inthe gradient amplitude,

aswell asthe accuracy of the gradient level control. This should be done for all orthogonal
axes available.
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Gradient Effect on Cancellation Test

Experiment — Four 1-scan, four 2-scan and four 4-scan 90° pul se spectraare acquired, with
a10 G/cm Z-axis gradient pulse 100 us prior to the rf pulse and the transmitter phase held
constant whilethe receiver isphase-cycled 0, 2, 1, 3. The spectraare plotted in ahorizontal
stack with the single-scan spectraon scale. Vertical scaleisincreased by 100 times and
plotted in the same manner. The average residual signal for the 4-scan cancellation is
quantitated and the results plotted and analyzed as above.

Purpose — The cancellation test is done with a gradient pulse applied 100 ps before the rf
pulse. If thelock circuitry and field recovery characteristics are favorable, no deterioration
in cancellation efficiency should be noted.

CPMG T,

Experiment—A CPMG T, experiment is preformed with 2 ms between 180° pulsesfor total
echo pulse trains ranging from a few milliseconds out to at least 2* T,. This experiment is
repeated for the case where 500 s 10 G/cm rectangular pul ses are placed around the 180°
pulses in each echo, as well as the case in which no gradients are used. The valuesfor T,
arereported for all cases. The experiment is repeated for the case of a 1% mismatch in
gradient amplitude.

Purpose — Following a single pulse, pairs of same-signed gradients are applied within the
echoes of aCPMG T, pulse echo train. The measured T, gives ameasure of any instability
in the gradient amplitudes as well as the accuracy of the gradient level control. This
measurement is compared to an identical experiment in which the gradient amplitudes are
set to zero or mismatched by 1%. More rapid diffusion at higher temperature will causethe
gradient/no gradient comparison to worsen. Therefore, performance over time should be
compared for the same temperature. (Measurements done at ~4° C have showen no
difference in measured T2 for the gradient/no gradient cases, indicating that diffusionis
responsible for the difference in these cases at higher temperatures).

13C power-Limited Pulse Tests

13¢ pw90 (15 pisec) and Lowband Amplifier Compression

Experiment: The user-limited attenuator setting for a 90° flip of approximately 15 ps on
the X-coil of the probe is determined. This setting is limited to an upper limit of the user-
supplied value. At this power level the pulse width is varied to obtain a pw90 value.
Amplifier compression is determined by lowering power by 12 dB and redetermining the
90° pulse width. The results are reported and stored in a separate history file from the
standard history file (C*3PW90c instead of C13PwW90).

13C pw90 (10 pisec) and Lowband Amplifier Compression

Experiment: The user-limited attenuator setting for a90° flip of 10 us on the X-coil of the
probeis determined. This setting is limited to an upper limit of the user-supplied value.
Amplifier compression is determined by lowering power by 12 dB and redetermining the
90° pulse width. The results are reported and stored in a separate history file from the
standard history file (C3PW90c_10 usinstead of C13PW90). Thistest is only used on
systems having alow band amplifier and probe capable of this rf field strength (typically
800 MHz systems)

13C Power for pw90=15.0 psec and Lowband Amplifier Compression

Experiment: The optimum user-limited attenuator level for a90° flip of 15.0 ps on the X-
coil of the probe is determined. The power level islimited to an upper limit of the user-
supplied value. At this attenuator level the fine power modulator is varied to obtain a 90°
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pulse. Amplifier compression is determined by lowering power by 12 dB and
redetermining the 90° pulse width. The results are reported and stored in a separate history
file from the standard history file (C13PW90fc_15 psinstead of C13PwW90).

13¢ Power for pw90=10.0 psec and Lowband Amplifier Compression

Experiment: The optimum user-limited attenuator level for a90° flip of 10.0 us on the X-
coil of the probe is determined. The power leve islimited to an upper limit of the user-
supplied value. At this attenuator level the fine power modulator is varied to obtain a 90°
pulse. Amplifier compression is determined by lowering power by 12 dB and
redetermining the 90° pulse width. The results are reported and stored in a separate history
file from the standard history file (C'3PW90fc_10usec instead of C13PW90). Thistest is
only used on systems having alow band amplifier and probe capabl e of thisrf field strength
(typically 800 MHz systems)

13C RF Homogeneity at Limited Power (15 ps)

Experiment: The power level islimited to an upper limit of the user-supplied value. A
power sufficient to produce a~15 ps pw90 is used and the 13C pulse width isincremented.
The data are plotted in a horizontal stacked array to allow inspection for arcing or phase
instability. Based on the relevant maxima, anew array of 0, 360 and 720 degree 13C pulses
is used to more accurately determine the rf homogeneity. The results are reported and
stored in a separate history file from the standard history file (C'3RFHOMOc).

BCRF Homogeneity at Limited Power (10 ps)

Experiment: The power level islimited to an upper limit of the user-supplied value. A
power sufficient to produce a~10 ps pw90 is used and the 13C pulse width isincremented.
The data are plotted in a horizontal stacked array to allow inspection for arcing or phase
instability. Based on the relevant maxima, anew array of 0, 360 and 720 degree 13C pulses
is used to more accurately determine the rf homogeneity. The results are reported and
stored in a separate history file from the standard history file (C3RFHOMOc_10pisec).
Thistest isonly used on systems having alow band amplifier and probe capable of this rf
field strength (typically 800 MHz systems)

13C RF Homogeneity at Limited Power (pw90=15.0 )

Experiment: The power level islimited to an upper limit of the user-supplied value. The
attenuator and modulator powers found for pw90=15.0usec are used and the 13C pulse
widthisincremented. The dataare plotted in ahorizontal stacked array to allow inspection
for arcing or phase instability. Based on the relevant maxima, anew array of 0, 360 and 720
degree 13C pulsesis used to more accurately determine the rf homogeneity. Theresultsare
reported and stored in a separate history file from the standard history file
(CIRFHOMOfc_15psec).13C RF Homogeneity at Limited Power (pw90=10.0 ps)

13C RF Homogeneity at Limited Power (pw90=10.0 ps)

Experiment: The power level islimited to an upper limit of the user-supplied value. The
attenuator and modulator powers found for pw90=10.0 us are used and the 13C pulse width
isincremented. The data are plotted in a horizontal stacked array to allow inspection for
arcing or phase instability. Based on the relevant maxima, a new array of 0, 360 and 720
degree 13C pulsesis used to more accurately determine the rf homogeneity. Theresultsare
reported and stored in a separate history file from the standard history file
(CBRFHOMOfc_10usec). Thistest is only used on systems having alow band amplifier
and probe capable of thisrf field strength (typically 800 MHz systems)
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13¢ RF Amplifier Linearity at Limited Power (pw90=15 pis)

Experiment — The 13C pw360 is determined indirectly asafunction of attenuator setting for
13C on channel 2. The data are fitted to a linear regression. The maximum power is the
attenuator setting found to produce a 15 ps pw90.

Purpose The amplitude response should be logarithmic. A log regression analysis should
show the extent of fit to the ideal. The results are reported and stored in the history
ct3AMPc.

13¢ RF Amplifier Linearity at Limited Power (pw90= 10usec)

Experiment — The 13C pw360 is determined indirectly asafunction of attenuator setting for
13C on channel 2. The data are fitted to a linear regression. The maximum power is the
attenuator setting found to produce a 10 ps pw90.

Purpose The amplitude response should be logarithmic. A log regression analysis should
show the extent of fit to the ideal. The results are reported and stored in the history
cl3AMPC_10usec.

13¢/15N power-Limited Decoupling Tests

13¢/15N Decoupling Noise (FID) at User-Selected Decoupling Power

Experiment: The time-domain noise characteristics in a single-scan experiment with no
observe pulse is measured with: (1) no decoupling; (2) *3C decoupling,; (3) °N
decoupling; and (4) 13C/*°N decoupling, with power levels for decoupling set at the user-
supplied limits. The combined *3C/*°N decoupling has 3 dB reduction for each channel
from the user-supplied maxima. °N decoupling tests are skipped if the user-supplied
maximum °N pulse power is set to zero. Average RM S noise, real/imaginary RMS, and
real/imaginary dc offset results are stored in separate history files (NOISEc, NOISECc,
NOISENCc, and NOISECNC). Real and imaginary fids are plotted. Spectra are plotted.

Purpose Decoupling should add minimal noise. Thistests permitsadirect measurement of
time-domain noise arising from decoupling at maximum permitted decoupling powers.

13¢/15N Decoupling Noise (FID) as Function of Decoupling Power

Experiment: The time-domain average RM S noise in a single-scan experiment with no
observe pulse is measured with: (1) no decoupling; (2) 13C decoupling,; (3) °N
decoupling; and (4) 3C/**N decoupling, with power levels for decoupling varied from

1 dB up to the user-supplied limits. The combined 13C/°N decoupling power has a3 dB
reduction for each channel from the user-supplied maxima. 1°N decoupling tests are
skipped if the user-supplied maximum 12N pulse power is set to zero. Average RMS noise
ismeasured at each power level and the average of all these is stored along with the
corresponding effective “loss’ of signal-to-noise ratio (expressed in % loss). The average
RM S noise level and corresponding power levels are stored in atext file as the experiment
proceeds. At the end, a histogram of the resultsis displayed and (optionally) plotted. The
results are stored in separate history files (NOISE_c¢, NOISE_C ¢, NOISE N _c, and
NOISE_CN_c)

Purpose Thistests permits a direct measurement of time-domain noise arising from
decoupling as afunction of power.

Sensitivity as Function of 3C Decoupling Power

Experiment: A single-scan experiment with a90 degree observe pulse is measured with no
decoupling and *3C decoupling for decoupling power levels varied from 1 dB up to the
user-supplied limit.
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Signal-to-noise of the water is measured at each power level and the average of all theseis
stored along with the corresponding effective “loss’ of signal-to-noiseratio relative to the
no-decoupling results (expressed in % loss). The average signal-to-noise level and
corresponding power levelsare stored in atext file as the experiment proceeds. At the end,
ahistogram of theresultsis displayed and (optionally) plotted. A fixed region of noiseis
plotted for each power level to permit visual comparison. Plotted data al so has printouts of
signal-to-noise measurements and line widths for each spectrum.

Thetest is performed separately for cw, hardware modul ator-based waltz-16 and waveform
generator-based waltz-16 modulation.Results are stored in the SN_13Cdec_* ¢ history
files.

Purpose Thistests permitsadirect measurement of frequency-domain noise arising from
decoupling as afunction of power, for different modulation schemes involving different
hardware.

Sensitivity as Function of 23C Decoupling Power in Presence of 1°N Decoupling

Experiment: A single-scan experiment with a 90° observe pulse is measured with no
decoupling; and 13C decoupling with power levels for decoupling varied from 1 dB up to
the user-supplied limit less 6 dB. 1°N decoupling at the user-supplied limit less 3 dB is
applied in all experiments.

Signal-to-noise of the water is measured at each power level and the average of all theseis
stored along with the corresponding effective “loss’ of signal-to-noiseratio relative to the
no-decoupling results (expressed in % loss). The average signal-to-noise level and
corresponding power levelsare stored in atext file as the experiment proceeds. At the end,
ahistogram of theresultsis displayed and (optionally) plotted

A fixed region of noiseis plotted for each power level to permit visual comparison. Plotted
data also has printouts of signal-to-noise measurements and line widths for each spectrum.

Thetest is performed separately for cw, hardware modul ator-based waltz-16 and waveform
generator-based waltz-16 modulation. Results are stored in the SN_1°Ncw_13Cdec * ¢
history files.

Purpose This tests permits a direct measurement of noise arising from simultaneous 13C
and 1°N decoupling as a function of power, for different modulation schemes.

Sensitivity as Function of °N Decoupling Power

Experiment: A single-scan experiment with a 90° observe pulse is measured with no
decoupling and °N decoupling for decoupling power levels varied from 1 dB up to the
user-supplied limit.

Signal-to-noise of the water is measured at each power level and the average of all theseis
stored along with the corresponding effective “loss’ of signal-to-noiseratio relative to the
no-decoupling results (expressed in % loss). The average signal-to-noise level and
corresponding power levelsare stored in atext file as the experiment proceeds. At the end,
ahistogram of the results is displayed and (optionally) plotted. A fixed region of noiseis
plotted for each power level to permit visual comparison. Plotted data al so has printouts of
signal-to-noise measurements and line widths for each spectrum.

Thetest isperformed separately for cw, hardware modul ator-based waltz-16 and waveform
generator-based waltz-16 modulation. Results are stored in the SN_1°Ndec_*_c history
files.

Purpose: This tests permits a direct measurement of noise arising from decoupling as a
function of power, for different modulation schemes involving different hardware.

01-999166-00 C0503 System Administration 311



Chapter 21. Calibration Tests and Shimming

312

Sensitivity as Function of N Decoupling Power in Presence of 13C Decoupling

Experiment: A single-scan experiment with a 90° observe pulse is measured with no
decoupling; and 1°N decoupling with power levels for decoupling varied from 1 dB up to
the user-supplied limit less 6 dB. 13C decoupling at the user-supplied limit less 3 dB is
applied in all experiments.

Signal-to-noise of the water is measured at each power level and the average of all theseis
stored along with the corresponding effective “loss’ of signal-to-noiseratio relative to the
no-decoupling results (expressed in % loss). The average signal-to-noise level and
corresponding power levelsare stored in atext file as the experiment proceeds. At the end,
ahistogram of theresultsis displayed and (optionally) plotted

A fixed region of noiseis plotted for each power level to permit visual comparison. Plotted
data also has printouts of signal-to-noise measurements and line widths for each spectrum.

Thetest isperformed separately for cw, hardware modul ator-based waltz-16 and waveform
generator-based waltz-16 modulation. Results are stored in the SN_13Ccw_Ndec * ¢
history files.

Purpose: This tests permits a direct measurement of noise arising from simultaneous *3C
and >N decoupling as a function of power, for different modulation schemes.

13C Decoupling using Phase Modulation

13C power level isreduced 20 dB from the hard-pulse level, limited by the user-supplied
upper limit, and the 13C decoupling efficiency is determined for the following phase-
modul ated, constant-amplitude broadband decoupling sequences using the built-in channel
2 hardware modulator (not the waveform generator):

The 13C decoupling frequency is varied over arange of + 80 ppmin aseries of single-scan,
proton-observe experiments. Only the 13C-bound protons are shown in the expanded
spectrum, which is plotted with spectraside-by-side in absol ute intensity modetoillustrate
decoupling efficiency.

Purpose This tests the hardware modulator under the user-supplied upper limit for
decoupling.
13¢ Decoupling using Adiabatic Decoupling

The decoupling profile experiment is repeated using the (optional) channel 2 waveform
generator with two adiabatic decoupling schemes (STUD and WURST) under user-
supplied upper limit on power. The waveforms are created automatically based on the
calibrations produced in the AutoTest run and the user-supplied upper limit on power.

Purpose: This tests the waveform generator under the user-supplied upper limit for
decoupling.
Decoupler Heating

The same test as described above is performed, subject to the user-supplied upper limit on
decoupling power. Results are stored in the history file DECHEATC.

Amplitude Sability in the Presence of 13C Decoupling

The 90° stability test is performed in the presence of 13C decoupling at the user-supplied
maximum decoupling power.
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Purpose: Decoupling should not degrade amplitude stability which could lead to
degradation of indirect detection experiments.

Amplitude Sability in the Presence of 1°N Decoupling

The 90° stability test is performed in the presence of 1°N decoupling at the user-supplied
maximum decoupling power. I the user-supplied maximum °N pulse power is set to zero,
thistest is skipped.

Purpose: Decoupling should not degrade amplitude stability which could lead to
degradation of indirect detection experiments.

Amplitude Sability in the Presence of Combined 1°N and 13C Decoupling

The 90° stability test is performed in the presence of combined 1°N and 13C decoupling at
the user-supplied maximum decoupling powers less 3 dB each.

Purpose: Decoupling should not degrade amplitude stability which could lead to
degradation of indirect detection experiments.

Decoupled Methanol Amplitude Stability using a 6 kHz *3C Decoupling rf Field

The 13C-decoupled methanol signal is recorded under the user-supplied upper limit for 13C
decoupling power. The 3¢ decoupling power is set to achieve a6 kHz rf amplitude for 100
msec and a 1 second relaxation delay using waltz-16 modulation. The experiment is done
both on- and off-resonance in *3C frequency. The off-resonance frequency is determined
automatically to be at the edge of the waltz-16 effective bandwidth. Amplitude stability is
measured for both and stored in a history file.

Purpose: It isimportant to characterize both on- and off-resonance decoupling since most
experiments are designed for awide variety of 13¢C chemical shifts. | ncomplete or unstable
decoupling would be most damaging at the extremes of decoupling bandwidths. This test
measures this effect.

Decoupled Methanol Amplitude Stability using a 3kHz 13C Decoupling RF Field

The 13C-decoupled methanol signal is recorded under the user-supplied upper limit for 13C
decoupling power. The 13C decoupling power is set to achieve a3kHz rf amplitude for 100
msec and a 1 second relaxation delay using waltz-16 modulation. The experiment is done
both on- and off-resonance in 13C frequency. The off-resonance frequency is determined
automatically to be at the edge of the waltz-16 effective bandwidth. Amplitude stability is
measured for both and stored in a history file.

Purpose: It isimportant to characterize both on- and off-resonance decoupling since most
experiments are designed for awide variety of 13C chemical shifts. Incomplete or unstable
decoupling would be most damaging at the extremes of decoupling bandwidths. This test
measures this effect.

Comparison of Sngle-Pulse vs. HSQC Decoupled Methanol

Experiment: Single-scan experiments with a 90° observe pulse are measured with 3C
decoupling. The same acquisition conditions are used except that a phase-cycled 13C
HSQC pulse sequence is used. The intensities and signal-to-noise ratios for each are
averaged and standard deviations calculated. Theratio of the average peak intensities and
ratio of the average signal-to-noise ratios are calculated. The results are stored in the
C13SNc history file.

Purpose: Thistest permits a direct measurement of the impact which the probe’s rf
homogeneity and the use of a multi-pulse sequence has in determining effective nin
indirect detection experiments. In most probes the H observe coil will detect signal from

01-999166-00 C0503 System Administration 313



Chapter 21. Calibration Tests and Shimming

314

parts of the sample above and below the coil “window”. This signal contributesto s/nina
single-pulse experiment, but does not in an X-edited experiment. The HSQC peak height is
determined by, first, the portion of the sample accessible by the X-rf field (nominally the
“window” size) and, second, by the X-coil rf homogeneity itself.

Comparison of Single-Pulse vs. HSQC Decoupled Methanol (*3C pw90=10 pisec)

Experiment; Single-scan experiments with a 90° observe pulse are measured with 13C
decoupling. The same acquisition conditions are used except that a phase-cycled 13C
HSQC pulse sequence is used. The intensities and signal-to-noise ratios for each are
averaged and standard deviations calculated. Theratio of the average peak intensities and
ratio of the average signal-to-noise ratios are calculated. The results are stored in the
C3SNc_10psec history file.

Purpose: Thistest permits a direct measurement of the impact which the probe's rf
homogeneity and the use of a multi-pulse sequence has in determining effective nin
indirect detection experiments. In most probes the 1H observe coil will detect signal from
parts of the sample above and below the coil “window”. This signal contributesto s/nina
single-pulse experiment, but does not in an X-edited experiment. The HSQC peak height is
determined by, first, the portion of the sample accessible by the X-rf field (nominally the
“window” size) and, second, by the X-coil rf homogeneity itself.

15N Power-Limited Pulse and Decoupling Tests

If the standard AutoTest sample is augmented with ~0.1% acetonitrile(*°N, 99%), several
tests anal ogous to those above are available for testing 1°N performance (using an indirect
or triple-resonance probe). The tests are available for either channel 2 or channel 3 (with
appropriate cabling). Results are stored in appropriate history files.

15N pwo0 and Lowband Amplifier Compression

Experiment: The user-limited attenuator is used. At this power level the pulse width is
varied to obtain apwo0 value. Amplifier compression is determined by lowering power by
12 dB and redetermining the 90° pul se width.

15N RF Amplifier Linearity at Limited Power

Experiment: The 1°N pwoO0 is determined indirectly as afunction of attenuator setting for
15
N.

The data are fitted to alinear regression.

Purpose: The amplitude response should be logarithmic. A log regression analysis should
show the extent of fit to the ideal.

Acetonitrile ®N-HMQC Amplitude Stability

Experiment: The 1N HMQC acetonitrile signal reproducibility is recorded in multiple
trials under the user-supplied upper limit for 1°N pulse power.

Purpose: 1°N indirect detection needs stable >N pulses to minimizet 1 noisein 2D/3D
experiments. This test measures the stability of the °N-edited spectrum.

Acetonitrile 1°N-HMQC Decoupler Heating

Experiment: The 1N HMQC acetonitrile signal is recorded under the user-supplied upper
limit for 1°N pulse power with 75 msec of decoupling at 2 K Hz (scaled down for lower field
systems) or the user-supplied upper limit for 2°N decoupling power. The temperature rise
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is measured. Plotted data show the speed to equilibrium and the temperature homogeneity
during the process.

Purpose: 1°N indirect detection needs stable temperatures within the sample to minimize
t 1 noise in multidimensional NMR experiments. This experiment measures the effect
under typical conditions.

H Pulse and Decoupling Tests

The standard AutoTest sample has 99% D,0, which can be directly observed using thelock
circuitry in the probe. Setting tn=I k causes channel 1 to produce?H rf, whichisthen routed
into the 2H Diplexer box on the side of the magnet leg and then on to the lock BNC of the
probe. This setup is used for 2H gradient shimming. Since ?H is observed, the pw90 can be
determined at any power level. The normal channel 1 hardware setup is used, and because
2H is alow-frequency nucleus, the rf is automatically routed through the first broadband
amplifier before going to the rf relay at the magnet leg. If tnisnot | k, therf isrouted to the
broadband preamp for normal observe. With suitable recabling of rf from a decoupling
channel, the °H pulses can be delivered from adecoupling channel, and thus calibrated.
Only one cable change is necessary and thisis described in the macros and pul se sequences
used. The pw90’s determined can be used to cal culate dmf/dpwr values for heteronuclear
decoupling experimentson the channel used. Results are stored in appropriate History files.
Usually, only one particular channel is used for °H decoupling, so only one of the tests
below is used for a particular spectrometer.

2H pw90 using Channel 1

Experiment: The power level of channel one'sattenuator isvaried for afixed pw of 150 ps.
At the power giving amaximum signal, the pulse width isthen varied to obtain acalibrated
pw90. The power level and pw90 values are stored in the history file H2PW0.

2H pw90 using Channel 3

Experiment: The power level of channel three's attenuator is varied for afixed pw of
150 ps. At the power giving a maximum signal, the pulse width is varied to obtain a
calibrated pw90. The power level and pw90 values are stored in the history file
H2PWD0_ch3.

2H pw90 using Channel 4

Experiment: The power level of channel four’sattenuator isvaried for afixed pw of 150 us.
At the power giving a maximum signal, the pulse width is varied to obtain a calibrated
pw90. The power level and pwl0 values are stored in the history file H2PWD0_ch43.

2H pw90 using Lock/Decoupler

Experiment: The power level of the Lock/Decoupler’s attenuator is varied for afixed pw
of 150 us. At the power giving a maximum signal, the pulse width is varied to obtain a
calibrated pw90. The power level and pw90 values are stored in the history file
H2PWB0_| kdec. The Lock/Decoupler is normally the last channel.

2H 90° Pulse Amplitude Stahility and Sensitivity using Channel 1.

Experiment; The 2H D,0 signal isrecorded following 90° pulses on channel 1. Average
amplitude and standard deviation are recorded and stored in the H2STAB9O0 history file.
Sensitivity and linewidth are measured and stored in the H2SENSI TI VI TY history file.

01-999166-00 C0503 System Administration 315



Chapter 21. Calibration Tests and Shimming

316

Purpose: 2H heteronuclear decoupling involves 90° pulses and constant amplitude, phase-
modulated pulsetrains. A stableamplitudeisessential for optimum results. High sensitivity
gives amore stable lock. Thistest permits tracking of lock sensitivity over time.

2H 90° Pulse Amplitude Stability using Channel 3.

Experiment: The 2H D,0 signal is recorded following 90° pulses on channel 3. Average
amplitude and standard deviation are recorded and stored in the H2STAB90ch3 history
file

Purpose: 2H heteronuclear decoupling involves 90° pulses and constant amplitude, phase-
modulated pulse trains. Stable amplitude is essential for optimum results.

2H 90° Pulse Amplitude Sability using Channel 4.

Experiment; The ?H D,0 signal is recorded following 90° pulses on channel 4. Average
amplitude and standard deviation are recorded and stored in the H2STAB90ch4 history
file

Purpose: 2H heteronuclear decoupling involves 90° pulses and constant amplitude, phase-
modulated pulse trains. Stable amplitude is essential for optimum results.

2H 90° Pulse Amplitude Stability using Lock/Decoupler.

Experiment: The 2H D,0 signal isrecorded following 90° pulses using a L ock/Decoupler.
Average amplitude and standard deviation are recorded and stored in the
H2STAB90I kdec history file.

Purpose: 2H heteronuclear decoupling involves 90° pulses and constant amplitude, phase-
modulated pulse trains. Stable amplitude is essential for optimum results.

2H Spinlock Test using Channel 1.

Experiment: The H D,0 signal is recorded following a spinlock pulse on channel 1.
Average amplitude and standard deviation are recorded and stored in the H2SPNLKSTAB
history file.

Purpose: °H heteronuclear decoupling involves 90° pulses and constant amplitude, phase-
modulated pulsetrains. Thelock circuitry should be able to provide a high-power spinlock.

Installation Tests for Cryogenic Probes

After acryogenic probeisinstalled a series of experiments are performed to both condition
the probe and to verify its operation. These experiments run a *3C HSQC pulse sequence
with combinations of 13C and 1°N decoupling during acquisition. The experiments run for
15, 30, 60, or 90 minutes followed by atest in which the power of 13C and >N decoupling
isvaried while noisein the FID is measured (no observe pulseis used). The results are
plotted to determine the extent of any excess noise from decoupling. The test is usually
repeated automatically until stopped by the user.

This test conditions the probe by heating the coil enough to drive off (mainly) absorbed
water. Thiswater vapor (in the vacuum chamber of the probe) can give plasma noise under
an rf field which adds to the noise of the FID and degrades s/n ratios. As the probe
conditions, the residual water is pumped away by the vacuum pump.

15-Minute Conditioning (ATcryol5)

Experiment: 15 minutes of conditioning is done followed by the noise test.
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30-Minute Conditioning (ATcryo30)

Experiment: 30 minutes of conditioning is done followed by the noise test.

60-Minute Conditioning (ATcryo60)

Experiment: 60 minutes of conditioning is done followed by the noise test.

90-Minute Conditioning (ATcryo90)

Experiment: 90 minutes of conditioning is done followed by the noise test.

Other Test Descriptions

Heating During Spin Lock Test

Experiment: The same test as in the variable temperature test is performed using a 70-ms
IH pulse at an rf field strength of 10 kHz with atotal recycle time of 1.5 s, including
acquisition. The data are plotted in the same way asinthe VT test.

Purpose — Many modern experiments use spin locks or decoupling within their pulse
sequences. Often, rf fields can cause significant sample heating. Depending on the nature
of the probe, this heating can be a problem causing baseline artifacts and t; noise. It is
important to quantify the amount of sample heating, the speed in attaining a new
equilibrium temperature, the homogeneity of temperature throughout the sample during the
heating period, and the final change in temperature.

Thistest imposesarather strong (10 kHz) rf field for aperiod of time often used in TOCSY
experiments, using arecycle time of 1.5 s (including acquisition). Single transients are
acquired, at arate of one per 1.5 s. The data show any temperature change at the expected
0.01 ppm/degree. The intensity and/or linewidth can be used to measure temperature
homogeneity. The number of transients needed to attain a new equilibrium temperature
measuresthe ability of the probeto stabilize the effects of internal sample heating. Thefinal
shift value indicates the total temperature change. This can be used to reduce the requested
temperature value so asto obtain the desired equilibrium. Of course, the amount of heating
isafunction of the sampleitself, primarily its salt content.

The same approach may be used to follow the actual temperature in the sample under the
influence of X-nucleus decoupling.

Lock Tests

Experiment — Lock power is varied over a 30 dB range and the lock level recorded. The
experiment isrepeated for the lock gain. A log regression analysisis performed to confirm
the relationship between the lock signal and power/gain.

Purpose of Lock Gain Test: Lock gain is selectable in alogarithmic manner (in dB). In an
ideal case, variation of receiver gain should produce alogarithmic dependence of signal
strength.

Purpose of Lock Power Control Using an RF Attenuator: Overall lock power control is
accomplished using computer-controlled rf attenuators. The amplitude response should
also be logarithmic. A log regression analysis should show the extent of fit to the ideal .

Soectral Purity Test

Experiment: Four single-scan 100 kHz spectral width spectra are acquired with no pulse.
Each spectrum is plotted with afew millimeters of noise.
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Purpose: RF purity of the transmitter and receiver can be tested by recording data without
any excitation pulse. The spectrum reveals any artifactual signals.

Variable Temperature Test

Experiment: Single-scan spectra are acquired during an increase of 5°C in sample
temperature. Spectraare recorded sequentially. Spectra are taken every 2 suntil the sample
reaches equilibrium, as reflected in a stable chemical shift of a methyl proton. Spectraare
plotted in a stacked manner to permit examination of the rate of change of temperature, the
homogeneity of temperature, and the length of time necessary to reach equilibrium.

Purpose: The sample temperature is increased by 5°C while recording spectra every 2 s.
Most methy! resonances show a chemical shift of ( sf r g/ 100) Hz/°C and this shift,
therefore, indicates the actual temperature distribution within the sample. The methyl
resonance should move quickly and homogeneously to its new equilibrium position. The
rate of change and homogeneity of change demonstrate the VT performance of the probe
and regulation hardware.

Small-Angle Phase Shift Test

Experiment: Single-scan spectraare acquired inwhich the phase of the pulseisincremented
by 10° in each spectrum through afull 360° at constant receiver phase. Spectra are plotted
in ahorizontal stack to show a smooth phase rotation of the spectrum. The test is repeated
using pulses generated from channel 2.

Purpose: Small-angle phase adjustment is used in multiple-quantum selection (q>2),
phase-modulated pulses, and a variety of complex pulse sequences. Thistest exercisesthe
phase-shift hardware by varying the pulse phase in small increments over 360°.

Tests Using Salty Sample
The following tests are designed for a standard AutoTest sample with added salt.

1H RF Homogeneity Experiment: One hundred experiments are run in which the pulse
width isincremented from 1to 100 s. The spectraare plotted in ahorizontal stack in phased
mode and sufficiently expanded so that the base of the water can be examined using the
same phase settings for each spectrum (using channel 1).

Pulse Sability

Experiment: A single-scan pulse experiment is repeated 20 times and the spectra plotted in
ahorizontal stack. The average peak amplitude, rms deviation and sensitivity are measured
and reported. Thistest isrun for the following:

* 90° flip pulses
* 30° flip pulses
* 10° flip pulses
e 1 uspulses

Purpose: The same tests are performed as for the standard AutoTest sample, but for a
sample with added salt. Any differencein performanceishighly relevant for user samples
containing salts or buffers, as these constituents detune the probe and result in lower
sengitivity and longer pw90's.
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Heating During Spin Lock Test

Experiment; Thistest is performed using a 70-ms'H pulse at an rf field strength of 10 kHz
with atotal recycletime of 1.5 s, including acquisition. The presence of salt provides
opportunity for additional sample heating and thistest measures the extent of heating under
the same conditions as used for the non-salty sample.

Decoupler Heating

The same test as in the variable temperature test is performed but thistime using a 75-ms
13C decoupling period prior to acquisition within atotal recycletimeof 1.5 s, including
acquisition. One-hundred, single-scan spectra are collected with 3C decoupling followed
by 100 identical spectrawith no decoupling. The spectraare plotted in a stacked manner to
permit examination of the rate of change of temperature, the homogeneity of temperature,
and the length of time necessary to reach equilibrium. The rf field strength is sufficient to
decouple over a 160 ppm range using garp-1. The presence of salt provides opportunity for
additional sample heating and this test measures the extent of heating under the same
conditions as used for the non-salty sample.
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chapter 22. Magnet and Spectrometer Maintenance

Sections in this chapter:
e 22.1"Preventative Maintenance,” this page
e 22.2"Handling Liquid Helium,” page 318
e 22.3“Continuing Dewar Service,” page 323
e 22.4"Troubleshooting,” page 327

22.1 Preventative Maintenance

Performing preventative maintenance on a schedule can go along way toward trouble-free
operation of the spectrometer system. If problems do occur, we suggest you review the
troubleshooting section in this chapter before calling your Varian service person. The
following schedul ed preventative maintenance and documentation is suggested.

Scheduled Maintenance

A maintenance schedule such as the following is recommended.

Weekly
1. Check air linetraps for dirt or condensed water.

2. Record the following readings (note that the flow rates of nitrogen and helium
depends on avariety of factors such as atmospheric pressure and a high reading is
not necessarily an indication of aproblem, but it is worth investigating):

* Pressure at the air valve for the magnet.
* Liquid nitrogen level.
 Readings on the nitrogen and helium flow meters.

Twice Each Month
» Check liquid helium level.

Monthly or Bimonthly

« Check signal-to-noise and lineshape using the standard proton sample, the 13C 90°
pulsewidth, and the decoupler field strength. keep the resulting spectraand parameters
in a secure place for future reference.

Periodically

Back up datato tape using programs such asdunp and t ar .
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Maintenance Documentation

It isagood ideato maintain three notebooks to document your system:
» System Log — For entering cryogen check and fills, service calls, problems, etc.

» Operations Log— For recording what you do every day—what sampleswere run, what
new procedures were tried, what macros were written, what problems were
encountered, etc.

» Procedures Log —For documenting new procedures, for example, a successful DEPT
run (listing all parameters), a standard parameter set for 1B, the procedure for
determining 90° pulse widths, etc.

Each of these notebooks should set aside space for atable of contents on the first page and
contain as much detail as possible.

22.2 Handling Liquid Helium

Safe and economical use of liquid helium (LHe) requires close attention to details. This
section examines the physical properties of helium to show the relationship of these
properties to problems in transferring helium.

WARNING: To prevent possible personal injury, observe all warnings posted on
equipment and stated in this manual. Before operating or servicing
any part of the system, read the “ Safety Precautions” section in the
front of this manual.

Physical Properties of Helium

Table 18 comparesthe physical propertiesof helium to nitrogen. When establishing general
procedures for handling LHe, consider the special properties of helium described in the
following sections.

Table 18. Physical Properties of Helium and Nitrogen

Property Helium Nitrogen
Molecular weight 4.0026 28.01

Boiling point (1 atm) 42K 774K

Melting point 1.1K (25 am) 63.2 K (1 am)
Critical temperature 52K 126.0K

Critical pressure 226 am 33.5am
Density of liquid at boiling point 0.125 gm/cm3 0.807 gm/cm3
Density of gas at boiling point 0.0176 gm/cm3 0.00462 gm/cm3
Density of gasat 27°C 0.163 kg/m3 1.138 kg/m3
Heat of vaporization 2.58 Jem3 161.0 Jem3

A H=H300-H boiling point 192.0 Jem3 lig. 186.0 Jcm3 lig.

Sources:  R. B. Scott, 1959, Cryogen Engineering, D. Van Nostraud Co., Inc.
R. Barron, 1966, Cryogenic Systems, McGraw Hill Book Co.
A Wexler, 1951, Journal of Applied Physics, 22:1463.
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22.2 Handling Liquid Helium

Low Boiling Point

Because LHe at atmospheric pressure boilsat 4.2 K (kelvin), efficient insulation is required
to minimize heat input to the cryogenic fluid (4.2 K is equivalent to —269.0°C). Care must
be taken to prevent frozen air plugs from blocking pressure-relief valves and to keep other
gases from entering the LHe container. Storage at a pressure slightly above atmosphericis
essential to exclude air from storage containers and magnet dewars containing LHe.

Low Latent Heat of Vaporization

Of all cryogens, helium has the lowest heat of vaporization, on either aweight or volume
basis. On avolume basis, the latent heat of helium is about one-sixtieth the latent heat of
nitrogen and one-half the latent heat of liquid hydrogen. Therefore, the slightest heat input
from any source (pressurizing gas or poor insulation) causes loss of LHe.

High Specific Heat of Vapor

To vaporize one liter of LHe requires 2580 joules. The same heat input will raise the
temperature of the resultant vapor lessthan 4 K. To heat the vapor to room temperature
requires 1.9 x 10° joules. Liquid losses can be substantially reduced, including loses from
initial system cooldown, by using this vaporization property. Disregard of the property can
lead to high losses during operations, such as topping-off a partially filled container.

Low Liquid Density

The density of LHe, 125 grams per liter, is about one-sixth the density of liquid nitrogen
(LN). Because of the low density, the LHe content of a nitrogen-shielded container is
difficult to gauge by weight.

High Vapor Density

Although heliumisavery light gas at normal pressure and temperature, its vapor density
at the normal boiling point is higher than that of any of the atmospheric gases. Helium
vapor expands greatly upon warming to ambient temperatures, and if confined to a fixed
volume, the pressure increase is correspondingly large. Asaresult, “empty” containers,
filled only with very cold vapor, must be treated the same as containers containing liquid.
Adeguate venting must be maintained, and precautions must be taken to prevent formation
of frozen air plugs in the container neck tubes.

Small Difference Between Vapor and Liquid Densities

The small difference between the densities of LHe and cold helium vapor may lead to high
entrainment losses under flow or boiling conditions.

Handling Liquid Helium Safely

WARNING: The extremely low temperature of liquefied helium and nitrogen can
cause skin damage similar to high-temperature burns. Contact with
the cold gas evolving from the liquid may produce the same effect.
Delicate body tissues, such as the eyes, are easily damaged by
exposure to cold gas or liquid. Skin can stick to metal that is
refrigerated by liquid helium and can tear when pulled away.
Immediately flood with large quantities of unheated water any area of
the body that is “burned” by liquid or cold gas, and then apply cold
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compresses. If the skin is blistered or there is any chance the eyes are
affected, immediately seek medical treatment.

Before any transfer of LHe is attempted, know the safety precautions and operating
instructions for the hardware used, especialy the following:

» Avoid contact of gaseous helium with any part of the body. Wear safety coverings,
including a complete face mask and thermo-insulated gloves. The gloves should be
clean and dry, and should be loose-fitting so that you can throw them off quickly if
frozen by contact with the gas.

» Handle and store helium containers in adequately ventilated areas. Helium and
nitrogen gases are not toxic or flammable. However, gasevolving fromtheliquidinan
enclosed space can reduce the oxygen content of the surrounding air and cause a
potential asphyxiation hazard. Because nitrogen and helium gases are odorless,
colorless, and tasteless, their presence is undetectable by the human senses.

» Besure pressure-relief valves are adequately sized. LHe vaporizes rapidly when heat
isintroduced. Therefore, the pressure-relief valve for LHe containers and equipment
must have sufficient capacity to safely release the rapidly expanding helium gas.

* Prevent pressure-relief valves from freezing open. An open valve allows the container
to blow down, and eventually air backflows into the container and freezes.

» Neck tubes may still be unobstructed even if pressure inside the helium container is
above atmospheric. Check containers when received and periodically recheck each
container to be sure the vents are unobstructed.

 Very cold helium gas vents upon removal of the top fitting of a container. Cap or seal
the container rapidly because the top fillings and valves will become cold and frosted,
making sealing more difficult.

Most LHe storage containers are designed with an inner assembly within the vacuum
jacket. Because the innermost neck is made of athin material, the container is vulnerable
to rough handling, and especially to a sudden shock. Take the following precautions to
prevent damaging containers:

* Never try to pour liquid out of the container; use a vacuum-insulated transfer tube.
« Keep the container vertical at all times.

« Never roll, tip or slide the container. Use a dolly when moving it.

» Do not drop the container.

« When transporting the container, fasten it securely to prevent it from moving or falling
over.

Measuring Liquid Helium

The thermal acoustical liquid level indicator, or flutter tube, is used to locate the surface of
LHe inside a container. The device depends upon the thermal -acoustic oscillations
generated in tubesthat have one end at room temperature and the other at L He temperature.

The flutter tube consists of alength of 1/8 in. thin-wall stainless steel tubing with a small
cup, or funnel, shape at the warm end, flared to adiameter of about 1/2 in. When the tubing
end isinserted into adewar of LHe, acoustical oscillations occur that abruptly change in
intensity and frequency as the end of the tube passes through the liquid zone into the dense
gas zone.
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Using the Flutter Tube
Take the following steps to measure LHe with a flutter tube:

1. Sowly insert the tube into the LHe container until the tube touches bottom, then
place an aligator clamp on the tube, level with the top of the container.

2. While slowly raising the tube, observe vibrations by closing off the top end of the
tube with your thumb. When the end of the probe passes from the liquid zone to the
dense gas zone, the vibrations intensify and the frequency changes. Place another
clamp on the tube, level with the top of the container.

3. Measure the distance between centers of the two clamps; this isthe LHe depth.

Air and Moisture Ice Hazard

A hazard is created when air and moisture are pulled into the nitrogen shield and the inner
chamber of LHe containers. Sudden barometric pressure changes can cause the air
diffusion to increase. Once into the LHe neck tube, the heavier gasesin the air diffuse to
the bottom and condense, and then solidify near the LHe end of the tubes. The moisturein
theair also formsice in the LN tubes. The plugs formed by the ice can cause damage to
equipment.

CAUTION: Air and moisture condensation can resultin asolid ice plug in the LHe
chamber pressure vents. This obstruction can result in damaged
equipment. Keep all vents capped or sealed when possible.

Transferring Liquid Helium

The following sections summarize transferring LHe from a storage container to the LHe
chamber in a superconducting magnet. The actual procedure used to transfer LHe when
installing and maintaining Varian NMR superconducting magnets is given later in this
chapter.

Helium Movement through the Transfer Line

When acryogenic liquid is started through atypical transfer line that isinitially at room
temperature, theliquid at first is quickly evaporated and nearly the entire line contains only
gas. Asmore liquid enters, part of the cryogenic source end of the line becomes cooled
bel ow the saturation temperature, and this part contains a pure liquid phase. Toward the
destination end of the transfer lineisaregion in which both liquid and vapor are present.
In the remainder of the transfer line, only gasisflowing. A very light gas plume appears at
the exit end of the tube.

Asthelineisfurther cooled by the evaporating liquid and by the resulting cold vapor, the
liquid phase travels farther along the line until finally liquid approaches the exit end. The
vaporized liquid appears as a very dense white fog blown out from the end of the tube.

If the warm vapor that precedes the liquid is discharged into the LHe chamber of the
magnet, it evaporates some of the liquid already present. This evaporation can be largely
avoided by making surethetransfer tubeis precooled beforeinserting it into the equipment,
which aready contains LHe.

If thewarm lineis permitted to deliver excessive warm gaseous helium to the LHe chamber
of the magnet, a serious evaporation of liquid can result. The turbulence caused by the
discharge of warm (nonliquid) helium can result in a quench of the magnet field present.
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Preparations for Transfer

The transfer tube must have a good vacuum (50 microns warm, maximum pressure). The
appearance of condensed moisture or frost on the tube during transfer shows that the
vacuum is poor, reducing the insul ation properties created by the vacuum and possibly
preventing the transfer. A small spot of frost indicates athermal “short” caused by contact
of metal surfaces. Stop the transfer immediately because LHe is vaporizing in the tube, due
to the heat conducted through this thermal short.

Make sure that the vacuum-jacketed portion of the transfer tube extends below the bottom
of the neck tubes on the supply and receiving containers.

Typical Transfer Procedure

1. Verify theamount of LHe needed and make sure that amount isavailablefor transfer.

2. Setor verify that helium gas pressureis 4 to 5 psig.

3. Precool the transfer tube, as follows:

a

® 2 o o

Vent the storage dewar.

Insert the transfer tube in the storage dewar only.

Reduce the boil of f pressure by venting.

Close the low-pressure safety vent valve on the storage dewar.

Pressurize the dewar. Set flow to 4 on the flowmeter (pressure will slowly
rise). Wait for the dense, white, “flame-like” exit gas from the deflector
nozzle (whilewaiting, release the internal pressure from the magnet slowly).
Vent the storage dewar pressure (leave dewar vent open to prevent pressure
buildup).

4. Insert the transfer tube and repressurize the storage dewar, as follows:

a
b.
C.

Wipe to clear any ice build up at the deflector nozzle.
Open the magnet entry port.

Lift up and insert the transfer tube into both dewar and magnet (lower to the
insertion stop located on the transfer tube magnet side).

Closethe dewar vent (the flowmeter should still be set to 5). Pressure should
slowly rise.

5. Start thefill. Whilefilling, pressure in the dewar should slowly rise.

6. When theexit cloud is accelerated and showsincreased density, filling is complete.
Complete the transfer as follows:

a

® 2o o

Vent the storage dewar pressure.

Remove the transfer tube from both the dewar and the magnet.
Close and cap the storage dewar and the magnet.

Open the low-pressure safety valve on the storage dewar.
Close off the helium gas source.
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22.3 Continuing Dewar Service

This section describes servicing adewar with liquid helium after the liquids have dropped
to the point whererefilling (topping off) is necessary. Because of itsvery low latent heat of
vaporization, LHe must be transferred through a well-insulated vacuum jacketed tube.

WARNING: Before attempting any transfer of liquid helium or liquid nitrogen,
know the safety precautions and operating instructions for the
hardware in use. Serious injury can occur in the handling of very cold
gases and liquids.

Liquid Helium Service

Before the transfer occurs, the transfer tube must be precooled. Precooling takes from 10
to 40 seconds. Immediately after precooling, the transfer tube isinserted into the magnet
dewar and the transfer of LHe initiated. Difficultiesin filling occur if unnecessary delays
occur between precooling and insertion of the transfer tube.

CAUTION: When servicing with helium, do not bend or twist the transfer tube
when inside the magnet neck tube because the tube is thin-wall
stainless steel and is easily punctured with sharp objects. When
clearing ice plugs, use the supplied clean-out tube.

1. Position the LHe storage container with the discharge port about 26.5 in. (68 cm)
horizontally from the HELIUM SERVICE port, so that the transfer tube can be
inserted into the storage container and the magnet HELIUM SERVICE port
simultaneously. (This distance applies only to the LHe transfer tube available from
Varian.)

2. Make surethat the helium gas storage cylinder is equipped with a pressure regul ator
having arange of 2 to 10 psig.

3. Measurethe amount of LHein the storage container and in the magnet dewar to be
sureof asufficient supply to top off the magnet. Attempting to top off the dewar with
aminimal supply could result in aquench. Theavailableliquid heliuminthe storage
container is not the capacity of the storage dewar or the amount of liquid helium in
the dewar upon its delivery. The available liquid heliumis the amount of liquid
helium accessible to the transfer tube with a stinger.

4. Make sure, by measurement, that the tip of the transfer tube (that is, the end of the
stinger if used) on the storage container side reachesto within 2 cm of the bottom of
the dewar when the stop tab on the magnet side of the transfer tubeis resting on the
lip of the magnet HELIUM SERVICE port. Check that the deflector nozzleis
attached to the magnet end of the transfer tube.

5. Depressurize the storage container. During shipment and non-use time, the storage
dewar may build up internal pressure.

6. Placethe pressurizing collar on the storage container side of the transfer tube.

7. Precool the heliumtransfer tube by slowly inserting one end into the storage dewar
with the other end open to the room (see Figure 35). Do not close the storage dewar
exhaust port during insertion. The heat of the transfer tube (room temperature) will
cause increased liquid helium boil off while being inserted. This helium boil off
should not be allowed to build up inside the storage dewar causing pressure.

Oncethe transfer tubeis fully inserted, pressurize the storage dewar by closing the
exhaust port. Adjust theflowmeter valve so that the flow rateis about 5 on the scale.
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10.

The pressure will rise slowly. After 10 to 40 seconds, a plume of LHe (in the form
of avery dense, milk-like white, flamed-shaped fog) emerges from the deflector
nozzle, indicating that the precooling has been accomplished.

After observing the exhaust for 5 to 15 seconds, depressurize the storage dewar by
opening the exhaust port.

If the transfer tube frosts over or condenses moisture from theroom air (in areas not
directly exposed to cold exhaust), it is likely that there is a poor or faulty vacuum
within the transfer tube jacket. The transfer tube should be removed from use,
warmed, and pumped down to 5 microns (5 millitorr) or better.

Pull the transfer tube up enough to clear the magnet dewar. Remove the HELIUM
SERVICE filling port cap. Swing the transfer tube over the magnet and immediately
insert it dowly into the magnet L He access port and the storage container
simultaneously (see Figure 36). Asaguide, use 10 to 15 seconds for insertion up to
the stop tab.

If you observe excessive turbulence or a sudden increase in the exhaust rate, the
transfer tube insertion is too rapid and hot gasis reaching the LHe in the magnet
dewar. Thiscan cause aquench when the LHe level isbelow the top of the solenoid.
The insertion rate should be slowed down.

Oncethe transfer tubeis fully inserted so that the stop disk rests on the lip of the
magnet access port, start to pressurize the storage dewar by closing the storage
container exhaust port. The flow rate of approximately 5 on the scaleis still present
and will now pressurize the dewar.

Transfer tube

g

Pressurizing collar

-t

Warm transfer tube caused LHe in [ stinger
container to vaporize, forcing LHe .
up the transfer tube.

At start —

very light gas.
When precooled —
dense white fog.

N

LHe
storage

y

Figure 35. Precooling the Liquid Helium Transfer Tube
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CAUTION: watch the pressure gauge on the gauge head assembly. Any rapid

pressure buildup may indicate a frozen air or water blockage in the
transfer tube or the fill tube. If ice blockage occurs, halt the LHe
transfer, remove the LHe transfer line, and again purge the line with
gaseous helium. After the line is cleared, restart the transfer from the
beginning. Be sure to plug the storage container and the HELIUM
SERVICE port as soon as the LHe transfer tube is removed from them
in order to prevent air and moisture from entering the dewars.

Open the vent port of the magnet on thefilling side only.

The pressure will rise slowly toward 1 psig. During the 15 seconds to 1 minute, a
collapsing exhaust plume is usually observed. The collapsing exhaust indicates that
the liquid helium is reaching the magnet end of the transfer tube and isfilling the
magnet.

Power connector Pressurizing Meter
relief valve collar T} / assembly
Gas vented Nitrogen service =
during fill relief valve ) !f-!"- He
operation o gas
Filling cover Helium service port I
Do not use adaptor cap
LHe storage
~—"
LHe chamber/ [} v
of magnet ! |

Stop tab

\ Transfer tube

LHe fill port

Deflector nozzle

Magnet
solenoid

Figure 36. Routine Filling of the Magnet Dewar
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If the pressure is not increasing toward 1 psig when the flowrate is set to 5 on the
scale, there may be aleak of the pressurizing gasthat is preventing the storage dewar
from being pressurized.

If the pressure exceeds 2 psig when theflowrateis set to 5, it islikely ablockage has
occurred in thetransfer tube. It will be necessary to remove the transfer tube, cap the
magnet, warm the transfer tube, and start over again at the precooling step.

If afrost spot occursin any section of the transfer tube that is not directly exposed

to cold exhaust, there is probably a metal to metal touch across the vacuum jacket.

The transfer tube should be replaced. A defective transfer tube can cause a magnet

guench. Varian recommends that you observe the transfer tube for normal operation
at each use. Thetransfer tube can be routinely pumped down once or twice ayear as
preventive maintenance.

11. Thefilling continues at this pressure and rate until the magnet dewar isfull, which
isindicated by amarked increasein the rate of exhaust from the magnet access port.
Thisincreased exhaust is accompanied by an increase in the density of the exhaust
cloud. If there is any doubt about the dewar contents level, use a flutter tube
measurement to verify.

12. Depressurize the storage dewar. Remove the transfer tube from both containers.
(Removal is much less risky than insertion.) Cap the magnet access port. Close the
appropriate storage dewar valves.

Helium Refilling on Oxford 200- and 300-MHz Magnets

To maintain optimum refill safety and minimize the risk of accidental quenches, follow
these special recommendations when refilling Oxford 200- and 300-MHz magnets:

» When you start filling the magnet (particularly if the helium level islow), open only
the vent port on the side on which thetransfer tubeisinserted. Although this procedure
should fill most magnets compl etely, some magnets are only partialy filled.

» |f amagnet isonly partially filled with the vent port open, wait several minutes until
the transfer has stabilized (indicated by the collapsing of the initial plume), and then
open the port on the demountable lead side. If the second port is opened too soon after
filling with the vent port open, warm gases could be sent across the solenoid.

* Under no circumstances should LHe be transferred with the port on the transfer tube
side closed and the port on the demountable lead side open.

Determining Stinger Lengths for Storage Containers

A stinger may be necessary to extend the transfer tubeinto the L He storage container. Refer
to Figure 37 for the measurements needed to determine the stinger length for a storage
container. Take the following steps for each container:

1. Measuredistance A, thetop of the storage container storage port to the bottom of the
liquid helium chamber (aflutter tube can be used for this purpose).

2. Measure distance B, the top of the storage container service port to the top of the
liquid helium chamber (a stiff wire with a.crimp on the bottom to catch at the top of
the chamber works well).

3. Subtract B from A to obtain the depth of the liquid helium chamber. Thisis
measurement C, the maximum length of a stinger for this container.

System Administration 01-999166-00 C0503
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CAUTION: The stinger on the storage container side of the transfer tube must not
be longer than the height of the LHe chamber (distance C). Exceeding
this maximum will cause filling difficulties and can cause a quench.

The following steps identify Stiff wire
whether an elevating platformiis %f

Mark and measure
needed below the storage dewar. B length of B
Becausethe stinger hasalimit to

its maximum length, and the 4 A
transfer tube cannot be lowered
further than the stop disk alows

(on the magnet side), an
elevating platform for the A
storage dewar may be required
to enable the stinger entry tip to D
reach the LHe to be transferred.

1. Messuredistance D, the - %
bottom of the liquid
B

helium chamber to the

floor.
2. AddCtoD togivethe A 4
distance from the top of - _ A
the LHe chamber to the @J @r +
floor.
* Ifthisdistanceis 26 inches Figure37. Stinger Configuration
or greater, then you will be M easurements on the Storage Container

ableto fill from this

container without an

additional platform to elevate the storage dewar (this distance appliesonly to the LHe
transfer tube available from Varian.).

« If thisdistance is less than 26 inches, constructing a platform under the storage
container isnecessary before proceeding. The platform must be designed to elevate the
container so that the storage chamber top (C + D in Figure 37) is level with or higher
than 26 inchesabovefloor level. The design of the platform must also allow the storage
container to be positioned with its service port 68 cm (26 3/4 in.) from the HELIUM
SERVICE port on the magnet, as measured on a horizontal line that simulates the
transfer tube.

22.4 Troubleshooting

Sample Scoring Problems

Sampl e scoring and spinning instabilities are often caused by improper mating between the
upper barrel and the probe. The following spin test checks for this problem.

1. Cover the sample tube using afelt-tipped ink marker pen (blue or black ink is best).
2. Let the sample spin for 1 to 3 hoursin the magnet.

Any scoring should show up clearly intheinked sampletube. If scoring isevident, perform
the following:
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1. Loosen the probe flange thumbscrews one full turn and retighten them without
twisting the probe body.

2. Spin test the sample again.
If scoring is still present, follow this procedure:
1. Loosen the upper barrel thumbscrews one full turn.
L oosen the probe flange thumbscrews one full turn.

Semi-loosen the probe flange set screws.

2
3
4. Push up on the probe body until the upper barrel moves approximately 1 inch.
5. Push down on the upper barrel until it hits the stops.

6. Tighten the probe flange set screws and thumbscrews.

7. Tighten the upper barrel thumbscrews.

8. Insert the sample and spin test for scoring.

If scoring is still evident, perform steps 1 to 8 again. If the scoring continues, contact you
field service engineer.

Sample Changer Troubleshooting
Some problems that can be dealt with by the user are the following:

Sample Changer Not Responding

On the SM'S sample changer, first check that the emergency stop button is off, then check
the power switches on the back of the System V control and the robot. Also check the cable
from System V control to the NMR console.

Onthe ASM-100 sample changer, check the power switch on lower rear of sample changer,
check that RS-232 cable to sample changer is connected, and check whether any fusesin
the sample changer are blown.

Gripper Drops Sample Back into Magnet when Sample is
Ejected

On the SM 'S sample changer, check for bent fingers.

On the ASM-100 sample changer, gripper is not grasping enough of spinner— raise air
pressure to sample changer by 1 to 2 pounds, or adjust the height of the gripper retrieval
(bottom) position.

Other Troubleshooting Solutions

Spinner does not rotate.

Remove, disassemble, and clean upper barrel with ethanal.

Magnet has high boil off.

Check for icein the power connector.
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This bibliography is organized into the following sections:
* “Sunand UNIX Newcomers,” next
e “UNIX in General,” next
» “Specific UNIX Tools,” page 330
* “Networking,” page 331
e “Network and UNIX Security,” page 332
e “Internet and WWW,” page 332
e “C Programming,” page 333
e “UNIX Programmers,” page 333
e “X Window System,” page 334

An asterisk (*) indicates a book title that is particularly recommended.

Sun and UNIX Newcomers

The documentation that comes with the Sun workstation gives a brief introduction into the
basics of the Solarisuser interface. For most sites, thefull UNIX documentation (which has
to be ordered separately) is not required. Before buying the full documentation, you should
first consider loading the UNIX online manual s (when loading UNIX), which will answer
most questions.

UNIX in General

*Becker, G., M.S.E. Morris, and K.Slattery, Solaris Implementation: A Guide for System
Administrators, Prentice Hall, Englewood Cliffs, NJ, 1995. (300 pp.) ISBN 0-13-353350-6

A practical guideto UNIX administratorsthat migrate their system from SunOS4.x to
Solaris 2.x (up to Solaris 2.4). Covers Solaris installation, boot and shutdown files,
system configuration using the AdminTool and using command line operations,
network setup and maintenance, security setup and maintenance, managing software
packages and Solaris patches, disk utilities and archiving procedures, controlling run
states with boot files, using unbundled software products such as WABI.

Bourne, S.R., The UNIX System, Addison-Wesley Publishing Company, Wokingham,
1983. (351 pp.) ISBN 0-201-13791-7

A practical guide to UNIX that describes basic UNIX operation, the text editors, the
Bourne shell, the C programming language, UNIX system programming, nr of f and
t r of f, and the most important data manipulation tools. It does not include some of
the 4.2 BSD enhancements, like the C shell.

*Gilly, D., UNIX in a Nutshell, A Desktop Quick Reference for SystemV & Solaris 2.0,
O'Rellly & Associates Inc., 1992. (444 pp.) ISBN 1-56592-001-5

A nice, compact quick reference book on System V (SVR4) UNIX and Solaris 2.0. It
covers al important user commands in an alphabetically sorted command reference
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section (about one-third of the book). Other chapters deal with the different shells, text
editing (emacs, vi , ex, sed, awk), text formatting (nr of f , t r of f ), software
development (sccs, r cs, nake, debuggi ng). System administration is not
covered, andnr of f andt r of f arebecoming obsolete, but several subjects(enacs,
sccs, rcs, make) areincluded that are barely covered in many larger books.

Libes, D. and S. Ressler, Life with UNIX, Prentice-Hall, 1989. (346 pp.) ISBN 0-13-
536657-7

Interesting and often amusing book of UNIX trivia, history, etc. Contains lots of
information difficult to find elsewhere. Probably for UNIX fans only.

**Nemeth, E., G. Snyder, S. Seebass, and T. Hein, UNIX System Administration Handbook,
2nd Edition, Prentice-Hall, 1995. ISBN 0-13-151051-7

Excellent book for everybody involved with UNIX system administration, Containsall
the essentials, very easy to read. Includes networking, mail, uucp, and many helpful
sample scripts for system administration. Almost as good (it's not alife course!) and
even broader than administration training at Sun (and much, much cheaper, too!).

*Pew, JA., Guideto Solaris, Ziff-Davis Press, 1993. (625 pp.), ISBN 1-56276-087-4

Thisisthe official, SunSoft-approved learning tool for users of Solaris 2.1, with
extensive chapters on the OpenL ook, DeskSet, and DeskSet tools (file manager, shell
tools, mailtool, calendar manager, etc.), separate chapters on command line UNIX
covering the fundamentals, vi editor, C and Korn shells, networking (limited), and an
outline of UNIX system administration (based on DeskSet system administration
tools). Very readable, but for abetter coverage of system administration see J. Winsor's
Solaris System Administrator’s Guide bel ow.

*Winsor, J. Solaris System Administrator’s Guide, Second Edition, Sun Microsystems
Press, 1997. (335 pp.) ISBN 1-57870-040-X

Very useful book for system administrators that use Solaris 2.x and especially those
who plan switching from Solaris 1.x (SunOS 4.1.x) to Solaris2.x. Coversall important
aspects of system administration that have undergone changes with Solaris 2.x, such
asfile system administration, networking, printing, troubleshooting, and new utilities
(theKornshell, system administrator tools, etc.). The second editionincludes coverage
of Solaris 2.6.

*Winsor, J. Solaris Advanced System Administrator’s Guide, Ziff-Davis Press, 1994. (477
pp.) ISBN 1-56276-131-5

Complements the Solaris System Administrator’s Guide by the same author. Covers
advanced system administration topics such asinstalling mail services, adding NI S+
clients, the automounter, the service accessfacility for setting up printers, modemsand
terminal's, and an introduction to Bourne shell programming, including shell scriptsfor
automating routing administration tasks.

Specific UNIX Tools

Aho, A., B. Kernighan, and P. Weinberger, The awk Programming Language, Addison-
Wesley, 1988. (210 pp.) ISBN 0-201-07981-X

The definitive book on awk, by its designers.

Anderson, G., and P. Anderson, The UNIX C Shell Field Guide, Prentice-Hall, Englewood
Cliffs (New Jersey), 1986. (374 pp.) ISBN 0-13-937468-X
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Very good, in-depth textbook on the C shell, one of the main featuresof 4.2 BSD UNIX
not described in the book by S.R. Bourne. For people who want to go into extensive C
shell programming.

Hansen, A., vi—The UNIX Screen Editor, A User’s Guide, Prentice-Hall, New York, 1986.
(230 pp.) ISBN 0-89303-928-4

Probably the most compl ete documentation on vi, only for people that intend to use vi
almost full time.

Harrison, M., and M. McL ennan., Effective Tcl/Tk Programming, Writing Better Programs
with Tcl and Tk, Addison-Wesley, Reading (Mass.), 1998. (405 pp.) ISBN 0-201-63474-0

Niceintroduction into Tcl/Tk programming; easy to read, well structured. Coversalso
newer features, such as grid, but not as detailed and exhaustive in genera as the other
two books mentioned bel ow.

Ousterhout, JK., Tcl and the Tk Toolkit, Addison-Wesley, Reading (Mass.), 1986. (458 pp.)
ISBN 0-201-63337-X

A must for users who want to know more about Tcl/TK programming and who want
to start writing their own visua tools. Thisisthe reference book on the Tcl/Tk scripting
language, written by the creator of the language. Compl ete, detailed, and exhaustive,
although no longer quite up-to-date with the newest standards of the language.

Welch, B.B., Practical Programming in Tcl and Tk, Second Edition, Prentice-Hall PTR,
Upper Saddle River (NJ.), 1997. (613 pp.) ISBN 0-13-616830-2

Very detailed and compl ete book, coversthe newest level (8.0) of the Tcl/Tk language;
definitely more up-to-date than the book by Ousterhout (see above), but not quite as
well written. A complete language reference.

Networking

Costales, B., E. Allman, and N. Rickert, sendmail, O’ Reilly & Associates Inc., 1993. (792
pp.) ISBN 1-56592-056-2

Thesendnai | “bible.” One of the authorsisthe creator of sendnai | . Containsall
the information you need to fully understand and configure sendmai | on your
systems. Very detailed and complete. For network administrators only.

Hunt. C., TCP/IP Network Administration, O’ Reilly & Associates Inc., 1994. (472 pp.)
ISBN 0-937175-82-X

A detailed handbook about the internals of TCP/IP networking, covering the basics,
configuration/setup, routing, DNS setup, sendmail, troubleshooting, security. For
network administrators only.

Ravin, E., T. O'Reilly, D. Dougherty, and G. Todino, Using & Managing UUCP, O’ Reilly
& Associates Inc., 1996. (416 pp.) ISBN 0-56592-153-4

Excellent handbook on networking via dial-up connections. Covers most current
versions of UUCP, and &l the commands involved in communicating via UUCP.

Ramsey. R., All About Administering NIS+, Prentice Hall, 1994. (451 pp.) ISBN 0-13-
309576-2

A detailed book that givesinformation on how NIS+ works, how to plan and set up the
NIS+ service, transitioning from NIS to NIS+. For administrators of NIS+-based
networks only.
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Tanenbaum, A.S,, Computer Networks, Prentice Hall, 1989. (658 pp.) ISBN 0-13-162959-X

The bible on the OSI networking model. Covers all aspects (including programming)
of the OSI 7-layer networking model (one detailed chapter per layer), network
topologies, and a complete annotated bibliography. For network administrators and
designers and programmers of networking software.

Network and UNIX Security

Cheswick, W.R., and S.M. Bellovin, Firewalls and Internet Security, Addison-Wedley.,
1994. (306 pp.) ISBN 0-201-63357-4

Well-written book. Gives an overview of common security holes with the various
network protocols (including newer ones, like WWW) and describes the firewall
functionality in detail. This book will enable gateway administrators to properly
configureafirewall gateway, using acommercial firewall package or even by building
afirewall. For specialists and gateway administrators only.

Garfinkel, S., and G. Spafford, Practical UNIX & Internet Security, O’ Reilly & Associates
Inc., 1996. (1004 pp.) ISBN 0-56592-148-8

A well-written, complete book on all aspects of UNIX security. Covers basic security
features, communications (uucp, NFS, Kerberosand secure RPC), firewal | machines,
detecting and handling security incidents, data encryption, etc.

Internet and WWW

*Estrada, S., Connecting to the Internet, O’ Reilly & AssociatesInc., 1993. (170 pp.) ISBN
1-56592-061-9

A nicelittle guideinto the basics of how to connect to the Internet. Discusses Network
performance, Internet options, choosing a service provider (ISP), dialup and leased
line connections. The book aso contains alist of 1SPs for most parts of the world.
Quite useful if you want to set up anew Internet connection, at home or at work.

*Fox, D., and T. Downing, HTML Web Publisher’s Construction Kit, Waite Group Press,
1995. (673 pp.) ISBN 1-57169-018-2

Nicely written and readable book. The first part discusses the most important Web
browsers (Lynx, NCSA Mosaic, Netscape Navigator and others). The second partisa
good guide about constructing a Web page, including an introduction to HTML (up to
HTML 3), text formatting, graphics, forms, a brief introduction into CGI scripts,
conversion of datainto HTML format, and HTML editors. A third part deals with
setting up aWeb server. You obviously only need thisbook if you areinto creating your
own Web page.

*Krol, E., The Whole Internet, User’s Guide and Catalog, O’ Reilly & Associates Inc.,
1994. (574 pp.) ISBN 1-56592-063-5

Instructive and compl ete book that explains all the services available on the Internet,
telnet, FTP, News, Archie, Usenet, Gopher, WAIS, WWW, X software, etc. Includesa
catalog of Internet resources and entry points for awide range of topics.
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C Programming

Brown, D.L., From Pascal to C, An Introduction to the C Programming Language,
Wadsworth Publishing Company, Belmont (California), 1985. (151 pp.) ISBN 0-534-
04602-9

More introductory than an in-depth textbook and not very complete, but still good for
people who started programming in Pascal and now want to switch to C.

Harbison, S., and G. Steele, C: A Reference Manual, Prentice-Hall, 1987. (404 pp.) ISBN
0-13-109802-0

Excellent reference book for the C programming language, including the draft ANS
C. Much better than Kernighan and Ritchie as reference text.

Kernighan, B.W., and D.M. Ritchie, The C Programming Language, Second Edition,
Prentice-Hall, Englewood Cliffs (New Jersey), 1988. (272 pp.) ISBN 0-13-110362-8

The“C hible’—the original textbook on C, written by the inventors of the language.
Mostly till up to date and a must for most C programmers, although not particularly
good for learning C. The second edition has all the code writtenin ANSI C. Asa
reference manual, the book by Harbison & Steele is much better.

Koenig, A., C Traps and Pitfalls, Addison-Wesley, 1989. (147 pp.) ISBN 0-201-17928-8

Very useful book. It discusses many of the subtle and not so subtle errors that C
programmers make at some time.

van Wyk, Ch, Data Sructures and C Programs, Addison-Wesley, 1988. (387 pp.) ISBN 0-
201-16116-8

Typical computer science book of algorithms and data structures. The code examples
arevery clear and readable, generally rare for books on data structures written in C
(most books on data structures are coded in Pascal, which is generally more readabl e,
even for C programmers).

Wortman, L., and T. Sidebottom, The C Programming Tutor, Prentice-Hall, 1984. (274 pp.)
ISBN 0-13-110024-6

Intensiveintroduction to C for competent programmers. Good introduction on pointers
and some reasonably long (500 to 1000 lines) and useful sample programs.

UNIX Prog rammers
Bach, M., The Design of the UNIX Operating System, Prentice-Hall, 1986. (471 pp.) ISBN
0-13-201757-1

Excellent book about the internals of UNIX, mostly AT& T System V. Lots of
pseudocode and C programs describing the internal data structures and algorithms. For
UNIX maniacs only.

Kernighan, B., and R. Pike, The UNIX Programming Environment, Prentice-Hall, 1984.
(357 pp.) ISBN 0-13-937681-X

A wide-ranging introduction to UNIX, intended more for programmers.

Rochkind, M., Advanced UNIX Programming, Prentice-Hall, 1985. (265 pp.) ISBN 0-13-
011800-1

One of the better books available on UNIX system programming. Extensive example
code for all the system calls available under AT& T System V UNIX. Some coverage
of system calls under BSD UNIX and Xenix. Very readable.
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*Stevens, W.R., Advanced Programming in the UNIX Environment, Addison-Wesley,
1992. (744 pp.) ISBN 0-201-56317-7

Excellent book on programming under UNIX in general. Covers both BSD (4.3) and
SystemV UNIX. Lotsof sample source code (the concept islearning by reading code),
Coversall aspects of programming under UNIX, like I/O, file and directory handling,
process control, signals, inter-process communication, daemons, database
programming, printer, modem and pseudo-terminal interfaces. Lots of exercises. The
sample code in the text is available via anonymous FTP through UUNET.

X Window System

The books listed below (except for Mansfield) are only recommended for X Window
system programmers. Most users of the X (be it OpenL ook or Motif) do not need to
program the system and will find the user-oriented book by Mansfield to be most useful.

Cutler, E., D. Gilly, and T. O'Reilly, The X Window Systemin a Nutshell, O'Reilly &
Associates Inc., 1992. (424 pp.), ISBN 1-56592-017-1.

This manual forms a quick reference to the essentials of volumes 1, 2, 3, and 4 of The
Definitive Guides to the X Window System (see below), providing faster accessto the
important information (Xlib and X toolkit functions, structures, data types, font
conventions etc.) than thefull programming and reference manuals (which may still be
needed for detailed references).

Ferguson, P, and D. Brennan, Motif Reference Manual (volume 6B of The Definitive
Guides to the X Window System), O’Reilly & Associates Inc., 1993. (920 pp.), ISBN 0-
56592-038-4.

A good, complete reference manual for the Motif toolkit. Complements the Motif
Programming Manual by D. Heller, P. Ferguson, and D. Brennan.

Flanagan, D., Motif Tools, Sreamlined GUI Design and Programming with the Xmt
Library (volume 6C of The Definitive Guides to the X Window System), O'Reilly &
Associates Inc., 1994. (1024 pp.), ISBN 0-56592-044-9.

A book that is supposed to speed up Motif programming. It isapractical guideto Motif
programming, with lots of tips and tidbits from other Motif programmers. See also the
Motif Programming Manual by D. Heller, P. Ferguson, and D. Brennan.

Flanagan, D., X Toolkit Intrinsics Reference Manual, (volume 5 of The Definitive Guides
to the X Window System), O'Rellly & AssociatesInc., 1992. (916 pp.), | SBN 1-56592-007-4

The official reference book on X Toolkit intrinsics. Probably a must for people that
want to do extensive X programming. Thisis merely areference manual, not a
textbook, and does not provide extensive examples (it goes together with the X Toolkit
Intrinsics Programming Manual).

Heller, D., P. Ferguson, and D. Brennan, Motif Programming Manual (volume 6A of The
Definitive Guides to the X Window System), O'Reilly & Associates Inc., 1994. (1016 pp.),
ISBN 0-56592-016-3.

A good, complete reference book on programming for the Motif GUI. Some
workstations (like SGI) may come with Motif manual s of their own, inwhich casethis
book isnot required, and it then depends on the contents of these manual s, whether any
of the other X programming or reference manuals are still required. With this book
certainly a programmer would still need the manual on the X toolkit intrinsics
(volumes 4 and 5 of that series) for basic window programming, as well asthe Xlib
manuals (volumes 1 and 2) for graphics and low-level programming.
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Mansfield, N., The X Window System: A User’s Guide, Addison-Wesley 1991. (344 pp.)
ISBN 0-201-56344-4

A tutorial introduction to X that assumes no knowledge of X or any other windowing
system. Describes the background of the X Window system, explains how to use the
system, and provides information on ways to customize it.

Nye, A., Xlib Programming Manual (volume 1 of The Definitive Guides to the X Window
Yystem), O'Reilly & Associates Inc., 1992. (824 pp.), ISBN 1-56592-002-3

The official programming manual on lower-level X programming (Xlib); required for
people who want to program graphics under the X Window system.

Nye, A., Xlib Reference Manual (volume 2 of The Definitive Guides to the X Window
System), O'Reilly & Associates Inc., 1992. (1138 pp.), ISBN 1-56592-006-6

The official reference manual on lower-level X programming (Xlib). Required for
people that want to program graphics under the X Window system. It goes together
with the Xlib Programming Manual.

Nye, A., and Tim O'Reilly, X Toolkit Intrinsics Programming Manual (Motif Edition),
(volume 4 of The Definitive Guides to the X Window System), O'Reilly & Associates Inc.,
1992. (674 pp.), ISBN 1-56592-013-9

The official programming textbook for programmers using the X Toolkit Intrinsics
(anybody programming new X programs). It addresses both OpenL ook and Matif, and
the X Toolkit Intrinsics Reference Manual is more or less a mandatory addition and
complement to that book. For lower-level graphics programming, volumes 1 and 2
most likely are also required, and higher-level programming for OSF/Matif is
addressed in volume 6 of that series. (Volume 7 covers XView programming on Sun
workstations, but because all manufacturers seem to be converging towards the Motif
GUI, this can no longer be recommended.)

Smith, J. D., X, A Guide for Users, Prentice Hall, 1994 (350 pp.), ISBN 0-13-123795-0

A tutorial approach to the window manager as well as more advanced features of X.
Provides extensive coverage of the X customization process.

UNIX System Laboratories, OPEN LOOK Graphical User Interface—Programmer's
Guide, Prentice Hall, 1992. (ca. 700 pp.), ISBN 0-13-726605-7

A relatively readable book on programming for the OpenL ook GUI environment
(about as readable as a single book on that subject can be). Written for advanced C
programmers. Covers OLIT (the OpenLook Intrinsics Toolkit). Written for generic
System V UNIX systems, some of the procedures (compilation) described in this book
will require adaptation for an implementation on Sun workstations. The examples are
not bug-free; you will learn much by debugging aswell.
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Glossary of UNIX, Sun, and VNMR Terms

This glossary was written specifically for users of Varian spectrometers using Sun
workstations and VNMR software. It is not meant to be valid for all computer users.
Therefore, you will find different definitions for the same keywords in other computing
environments. Thismaterial isalso not meant to be read through or even to be learned from
start to end, but rather to be areferencefor help in reading Varian and Sun publications, and
to be a means to facilitate communication between different VNMR users by creating a
common base terminology. The glossary does not cover multiprocessor workstations and
terms relating to server technol ogy.

100baseT: Mechanical and electrical standard for 100-Mbps twisted pair fast Ethernet;
see also Ethernet, twisted pair, R345.

10/100baseT: Newer Ethernet interfaces are handling both 10baseT (10 Mbps) and
100baseT (100 Mbps), with automatic switching between the two speeds. See 100baseT,
10baseT, RM5.

10baseT: Mechanical and electrical standard for 10 Mbpstwisted pair Ethernet. See also
Ethernet, twisted pair, RJ45.

16-bit computer: Not well defined; for example, a CPU chip such asthe M C 68000 from
Motorolahasa24-bit address path (16-MB address space), a 16-bit dataand instruction 1/0
path, and can perform 16- and 32-bit calculations. However, because the 1/O bandwidth is
usually the main speed bottleneck, such a CPU is often called a“ 16-bit CPU” (but often
also 16/32- or 32-hit). Examples of other 16-bit CPU chips are the Intel 8086 and 80286
microprocessors, and the 6800 CPU from Motorola. See also 32-bit computer, 64-bit
computer.

32-bit computer: Definesa CPU chip with 32-bit wide data and instruction 1/O path.
32-hit CPUsarea so laid out mainly for 32-bit calculations, and they typically have a32-bit
address path (4 GB address space). Examples for 32-bit CPU chips are the SPARC,
MicroSPARC, HyperSPARC, and SuperSPARC CPU chips from Sun; the MIPS R3000;
the PowerPC 601, 603 and 604 microprocessors from Motorola—all in the area of RISC
computing. Examples of 32-bit CISC processors are the 68020, 68030, and 68040 CPUs
from Motorola, and the Intel 386, 486, and Pentium microprocessors. Most current
graphics workstations use 32-bit microprocessors in their CPU. See also 16-bit compulter,
64-bit computer, RISC, CISC, CPU.

3D-RAM: New RAM technology jointly developed by Sun and Mitsubishi for the Sun
Creator and Creator3D graphics controllers. Combines DRAM, pixel ALU (arithmetic
logical unit), SRAM, and aVRAM video buffer on a single chip. Offers dramatically
improved graphi cs performance over conventional VRAM. Seealso UltraSPARC, Creator,
Creator3D, ALU, DRAM, SRAM, VRAM.

4.2BSD (4.2 version, Berkeley software distribution): The basis for the Sun operating
system until SUnOS4.1.4 (Solaris1.1). 4.2BSD was devel oped at UC Berkeley and derived
indirectly from UNIX Version 7 (written at Bell Labs for the PDP-11 microcomputer).

64-bit computer: Definesa CPU chip with 64-bit data and instruction 1/0O path. 64-bit

CPUsare laid out for 32-bit and 64-bit cal culations, and they typically have a address path
larger than 32 bits (over 4 GB address space). Typical examples for 64-bit CPU chips are
the UltraSPARC CPU from Sun, the M1 PS R4000, R4400, R4600, R5000, R8000, R10000,
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and the Motorola PowerPC 620 and 750 (also called G3). Graphics workstations with
64-bit CPUs are now becoming available. See also 16-bit computer, 32-bit computer,
UltraSPARC, Ultra, CPU.

68000: See MC68000.
68020: See MC68020.
68030: See MC68030.
68040: See MC68040.
68881, 68882: See MC68881, MC68882.

abort: Irreversible interruption of a program by some external signal. Under UNIX,
programs may be aborted by pressing keys such as Ctrl-c and Stop—a, by special commands
likeki I I, or by aborting the parent process, such as exiting Suntool swith active windows.

access: See permissions.

access time: Sometimes used for the average seek time to access tracks on disk drives

(usually 8to 15 ms), but may also characterize the speed at which RAM or ROM memory
can be accessed (currently around 60 nsec on Sun computers). For disk drives, the access
toindividual sectorsislonger than specified by the average seek time, for example, dueto
rotational delays. See latency.

acoustic coupler: Simple, low-priced modem that operates up to 1200 baud and does
not require special authorization or installations on the phone system.

Acrobat Reader: Adobe softwarefor viewing and searching documentsin PDF (Portable
Document Format) files. For the VNMR online manuals, Varian has switched from
FrameViewer (and manuals in native FrameMaker format) to Adobe Acrobat Reader and
PDF files. See PDF, Adobe, FrameViewer, online manual.

active window: Unlike standard Macintosh and similar PC-based software, all windows
on a Sun are active processes, even icons. But only one window, called the active window,
can havethefocusfor keyboard entries (although obviously theterminology iswrong). The
window focusisindicated by asolid frame. The Sun windowing software (SunView)
allowsfor two options: activate windows by clicking on them with the mouse or move the
mouse pointer onto the window (difficult when using small windows). The focus can also
be on iconized windows, which are then unfortunately not visualized, and you can
(inadvertently) type text into an icon.

address: A number or a sequence of characters enabling computers to find and identify
some hardware or a piece of software.

Adobe Systems: Software company that markets |eading products for the desktop
publishing (DTP) market, such as Adobe Illustrator, Adobe Photoshop, and Adobe
Acrobat. Adobe recently acquired Frame Technology and is now also marketing
FrameMaker, one of the most powerful DTP products on the market. VNMR manuals are
written using FrameMaker. See DTPR, PDF, Acrobat Reader, FrameViewer, online manual.

AIX: UNIX operating system on IBM workstations, such as the RS/6000 series. The
current versions of AlX are 3.2 (POWER architecture only), and 4.1.4and 4.2 (these
support both the POWER and PowerPC CPU architectures). Most AlX 3.2 applications
should be compatible with A1X 4.1.4 and 4.2. So far, Vnmrl runsunder AIX 3.2 only. See
IBM, UNIX, Vnmrl.

alias: Alternate name for acommand.
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ALU (Arithmetic Logical Unit): Execution unit inside a CPU chip that handlesinteger
calculations and logical decisions. Modern CPU chips contain multiple ALUs that can
execute integer operationsin parallel.

anonymous FTP: Special FTP account on public FTP servers that requires entering the
user name “anonymous” at login. The account has no real password definition, but for
logging purposes (FTP logins are logged into afile) the convention is to enter the user’s
e-mail address as a password. Most Web browsers also have a convenient graphical
interface for anonymous FTP sites. Anonymous FTP is usually used to download public
domain software. See also FTR, Web browser.

ANSI C: Newer standard that was proposed for the C programming language. ANSI C
differsin many ways from the “traditional”, “ Kernighan & Ritchie” C (i.e., the one
originally proposed by the authors of the language); the most prominent changeisin the
declaration of function arguments, which are defined within the parentheses, rather than
after, asin K&R C. Thisprovidesfor better argument type checking. ANSI C (but not K&R
C) isasubset of C++. Seealso C, C++.

API (Application Programming Interface): A set of high-level library functions used
in programming in or for certain software environments. Examples are the X Toolkit (used
in X Window System programming), OLIT (OpenLook Intrinsics Toolkit), OpenGL, See
OpenGL, OLIT, X Toolkit.

applet: Small Java program, compiled to byte codes, downloaded as part of a Web page,
and executed on the Web client. Appletsare used, for example, to produce an animated Web
page or to allow for user interaction with the Web page without involving further
communication with the Web server. See Java, HTML, WWW.

argument: Information passed to acommand or subroutine (as part of the actual call) to
further direct its operation.

ARPANET: The prototype, the predecessor, and later an early integral part of the Internet.
The TCP/IP protocols were developed for ARPANET. See Internet, TCP/IP.

array processor: Specialized boards used on some systems (such as some Sun-3
systems) to speed up floating point operations on data arrays (vectors). Due to their
architecture (using pipelines and simul taneous processing), array processors are very
efficient on vectorized data, even using floating point operations, but they can not be used
for scalar operations. The standard floating point hardware used on Sun workstationsis
equally well suited for vectorized and scalar operations, such that array processors are no
longer needed. Array processors require modifications in the software, involve
considerable processing overhead (like transferring the data into dedicated memory), and
are available to only one process at atime.)

ASCII (American National Standard Code for Information Interchange):
Represents characters with 7- or 8-bit numbers. ASCII is the most important standard for
the transmission of text files.

ASIC (application-specific integrated circuit): Custom devicesthat help to simplify printed
circuit boards by using fewer components. An exampleisthe video chip used on newer Sun
workstations.

assembly language: A low-level programming language that is very close to entering
machine language directly. Allows writing very fast programs (normally faster than any
compiler could do), but the complexity of these programsis limited, especialy in large
programs, which are hard to debug and modify because it is difficult to read and fully
understand them. Assembly language is used mostly to speed up uniform, repetitive tasks
on large data tables (such as Fourier transformations and pixel operations) or with
non-standard data formats. The main disadvantage of assembly language programming is
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that it isintended for certain computer hardware; therefore, programs are usually not
portabl e between different computers. Assembly language programming isusually limited
to small modules called from within a high-level program.

asynchronous: Transmission in which the speed is determined by conventions such as
the baud rate (in communication over a RS-232 cable) and not through synchronization
signals (e.g., lines 15, 17, and 24 in aRS-232 cable). Asynchronous transmission is less
demanding on the hardware side. Asynchronous transmission must always account for
possible deviations from the convention (with RS-232, up to 38400 baud can be obtained
in asynchronoustransmission). Note that even with asynchronoustransmission, the devices
that communicate have some control over each other through handshaking signalsthat, for
instance, enable the receiving device to stop the signal flow when its buffer isfull. See
handshaking.

AT&T Bell Labs: See System V.

ATM (Asynchronous Transfer Mode): New, emerging standard for networking, using
either unshielded twisted pair (UTP) or fiber-optical transmission media (depending on the
speed). ATM transmits al datain the form of 53-byte packets, which simplifiesthe ATM
adaptor hardware and allows for potentially higher throughput than Ethernet. But unlike
Ethernet, ATM transmission rates are isochronous (the transmission speed for agiven link
is kept constant for the duration of the connection) and not dependent on the network load
(on Ethernet, increased collision rates at high loads cause a slowdown in the network
efficiency). Thismakes ATM ideal for the transmission of voice and video data, such asin
multimedia applications and video conferencing. Standard ATM speeds are 25, 155, 622,
and 2488 Mbps. Sun currently offers ATM adaptorsfor 155 Mbps (over unshielded twisted
pair) and 622 Mbps (over fiber-optic cable). Ethernet operates at 10 Mbps (standard
Ethernet) or 100 Mbps (fast Ethernet, available on Sun asa SBus card or in Ultra
workstations with Creator/Creator3D graphics). See also Ethernet, Ultra, UTP.

AUI (attachment universal interface) connector: Older Ethernet connector and
cabling, with shielded 15-pin cabling and slide-lock connectors. AUI is standard for
connecting transceivers for coaxial Ethernet (N-Type/Inline, Vampire/Thick Ethernet, and
BNC/Thinnet) networks. Older workstations had an AUI connector that could be used to
attach atransceiver directly or via AUI transceiver cable. Newer systems offer an M|
connector that also permits connecting to UTB and fiber-optic networks (plus an RJ45
connector for 10/100BaseT), and for AUI transceivers an M1I-to-AUI cable must be used.
See MII, Ethernet.

authoring tool: See Web authoring tool.

background process: A process detached from the calling environment. The calling
window remains accessi ble during the execution of the background process. Processes that
produce lots of output are not suited for background operation, because the output may
interfere with other programs running in the calling shell.

backplane: Hardware in the back of a card cage that links all boards through single- or
multiple-bus structures. Every board fits into connectors in the backplane.

backup: To copy filesto secondary storage (usually atape or aoptical disk on newer
systems) for safety in case the originals are lost or unusable.

backup tape: Magnetic tapethat contains a copy (duplicate) of dataon ahard disk. Used
for safety reasons so that data can be recovered if data becomes corrupt or if the disk dies
dueto ahead crash.

bad track: Track on adisk where data cannot be written or read reliably. Most disks have
bad tracks. During the surface analysis, which is done after formatting the disk, such tracks
are labeled and subsequently replaced by other tracks. Bad tracks can eventually show up
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dueto aging. In such acase, the disk hasto bereformatted with surface analysis. Some disk
drives automatically recognize bad blocks at runtime and assign spare blocks as
replacement.

bandwidth: Characterizes the speed of adisplay (MHz) or abus (MB per second). For
screens, the bandwidth does not describe the number of pixels drawn per second (lines x
columns x refresh rate + interlacing, e.g., 1024 x 1280 x 66/1 = 86,507,520), but rather the
speed at which the electron beam can switch between bright and dark (in a good monitor,
bandwidth must be more than the number of pixels drawn per second).

batch: Confined (well-defined) amount of data.

batch mode: For mainframe computing, the execution of programsin packets (batches),
where aprogram can be executed in asingle batch or in several batches, not necessarily one
after each other. Because the Sun isamultiuser system, many users could basically use the
same plotter; therefore, the plots have to be plotted in batches (usually afull page) such that
plot requests from different users are not mixed up on the same page.

battery: Anin-chip battery keeps the real-time clock on Sun CPU boards running often
for over 10 years.

baud rate: Speed of transmission in serial interfaces (modulations per second,
corresponding roughly to bps, or bits per second). Some standard speeds for the RS-232
are 300, 600, 1200, 2400, 4800, 9600, 19200, and 38400 baud.

Berkeley UNIX: See 4.2BSD.

betatest: After extensivetestingin thefactory (software devel opment group, applications
laboratory, etc.), selected users test the beta version of software beforeiit is released to
customers.

bin: Name often used for a directory that contains executable software.

binary file: File containing information that can directly be interpreted by the CPU.
Binary filesinclude 16- or 32-bit integers, 32-bit floating point numbers or compiled
programs (object code). Other file types are directories and text files.

bit: Single yesor no (1 or 0) information that makes up the smallest binary data unit.

block: A group of dataon adisk or atapethat istransferred asaunit. With 4.2BSD UNIX,
data are normally stored in 8-KB blocks. See also I-node.

BNC cable: A type of coaxia cable with 50-ohm impedance, used for screens, Ethernet,
and other rf connections.

board: Hardware that can contain a complete computer or parts of it.

bootup: The process of starting an operating system. On UNIX systems, thisinvolves a
series of steps: loading the primary and secondary bootstrap, loading the kernel, finding all
the available hardware, mounting file systems, checking file systems, starting up al the
necessary daemons, and initiating the login shell in multiuser mode.

bootup messages: Messages automatically displayed after or during the bootup.

Bourne shell: Widely used UNIX command interpreter, common to all UNIX systems.
On UNIX systems, Bourne shells are seldom used for interactive work but rather for shell
scripts, where they are most efficient. See shell, C shell.

browser: See Web browser.
BSD (Berkeley Software Distribution): See 4.2BSD.
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buffer: Memory for temporary datastorage. A buffer isoften used to link two deviceswith
different inherent speeds, such as a computer and a printer.

bug: Error in software. Totally bug-free software for alarge program is considered
impossible. Software programmers can only try to reduce the number of bugs, a
time-consuming process. See debugging.

bus: Hardware for transporting data between different devices. The receiving device can
be addressed by the device that wants to send data, so that the data traffic occurs only
between two specific units.

bus arbiter: Handles requests for data transfers and decides which deviceis allowed to
become the bus master. Compare with bus master.

bus master: Only one device, the bus master, on abusis allowed to control data
transmission at atime.

bus terminator: Most buses require terminatorsfor proper operation. For example, early
SCSI bus devices had to be terminated by atermination plug or by asmall chip (termination
resistors) on the last device. Therefore, when changing the sequence of devices on a SCSI
cable, users needed to check whether the bus was still properly terminated or else the bus
and the entire system could be nonfunctional. Many modern SCSI devices are
self-terminating: termination plugs are no longer required.

button: Switch that isactivated by pressing, for example, the Sun mouse hasthree buttons.
In agraphics user interface (GUI), menus can contain items called buttons that can be
selected with a mouse click or by pressing afunction key on a keyboard.

byte: A unit of 8 bits, commonly used to characterize the size of files, memory, or other
storage devices, although the datamight be organized in 16- or 32-bit words, or even 64-bit
units or larger for floating point numbers.

C: A powerful, flexible programming language devel oped for UNIX by Dennis Ritchie
based on Ken Thompson’'slanguage B in thein the early 1970s. Although Pascal isusually
considered better for learning and teaching, C produces very efficient (small and fast)
object code. C comesintwo “flavors’: the original, “Kernighan & Ritchie’ (K&R) C, and
ANSI C. K&R C was used to write most of the VNMR software. See also ANSI C.

C++: Superset of the C (actualy: ANSI C) programming language, with tools and utilities
for object-oriented programming (OOPS). Most implementations of C++ consist of a
preprocessor that first translates C++ into C, followed by normal C compilation. SunSoft's
C++ uses adirect compilation technique for faster compiling. Different from C, C++ uses
extensive internal argument and type checking, which makesit considerably safer than C.
C++ comes with several powerful programming options, such as operator and function
overloading, allowing the programmer to redefine the meaning of standard math operators,
such that they work with complex objects. This feature makes it easy to define functions
with variable number and type of arguments. Compared to C, C++ allowsfor new levels of
simplification and abstraction in programming. Some VNMR utilities, such asthe
ImageBrowser, are written in C++. See also ANSI C, C, OOPS.

C shell: UNIX command interpreter developed and optimized for interactive work.
Originally, it was specificto 4.2BSD UNIX systems, but now ismostly used for interactive
work and writing shell scripts.

cache memory: Fast memory buffer that communicates directly with the CPU, thus
avoiding unnecessary wait-states due to slower transfersto disks or ordinary memory. The
most recent generation of workstations uses two levels of cache memory: 6 to 36 KB of
primary cache on the CPU chip, and 0to 2 MB external secondary cache on a separate chip.
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capacity: Size of disks or memory, usualy in kilobytes (KB), megabytes (MB), or
gigabytes (GB).

caddy: Cartridge that holds and protects the CD-ROM in certain types of CD-ROM
drives. Without caddy, a CD-ROM could not be inserted in these drives.

card cage: Structure that contains the backplane and the support for printed circuit
boards.

case-sensitive: Pertainsto systems or programs when the case of |etters, either upper or
lower, makesadifference. UNIX is case-sensitivein most matters, and the C programming
language is aways case-sensitive.

CDE (Common Desktop Environment): In response to Microsoft Windows 95, the
major UNIX manufacturers (including Sun, IBM, HP, and Novell) decided to define a
global standard for the X Window System and UNIX GUI. Sun's CDE is one of the first
GUIsthat comply with this new standard. CDE is mainly based on Motif standards. Sun
brought in some of its desktop and development tools and someinternal protocol
definitions from OpenL ook, whileit had to give up many basic OpenL ook features such as
the look-and-feel. CDE has become the new standard Window interface with Sun and
Solaris; itisincluded with Solaris 2.5. As of release 5.2F, VNMR is compatible with CDE
(while maintaining compatibility with OpenLook). See also GUI, OpenL ook.

CD-R (recordable compact disk): Optical disk (same form factor as used for audio disks)
holding up to 644 MB of software or data. CD-R disks can be written only once and can
serve as a permanent data storage for archiving data. Unfortunately, only a few
manufacturers are building CD-R drives for UNIX workstations. Writing CD-R disks
might be tricky because they typically need to be written once and in one continuous step;
an interruption in the data flow might make the disk unusable. In the future, the DVD-R
might replace CD-R drives. See CD-ROM, CD-RW, DVD-R.

CD-ROM (compact disk-ROM): Read-only optical disk (same as used for audio disks)
containing up to 644 MB of software or data. Different from audio records, the information
on CD-ROMsisorganized in concentric, circular tracks (not in asingle spiral track), and a
CD-ROM iswritten starting with the innermost track. The Solaris 2.X operating systems
and many software packages, such asVNMR, are exclusively available on CD-ROM. Sun
UNIX documentation is also available on CD-ROM. The Sun CD-ROM drive can also be
used to play audio CDs.

CD-RW (rewritable compact disk): Removable optical disk that can be rewritten just like
ahard disk (same form factor as used for audio disks) holding up to 644 MB of software or
data. Only afew manufacturers are building CD-RW drives for UNIX workstations. With
theincreased storage requirements, the DVD-RAM might replace the CD-RW drives. See
CD-ROM, CD-R, DVD-RAM.

Centronics port: 8-bit parallel port for printing. A Centronics port is available on many
printers, such as the LaserJet series of printers, and is standard on the SPARCstation and
Ultraworkstations. SBus cardswith aparallel port are availablefor systemsthat don’'t have
abuilt-in parallel port. Printing over a parallel port can be more than five times faster than
printing through a serial port using RS-232.

CGI (common gateway interface): Defines how aWeb client displaying a Web form
(an interactive Web page) and aWeb server communicate and interact. A user who submits
aWeb form causes a specia character string (as defined in the form) to be sent to the Web
server, to a specified processing tool, which is often a script written in Perl but can be a
simple shell script or a program written in C or any other language). This software then
causes further actions to be performed, including: HTML codeis sent back to the Web
client, mail is sent to the specified address, adatabaseis searched, and the search resultsare
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sent back to the client. CGlI isthe definition of the interface between the form (the Web
client) and the Web server. See WWW, HTML, Perl.

child: A processthat isstarted from another processiscalled achild of that calling process,
aslong asit runsin foreground. When the parent of the child process dies or iskilled, the
child also dies automatically. Error output is normally sent to the parent process. The only
way of detaching achild from its parent process is to run the program in background.
Output is then still sent to the calling shell aslong as that processis alive. Afterwards, the
output islost. See process.

CISC (complex instruction set computer): A type of CPU chip. Typical CISC chips
are the Motorola 68000 series and most other 16- and 32 bit CPU chips used in personal
computers and in older workstations. Compare with RISC.

class: An“object type definition” in object-oriented programming style (OOPS). A class
defines the properties (private and public elements, constructor, destructor, etc.) of an
object. An object is an instantiation of a class. See OOPS, class.

clicking: Pressing a mouse button. Most often, this involves moving the mouse pointer
onto a particular object shown on the screen and then pressing a button (and in most cases
releasing it again).

client: Computer system that uses facilities (usually disk space) on another computer
(server). For the X Window System (X.11), the terms client and server have a different
meaning. See server, X Window System, X client, X server.

clock: Most computers have a built-in real-time clock powered by a battery that typically
lasts for 10 years or more.

clock frequency: Basic frequency (typicaly 50 to 200 MHZ) at which a processor
operates. Thisis not the rate at which CPU commands are executed, because many
commands require several clock cycles, especially on CISC computers. For example, on
the CISC Sun 3/60, a 20-MHz 68020 CPU chip performsat 3 MIPS (6.7 clock cycles per
average instruction). With RISC computers, the clock rate is much closer to the command
execution rate. For example, on a Sun SPARCstation 2, a 40-MHz SPARC chip performs
at 28.5 MIPS (1.4 clock cycles per averageinstruction). The SPARCstation 10 and 20 series
and the Ultraworkstations have a special RISC CPU architecture (see SuperSPARC,
UltraSPARC) that allows performance of 2.5 instructions per clock cycle. Other CPU
architectures execute over 1 instruction per clock cycle by internally doubling the clock
frequency.

coaxial cable: A high-frequency rf transmission cable that is intended to avoid
interference with other rf devices.

collision: Happenswhen two deviceswant to transmit data simultaneously over Ethernet.
Both devicestry again after random delays. The number of collisions increases with the
workload on the Ethernet.

command: Stand-alone program (or a shell script, macro, or menu button) that is started
by entering its name or clicking on its menu button See argument.

command interpreter: Program that reads commands (such as operator input) and calls
the necessary system functions to execute the command. VNMR has a built-in command
interpreter, Sun UNIX comes with command interpreters called shells, and many
interactive programs have a command interpreter built in. See shell.

command line: A line of characters containing one or more commands. Can also refer to
a particular position on the screen display, where a command line can appear. The C shell
on4.2BSD UNIX systemsincludes an online command line editor that allows modification
and execution of the current or previous command lines.
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command mode: Special mode of operation with some editors (such asvi ) where
keystrokes do not enter characters into the text, but are interpreted as editor commands.

compiler: Program that converts source code (programming instructions that the
programmer can easily read, modify and understand) into machine language for the CPU
(instructions that are almost impossible to decipher).

computer: Genera term for an electronic machine that can perform various arithmetic,
logical, and flow-control instructions at a high rate of speed.

configuration: A particular assemblage of hardware or software components.
connector: A piece of hardware that links a board to the backplane or a cable.

console: The device on which the operator works, including a keyboard and text output
devices such as a screen or aprinter. Under UNIX, the console is also the shell (or the
window) on which system messages are presented. Output and error messages from
programs running in background are often redirected into the console window.

constructor: Definition of actions, such as variable initialization, that occur
automatically upon creation, or instantiation, of an object in object-oriented programming.
See OOPS, object.

converged UNIX: UNIX version that combines parts of the major branches of the UNIX
family—4.2BSD from UC Berkeley and System V from AT& T Bell Laboratories. Solaris
isaconverged UNIX, based on System V.4, containing most features from 4.2BSD.

coprocessor: Extrachip required for functions (such as floating point operations) that
are not implemented in certain CPU chip models. For example, early SPARC CPUs, the
MIPS R2000 and R3000, as well as the MC68000, M C68020, and MC68030 and several
other early 32-bit CPUs did not have floating point capabilities built in and required a
coprocessor chip to perform these calculations efficiently. The result was still slower than
performing the floating point cal cul ations by an on-chip floating point unit, but much faster
compared to emulating the calculations with integer math. See MC68881.

core: Themain random-access memory in acomputer. The expression originatesfrom the
1960s, when such memory was manufactured from tiny ferrite cores strung on wires.

CPU (central processing unit): Thecontrol, arithmetic, and logical unit of acomputer.
CPU can refer to a complete motherboard in a computer or to just the central processor
chip, for example, 68020, SPARC, SuperSPARC, UltraSPARC.

crash: Sudden interruption of aprogram or the operating system from a software bug.

Creator: Graphics accelerator used in Sun’s Ultra 2 and high-end Ultra 1 workstations,
such as the Ultra 1/170E, as well asthe Ultra 10, Ultra 30, and Ultra 60. The Creator
graphics board comeswith 5 MB of 3D-RAM, alowing for 24-bit color at a screen
resolution of 1280 x 1024 pixels. Creator offers unprecedented levels of graphics
performance (windowing, 2D graphics, imaging, 3D wireframe) at acompetitive price. See
also Creator3D, Ultra 1/170E, Ultra 2, Ultra 10, Ultra 30, Ultra 60, 3D-RAM.

Creator3D: Graphics accelerator used in Sun’s Ultra 2, high-end Ultra 1 workstations,
such as the Ultra 1/170E, as well asthe Ultra 10, Ultra 30, and Ultra 60. The Creator3D
graphics board comes with 15 MB of 3D-RAM, allowing for 2 x 24-bit color with Z
buffering at a screen resolution of 1280 x 1024 pixels. Beyond the performance of the
Creator graphics board, the Creator3D offers excellent performancein 3D solidsimaging
(such as used in molecular modeling and related applications). See also Creator, Ultra
1/170E, Ultra 2, Ultra 10, Ultra 30, Ultra 60, 3D-RAM.

CRT display (cathode ray tube display): Provides visual output of information.
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cursor: Anindicator on the screen (aline or an arrow) that can be moved around on the
screen for pointing to some displayed object. A cursor ismoved by keystrokes (asin some
text editors) or by some mechanical or optical device such as knobs or a mouse.

cylinder: Most current hard disks contain several disk platters with two heads each. The
heads move synchronously and read and write a series of concentric circles called tracks
(not spiralslike on audio records). A circle that all heads can read or writein asingle turn
of the disk is called acylinder.

cylinder groups: BSD UNIX and Solaris 2.x organize cylindersinto cylinder groups to
minimize the average access time. Whenever possible, files are kept within asingle
cylinder group, such that the disk heads don’t haveto do large seeksto retrieve or writethe
data.

daemon: Programs that normally work silently in background and maintain UNIX
services. Daemons are periodically active, either upon request or in some constant time
intervals. Examples of UNIX daemons are the programs updat e (periodic sync to update
thedisk), cr on (performs actions at specified times), and Acqpr oc (acquisition process).

DAT (digital audio tape): DAT drivesare available for Sun computers. Such tapes serve
as high-capacity storage media. A single tape cassette can hold 2.4 GB of uncompressed
data (typically 5 GB compressed) and the transfer data at about 500 KB per second. Sun’s
14-GB Exabyte drive (based on 8-mm video technology) is more expensive, but has twice
the storage capacity and transfers twice as fast. See Exabyte.

data: General term for any kind of digital information, but can refer specifically to the
information (numbers, text) a program works on. data originates from Latin and is the
plural of datum.

data block: See block, I-node.

debugging: Removal of software bugs or errors. The major step in debugging is testing
the software. Testing never ends—all software usersare al so software testers. Each user can
help improve the performance of software by reporting bugs. Good bug reporting is very
important. Whenever abug is found, it should be documented thoroughly, including all
error messages and the circumstances under which it happened (what was the exact
sequence of commands used? What programs were running simultaneously or before the
bug was detected?). Any additional observationsabout abug may beimportant. If possible,
try to reproduce the bug. And report all of this as soon as possible!

default: Instead of not working if certain inputs are not supplied, a program can also use
someinternally defined standard input that makes it a useful command without any input
or with only partia input, thus saving the user timein entering the command.

degaussing: Dueto the large static magnetic field in an NMR system, the monitor
housing can become magnetized after sometime of operation, resulting in color distortions.
The magnetization can be removed by pressing the degauss button on the back of the screen
aslong asthe display oscillates. Many monitors, such asthe 17-inch and 20-inch Trinitron
color screens on Sun workstations, are degaussed automeatically when switched on.

delete: Removal of afile or afile system. UNIX usesthe r mcommand to delete files.

DesignJet: Hewlett-Packard inkjet plottersfor large format paper (upto size E/ A0, even
larger on some models). The DesignJet replacesthe DraftPro and DraftMaster large-format
mechanical plotters from HP. All DeskJet models support HP/GL and HP/GL -2 plotting.
Some also support PostScript plotting. See also HP/GL, PostScript.

DeskJet: High-quality automatic paper feed inkjet printer from Hewlett-Packard that can
print at 300 to 600 dots per inch, the same resolution asmany laser printers. and can emulate
HP LaserJet printers.
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deskside workstation: Workstation in which the CPU isusually placed on thefloor and
not on the desk.

desktop publishing: See DTP.

desktop storage pack: External modulefor SPARCstations, containing adisk (2.1 GB),
aQIC, DAT or Exabyte tape unit, or a644 MB CD-ROM drive.

desktop workstation: Workstation where the CPU and display unit usually placed on a
desk. The CPU (sometimesincluding hard disks) normally is placed under the monitor and
often has just the same footprint as the monitor or even less. Most current workstations are
desktop computers.

destructor: Definition of actions that occur upon del etion of an object in object-oriented
programming. See OOPS, object.

device driver: Software, built into the UNIX kernel, that allows communication with
external devices such as the acquisition computer.

diagnostics: Special software for checking hardware or software. Most computer
hardware on a Sun can be checked in the monitor level. For help on monitor commands,
type h and press Return. SPARCstations have anew monitor mode that uses the ok prompt.
Enter hel p for more information.

dialog box: Window on the screen that displays some information and then waits for user
input.

directory file: A file containing other files. Unlike older systems, UNIX directories are
just alisting of other files on the disk and do not actually contain files. All UNIX files,
including directories, are attached to ahigher-level parent directory. Thetop-level directory
in UNIX (/) isthen attached to itself because the parent directory of /is/ itself. Seetext file,
binary file.

disk: Non-volatile magnetic storage media for large amounts of data. Used for datain
continuous use or currently worked on. For safety reasons (data might be erased or
overwritten, or the disk drive might fail), make backup copies of important files.

disk drive: Individual disk unit. Current disk drives used on the Sun for Varian
spectrometers are 3.5-inch hard disk drives with formatted storage capacities of 535 MB,
1.05, 2.1, or 4.2 GB (SCSI disk drives), or 4.3 GB (EIDE disk drives).

disk partition: Under UNIX, ahard disk can be partitioned into up to 8 slices, or
partitions. Thefirst disk is normally partitioned into aroot partition (cOt 3d0s0), / usr
partition (cOt 3d0s6),/ var partition (cOt 3d0s4), / opt partition (cOt 3d0s5), and
/ export/ home (cOt 3d0s7). A second disk is usualy partitioned into asingle slice
(/ dat a, cOt 0d0s2).

disk slice: New term for disk partitions. With the transition to Solaris 2.x, Sun started
caling disk partitions “slices’. The term is actually misleading, asasliceis a series of
consecutive cylinder groups, rather than being slice-shaped. See cylinder groups, disk
partition.

disk space: The amount of datathat can be put onto a disk. In many computer systems
(such as the VXR-4000 system), disk size is specified before formatting, so a“140-MB
disk” may hold only 120 M B of actual data. On other systems, such asthe Sun, disk space
is specified after formatting, so a2.1-GB disk holds 2.1 GB of data. But not all of this space
may be apparent to the user. The swap space, for example, is actually ahidden space onthe
disk. Thus, the apparent size of the system disk is reduced by the amount of swap
space.Additionally, in order to maintain disk performance at high levels, UNIX will report
partitions being “100% full” when only 90% of the disk space isfilled.
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display: Usually the CRT screen, but often refersto the displayed information and not the
hardware unit.

DNS (Domain Name Service): Software component that trandates full Internet host
domain names (e.g., | al 750. al . nnr . vari an. conj into anumeric |P address (e.g.,
132. 190. 42. 62). DNS goes to domain name server hosts, who know how to query
Internet address from the network, to find out about | P addresses. It then builds up an
internal translation table, so that it doesn’t have to check the serversfor every request.

dot files: Special filesfor the customization of the user interface. In UNIX, thesefiles
have names that start with adot (e.g., . cshr c). In normal directory listings using thel s
command, these file are considered hidden or invisible, so their names do not show up
unlessthel s - a or | s - Acommand options are used.

dot matrix printer: Printer that composes characters from a dot matrix, as opposed to
typewriters and daisywheel printers that produce entire characters from a single impact.
Laser printers and ink jet printers are dot matrix printers. Dot matrix printers are more
flexible because they can usually print graphics and several fonts.

double-indirect block: Seel-node.

dpi (dots per inch): A unit of measure for the resolution of dot matrix printers or the
pixel density of adisplay.

DRAM (dynamic RAM): A typeof RAM chip, available currently with up to 64 megabits
per chip. Dynamic meansthat it requires periodic refreshing (read and write back)
operations. DRAM chipsare slower than SRAM chipsbut areless expensive. DRAMS are
used in Sun computers for the RAM memory. See also RAM.

DTP (desktop publishing): The creation of complex documentations, such asthe
VNMR manuals (typically with text, illustrations, tables, index, etc.) on a desktop
computer (aUNIX workstation, aMacintosh, or aPC). VNMR manuals are created mainly
by using FrameMaker software. See FrameM aker.

DVD (digital versatile disk): New, upcoming standard for digital, optical disks. DVD
disks have the same form factor as the CD-ROM, but can hold much more information

(4 GB and up to 17 GB, depending on the format, compared to 644 MB for a CD-ROM)),
due to amuch higher information density. DV D drives can also read CD-ROMs. Even
though CD-ROMswill continueto exist for many yearsto come, DV D driveswill probably
replace CD-ROM drives. DVD disksexist in five different formats: DVD-R, DVD-ROM,
DVD-RAM, DVD-Video, and DV D-Audio (for the consumer market, no standard has been
fixed yet for DVD-Audio). With current drives, double-sided disks (DVD-R, DVD-RAM,
some DVD-ROM disks) must be taken out of the drive and inverted by hand in order to
access the other side. Current DV D drives have average access times of around

200 milliseconds, and data transfer rates of around 2.8 MBytes/second. See CD-ROM,
DVD-R, DVD-ROM, DVD-RAM.

DVD-R (DVD-Recordable): DVD disk that can be recorded (written) once (basicaly a
WORM drive), with a capacity of 4 GB per side. DVD-R drives are currently still too
expensive for the typical workstation user. See CD-ROM, CD-R, DVD, DVD-ROM,
DVD-RAM, WORM.

DVD-RAM: DVD disk that can be read and rewritten just like a hard disk, with a capacity
of 2.3 GB per side. DVD-RAM disksrequire special drivesthat can also read DVD-ROM
disks, but DVD-RAM disks cannot be read on DV D-ROM or DVD-R drives. See
CD-ROM, CD-RW, DVD, DVD-R, DVD-RAM, MOD disk.

DVD-ROM: Read-only DVD disk, with a capacity of 4.7 GB (single-sided/single layer),
8.5 GB (single-sided/double layer), 9.4 GB (double sided/single layer), or up to 17 GB
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(double sided/double layer). DVD-ROM drives can read DVD-R, DVD-Video, and
DVD-Audio disks, but not DVD-RAM disks. See CD-ROM, DVD, DVD-R, DVD-ROM.

EBus (external bus): Busfor peripherals. The EBusisused in the latest PCI-bus-based
Ultraworkstations and connects to the keyboard, mouse, seria ports, parallel port
controller, floppy drive, audio /O controller, NVRAM and rea -timeclock, aswell asEIDE
disks. See EIDE, NVRAM.

ECC memory (error checking and correction memory): A device providing
self-correction of 1-bit-per-byte errors and detection of 2-bit-per-byte errors. Only
availablein high-end workstations, such asthe Sun SPARCstation 10 and 20, and the Ultra.
See also SPARCstation 10, SPARCstation 20, Ultra.

editor: A program to modify text and datain files.

EEPROM (electrically erasable programmable ROM): Similar to EPROMSs, except
that EEPROM S can be erased by applying a specified voltage. Sun computers use
EEPROM s to permanently store some configuration parameters that might be altered by
the user. See also EPROM, ROM.

EIDE (enhanced IDE): Low-cost standard disk type often used in PCs. Ultra5 and Ultra
10 workstations are equipped with 4.3-GB EIDE disks. See also Ultra 5, Ultra 10.

Elite3D: Graphics accelerator used in certain Sun Ultraworkstations (Ultra 30, Ultra 60).
The Elite3D graphics board providestop-end 3D graphics speed at screen resolutions up to
HDTV format (the Elite3D internally performsfloating point operationsat 1.2 TFlops, i.e.,
1.2x10% floating point operations per second). Availablewith Ultra 10, Ultra30, and Ultra
60 workstations. See also Creator, Ultral0, Ultra 30, Ultra 60.

e-mail (electronic mail): Exchange of information over aworldwide computer network
that does not usually involve printing the message. Electronic mail is becoming extremely
popular compared to telephone calls, faxes, or ordinary mail, because e-mail isfast (much
faster than letters), it takes less effort than writing and sending a fax, and it does not
interrupt the addressee’s work, but can be replied at the responder’s convenience. In
addition to all that, digital information (text files, programs, etc.) can be sent from one
computer directly to another computer. Typing and handwriting as a source for new errors
can be eliminated. The Varian applications laboratories, technical support, and customer
service functions can be reached via electronic mail.

emulation: Software simulation of a different hardware and software configuration. For
example, standards such as DEC VT-100 have been created for terminals. Many other
terminals now havethe ability to emulate VV T-100 and other standards. The sameistruefor
printers and plotters. Some current standards are HP/GL for plotters and the HP mode,
Epson, HP LaserJet, and Postscript standards for printers.

EPROM (erasable programmable ROM): Memory chip that can be erased by
exposure to ultraviolet light. The chip can then be programmed again, using a PROM
programming device. See also EEPROM, ROM.

ergonomics: Working with comfort at a computer for extended periods. Besides a
comfortable chair at the correct height of the desk, the positioning of the screen and
keyboard isimportant. To avoid eyestrain from screen reflections, a window or bright
objects should not be located behind the operator.

error message: Message that informs the user about software problems or command
entry syntax errors. Under UNIX such messages tend to be somewhat cryptic. You may
need to ask a UNIX guru what some messages mean.

Ethernet: Xerox trademark for atype of hardware used to communicate between
computers. The modulation of a 10-MHz rf signal transmits data, using special (complex)
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protocols (characterized as CSMA/CD, Carrier Sensing Multiple Access/ Collision
Detection). Ethernet uses special coaxial cable (up to about 2.5 km) or standard 50-ohm
BNC cable connections (also known as thin Ethernet, only up to 500 m). For transmission,
the cable must be terminated with a 50-ohm impedance load on both ends and branching is
not allowed. A faster version of Ethernet, called fast Ethernet, operating at 100 Mbps over
unshielded twisted pair (UTP, 100baseT) is now becoming available, allowing for much
higher network throughput. See also fast Ethernet, 10baseT, 100baseT, UTP, Ultra.

Ethernet address: Every device on an Ethernet must have aunique addressthat consists
of aseries of hexadecimal characters of the form xx:xx:xx:xx:xx:xx. This addressis
hard-coded on a PROM into every Ethernet board. In Varian imNET software, this
hardware address of the Ethernet board is used. In most modern Internet communication
protocols, such as TCP/IP and NFS, a user-assignable software address is used,
independent of the hardware address.

Ethernet terminator: Load with 50-ohm impedance on both ends of the Ethernet cable.

Exabyte: Company that manufactures 14-GB tape drives based in 8-mm video
technology. The name Exabyte often is used as synonym for the tape drive itself. Such
drivesare availablefor Sun workstations. A single tape can hold 14 GB with hardware data
compression, and the tape writes and reads data at about 1 MB per second, compared to the
75 t0 90 KB per second of a 150-MB 1/4-inch cartridge (QIC) tape drive. Media costs are
about 100 times lower per MB than with QIC drives.

executable: A compiled program or ashell script that can be executed by typing its name
and pressing Return. The calling user must have execute permission. If desired, other users
or groups can be restricted from executing the program or shell script.

exit: Leaving or quitting acomputing environment such as VNMR, a shell, or OpenL ook.

expansion board: Board added to the computer that enhances the capabilities of a
system by adding more memory, more computing power (e.g., co-processors), additional
I/0 devices or capabilities (e.g., RS-232 expansion board), or higher graphics performance.

expansion memory: Memory module that expands the standard RAM memory. On
current Sun workstations, the maximum total memory is between 256 MB and 1 GB.

expansion slot: Free space in acomputer that allows insertion of an expansion board.
All desktop Sun workstations have special expansion connectorsfor the SBus (one slot may
be used for the color graphics controller). Larger workstations have extra expansion
connectors for extra CPU modules.

fast Ethernet: Fast version of the Ethernet protocol that communicates between
computersat 100 Mbps, compared to 10 Mbpsfor standard Ethernet. Fast Ethernet operates
over unshielded twisted pair (UTP, 100baseT) and is now delivered with high-end graphics
workstations such as the Sun Ultra 1/170E, as well as the Ultra 5, Ultra 10, Ultra 30, and
Ultra60. Alternatively, afast Ethernet interfaceisavailable asa SBus expansion board. The
Sun 100baseT Ethernet interface is autosensing. It does both 10 Mbps and 100 Mbps
communication on the same network, adjusting itself to the speed of the system it is
communicating with. See also Ethernet, 100baseT, UTP, Ultra 1/170E, Ultra 5, Ultra 10,
Ultra 30, Ultra 60, SBus.

fiber-optic cable: Datatransfers over computer networks at speeds above 200 Mbps
cannot be achieved using electrical cables because of signal losses and rf interference,
requiring extensive or expensive shielding. Instead, fast network protocols, such as 622
Mbps ATM, use fiber-optic cable (multimode optical fiber) for the data transmission. This
has the additional advantage of providing for electrical insulation between networked
computers, avoiding problems with ground loops. Unlike unshielded twisted pair cables,
fiber-optic cabling avoids problems with rf interference. See also ATM, UTP.

System Administration 01-999166-00 C0503



Glossary of UNIX, Sun, and VNMR Terms

file: For some programming languages, afile is defined as data that can only be read
sequentially, with no random access, but now a file more commonly refersto any
well-confined amount of data, with any structure.

file access mode: Setsthe access protection of a UNIX file (who can read, write, or
execute afile) among the three classes of users: the owner of the file, members of a
specified group, or al others.

file system: Complex and well-confined system of adirectory, its subdirectories, and all
the files contained in the system. Under UNIX, afile system normally cannot be extended
across disk partitions, although some features, such asthe entire file systems mounted onto
others, make the user believe that thisis possible. Certain commands, such as recursive
copying with cp - r, work only within local file systems, while others, such asmv on
directories, work only within asingle file system or disk partition.

filter: Program, or sequence of programs, that take input and modify the datafor the output.
For example, thefilter t r replaces specified charactersin the input with other character.
Filter functions are often realized by using multiple pipes (each pipeindicated by avertical
bar), for example, cat /etc/terncap| grep tvi | nore.

firewall: Software product, typically installed on agateway compuiter, that shields a
network from intruders. It makes the gateway transparent for users on the local network,
while it blocks off most Internet protocols (such as FTP, telnet, rlogin, rsh, rcp, NFS, and
HTTP) and only leaves access to simple protocols such as SMTP for e-mail from the other
side. A firewall is often used to shield a company-internal network—Ilocal users may have
full Internet access while outside users can only access people on the local net by e-mail.
See also gateway.

firmware: Software permanently stored in ROM. On a Sun workstation, the firmware
consists of the primary bootstrap and diagnostics software.

flickering: Visible oscillations on a CRT display (typically 1 to 20 Hz). Sun displays
should beflicker-free. If thisis not the case, look for transformers near the display, perhaps
in aprinter or other device.

floating point coprocessor: Dedicated processor chip for floating point operations.
Early Sun workstations, such asthe Sun-3 and early SPARCstation models, used afloating
point coprocessor. Current Sun CPU chips, such as the MicroSPARC, the SuperSPARC,
and the UltraSPARC, have this capability built in.

floating point number: Number in binary scientific notation, which has a binary
exponent and mantissa. In computers, the exponent indicates powers of 2, not 10. This
translates into the number of left- or right-shiftsin the binary mantissa. Standard formats
are 32-bit and 64-bit floating point numbers (sometimes 80- or 128-bit numbers).The 32-bit
format uses an 8-bit exponent (—128 to 127) and a 24-bit mantissa, resulting in a range of
+3x10%8, the smallest numbers being in the order of +1.7x10738, with about 7 significant
digits. The 64-bit format (IEEE standard) uses 11 bitsfor the exponent (=1024 to 1023) and
53 bits for the mantissa, resulting in arange of + 2x10%%8, the smallest numbers being in
the order of 1073%, with about 16 significant digits.

floating point operation: Calculation using numbers in binary scientific notation,
which have a binary exponent and mantissa. See also floating point number.

floppy disk: Soft magnetic disk, usually either 5.25- or 3.5-inchesin diameter. They are
rather limited in speed and data size (up to 1.44 MB), but handy for transporting small
amounts of data. A 3.5-inch floppy driveis optiona with all Sun desktop workstations.

font: Character set with a specific graphic layout for every character. Dot matrix printers
and sophisticated graphics terminals (such as the Sun display) can operate with awhole
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series of different fonts. Fonts can be of fixed width like most typewriters, where every
character takes up the same space, or of proportional width, where the space allocated to
each character depends on the natural width of the character.

footprint: Desk space occupied by adevice such as a monitor or a CPU unit. Because
many users prefer to place workstations directly on the desk, a small footprint has become
important, although performance and the price-to-performance ratio are obviously most
important. Sun computers combine a small footprint with good performance and price.

foreground process: Process called from some environment and remains attached to
that process asachild of the calling process. Such aprocessissaid to runin theforeground,
relativeto the calling process. Normally, any process can start only one foreground process
at atime, and the calling process isthen blocked until the foreground isfinished or sentinto
background. Messages and output from foreground processes are sent to the calling
process. Compare with background process.

formatting: Before adisk can be used, it must undergo aformatting process in which the
disk is partitioned into cylinders, tracks, and sectors, and the information where every
sector can be found is written onto the disk.

Fortran: Thefirst high-level programming language. Its syntax looks somewhat archaic
when compared to modern languages such as Pascal or C, but it still often used for scientific
calculations and “number crunching” applications. For the Sun, Fortran is available as an
option only.

FPU (floating point unit): Chip or integrated function of amicroprocessor that performs
floating point calculations. See CPU, microprocessor.

fragment: To avoid using too much disk space for small files, the Solaris disk file system
can use fragments of 1, 2 or 4 KB for storing small files or remaining parts of largefiles,
while large files are normally stored in 8-KB blocks. See block.

frame buffer: Dedicated memory for storing the pixel information for the display. Itssize,
in bytes, is calculated as (number_of pixels x bits per_pixels/ 8). Sun normally uses 1
million pixels (900 x 1152) with black & white displays using 1 bit per pixel and color
systems using 8 bits per pixel. Workstations with SX graphics, or those with graphics
acceleratorsfor 3D modeling (such as systemswith Creator graphics) use 24 and more bits
per pixel.

FrameMaker: One of the leading productsin the DTP market, used predominantly for
creating large and complex documents, such asthe VNM R manual s. FrameM aker has been
ported to UNIX, PC, and Macintosh systems. FrameM aker can export data into the PDF
format. For sometime, the VNM R online manualswere distributed in FrameMaker format,
together with FrameViewer. See Frame Technology Corp., FrameViewer, DTP, PDF.

Frame Technology Corp.: Former software manufacturer of FrameMaker and
FrameViewer. Frame has been acquired by Adobe, but their products continue to be
available. See FrameMaker, FrameViewer, Adobe, DTP.

FrameViewer: Software for viewing but not editing FrameM aker documents.
FrameViewer opened up a possibility to view FrameMaker documents without having to
purchase a FrameM aker software license. For some time, the VNMR online manuals were
distributed in FrameM aker format, together with FrameViewer. Recently, Varian NMR has
switched over to Adobe Acrobat Reader and is now distributing the online manualsin PDF
format. See FrameMaker, Acrobat Reader, PDF.

Free Software Foundation, Inc.: Organization “dedicated to eliminating restrictions
on copying, redistribution, understanding and modification of software.” Created in
responseto AT& T'slicensing of UNIX software, the organization distributes widely used
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free software, such as gzip (GNU zip), GNU emacs, and GNU C/C++. This softwareis
distributed as source code viapublic FTP serverssuch aspr ep. ai . mi t . edu (for more
information, read thefile/ u2/ enmacs/ GETTI NG GNU. SOFTWARE on that host).
Because Solaris 2.x no longer has a C compiler included, Varian is using and distributing
GNU C with VnmrX for Solaris. See GNU, GNU C/C++.

FTP (file transfer protocol): Protocal for transferring files via TCP/IP networks. The
commandf t p implementsthisprotocol. FTPistypically usedininteractive mode but only
worksif apassword is defined for the remote account—unliker cp, which only worksif a
password for the remote system is not required (r cp requires an insecure remote account
oranentryin/ et c/ hosts. equi v or ~/ . rhost s onthe remote machine). FTPis
mostly used for transferring binary and text files and for downloading software and data
over Internet. Public FTP servers usually use so-called anonymous FTP—a special FTP
account that requiresthe user enter thenameanonynous. Thereisno password definition
for thisaccount, but for logging purposes (FTP logins are logged into afil€) the convention
isto enter the user’s e-mail address as a password. Most Web browsers have a convenient
graphical interface for anonymous FTP. Some browsers also allow using FTP for
downloading data from non-public FTP servers. These browsers prompt for user name and
password, or aternatively these can be entered in the FTP URL. See also TCF/IR,
anonymous FTR, Web browser, URL.

function: A subroutinein high-level programming languages. In C and rel ated languages,
functions have arguments for passing information that is specific to each function call, and
functions return avalue of adefined type to the calling environment.

function key: Keys (usually F1 to F12) that invoke special actions instead of entering
characters. Often the functions assigned to those keys can be changed by the user. Most
menu systems work in connection with function keys.

function overloading: In C, functions usually have afixed number of arguments.
Functions can be defined with avariable number of arguments, but this complicated and
eliminates some security checking such as argument types. In C++, functions can be
overloaded. Several functions can be defined with the same name, aslong as each of the
definitions, called prototypes, is different in the type or the number of arguments or both.
The C++ compiler then matches the proper prototype with each of the function calls and
provide full argument type checking. See C++.

GaAs (gallium arsenide): Potentially extremely fast chip technology. GaAs transistors
switch much faster than silicon semiconductors, allowing for clock rates of several hundred
MHz. This technology is not used now in workstations because current technology only
allowsfor arather low integration level (increasing the number of components), and
expensive on-board peripherals, such as memory chips, would be required. See also
multiprocessor system.

games: Programsthat do not help promote science or increase spectrometer throughput.
Sometimes, they might help an operator to make it through along, boring acquisition.

gateway: Machine with network interfaces that link the attached networks. Because all
communication between the attached networks must pass the gateway computer, gateways
are frequent targets for hacker attacks. In industrial environments, gateways are often
equipped with afirewall software that restricts certain Internet protocol levels such that
they can only be initiated in one direction. See also firewall, hacker.

GIF (graphical interchange format): Standard file format for storage of bitmap files.
Identified by a.gi f extension, GIF filesare widely used for imagesin HTML documents.
GIF files can contain sequential display of images aswell asinterlaced images. In
interlacing, images are first displayed with low vertical resolution that is gradually
enhanced over several passes. Thisoften permits seeing the contents of animage beforethe
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entirefileisdisplayed. GIFislimited to 256 colors, islossless, and haslimited compression
capabilities JPEG, an alternate to GIF, uses a more efficient compression mechanism, but
is somewhat lossy (loses some data during compression). See HTML, JPEG.

gigabyte (GB): 1,073,741,824 bytes. 1 GB isequal to 1024 megabytes(MB) or 1,048,576
kilobytes (KB).

GNU (GNU is Not UNIX): Label used for Free Software Foundation software, which
includes GNU C/C++, GNU emacs, and GNU zip (gzi p). See Free Software Foundation,
GNU C/C++.

GNU C/C++: C and C++ compilers from the Free Software Foundation. Because Solaris
2.x no longer includes a C compiler, Varian includes the Solaris GNU C for use with
VnmrX. GNU Cisused only for PSG software (psggen and seqgen) and for the
compilation of other source facilities distributed with standard VNMR (such aswt gen).
The VNMR Source Code Kit requires the SunSoft C compiler (SPARCompiler C or
SPARCworks Professional C) and does not work with GNU C/C++. See Free Software
Foundation, GNU, Solaris 2.x.

graphical user interface (GUI): User-interface software that enables using acomputer
by addressing (pointing to, clicking, dragging, etc.) graphical objects (icons, windows,
scroll bars, buttons, check boxes, etc.) on the screen with a mouse or some other graphical
pointing device, instead of using the keyboard for typing commands. The GUI was
invented at X erox for the Star computer and was then taken up by Apple for the Lisaand
Macintosh computers, Microsoft for Windows operating system, OSF for Motif, Sun for
SunView and OpenL ook, and other companies.

graphics controller: Board (or on-board) function that contai nsthe display frame buffer.
Thisbufferis1 MB on 8-bit color systemsand over 3 MB on 24-bit color systems. On 8-bit
color systems, thisresultsin 256 possible numeric values per pixel. The graphics hardware
can produce 16,777,216 different colors, 256 x 256 x 256 = 8 bitsor 256 values for each of
the three colors red, green and blue. One of these 16 million combination is assigned by
software to each of the 256 color numbers, and lookup table is used to trandate the color
numbers from the screen buffer into numeric values for the three DACsfor red, green and
blue. 24-bit color systems can produce al the 16,777,216 different colors simultaneously.

graphics workstation: High-performance stand-alone computer with high-resolution
and fast graphics capabilities. Graphics workstations usually have multiuser capabilities
but are equipped with a single high-resolution graphics terminal.

ground loop: Ideally, al grounds should originate at the same point, and ground loops
should not be produced by having several grounding connections between two devices.
Ground loops can lead to electrical oscillations, which can produce nasty interferences and
random signal distortionsthat are difficult to cure. The simplest way to avoid ground loops
isto have the shielding of all electrical cables only connected at one end (ideally to the
central device, not to the peripherals) and to have one single, well-defined grounding
connection between all devices.

GUI: Seegraphical user interface.

guru: Somebody who hasworked with UNIX so much that the person can solve the most
difficult problems from experience and may even understand UNIX error messages!

GX: Single chip 8-hit color graphics accelerator for fast windowing and 2D/3D wireframe
graphics. This chip has been used in the SPARCstation 1, SPARCstation 2, SPARCstation
IPX, and the SPARCstation L X, but more recently it has been substituted by the TGX
(TurboGX) graphics accelerator that provides higher performance. For the latest,
PCl-based Ultraworkstation, a PCl-based GX graphics controller is available. See TGX,
PGX.
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hacker: Real computer freak who is in a permanent competition for the “best,” most
complex, most usel ess, and most cryptic program. Thisperson would liketo becomeaguru,
but often ends up trying to proveto othersthat he or sheisableto break into anybody’s data
files and software.

HAL (Host-to-Acquisition Link): Earlier Varian NMR spectrometers, such asthe
UNITYplus, UNITY, and VXR-S, used the SCSI bus to communicate with the acquisition
computer. The HAL board formed the SCSI interface between the acquisition CPU and the
Sun computer. This board had a Motorola 68000 CPU and 2 MB of memory. Current
spectrometers (such as the YNTYINOVA and MERCURY-Series) use Ethernet instead of the
HAL board to link the Sun and the acquisition CPU.

handshaking: Most interfaces require several lines for handshaking, which is atype of
hardware or software protocol for data transmissions. For example, the receiving device
tells the transmitter that its buffer is empty and that the transmission can start. With most
bustraffic, the handshaking isapart of the bus definition, and the user should normally not
be concerned about it. An exception isthat in RS-232 communication, dataflow is
controlled by handshaking signals, but there are several handshaking options,
unfortunately. Many RS-232 devices allow selection of different handshaking options.
Often, unreliable data transfer via RS-232 occurs either due to improper setting of the
handshaking options on one of the communicating devices or due to improper cabling of
the handshaking lines. The simplest form of RS-232 handshaking is the back-transmission
of special characters XON and X OFF to start and stop the data flow. More elaborate
handshaking protocols involve dedicated lines. See null modem, XON/XOFF, RS-232.

hangup: Describes the status of a program that got trapped in aloop and can only be
accessed by stopping the program. See interrupt, kill.

hard disk: General expression for rigid disks, such as SCS| hard disks and similar
devices, as opposed to floppy disks that are commonly used on personal computers. See
Winchester.

hard links: UNIX allows multiple entriesin adirectory to point to the samefile. All these
entries are equivalent and are called hard links. The file pointed to is only removed when
al hardlinksareremoved. The hard linksto asinglefilecan even bein different directories,
but thisis not arecommended practice becauseit destroysthe tree structure of afile system.
More than one hard link to a directory fileis not permitted, because this would allow
forming aloop in the file structure, which violates the tree structure and the hierarchical
organization of directories. Hard links are not permitted between different partitions.
Compare with symbolic links.

hardware: Basicaly, anything in a computer you can touch.

head crash: The heads writing onto or reading from hard disks fly only afew
micrometers over the disk surface rotating at 5400 or 7200 rpm. A head crash occurs when
any particle of dust, smoke, or fingerprint collides with the head. This can destroy the head
and the disk so that all data on the disk arelost, and the disk has to be replaced. Today’s
hard disks are sealed; therefore, such events should occur very seldom.

help: Assistance for operators who do not know how to use a system. Help is available
from manuals (hard copy and online) and from experienced users, such as a guru.

hierarchy: Hierarchical, parent-and-child structures are involved in UNIX software as
well asin UNIX file systems. See hierarchical file system.

hierarchical file system: Storing files such that information is stored at different levels.
The UNIX file system is hierarchical in that each location in the file system is called a
directory and each directory is a collection of files and other directories, forming what is
called atree structure.
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high-level language: A programming language, such as Fortran, Pascal, C, or C++, that
takesan abstract view of programming acomputer, in contrast to an assembly language that
relates to certain computer systems only.

history: Stack register for the last command lines. Can be used to reexecute entire
command lines without retyping them or to reconstruct the sequence of previous
commands in case of problems with software.

home directory: Thedirectory that becomes the working directory immediately after
login. For normal users, it is also the directory where all or most personal files are located.
The home directory is specified inthefile/ et ¢/ passwd.

host: Computer that controls other computers. For example, on Varian spectrometerswith
Sun workstations, the acquisition CPU, a computer on its own, is controlled by the host,
which isthe Sun CPU. In UNIX, the term host is a so used for any computer in a network.

host name: Each host computer isgiven acommon but unigque name, which makes easier
for usersto address it because they don’'t have to type or learn a complex sequence of
numbers or funny characters when talking to other computers.

host number: A number by which the software addresses and recognizes another CPU
internally. Every CPU in a network must have a unique host number and name.

HotJava: Sun’s Web browser. HotJava is written entirely in Java and, of course, it fully
supports Java applets. See Java, Web browser, HTML.

HP-GL (Hewlett-Packard Graphics Language): Internal computer terminology that
definesthe output on HP plotters. All HP plotters use HP-GL, and now the HP LaserJet 111,
4 and 5 laser printers can interpret HP-GL/2, aterser version of HP/GL. HP-GL/2 speeds
up datatransfer times by afactor of over four compared to sending the entire dot matrix
(about 1 MB per page at 300 dpi, or 4 MB at 600 dpi). Compare with Postscript, dot matrix
printer, plotter.

HTML (HyperText Markup Language): A simple formatting language that permits
formatting text in a Web browser, such as Netscape, HotJava, or Internet Explorer, by
inserting simple ASCI| formatting codes into the text. The codes can be added by any
standard UNI X text editor. The formatting isrelative. The HTML author selects styles such
asheading levels, emphasized, strong emphasis, and relative font sizes, and some primitive
paragraph styles, tables, list formats, etc. The actual formatting only occursin the viewer’s
browser. The font selection, width of the window, and many other formatting variables. are
under the viewer’s control and can be adjusted to match the viewer’s screen size and
viewing convenience. Thereal power of HTML liesin the use of hypertext links that
permits incorporating any Web document that is accessible anywherein theworld into a
local document. This document will have further hypertext links, building an enormous
virtual library that can be reached and viewed through simple mouse clicks. HTML also
permits incorporating pictures, sound, animated and interactive objects into a Web page.
This can be asimpleimage (a GIF or JPEG file) or an animated audiovisual object defined
using the Java programming language (which can beincorporated into HTML documents).
See also WWW, Hypertext link, Web browser, URL, GIF, JPEG, Java.

HTTP (HyperText Transfer Protocol): To retrieve information or data from another
machine on the Web, a\Web browser needs to invoke a dedicated protocol. This protocol is
specified in the URL of any remote hypertext link. For HTML documents from a Web
server, the protocol isHTTP. On UNIX Web servers, HTTP isinstalled by starting special
Web server software, such asht t pd (the HTTP daemon). HTTP has become the
dominating protocol of the total Internet traffic, overtaking the FTP and e-mail packet
protocols. See HTML, URL, Hypertext link, Web server, FTP.
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hub, Ethernet hub: Connection point for several 10BaseT or 10/100BaseT Ethernet
connections, used to build star-shaped network topologies using twisted (STPor UTP) pair
cabling. Hubs are typically equipped with 4 and up to 16 or more RJ-45 connectors; several
hubs can also be interconnected for more complex network topologies. See 10BaseT,
10/100BaseT, Ethernet, RM5, STP, UTP,

Hypertext: See HTML.

hypertext link: Any portion of an HTML document—including text and images—can be
defined as a hypertext link for which an URL defines a different location in the same
document, in adifferent document, or a document on any remote hypertext server that can
be reached on the Internet. Clicking on the link from within a Web browser retrieves and
displays the document (or the portion of adocument) that the hypertext link points to. See
HTML, URL, Web browser.

HyperSPARC: High-performance SPARC-based CPU chip architecture, designed by
Ross Technology Inc., asubsidiary of Fujitsu, Ltd. A 150-MHz HyperSPARC CPU with
512-KB cache memory is used in the SPARCstation 20/151SX (sold by Varian for some
time), which performs at 169 SPECint92 and 208 SPECfp92. This is the highest
performance single-processor SPARCstation 20 from Sun. See SPARCstation 20/151.

I-node (index-node): UNIX directories consist of I-nodes (index blocks) and names.
Under Solaris and 4.2BSD UNIX, I-nodes are 128 bytes long and the names can be any
length. Information in the I-node includes permissions, owner and group, number of hard
links, dates of creation and last modification, addresses of the first 12 data blocks (8 KB
each), address to the first indirect block (with the addresses of the next 1024 data blocks),
and the address to adouble indirect block (with 1024 addresses of further indirect blocks).
Therefore, the theoretical maximum size of asingle datafile in 4.2BSD UNIX is about 8
GB. For small files, the I-node can point to fragments (blocks of 1, 2 or 4 KB).

I/O (input/output): Input and output of data, mostly used for describing printing and
plotting (for output), and mouse and keyboard entries (for input). Input is the transfer of
information into a computer; output isthe transfer of information out of a computer into a
form that can be read or used by human beings or computer programs. UNIX and VNMR
programs, aswell as shell scripts and macros, can also take input from other programs.

IBM (International Business Machines, Inc.): Presently, the largest computer
manufacturer worldwide (mainframes, minicomputers, workstations, and PCs);
manufacturer of the RS/6000 series of graphics workstations, based on the IBM POWER
and PowerPC families of microprocessors. VNMR is aso available for IBM RS/6000
workstations, see Vnmrl.

icon: Small picture or symbol on the screen that represents a window that is closed, or
currently not shown. Unlike with most personal computer software, UNIX events can also
happen inside windows. Programs, even graphics programs, can run and iconscan beactive
windows, the window with the focus, and take keyboard input. Theicon itself can act asa
small graphics window, such as the clock tool, for example.

IDE (Integrated Device Electronics): Low-cost standard hard disk type that is most
common in PCs. Ultra5 and Ultra 10 workstations are equipped with 4.3 GB EIDE
(enhanced IDE) disks. See also Ultra 5, Ultra 10, EIDE.

indirect block: Seel-node.

ink jet printer: Dot matrix printer that generates dots by spraying minute droplets of
liquid ink onto the paper. Obtainable resolution is up to 360 or more dpi (dots per inch).

insert mode: Intext editing programs, a special mode in which the characters entered on
the keyboard become text and are displayed on the screen. Some editors (such asthe UNIX
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t ext edi t program) operate exclusively in the insert mode (commands are available via
menus). Invi , the most popular editor under UNIX, the insert mode has to be exited by
pressing the Esc key in order to enter commands. Compare with command mode.

insertion point: Intext editors, the point wheretext typed on the keyboardisinserted into
the text, after going into the insert mode.

installation: Sun workstations are normally installed by qualified service personnel in
order to avoid damage to the equipment. Should you plan to install it yourself, carefully
follow the Sun and Varian installation manuals.

integer: On the Sun, an integer is normally a 32-bit integer number and can have values
between —2,147,483,648 and 2,147,483,647. A short integer is 16 bits and can have values
between 32,768 and 32,767.

integration: Theintegration level refers to the complexity of asingle chip aswell asto
the number of chips and other devices on a single computer board.

interface: Devicethat links two devices, provides the necessary trand ation, and handles
the required protocols on both sides.

interlacing: The cathode ray in the CRT display switches between the even and odd
display linesinstead of covering each linein succession. Asaresult, each pixel isrefreshed
with half the display refresh rate, thus reducing display hardware cost. To achieve an
optimum, flicker-free display, Sun CRT displays do not use interlacing.

interleave factor (IL): Number that characterizes the distance of two sectors on a disk
that can be read or written subsequently. IL = 1 meansthat all sectors can be read one after
another (1, 2, 3, 4, ...). IL = 2 means that the sequence of sectorsto be read or written on a
disk with 17 sectorsis 1, 3, 5, 7, 9, 11, 13, 15, 17, 2, 4, 6, 8, 10, 12, 14, 16, and so on, for
higher interleave factors. The size of the interleave factor is dependent on the disk
controller and on the type of disk used. Obviously, IL=1 isthe fastest solution, because an
entire track can beread in asingle disk revolution (IL is also the number of turnsthat are
required to read acomplete track). The SCSI disk drivesused in Sunworkstationsuse IL =
1.

Internet: In 1969, the U.S. Defense Advanced Research Projects Agency (DARPA)
funded a project for creating an experimental packet-switched network that would still be
functional after losing some individual connections or network nodes. Different from a
telephone network, which is connection-oriented, the new network would send information
in short packets. The network software (protocols) would automatically split and
recombine these packets, which are all individually and automatically routed over the
network. A packet 1oss would cause automatic retransmission of the packets. In 1975, the
network, ARPANET, became functional, but network research and protocol development
continued further, and in 1983, TCP/IP were adopted as military standard. At that time, the
term Internet started being used for combination of MILNET (the unclassified part of the
defense data network, DDN) and the smaller, classified ARPANET. ARPANET was
discontinued in 1990, but the Internet had i n the meantime grown enormously. Internet now
refers to the sum of the world-wide, interconnected networks that use the TCP/IP protocol
family. Until recently, the vast majority of the packets travelling over the Internet were
e-mail and FTP packets, but by 1996, HT TP packets have become the dominating portion
of the overall traffic, due to the popularity of the World Wide Web. Sometimes, the term
Internet isincorrectly used as synonymouswith World Wide Web, which specifically refers
to the part of the Internet that is accessed via Web browsers. See WWW, TCP/IR, FTP,
HTTPR

interpreter: Program that reads source code and tranglates it directly into machine
instructions for the CPU. There are also interpreters that read semi-compiled code such as
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P-code. Interpreted programs always run slower than compiled programs. A specia form
of interpreter isthe command interpreter such as the C shell and Bourne shell.

interrupt: Signal that interrupts the execution of software. Interrupt signals might be
generated from the operating system or by the operator (by pressing some special keys). An
interrupt might be pressing Ctrl-c to interrupt the execution of a particular program or
pressing Stop-ato interrupt the CPU.

intranet: While the World Wide Web is used more and more to do business and share
information with potential and actual customers, companies have realized that Web servers
arealso an excellent tool to share and distributeinformation internally, even atool to access
internal resources such as databases. Such facilities, called anintranet, are usually installed
oninternal networksthat are not accessible to the public. Intranets are now rapidly gaining
popularity all over the world. See WWW, Web server, Internet.

invisible file: Filethat is normally not shown in directory listings except if special
commands or options are used, such as the dot-filesin UNIX.

IP (Internet Protocol): Network protocol that isthe basis of many higher level protocols,
including TCP and UDP. The IP protocol provides a basic software connection at the
information transfer layer. Error checking is done at a higher levels such as TCP or UDP.
See TCP, UDP, TCP/IP.

IPC: See SPARCstation IPC.

IRIX: UNIX operating system on SGI workstations. VnmrSGI runs under IRIX 4.0.5, 5.,
and 6.x; the current version of IRIX is6.2. See SGI, UNIX, VnmrSGlI.

ISDN (Integrated Systems Data Network): A new standard for digital telephony that
israpidly being adopted and installed, especially in Europe. A basic ISDN connection
offersatotal bandwidth of 144 Kbps, split into two data channels of 64 Kbps each, and a
control channel with 16 Kbps. Thereis also a primary connection option, offering 30 data
channelswith 64 Kbps each, almost 2 M bps, and acontrol channel with 64 Kbps. An1SDN
connection can be used for both digital and anal og telephony. Direct digital PPP
connections can be established at 64 or 128 Kbps vialSDN, provided the two computers
are equipped with an ISDN interface. Such ISDN connections are faster and more reliable
than standard modem connections. ISDN interfaces are available for Sun and UNIX
workstations as well as PCs and Macintoshes. The ISDN interface is standard on the
SPARCstation 10. For other Sun workstations it can be implemented with sa SBus
expansion card. Using an ISDN port requires Solaris 2.x and a Sunl SDN software enabling
kit. See also modem, PPP.

ISP (Internet Service Provider): Institutions and companies that provide Internet
connectivity and operate the international Internet connections. Note that some | SPs only
serve academic institutions (a part of the Internet is operated with public funding), while
others operate in the commercial segment. See Internet.

Java: Object-oriented programming language, similar to C++, developed by Sun
especially for Web applications. The main objectivesin creating Javawere compactness of
the executable file, security, and portability. For security, dangerous language elements
(i.e., elements that could be used to create viruses, such as pointers) from C++ were
removed, and new security features were built in. Typicaly, Javais compiled into very
compact byte codesthat are platform-independent, sent over the Web, and then interpreted
by the Web browser. Theintent isto download not just HTML code over the Web, but small
applications, called applets, that can animate Web pages. In the future, entire applications,
including word processing and database software, might be kept on a central intranet Web
server and distributed as applets that run on any platform. This dramatically simplifiesthe
administration of desktop software. For performance-critical applications, there are also
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Java native compilers that produce machine language executables, but that makes the
application nonportable, of course. See OOPS, Sun, C++, applet, WWW, HTML, Intranet.

JavaScript: JavaScript wasintroduced by Sun and Netscape and complements the Java
programming language. Javais compiled into byte codes and downloaded over the Web,
whereas JavaScript code, which resembles Java source code, can be incorporated directly
into the HTML code for aWeb page. The JavaScript isthen interpreted along with HTML
by the Web browser. See Java, HTML, applet, Sun, Netscape, Web page.

Joy, William: Author of the C shell, amajor contributor to Berkeley (BSD) UNIX, and a
cofounder of Sun Microsystems.

JPEG (Joint Photographic Experts Group): Standard file format for storing
bit-mapped graphics such as scanned images. JPEG format images are often used for
images in HTML documents. JPEG is has no limitation in the number of colors and
includes good compression but there may be some image quality losses due to JPEG
compression, which islossy. JPEG permits storing images with two-dimensional
interlacing. Such images arefirst displayed with very little detail and are then gradually
refined in several passes. See GIF, HTML.

jukebox: Devicethat contains a series of optical disksbut only asingleoptical disk drive.
It changes disks automatically and efficiently, such that huge amounts of data (up to several
terabytes) are accessible within less than a minute.

jumper: Normally asmall rectangular piece of plastic that sticks on two pinsto create an
electrical bridge used to configure computer boardsfor different environments. Jumpersare
often also used to set the hardware address for devices, like disks and disk controllers, that
are attached to a bus (e.g., the AP bus in a spectrometer or the SCSI bus).

kernel: The program block that always resides in memory, a central part of the UNIX
operating system. The kernel on Sun workstations running Solaris 2.x is over 2 MB.
Because the kernel is never swapped out, the amount of RAM available to application
programsis reduced by the size of the kernel.

keyboard: Sun workstations come with an American standard (QWERTY') keyboard.
Solaris supports an 8-bit character set; therefore, non-US keyboards can, in principle, be
used on Sun workstations.

kill: Stopping the execution of a program. Under UNIX. theki | I command allows
stopping applications programs as well as daemons or any running process.

kilobyte (KB): Corresponds to 1024 bytes.
LAN (local-area network): A computer network in the same building or same site

LaserJet: Trademark for alaser printer from Hewlett Packard. Recent models are the
LaserJdet 111, 4,and 5, which also can interpret HP-GL/2 and Postscript (with an optional
cartridge). The LaserJet 111 operates at 300 dpi, and the LaserJet 4, 5 and 6 have aresolution
of 600 dpi in both directions. See laser printer.

latency: Ondisk drives, the time to access a sector after the right track has been accessed.
Thistimeisinfluenced by the interleave factor. The rotational latency isinversely
proportional to the speed of rotation, which is 5400 or 7200 rpm on current hard disks. See
seek time, zero latency.

laser printer: Dot matrix printer that uses a pulsed laser beam to produce the individual
dots that form the output. See also L aserJet.

Lexmark: Subsidiary of IBM that markets inkjet color printers. The current model,
available with Varian spectrometers, isthe 4079plus. Thismodel comeswith parallel, serial
and Localtalk interfaces, which can be in combinations, such as from aworkstation and a
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MERCURY-Series spectrometer). The 4079plus accepts HP/GL and PostScript input and
works with both A (A4) and B (A3) size paper. See also HP/GL, PostScript.

license manager: Many licensed software packages, such as FrameMaker, Sun’s
compiler products, and others, are not licensed on a per-installation basis, but rather for a
certain number of userswithin anetwork. The main reason for thisisthat in many locations
the software will be installed on a central server only, and several userswill use the same
software. In such situations, license checking is done via license manager software, a
dedicated piece of software usually delivered with the licensed software package. When a
user launches software that uses a license manager, this software first calls the license
manager, which searches the network for other computers and users running the same
software package. This process usually takes less than a minute, and then only the actual
software starts. To eliminate this extratime every time a software package is needed, users
can just close the window into an icon, but |eave the software running for aslong as they
are logged into a system.

[imNET: Trademark for Varian's Ethernet protocol for communication between
VXR-4000, Gemini, XL systems, and computer systems running under UNIX or VMS,
such as Sun computers, IBM RS/6000, or the VAX/MicroVAX series from DEC.

line conditioner: Device that reduces or eliminates surges and spikes in the ac power
supplied to the system. A line conditioner isrequired where the mains power supply suffers
from serious surges or high-voltage spikes.

link: See symbolic link, hard link.

linker: A program that links object files (precompiled program modules) to for an
executable program. See object file.

login: Beforebeing allowed to use UNIX and most other operating systems, the user must
follow alogin process by providing a user name and a password. If the user name and
password are not typed in correctly, the multiuser environment cannot be entered. If the
user name is not known to the system, it asks for a password anyway, so it is not obvious
whether a user has not been defined or whether just the password was wrong. Only the
superuser can create new users and reset forgotten passwords.

login shell: Program that handles the login (checking for user name and password), thus
preventing outsiders from entering into the multiuser mode. See login.

logout: After finishing aworking session on amultiuser system such as UNIX, auser
should complete the logout process so that another person can only use the system when
passed through the login shell. Seelogin, login shell.

lunchbox: Nickname for Sun’s desktop storage pack, the enclosure format for external
disk and tape drives used with SPARCstation systems before the UniPack enclosure format
was introduced. See desktop storage pack, unipack.

macro: VNMR term for afile that consists of a series of VNMR commands. A VNMR
macro is called by entering the name of the macro file and is interpreted like a series of
commands entered on the keyboard. Macros allow for a series of programming utilities
such as branching, loops, and arguments, etc. They are useful for customizing and
simplifying repetitive tasks. The same is possible under UNIX with shell scripts.

MAGICAL (MAGnetics Instrument Control and Analysis Language): Varian
trademark for system software that supports full automation of spectrometer operation and
analysis. MAGICAL enables the spectrometer to make decisions during an NMR
experiment, guiding dataacquisition, processing and plotting, and even analysis of the data.
Key functions are contained in macros and menus that enable the user to acquire and
analyze NMR data or simplify complex or tedious operations with a single command.

01-999166-00 C0503 System Administration 361



Glossary of UNIX, Sun, and VNMR Terms

362

mail: UNIX includes tools for mailing messages and data between users on a multiuser
system or between users of different systemsin a computer network. See also e-mail.

magneto-optical disk: See MOD drive.

maintenance: Little hardware maintenance is required with Sun workstations, but
operators should blank or lock the screen when not using it over extended periods of time
and clean it when necessary, check the fans periodicaly (if there are any), and keep the
ventilation slots free by removing any dust that might accumulate there.

maintenance contract: In atime of rapidly evolving software, it isimportant to keep
system up to date.Your Sun UNIX and Varian VNMR software is expected to make major
progress each year, and a software maintenance contract from Varian keeps both up to date.
It should also be kept in mind that UNIX and VNMR really work together. Thereisno
guarantee that the newest VNMR release will work with amuch older UNIX release or that
the newest UNIX will work with an older VNMR release.

manual: Manualsareimportant to usersin at least two stages of working with the system.
The beginner needs the more elementary parts of manualsto get started and to learn about
the basics of the software and hardware. Later on, the manuals are valuable to the
experienced user, because nobody can learn all the software features by heart. At this stage
the online manuals are even more important than those on paper. Both UNIX and VNMR
have arman command for online help. The UNIX man command displays an exact copy of
the required descriptions from the Sun UNIX manual if the man pages are loaded. These
texts are formatted on the spot using nr of f . Preformatting of al the manual text, at the
expense of several megabytes of disk space, is possible with the cat nran command. This
speeds up the display of the manual pages and reclaiming the disk space lost by cat man
can be avoided by deleting the original nr of f files/ usr/ man/ man* afterwards.

mass storage: Device such as ahard disk or tape for storing large amounts of data.
matrix printer: See dot matrix printer.

MBus (Memory Bus): Fast bus (over 300 MB per second) used in the SPARCstation 10
and SPARCstation 20. In these machines, the CPU modules plug into the CPU board
through a MBus connector. This allows for an easy and cost-efficient upgrade to a system
with higher performance, and a second MBus connector allows increasing the number of
processors on some SPARCstation models. On high-end Sun Ultraworkstations, the MBus
expansion port was replaced by a UPA connector.

MC68000: The first 32-bit CISC CPU from Motorola. Some people would call it a
16/32-bit CPU, because it uses 16-hit data 1/0, a 24-bit address width, and offers 32-bit
register width/32-bit calculations. The MC68000 was used in the Gemini and V XR-4000
host computer, aswell asinthe UNITYplus, UNITY, VXR-S, VXR, and Gemini
acquisition computers. The MC68000 was further devel oped into the 68020, 68030, and
68040 models. See MC68020, M C68030, MC68040, Motorola.

MC68020: 32-bit CISC CPU from Motorola, developed from the MC68000. The 68020
offers 32-bit addressing, calculations, and data I/O, and includes a 256-byte primary
instruction cache. It operates at 12 to 33 MHz. Integer performanceis up to 10 MIPS. For
floating point cal culations, the M C68881 floating point coprocessor istypically added. The
MC68020 powered the Sun-3 workstation family. It was further devel oped into the 68030
and 68040 models. See MC68000, MC68030, MC68040, MC68881, Motorola.

MC68030: 32-bit CISC CPU from Motorola, developed from the MC68020 by adding a
256-byte primary data cache, an improved architecture, an on-chip MMU, and clock rates
up to 50 MHz. Integer performanceis up to 18 MIPS. For floating point calculations, the
M C68882 floating point coprocessor was typically added. The MC68030 powered the last
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models of the Sun-3 workstation family (Sun-3/80). It wasfurther devel oped into the 68040
model. See MC68000, M C68020, MC68040, MC68881, Matorola.

MC68040: 32-bit CISC CPU from Motorola, developed from the MC68030 by adding an
on-chip floating point unit and increasing the instruction and data cachesto 4 KB each. The
MC68040 is available at clock rates up to 40 MHz. Integer performanceis up to 44 MIPS,
The MC68040 is used in the YNTYINOVA acquisition computer. See MC68000, M C68020,
MC68030, Motorola.

MC68881, MC68882: Floating point coprocessors for the M C68020 and M C68030 CPUs
from Motorola. See coprocessor, MC68020, MC68030, Motorola.

megabyte (MB): 1,048,576 bytes, which corresponds to 1024 kilobytes (KB).

megaflops (MFlops, million floating point operations per second): An older
performance measure for computers. The MFlops rating is determined by either the
Linpack (typical for Fourier transformations) or the Whetstone (typical for most other
tasks) benchmark test. Whetstone values are typically 6 to 8 times larger than Linpack.
Because most operationsin VNMR occur as floating point calculations, the performance
of acomputer in MFlopsis more important for VNMR users than the computer speed
measured in MIPS; however, the M Flops specifications are gradually being replaced by the
SPECTp suite of performance tests. See SPEC, SPECfp.

menu: Software assistance by offering alist of options. Usually the selection of an option
is made by pressing afunction key, entering a character or sentence, or by selecting an
optionwith the mouse. VNM R uses an elaborate menu system that allowsfor awide variety
of actions through menus. Menu selectionsin VNMR can be interspersed with keyboard
commands. Despiteits power, the structure of the menu system issimple and sefe. It offers
optimum help for both the beginner and the experienced user. In addition, the menu system
isflexible and can be modified by any user. See menu button.

menu button: With mouse-oriented user interfaces, like on Sun workstations, menu
options often are button-like fields on the screen that are selected either by function key or
by moving the mouse on the selected field and then pressing the left mouse button.

mezzanine board: A piggyback-type expansion board that plugs into a motherboard or
expansion board via standard connectors. Mezzanine boards are mounted flat on a
motherboard and are often used for VME board expansions. The WTINOVA pulse
programmer can be expanded via a mezzanine board. See VME, piggyback board.

MFlops: See megaflops.

microprocessor: Complex CPU chip that powers personal computers, workstations,
server systems, and even many large scale computers. A microprocessor isamost alittle
computer of itsown in that it combines many components that before were placed in
separate chips. Only the advancesin chip technology and the growing degree of integration
make it possible to put al thisinto asingle integrated circuit. Twenty years ago, the first
popular microprocessors were 8-bit processors such as the 8080 and the Z80. The current
top-of-the-line model s are 64-bit processors. Early models essentially consisted of an
integer calculator (thearithmeticlogical unit, ALU), asmall set of registers, and 1/0 control
functions. Modern microprocessors integrate several million transistor functionson a
single chip and include several integer units for parallel execution, alarge set of registers,
one or several floating point units (FPU), a set of primary cache resisters, a memory
management unit (MMU), and a controller for external cache. They not only operate at
clock rates up to 200 MHz and more, but they also execute several commandsin parallel.
Seealso CPU, ALU, FPU, MMU, 16-bit computer, 323-bit computer, 64-bit computer.

MicroSPARC: Compact version of the SPARC CPU chip used in the Sun SPARCstation
4 andthe SPARCstation 5. The MicroSPARC chip includesfloating point processing, 6-KB
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primary cache, and memory management (MMU) functions on one chip. The current
implementation runs at 110 MHz and performs at 1.99 SPECfp95 and 1.59 SPECint95
(65.3 SPECfp92 and 78.6 SPECIint92). While offering a system performance comparable
to a SPARCstation 10, this chip allows simplifying the CPU board, thus reducing the cost
of the workstation. See also SPARC, TurboSPARC.

minicomputer: Mid-sized, local computers that were often used in the scientific
environment, such as DEC's PDP series and MicroVAX. Most of these systems now been
replaced by workstations or even PCs, which generally have become much more powerful
than typical minicomputers.

MIl (Media Independent Interface): Ethernet connector and cabling standard that
permits connecting transceivers for coaxial cabling via AUl connectors, fiber-optic
networks, unshielded twisted pair (UTP), using the appropriate connector and transition
cable. Most modern Ethernet interfaces offer both MI1 and RJ45 (for 10/100BaseT)
connectors. See AUI, Ethernet, UTP.

mini UNIX: Minimal UNIX configuration for installing the full Sun software, loaded into
the swap partition under Solaris 1.x. For Solaris 2., software is installed from an entirely
memory-based version of UNIX.

MIPS (million instructions per second): Mostly determined as VAX-MIPS, where
the performance of a VAX 11/780 (running a specific program, the so-called Dhrystone
integer performance test) is 1 MIPS. The Dhrystone and MIPS specifications has been
replaced by the SPECint performance test. See SPEC, SPECint.

MIPS: Manufacturer, recently acquired by SGI, of RISC CPU chips. Early MIPS models
included the R2000 and R3000 32-bit CPUs used in SGI graphics and other workstations.
The current models are all 64-bit RISC CPUs: the R4000, R4400, R4600, R5000, R8000,
and R10000. These power the SGI Indy and | ndigo2 workstations aswell as some high-end
SGI computers. See 32-bit computer, 64-bit computer, CPU, SGI.

MMU (memory management unit): Hardware function used to obtain virtual memory
capability, which alows handling of very large data tables with limited RAM. On current
SPARC CPU chips, this function isintegrated into the CPU.

MOD drive: Magneto-optical disks are removable optical disk media (similar to the
CD-ROM) that can be rewritten many times. The term “magneto-optical” describes the
working principle of these storage media: for writing such disks astrong laser beam locally
heatsthe surfacein amagnetic field, locally changing the magnetization of the information
layer. The magnetization changesthe local optical properties of that layer, such that aweak
laser beam can read back the information. Even though MOD disks are very versatile
storage media with a capacity of up to 1 GByte or more per side, no format standard for
MOD diskswas ever defined (which lead to a diversity of incompatible formats), and no
major manufacturer built such drives. The DVD-RAM may soon replace the MOD drives.
See CD-ROM, DVD, DVD-RAM.

modem (modulator-demodulator): Transmission of binary data, most often via
telephone lines, by modulation of alow frequency, usually below 10 KHz.

monitor: As hardware, amonitor isa CRT screen for displaying text and graphics
information. As software, the monitor level isa built-in PROM-based diagnostics and
start-up software on Sun workstations. When a Sun is switched on, the monitor diagnostic
iscalled and started automatically. It resets the hardware, does a series of hardware tests,
such astesting memory, and calls aboot program to boot up UNIX. Before switching off a
Sun workstation, the system should be run down to the monitor level usingthei nit 0
command, which makes sure all software is terminated properly.
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Mosaic: Thefirst graphical Web browser. While hypertext and HTML had already existed
for some time, the early browsers were ASCII-based only. Mosaic was developed at the
NCSA (the National Center for Supercomputing Applications) and became commercially
available in 1993, drawings millions of user to the Web. More recently, Netscape, a more
advanced graphical browser that has originally grown out of the same NCSA environment,
has become more popular than Mosaic. See WWW, Web browser, Hypertext, HTML,
Netscape.

motherboard: The main CPU board, especially on computersthat in essence consist of a
single printed circuit board. The term was probably chosen because a motherboard often
houses a number of additional plug-in extensions, often called daughter boards.

Motif: X Window System graphical user interface as proposed by the OSF (Open Systems
Foundation). Matif is used by IBM and other companies. The Sun equivalent to Matif is
OpenLook. See X Window System, OpenL ook, CDE.

Motorola: Computer and chip manufacturer that manufactures the M C680x0 family of
CISC CPU chips and the PowerPC series of RISC CPU chips, such as the PowerPC 601,
the PowerPC 603/603e, the PowerPC 604/604e, and the PowerPC 750 (“ G3"). See
MC68000, MC68020, MC68030, MC68040, MC68881, CISC, RISC,

mount directory: Normally empty directory on which other disk partitionsor directories
can be mounted. The mount process hides the contents of the mount directory such that
after mounting, thel s command displays only the files of the file system that have been
mounted, not those of the mount directory. See mounting.

mounting: UNIX facility that allows making other file systems part of the currently
accessible file system. Thefile systems are normally entire partitions on the same disk, on
other disks, or even on aremote or server disk. After mounting, these partitions can be
accessed like any other part of the file system on which they are mounted. The/ usr,

/ expor t / hore, and other disk partitions must be mounted before they can be accessed.
The mounting normally happens automatically during the bootup procedure.

mouse: Hand-held unit with one or several buttons that is moved around on the desk or
on a special board for positioning a cursor on the screen. Pressing a mouse button is called
clicking. Pressing a mouse button and then moving around the mouse while holding the
button downiscalled dragging. The mouse detects movements either mechanically through
aball or rollers or optically through reflection of alight source on the mouse. Optical mice
work only when moved on aspecial pad placed in landscape orientation. Mechanical mice
operate on almost any surface. Sun has recently switched from an optical mouse to an
mechanical mouse.

mouse buttons: Sun software requires amouse with three buttons. Theleft button (when
the cable is pointing away from the user) is the main button, which activates functions by
clicking on them. The right button is usually the menu button, used to call pop-up menus,
but it might also be used for other purposes. The middle button is usually used to drag
graphics around or to set a size of some displayed item.

mousepad: A surfacefor the mouse to move on. Required for optical mice, but optional
for mechanical mice. See mouse.

MPEG (Motion Picture Experts Group): Standard file format for compressing and
storing movies as digital video data. MPEG compression can be used in multimedia Web
applications and Web pages, although currently for many Web users the Internet access
speed isto slow to alow for good quality online video transmission, even with MPEG.
Software that plays M PEG moviesisnot standard on most systemsyet, therefore most Web
browsers only download M PEG files for playback later. See HTML, JPEG.
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MS-DOS (Microsoft Disk Operating System): Standard operating system for IBM
PC personal computers and PC clones. MS-DOS-based software can be run on a Sun by
running optional MS-DOS emul ation software. Alternatively, the UNIX file system can be
accessed from an MS-DOS-based computer through Ethernet, which requires loading
Sun’s PC-NFS software on the PC. See Ethernet, NFS.

MT: See multithreading.

MTBF (mean time between failures): Thelength of continuous operation expected for
hardware, usually in thousands of hours, giving a measure of the reliability of hardware.

multimedia: Applications that present text with animated visual or audiovisual
information, such as a Web page using sound and a video player. See MPEG, WWW.

multiprocessor system: Computer that uses several CPU boards or CPU chipsin
paralel. Standard workstations only allow for pseudo-parallel execution of processes by
extensive time-sharing on asingle CPU. In its simplest form, a multiprocessor system
allowsfor true parallel operation by distributing processes onto the different CPUs. This
mode usually does not require changes in the individual programs. Special compilers or
programsthat are written with multithreading also allow a single process to access severa
CPUsin parallel. SPARCstation 10, SPARCstation 20, and Ultra 2 workstations can be
expanded to atotal of two or four processors. See multithreading

multitasking system: Operating system that can handle and run several programs
simultaneously. This normally includes time-sharing between the different active tasks,
with scheduling according to the individual task priorities.

multithreading: Programming technique using special multithreading utilities that takes
advantage of multiple processors if present. Programs written without multithreading are
not faster if run on multiprocessor systems, while applications written with multithreading
can spread their load onto different processors. Of course, even without multithreading,
multiprocessor systems can still distribute the different processes over several processors,
which certainly helpsin multiuser and server situations.

multiuser system: Operating system that allows for several usersto belogged in at the
same time on the same CPU. Ideally, such an operating system also handles the
communication between the various users through electronic mail and other online
communication utilitiessuch asmai | andt al k on UNIX. A multiuser system also
implies that asingle user can operate several “ pseudo-terminals’ in separate windows (or
on separate terminals) simultaneously.

Navigator: See Netscape.
NCSA Mosaic: See Mosaic.

Netra: Sun workstation with special hardware and software configuration, preconfigured
as aWeb server and gateway to the Internet. Netra systems are based on a SPARCstation 5
or SPARCstation 20, configured with Web server and e-mail software, and is set up for an
asynchronous PPP link to an ISP, typically viaaleased line. Netra systems usually have no
user interface, because they are configured and operated through the network. See Sun
Microsystems, SPARCstation, PPP, ISP,

network: Group of interconnected computers and peripherals communicating with each
other.

Netscape Navigator: Currently, the most popular graphical Web browser. Netscape was
created by a group of people who developed the Mosaic browser and who formed a new
company to market a better browser. While HTML has made steady progress and has
evolved over the years, Netscape has always been ahead of the crowd by new features such
astables, frames, and more font and background options. Netscape Navigator was one of
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the first Web browsers to support Java appl ets and JavaScript, and they are among the first
ones to support Sun’'s new Tcl/Tk language utility. Netscape Navigator is written in away
that permits adding new facilities easily via plug-in software, such asthe Tcl/Tk plug-in.
See WWW, Web browser, Hypertext, HTML, Java, JavaScript, Tcl/Tk, Mosaic.

NIS (Network Information Service): Sun’s database software for networked
workstations that facilitates the system administration, including sharing password files,
network addressfiles, and host libraries. Prior to SunOS 4.1, NIS was named “yellow
pages’ (this name still shows up in some command names) but the name was changed due
to atrademark conflict.

NFS (Network File System): Sun’s high-level protocol for disk sharing via Ethernet.
Sun software allows accessing remote disks the same way as local disks. Remote disk
partitions are mounted onto local directories and, thereafter, behave like a part of thelocal
file system. NFS has been adapted by most UNIX systems.

node: Individual computer in a network. Every node has a dedicated, unique address and
most have a name such as varian, fred, or jane.

non-interlacing: Seeinterlacing.

null device: Receives output and then discards it. Sometimes called a bit bucket. In
UNIX, the null deviceisthefile/ dev/ nul | .

null modem: Serial ports, such as RS-232 and RS-423, can be configured in terminal or
modem mode. In the connector for terminal mode, line 2 isthe transmitting signal and line
3isthereceiving signal. In the connector for modem mode, these pins (aswell asal the
handshaking lines) are interchanged, such that a strai ght-through cable can be used. Often,
both ports are configured in the terminal mode. In such a case, lines 2 and 3 have to be
crossed for proper communication and the handshaking lines must be rearranged. The
device that interchanges signal and handshaking lines between two portsin terminal mode
iscalled a null modem or null modem cable. This device can be a cable (but not with
straight-through wires in this case) or alittle box that isinserted between one of the ports
and the cable. If printers, plotters, or terminals are hooked up to the ports on the Sun CPU
board, anull modem isnormally required. For exact instructions, consult Sun manualsor a
Varian specialist. Often, such as on an RS-232 expansion board, seria ports can be
configured such that anull modem is not required. The two most common types of null
modems are those using software XON/X OFF flow control and those with hardware
handshaking. An X ON/XOFF null modem has pin connections 1—>1 (optiona), 2—>3,
3—>2, and 7—>7. Null modems for hardware handshaking have pin connections 1—->1
(optional), 2—>3, 3—>2, 4—>5, 5—>4, 7—>7, 6+8—>20, and 20—> 6+8. Because the hardware
typeisfully compatible with the XON/XOFF flow control null modem, the hardware type
of null modemispreferred. In rare cases, other special types of null modems with different
wiring may be reguired. Ask Varian specialists for advice.

null modem cable: Cable or device that interchanges transmit and receive lines, and the
corresponding control lines, between two equally configured RS-232 ports, both terminal

or both modem. Usually a null modem cable consists of anormal RS-232, or V.24, cable

and the null modem, abox that isinserted between the cable and one of the two ports. See
null modem, RS-232.

NVRAM (non-volatile RAM): Battery-buffered RAM used to store system configuration
and bootup parameters. Earlier workstations used EEPROMSs instead. See EEPROM.

object file: A compiled program module, typically afilewitha“. 0" extension. In
softwarethat consi sts of many source files or modules, each sourcefileisusually compiled
separately, and an object file is created for each of them. These object files then are linked
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with each other through alinker, and with additional modules from C libraries and other
libraries, such as graphics functions, in order to create an executable file. See OOPS, class.

object-oriented programming style: See OOPS.

objects: Essentia element within the object-oriented programming style (OOPS). Objects
in programming have internal properties, consisting of private el ements that cannot be
accessed by the calling program, and well-defined external properties, consisting of public
elements that can be accessed by the calling program. An object is an instantiation of a
class. The class defines the properties of the object, such as a type definition. An object
might be something like acomplex variable of the type class. Objects exist in the computer
memory for awell-defined lifetime, and it is possible to define operations that are
performed upon construction and destruction of an object. See OOPS, class.

off-line: Submitting atask for processing in which control over the task and timing is
transferred to the operating system. Off-line tasks in UNIX include mail, printing, and
plotting.

OLIT (OpenLook Intrinsics Toolkit): Application programming interface (API) used
for creating applications under OpenL ook (the Sun X GUI). See API, OpenL ook.

online: A process under direct control and access of the operator. Disk-based manuals are
online help for the operator, and any processing invoked and controlled at run-time by the
operator is caled online.

OOPS (Object-Oriented Programming Style): Programming style that uses objects.
The objective of OOPS isto make programming safer, easier, and more portable. It makes
programs easier to maintain, and it facilitates cooperation between programmers and
programming groups because it enforces clear definitions. Object-oriented programmingis
facilitated, but not necessarily enforced, in certain programming languages such as C++
and Java. See also object, class, C++, Java.

open access: Any user can accessafile. Under UNIX, for security reasons, open access
files are limited to specific disk partitions. See permission.

OpenGL: Application programming interface (API) for creating interactive 3D graphics
visualization, simulation, and animation applications, such as molecular modeling
software. OpenGL was introduced by SGI and was one of the ingredients that made SGI
workstations popular in the scientific visualization market. OpenGL is now becoming
available on Sun platforms (Solaris OpenGL). The first version is for systems with
Creator3D graphics only, but later versions will run on any platform (with lower
performance). Solaris OpenGL should bring a new range of software products, such as
molecular modeling, onto the Sun platforms. See API, SGI.

Open Look: Sun'soriginal X Window system graphical user interface, part of Sun’s
OpenWindows software package. As OpenWindowsis replacing Sunwindows, Open L ook
isreplacing SunView, starting with Solaris 2.0. See OpenWindows, X Window System.

Open Systems Foundation: See OSF.

OpenWindows: Sun's complete X Window System software package, containing the
OpenL ook graphical user interface. OpenWindows replaces SunwWindows, which isno
longer available with Solaris 2.0. See Open Look, CDE.

operating system: A program, such as UNIX, DEC's VMS, or Microsoft's MS-DOS,
Windows, or Windows 95, that manages the resources of a computer by handling process
scheduling, input and output procedures, interprocess communication, file management,
and other housekeeping duties.
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operator interface: Devicesthat link the computer and the operator including the screen,
keyboard, and mouse.

operator overloading: In most programming languages, math and logical operators,
suchas+, —, *, /, and parentheses, only work on arestricted and well-defined set of
operands. For example, math operators require integers or floating point numbers. In C++,
it is possible to define what should happen when such operators are applied to unusual
operands, such as user-defined variabl e types, complex variable types such asentire arrays
and structures, or objects. See C++.

OSF (Open Systems Foundation): Organization founded to counteract the UNIX
International (UI) initiative Both OSF and Ul are competing in the creation of astandard to
succeed System V UNIX. Members of OSF are IBM, DEC, HP, and other companies.
OFS's X user interface is Motif. See Unix International, Motif.

OSF/Motif: See Motif.
overloading: Seefunction overloading, operator overloading.

owner: Assigned to every UNIX fileisan owner, normally the person that created thefile.
The name of the owner can be changed with special commandsthat can only be performed
by the superuser.

packet: Large amounts of dataare not transferred at once over Ethernet, but only in small,
well-defined units called packets. If the transfer of any packet fails, perhaps because of a
collision with another packet, Ethernet automatically sendsit again.

paging: Theloading and off-loading of individual pages of 4 or 8 KB between RAM and
the swap space on avirtual memory system.

parallel computing: Standard workstations allow only pseudo-parallel execution of
processes by extensive time-sharing on asingle CPU. True parallel computing is available
on some multiprocessor computer systems or through specia software that uses free CPU
time in a network, such as the Varian 3D NMR processing software. It seemslikely that
multiprocessor systems will lead the top-end workstation market in the near future. CPUs
that operate at high clock rates (100 MHz and more) can be built into faster workstations,
but it turns out the faster clock rates and technologies, such as ECL, require specia
components and circuitry throughout the CPU board, making a system too expensive. Itis
cheaper to use two or more CPUs on a single CPU board. This speeds up multitasking
systemsimmediately, but not necessarily single processes, because special compilers and
software are required to make a single program use efficiently several processorsin
parallel. See also multiprocessor system.

parallel 1/0: Simultaneous transmission of multiple bits over separate parallel lines. All
bus structures used in a Sun—VME, SBus, MBus, UPA, SCS| and other—use paralléel /0.
Sun workstations also have a Centronics parallel port for printers, see Centronics.

parent: The directory above the current working directory. In UNIX systems, the parent
level is accessible under the name“. . " (two periods).

parity checking: Error checking, but not correction, implemented on most RAM
memories for detecting 1-bit-per-byte errors. Compare with ECC memory.

partition: Seedisk partition, disk slice.

Pascal: High-level programming languagethat isexcellent for teaching purposes because
it educates programmers to write clear and logically structured programs easy to read for
other people. Pascal can also be used for technical or scientific programming, but lacks
flexibility compared to C and C++. There are Pascal compilers, Pascal interpreters, and
P-code (semi-compiled Pascal) interpreters. See interpreter.
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password: Secret keyword that istyped, without being displayed, after entering the user
name to the login shell. Although passwords are optional, a secure password keeps data
protected, because only the owner and the superuser have accessto the data. Changing the
password frequently is recommended. Longer passwords (up to 8 characters are
significant) that contain numbers and uppercase and lowercase charactersare moredifficult
for othersto find out or guess.

PCI (peripheral component interconnect) bus: 32- or 64-hit standard bus structure
used in most PCs. The PCI bus operates at 33 MHz or, more recently, at 66 MHz. Because
many more PCl expansion boards are sold than SBusboards, PCI boardsarelessexpensive.
On the other hand, SBus cards are more compact. Starting with the Ultra 30, Sun is
switching from the SBus interface to systems with PCI bus. The PCI bus offers transfer
rates of 50 MB per second (32-bit bus width, 33 MHZz) up to 200 MB per second (64-bit
bus width, 66 MHZz). See Ultra 30, SBus.

PCMCIA (Personal Computer Memory Card Interface Association): A standard
that defines the layout and the electrical interface of external memory extension cards.
Developed for use in portable computers, PCMCIA cards are very small and are used for
portable memory cards, modems, serial port interface cards, and even Ethernet ports.
PCMCIA dlots can be added to Sun workstations via a SBus card.

PDF (Portable Document Format): PostScript-based fileformat created by Adobethat
iswidely adopted for online documentation and for transmitting desktop publishing (DTP)
documents. Filesin PDF format typically have a“. pdf " extension and are viewed using
Adobe Acrobat Reader software. VNMR online manual s are now delivered in PDF format.
See Adobe, Acrobat Reader.

performance: Computer performanceiswidely discussed because computing equipment
power servesas atype of status symbol in today’s scientific and industrial communities (as
much as MHz does for NMR spectroscopists!). More than that, performance figures,
besides prices, are the most important sales argument in computer industry. It has to be
recognized, however, that it is very difficult to establish areliable measure for computer
performance. In fact, it isdifficult if not impossible to predict how fast a program will run
on a specific computer, no matter how many performance figures are at hand—the
performance depends greatly on the structure of a program, whether it fits into memory,
whether the data it uses are structured, whether it requires considerable disk access,
whether the disk accessis sequentia or randomized, and even small details such as how it
usesthe CPU registers and how much branching its object code contains. With multitasking
systems, it isalso important how quickly and easily a system can switch between different
programs and how it reacts to |oaded situations. Predicting the performance is even more
complicated on multiprocessor systems, because it also matters whether and how well a
program uses parallel processing. See performance measures.

performance measures: Because of thelarge variety of computing requirements, there
are many measures for computing performance. Some tests discussed in this manual are
MIPS, atest for the speed of integer cal culations compared to a VAX 11/780; MFlops, a
test for floating point calculations;, SPECint and SPECfp, a series of tests for both integer
and floating point performance; and transactions per second, atest for multiuser and
network server throughput, mainly for database applications. More tests exists to quantify
the disk performance from maximum and sustained transfer rates, to network server
performance using NFS and other protocols, and to specify the speed of computer graphics
hardware from 2D vectors per second, 3D vectors per second, shaded polygons per second,
and so forth. See MIPS, MFlops, SPEC, performance.

peripheral: Any hardwareinvolved with input or output including monitors, terminals,
and printers.
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Perl: Interpreted programming language that is optimized for processing text strings and
files. Perl is often the language of choicefor CGI scripts, even though it isnot bundled with
most UNIX operating systems. See CGl.

permission: UNIX distinguishes owner, group, and all other UNIX users as levels of
accessto afile. For each level, UNIX hasthe read, writer, and execute permissions. Each
of these nine permissions can be set individually by the owner or by the superuser.

PGX (PCl-based GX graphics): Fast single-chip 8-bit color graphics accelerator fast
windowing and 2D/3D wireframe graphics. Derived from the GX and TGX graphics
accelerators, the PGX graphics controller connects to the PCI bus and provides screen
resolutions up to 1280 x 1024 or 1600 x 1000. It is standard in Ultra 5 and an option for
higher-level Ultraworkstations. See GX, TGX.

piggyback board: Small printed circuit board mounted on top of alarger board. Early
piggyback boards were soldered onto the larger board, but piggyback boards (such as
graphics controllers, SBus, MBus or UPA expansion cards) now usually plug into a
connector on the main board.

pipe: UNIX facility that permits taking the output of a program and, instead of sending it
to the display or other output device, feeds it directly into another program. The pipe is
called by avertical bar between the commands, for example, dnesg | grep Et hernet.
The data do not show up on disk—the two programs are synchronized with each other and
use buffersto hold the data. Multiple pipes can be used, and the amount of data transferred
viapipeisnot limited.

pixel: Singledisplayed point. On most Sun workstations, apixel represents 1 bit of display
information for black and white, or 8 bits for 256 colors. High-performance graphics
accelerators use 24 bitsfor 16,777,216 colors, or even more bits per pixel, such asfor
hidden surfacesin 3D graphics.

pizza box: Popular name for the CPU module of desktop SPARCstation, which is about
as size of an American pizzabox but not as flat.

plotter: Device for putting continuous information, such as drawing lines and text
characters, onto paper. VNMR currently supports a series of HP plotters (7475, 7550A,
7550+, DraftPro, and DraftM aster), plottersthat emul ate an HP plotter (such asthe LaserJet
I11, 4 and 5, and Lexmark printer), and the Nicolet Zeta-8 plotter (in HP7475 emulation
mode).

port: Connector for bus extensions or 1/0 devices.

portability: The ability to take a program, or software in general, from one computer to
another computer and run it there. Normally, the software has to be recompiled for that
purpose. Compilersin general are not portable.

PostScript: Standardized page description language from Adobe, used mostly with laser
printers. PostScript all ows the description of complex page layoutswith simple commands.
Lines, circles, and other vector-based objects can be described with afew PostScript
commands instead of sending a dot matrix, often several million bytes, to a printer.
PostScript also features output independent from the technical characteristics, including
resolution and aspect ratio, of the output device. PostScript is also used for displaying
graphics on the screen and sending complex documents over a communications link.

power failure: Interruption in the line voltage for more than about 0.1 second, stopping
CPU execution, causing loss of RAM memory contents, and corrupting datafiles. Thefiles
most affected are those files partially in buffer memory that were just about to be written
onto disk. After theinterruption, the CPU does an automatic start-up, checks the hardware
and disk file systems, and boots up UNIX, ending with alogin prompt.
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power switch: Turn on power switches on a Sun workstation in this order; screen, CPU,
and hard disk (if a separate unit). Turn off power switchesin this order: shut down the
software properly, switch off the hard disk (if a separate unit), the CPU, and the screen.
With the exception of the screen, which can be switched off overnight, avoid excessive
switching on and off because it causes thermal stress in the computer hardware.

PPP (Point-to-Point Protocol): Protocol that allows building up IP (TCF/IP)
connections over serial lines, modems, and ISDN connections. Thisnot only offersthe
advantage of error checking and correction, as opposed to alink established by a
simple modem dial -up connection, it al'so permits building up atemporary full Internet
connection over serial linesand modems. A similar but somewhat |ess popul ar protocol
iSSLIP. See seria 1/0, SLIP, TCP/IPR, Internet.

precision: Length of adataword. Sun workstations are 32-bit or 64-bit computers,
numericinformationisstoredin 16-bit, 32-bit, or 64-bit words: integersarenormally stored
in 32-bit datawords (i nt or | ong in C), giving 32-bit precision, or in 16-bit “short” data
words (shor t in C). Floating point numbers are stored in 32-bit (f | oat in C) or 64-hit
format (doubl e in C).

printcap: UNIX file/ et ¢/ pri nt cap containing special codes that define how all
possible printers must be addressed, including baud rate, handshaking, and translations
(e.g., into HP/GL, or data compression). Only used in BSD (I pr ) printing. Thefile
pri nt cap still existsin Solaris 2.x, but is no longer really used.

printer: Device for putting discrete information—characters, dots, dot matrix graphics—
onto paper. VNMR supportsink jet and laser printers.

process: Single execution of a program, involving machine-interpretable code and
associated data. Every processrunsinitsown address space, separate from other processes.
Severa processes run simultaneously in atime-sharing system such as UNIX.

PROM (programmable ROM): See also ROM.

prompt: Segquence of one or more characters that indicate where text can be entered from
the keyboard. Prompts can include information such as the host CPU name, user name,
command line number, and more. Sun UNIX and VNMR software have afew conventions
for the prompt: # isthe prompt for single-user mode, host nane# istheprompt forr oot ,
host nane, user nanme, conmand_| i ne_nunber > isthe prompt for anormal NMR
user, and no prompt is present in the VNMR command entry window. The default shell
prompt is host name%for the C shell (when starting a C shell withcsh - f , without
running . cshr c), and $ for the Bourne shell.

protocol: Conventions for communication over interfaces and buses. Protocols for
Ethernet include TCP/IP, NFS, and [imNET. On Ethernet, several protocols can coexist on
the same network, but only machines that use the same protocol can talk to each other.

QIC (quarter-inch cassette): The standard definition for 1/4-inch cassettes and tape
drives. Individual standardsinclude QIC-11 (4 tracks, 26 MB with 600-foot tapes), QI C-24
(9 tracks, 60 MB with 600-foot tapes), QIC-150 (24 tracks, 150 M B with 600-foot tapes),
and QIC-2000 (2.5 GB). Sun-3 and early Sun-4 systems were equipped with QIC-24 tape
drivesthat could also read and write QI C-11 tapes. Early SPARCstations are equipped with
QIC-150tapedrives. They can also read but not write QI C-11 and QI C-24 tapes. Currently,
QIC-2000 drives for Sun workstations compete with DAT (5 GB) and Exabyte (14 GB)
tape drives, see DAT, Exabyte.

quit: Seeexit.

RAID (redundant arrays of inexpensive disks): RAID stands for a number of
concepts (RAID-0 through RAID-5) for improving the performance and security aspects of
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disk subsystems. Both these aspects have gained importance over the recent years,
especialy inindustrial environments, and some of the RAID concepts (RAID-0, RAID-1,
RAID-5) have become available for Sun users through the Sol stice DiskSuite software and
disk arrays hardware. see RAID-0, RAID-1, RAID-3, RAID-4, RAID-5

RAID-0: Concept of disk striping: For sequential disk I/O (not for random disk 1/O), the
performance of the individual disk drive isthe main bottleneck. Therefore, much higher
throughput can be achieved if the data are spread over multiple disks that are then accessed
in parallel. If thisis combined with a fast/wide SCSI interface, transfer rates of up to 20
MB per second can be obtained. See RAID, RAID-1, RAID-3, RAID-4, RAID-5.

RAID-1: Concept of disk mirroring, While RAID-0 deals with the disk performance,
RAID-1 dealswith security. Infact, RAID-0increasesthe system vulnerability, becausethe
failure of any single drive would affect the integrity of the data on all the disks. With
RAID-1, every disk is mirrored with a second disk, and data are always written twice.
While this concept is rather expensive because it doubles the number of disks, it has the
advantage that any single disk failure has no effect on the data integrity. Some hardware
with RAID-1 support even allows unplugging and replacing disk drives while the system
is running (so-called hot spares). Because RAID-1 increases disk 1/O and lowers the
performance, it is often combined with RAID-1. Thisisthen called RAID-0/1 or
RAID-0+1. See RAID, RAID-0, RAID-3, RAID-4, RAID-5.

RAID-3: Uses disk striping (RAID-0) and tries to increase its security by adding a disk
containing parity information, typically one parity disk per 4 datadisks. Therefore, RAID-3
adds security without the costs of full disk mirroring, as used in RAID-1. A problem with
this setup is that the parity disk becomes the system bottleneck, because every datawrite
operation also reguires awrite operation on the parity disk. Also, RAID-3 isimplemented
at abytelevel. Thishasthe disadvantage that with virtually every I/O every disk inthe array
isinvolved. This can be overcome with RAID-5. See RAID, RAID-0, RAID-1, RAID-4,
RAID-5.

RAID-4: Almost identical to RAID-3, except that the implementation is done in blocks
instead of bytes. This allows satisfying most I/O requests from a single disk, but it still
suffersfrom the single parity disk as abottleneck for write operations. See RAID, RAID-0,
RAID-1, RAID-3, RAID-5.

RAID-5: Similar to RAID-3 and RAID-4, except that the parity information is spread over
all disks of the array. This balances the load, combining the security of RAID-1 and the
performance of RAID-0 without the costs of RAID-1. See RAID, RAID-0, RAID-1,
RAID-3, RAID-4.

RAM (random-access memory): Memory that the CPU can read and write to. RAM
isunlike ROM, which is a so random access but read-only memory.

recursion: Calling the same program or a subroutine from within itself. Under UNIX,
recursion also refersto programs that recursively cover a directory and al of the
subdirectories and subfiles below the directory. For example, ther mcommand with the- r
recursive options, r m —r / st uf f, removesthe directory named/ st uf f and al
subdirectories and subfilesbelow / st uf f . Be very careful when using the recursive
option with UNIX commands. r m - r, for example, can delete many files, including files
you don’t want to delete, in afraction of a second.

refresh rate: Rate at which the display isrefreshed. The higher the refresh rate, the less
flickering is obtained. Sun screens use a 66- or 76-Hz refresh rate. See interlacing.

release: To be useful, software must constantly evolve, but not al evolutionis
straightforward. The implementation of new features and sometimes even repairing old
bugs can create new problems. Adding in the need to keep software costs under control
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makes manufacturers collect software in packages and only release such packages when
they are relatively consistent, reasonably tested, and an advancement over the previous
software. New software packages are called releases or revisions, and they are normally
labeled with arelease or revision number and adate. Since most bugs are inherently linked
to the software release in which they are found, it is absolutely essential to report the
software revision number when bugs are reported.

remote: Actions performed on or invoked by other computers.
revision: Seerelease.

RISC (reduced instruction set computer): Reducesthe number of instructions at the
machine level of a CPU to make the processor smpler and usually faster. Most graphics
workstations, including the SPARCstation and Ultra series computers, use a RISC
processor. Compare with CISC.

RJ45: Easy to plug and unplug connector type used in telephone networks and in 10baseT
(10 Mbps) and 10/100baseT (10 and 100 M bps) Ethernet connections over shielded twisted
pair cabling. See 10baseT, 10/100baseT, Ethernet.

ROM (read-only memory): Hardware memory that generally cannot be altered by the
computer and does not lose its contents when the power is switched off. Most computers
use ROM memory to permanently maintain some low-level software such as boot-up
routines and system diagnostics. Types of ROMs include PROMs, which are
programmable ROMs, EPROMSs, which are erasable programmable ROMs; and
EEPROMS, which are electrically erasable programmable ROMs. See PROM, EPROM,
EEPROM.

root: Name of the UNIX superuser, the system manager who has accessto all files and
processes on the system and does not require any permissions on the system. Also, root is
the name for the origin of the file system that is accessible by the slash character (/ ). The
root partition isthe disk partition r sdOa that contains the origin of the UNIX file system
aswell asthe most important UNIX administration data and files, such as the kernel.

root menu: Menu on most graphic screens that pops up when the right mouse button is
pressed with the mouse pointing to the screen background. This menu allows calling
commandswithout typing in ashell. Some commands avail able from the root menu include
standard and scrollable windows, special tools such as a screen blanking program, an icon
editor, amail tool, and a program that terminates the windows environment. The root menu
can be customized and may contain submenus.

root partition: Seeroot.

RS-232, RS-423: Standard interfaces for serial communication. RS-232 technically isa
subset of RS-423. RS-232 is specified up to 19,200 baud, RS-423 allowsfor higher transfer
rates (49,500 baud and more). The RS-232 standard defines terminal and modem ports for
transmitting and receiving devices, respectively. The assignment of the most important pins
inaterminal connector is asfollows (“in” means that on this line aterminal port is
listening): pin 1 isframe ground (cable shielding); pin 2 is TxD, transmit data (out); pin 3
isRxD, receive data (in); pin 4 isRTS, request to send: (out); pin 5isCTS, clear to send
(in); pin 6 isDSR, data set ready (in); pin 7 is GND, ground; pin 8 is DCD, data carrier
detect (in); and pin 20 is DTR, dataterminal ready (out). See null modem, XON/XOFF,
handshaking.

safety: In connection with complex multiuser operating systems, safety includes the
protection of files and programs against unintended loss, against data corruption by
hardware or software problems, and against access by unauthorized users. UNIX has
various ways of protecting files and data.
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SBus: Internal bus in desktop SPARCstation and Ultraworkstations that uses 32-bit
parallel, synchronous datatransmission at aspeed of over 50 M B per second. The SBuscan
be accessed though connectors on the CPU board, but one or two of these connectors are
used by the graphics controller on some systems. The 64-bit version of the SBusallowsfor
peak transmission rates of 160 to 200 MB per second.

scheduler: Program or operating system utility that assigns CPU time segments from
fractions of asecond up to afew seconds to the various programs running simultaneously
in time-sharing operation in a multitasking system. The scheduler respects program
priorities but also tries to avoid CPU blocking by excessively long processes. Except for
programs with very high priority, programs are interrupted every now and then, typically
once in a second, to enable small processes to get their share of CPU time.

screen: CRT display.

screen burn-in: The luminosity of a CRT display decreases in places where a bright
pictureisleft on for along time. Activate the screen lock from the root menu or the screen
blanking mode to make the screen black, or simply switch the monitor off overnight, over
the weekend, and during extended idle periods.

screen blanking: Sun software can automatically turn off the screen after a period of
disuse. The screen then turns back on when the mouse is moved or when the keyboard is
touched. No password protection is provided. Screen blanking must be user-activated by
enter thexset s on command once after starting the X environment. This command can
be automated by adding it into a start-up script suchas. xi nitrc.

screen locking: A Sun system can be placed in alocked mode, in which the screen is
blank and the mouse and keyboard cannot be used, by selecting Lock Screen from Utilities
in the background menu. To unlock the system requires a password.

scroll bar: If the displayed information in awindow exceeds the size of the window, a
program such as nor e is required to scan though the information page by page or line by
line or a special window isrequired that can keep all the information in a buffer. Such
windows allow scrolling forward and backward through the information (rmror e only
allows forward scrolling, unless called on afile). Thetool that alows scrolling with the
mouse is called the scroll bar, abar along one edge of the window that symbolizes the size
of the displayed information and an indicator where within the entire buffer the current
displayed informationislocated. On OpenL ook, scrolling isachieved by moving the mouse
onto the scroll bar and dragging the elevator symbol in the scroll bar up and down.

SCSI (Small Computer Systems Interface): Standard interface for 3.5-inch and
5.25-inch hard disks. On Sun-3 and early Sun-4 systems, the SCSI bus performed at less
than 1 MB per second; the SPARCstation 2 reaches 1.5 MB per second (actual throughput),
and the SPARCstation 10 allows for transfer rates of up to 10 MB per second. Sun Ultra
workstations with Creator graphics accelerator are equipped with afast, wide SCSI
interface that allows for transfer rates of up to 20 MB per second.

sector: Part of acircular track on asingle disk surface. The number of sectors per track is
in the order of 15 to 40. See cylinder, interleave factor.

seek time: Time required to access atrack on a disk, a function of the distance between
thelast and the current track. Current hard disks have average seek times of 8 to 15 ms. By
working in cylinder groups, Solaris can reduce seek times when reading single files,
because such files are not scattered over the entire disk.

serial I/O: Datainput and output, bit by bit, viaasingleline. Most serial interfaces use one
linefor sending and one for receiving. Morelines may be used for grounding, handshaking,
and power. Most printer interfaces use 3to 5 lines, someterminalsrequire 8 lines, and even
more are sometimes required for synchronous transmission, see RS-232.
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SGI (Silicon Graphics, Inc.): Manufacturer of graphics workstations such asthe IRIS
Indigo, Indy, and Indigo2, all based on the MIPS family of microprocessors. SGI has
recently acquired MIPS, amanufacturer of RISC microprocessors. VNMR isavailable for
SGI workstations, see VnmrSGil.

server: Computer that provides facilities, mostly disk space, for other computer systems
called clients. For the X Window System (X 11), theterms client and server have adifferent
meaning. See client, X Window System, X client, X server.

SGML (Standard Generalized Markup Language): Inthelate 1960s, IBM created
a Generalized Markup Language (GML) to overcome difficulties in transporting
documents between different computersand operating systems. In 1986, GML becameSO
8879 and renamed the Standard Generalized Markup Language. Generalized meansthat it
does not specify how exactly a document isto be presented or formatted, but it instead
defines the document type and presentation styles. An SGML document consists of three
parts: the character set and which characters are used to differentiate markup tags from
standard text; the document type and which markup tags are accepted in the following
document, and the document instance that contains the actual text with markup tags. The
three parts don’t need to be in the same document or file. HTML isan instance of SGML.
A HTML document corresponds to the third part of an SGML document, and its markup
tags are defined as the hypertext markup language. See HTML.

shell: Generally means a platform on which other programs are run under UNIX. Called
ashell because when the UNIX functionality is usually visualized, the shells are grouped
around the kernel, which is shown as a ball with a small machine-specific core. Shell also
stands for a UNIX command interpreter, such as the C shell, Korn shell, or Bourne shell.

shell script: Text file with commands and control statements that are interpreted by a
shell. Many UNIX commands are actually powerful shell scripts. Solaris offers different
shells, including the C shell, Korn shell and Bourne shell; therefore, it allows for different
kinds of shell scripts, using these shell languages. See shell.

shielded cable: Cablewith grounded electrical shielding against rf pickup from external
sources. Such shielding iswoven from metal wires or made of metal foil. The shielding can
surround many conductors or each conductor can be shielded individually. To avoid ground
loops, the shielding should only be grounded on one side of the cable. See coaxial cable,
ground loop.

shielding: Current computers operate in the range of 50 to 250 MHz (up to 100 MHz in
CRT screens), which isin the range of common rf. Therefore, computers can generate rf
emission that can potentially interfere with radio and television equipment, as well as
analytical equipment including NMR machines that operate within this frequency range.
For this reason, there are restrictions on the amount of rf emission from computers. Sun
workstations are in fact heavily shielded (the shielding metal case at the same time ensures
mechanical stability). At the same time, computers should be protected against rf pickup
from external sources. Cables especially can act as antennas and should be shielded. See
shielded cable.

Silicon Graphics, Inc.: See SGI.

SIMM (single in-line memory module): Small boards holding RAM chipsthat can be
mounted easily onto the CPU board without soldering. A SIMM currently can contain up
to 64 MB of dynamic RAM, usually with parity checking. High-end workstations, such as
the SPARCstation 10 and 20, and Ultras, use SIMMs with ECC. See RAM, ECC memory.

single-user mode: Low-level mode of UNIX operation that does not allow for
multitasking or daemons. Note that this means no printing is possible. Thismodeis mostly
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used for system administration tasks such as checking and repairing file systems, and
making tape dumps from disks. See multitasking, daemon, multiuser system.

SLIP (Serial Line Internet Protocol): Protocol that allows building up IP (TCP/IP)
connections over serial lines and modems. This not only offers the advantage of error
checking and correction, as opposed to alink established by a simple modem dial-up
connection, it aso permits building up atemporary Internet connection over serial lines
and modems. A similar protocol is PPP. See serial 1/O, PPP, TCP/IP, Internet.

SLC: See SPARCstation SLC.
slice: Seedisk dlice.

SMCC (Sun Microsystems Computer Corporation): A subsidiary of Sun
Microsystems, Inc., founded in 1991, that specializesin the devel opment and marketing of
new computer hardware. SunSoft now carries out the development and the marketing of
new software and of Solaris, the Sun operating system. See Sun Microsystems, SunSoft.

SMD (surface mounted device): On conventiona printed-circuit boards, chips are
mounted by soldering each leg into a dedicated hole in the board with a distance of about
2.5 mm between connections. With the SMD technique, the chip legs are soldered flat onto
the surface of a printed circuit board with about two connections per mm. This allows
keeping the dimensions of VLSI chips, with their large number of connections, aswell as
the board itself, small while maintaining high reliability. SMD chips can only be mounted
by machines, and it is virtually impossible to unsolder chips. CPU boardsin Sun
workstations use this technique extensively.

software: Any kind of binary information used in a computer, whether a compiled,
program. source code, data, or text files. Software might reside on tape, on disks, in RAM
or ROM memory, or on any other temporary or permanent storage device.

software maintenance: Includes file system maintenance and software upgrading.
Maintenance includes avoiding overl oaded file systems by off-loading datato tape or other
file systems or computers, deleting unnecessary files, and checking file systemsfor
consistency. A software mai ntenance contract guaranteesthat the softwareiskept up to date
by always providing the latest release.

SoftWindows 95: Software for Sun (Solaris 2.x) workstations that emul ates the
Microsoft Windows 95 PC operating system and permits running PC software on a Sun
workstation. SoftWindows 95 is probably going to replace the WABI software that
emulates Windows 3.1 only. Asthisis pure software emulation, this requires a high
performance CPU, such as the newer, PCl-based Ultra workstations. See WABI, SunPC.

Solaris 1.1: Identical with SunOS 4.1.3. Solarisis atrademark for operating system
software from SunSoft, a subsidiary of Sun Microsystems. Solaris 1.1 isbased on 4.2BSD
UNIX, but System V UNIX extensions are included as option. Solaris 1.1 is exclusively
available on CD-ROM.

Solaris 2.x: Identical with SunOS 5.x, for SPARCstations only. Thisis the first Sun
software release based on AT& T's System V.4 UNI X release, but it also incorporates most
4.2BSD features. Apart from SunOS 5.x, Solaris 2.x also features OpenWindows with
OpenL ook and CDE (SunView is not part of Solaris 2.x). Different from all previous
software releases for Sun computers, the C compiler is optional and has to be purchased
separately. Solaris 2.x has also been ported to the PC-compatible platform. Solaris2.x is
exclusively available on CD-ROM. The Solaris 2.x versions used with VNMR software
include2.3 (VNMR 5.1 only), 2.4,2.5,2.5.1, and 2.6. Sun also makes patches availablefor
Solaris 2.x, and there are also minor releases in-between, such as Solaris 2.5 “Hardware:
1/96”, Solaris 2.5.1 “Hardware: 4/97”, Solaris 2.5.1 “Hardware: 8/97”, Solaris 2.5.1
“Hardware: 11/97”, Solaris 2.6 “Hardware: 3/98". Solaris 2.5.1 “Hardware: 11/97" and all
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versions of Solaris 2.6 are y2000 compliant. Sun workstations come with a Solaris 2.x
version that is compatible with the hardware; often, workstations are not compatible with
older Solarisreleases. Unless you are sure that your workstation is compatible with it, do
not retrograde a system with an older Solaris version! See also year 2000 compliance.

Solstice: Sun'strademark for alarge suite of software products for network
administration, system management, telecommunication, PC networking and Internet
connectivity.

SPARC (scalable processor architecture): Sun’s RISC processor, replacing the
Motorola 68020 used in the Sun-3 series of workstations. The original SPARC chip has
been replaced by enhanced versions, such as the MicroSPARC, HyperSPARC,
SuperSPARC, and UltraSPARC. See MicroSPARC, SuperSPARC, HyperSPARC,
UltraSPARC. Table 19 lists performance specifications for SPARC processors.

Table 19. Performance Specifications for Sun CPUs

Integer Performance Floating Point Performance
CPU Type

MIPS SPECint92 | SPECint95 | MFlops SPECfp92 | SPECfp95
MC 68020 15-7
SPARC 7-285 | upto21.8 upto4.2 | upto22.8
MicroSPARC 59-78 upto 1.6 p47 - 65 upto 2.0
TurboSPARC upto 3.3 upto2.9
SuperSPARC p45-126 | upto3.1 p54-121 | upto 3.1
HyperSPARC p98 — 194 116 — 226
UltraSPARC 215-330 | p5.4—-p7.7 300-500 | p79-114
UltraSPARC 11 10.0-16.1 14.9-235

SPARCclassic: Compact desktop workstation with 50-MHz MicroSPARC CPU (26.4
SPECint92, 21 SPECfp92), 15-inch 256-color 1024 x 768 pixel screen, and 1 SBus slot.
See SPARCstation.

SPARCSstation: Second generation of Sun-4 workstations, based on Sun’s proprietary
family of RISC CPUscalled SPARC, including SPARC, SuperSPARC, MicroSPARC, and
HyperSPARC CPUs. Thefirst Sun-4 generation, based ontheoriginal SPARC CPU design,
consisted of the Sun 4/260 and 4/110. Subsequent Sun-4 workstations are marketed by Sun
as SPARCstations, while internally the Sun-4 nomenclature was still in use.

SPARCSstation 1: Sun 4/60 workstation, Sun’sfirst desktop SPARCstation, with 20-MHz
SPARC CPU (12.5 MIPS, 1.4 MFlops). See SPARCstation.

SPARCSstation 1+: Sun 4/65 workstation, successor to SPARCstation 1, with 25-MHz
SPARC CPU (15.8 MIPS, 1.7 MFlops). See SPARCstation.

SPARCstation 10: Family of desktop workstations with 1 to 2 MBus CPU modules (1
to 4 SuperSPARC CPUs), 4 SBus dlots, 32 to 512 MB of ECC RAM, up to 2 internal hard
disks, optional internal floppy and CD-ROM drive, and built-in ISDN port. See
SPARCstation, SuperSPARC, MBus, SBus, ECC, ISDN.

SPARCstation 10/30: SPARCstation 10 with 36-MHz SuperSPARC CPU (102 MIPS,
20.5 MFlops; 44.2 SPECint92, 52.9 SPECfp92). See SPARCstation, SuperSPARC.

SPARCstation 10/40: SPARCstation 10 with 40-MHz SuperSPARC CPU (110 MIPS,
23 MFlops; 51 SPECint92, 60 SPECfp92). See SPARCstation, SuperSPARC.
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SPARCstation 10/41: SPARCstation 10 with 40-MHz SuperSPARC CPU and 1-MB
cache (110 MIPS, 23 MFlops; 53 SPECint92, 68 SPECfp92). See SPARCstation,
SuperSPARC.

SPARCstation 10/51: SPARCstation 10 with 50-MHz SuperSPARC CPU and 1-MB
cache (135 MIPS, 27 MFlops; 65 SPECint92, 83 SPECfp92). See SPARCstation,
SuperSPARC.

SPARCSstation 2: Sun 4/75, successor to SPARCstation 1+, with 40-MHz SPARC CPU
(28.5 MIPS, 4.2 MFlops; 21.8 SPECint92, 22.8 SPECfp92). See SPARCstation.

SPARCSstation 20: Family of desktop workstations with 1 to 2 MBus CPU modules (1
to 4 SuperSPARC or HyperSPARC CPUs), 4 SBus slots, 32 to 512 MB of ECC RAM, up
to 2 internal hard disks, optional internal floppy, and CD-ROM drive. See SPARCstation,
SuperSPARC, HyperSPARC, MBus, SBus, ECC.

SPARCstation 20/50: SPARCstation 20 with 50-MHz SuperSPARC CPU (134 MIPS,
30 MFops; 77 SPECint92, 80 SPECfp92). See SPARCstation, SuperSPARC.

SPARCstation 20/51: SPARCstation 20 with 50-MHz SuperSPARC CPU and 1-MB
cache (133 MIPS, 30 MFlops; 82 SPECint92, 89 SPECfp92). See SPARCstation,
SuperSPARC.

SPARCstation 20/61: SPARCstation 20 with 60-MHz SuperSPARC CPU and 1-MB
cache (167 MIPS, 37 MFlops; 98 SPECint92, 107 SPECfp92). See SPARCstation,
SuperSPARC.

SPARCstation 20/71SX: SPARCstation 20 with 75-MHz SuperSPARC |1 CPU and
1-MB cache, 24-bit SX graphics accelerator (205 MIPS, 44 MFlops; 126 SPECint92, 121
SPECfp92; 3.1 SPECIint95, 3.1 SPECfp95). See SPARCstation, SuperSPARC, SX.

SPARCstation 20/151SX: SPARCstation 20 with 150-MHz HyperSPARC CPU and
512-KB cache, 24-bit SX graphics accelerator (169 SPECint92, 208 SPECfp92). See
SPARCstation, HyperSPARC, SX.

SPARCstation 330: Sun 4/330, deskside workstation with 25-MHz SPARC CPU (16.0
MIPS, 2.5 MFlops). See SPARCstation.

SPARCstation 4: Family of desktop workstations, based on the MicroSPARC 11 CPU.
Color graphicson board, 1 SBusdot, 1internal disk, mounted on the CPU board, optional
internal floppy, and CD-ROM drive. See SPARCstation, MicroSPARC.

SPARCstation 4/70: SPARCstation 4 with 70-MHz MicroSPARC 1| CPU (100 MIPS,
16 MFlops,; 60 SPECint92, 47 SPECfp92). See SPARCstation, MicroSPARC.

SPARCstation 4/85: SPARCstation 4 with 85-MHz MicroSPARC 11 CPU (110 MIPS,
18 MFlops; 65 SPECint92, 53 SPECfp92). See SPARCstation, MicroSPARC.

SPARCstation 4/110: SPARCstation 4 with 110-MHz MicroSPARC |1 CPU (135 MIPS,
22 MFops; 79 SPECint92, 65 SPECfp92; 1.6 SPECint95, 2.0 SPECfp95). See
SPARCstation, MicroSPARC.

SPARCstation 5: Family of desktop workstations, based on the MicroSPARC 11 CPU.
TGX color graphics on board, 3 SBus slots, up to 2 internal disks, optional internal floppy,
and CD-ROM drive. See SPARCstation, MicroSPARC.

SPARCstation 5/70: SPARCstation 5 with 70-MHz MicroSPARC 1| CPU (100 MIPS,
16 MFlops, 60 SPECint92, 47 SPECfp92). See SPARCstation, MicroSPARC.

SPARCstation 5/85: SPARCstation 5 with 85-MHz MicroSPARC 11 CPU (110 MIPS,
18 MFlops; 65 SPECint92, 53 SPECfp92). See SPARCstation, MicroSPARC.
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SPARCstation 5/110: SPARCstation 5with 110-MHz MicroSPARC || CPU (135 MIPS,
22 MFlops; 79 SPECint92, 65 SPECfp92; 1.6 SPECint95, 2.0 SPECfp95). See
SPARCstation, MicroSPARC.

SPARCstation 5/170: SPARCstation 5 with 170-MHz TurboSPARC CPU (3.3
SPECIint95, 2.9 SPECfp95). See SPARCstation, TurboSPARC.

SPARCstation ELC: Sun 4/25, CPU built into the screen housing, successor of
SPARCstation SLC, with 33-MHz SPARC CPU (23.0 MIPS, 3.0 MFlops, 18.2 SPECint92,
17.9 SPECfp92) and black-and-white screen only. See SPARCstation, SPARC.

SPARCSstation IPC: Sun 4/40, color desktop workstation with 25-MHz SPARC CPU
(15.8 MIPS, 1.7 MFlops; 13.8 SPECint92, 11.1 SPECfp92) and 1 SBus slot. See
SPARCstation, SPARC.

SPARCSstation IPX: Sun 4/50, desktop workstation, successor of the SPARCstation | PC,
with 40-MHz SPARC CPU (28.5 MIPS, 3.8 MFlops, 21.8 SPECint92, 21.5 SPECfp92), 1
SBus dot, and GX graphics. See SPARCstation, SPARC, GX.

SPARCstation LX: Compact desktop workstation, successor of the SPARCstation IPX,
with 50-MHz MicroSPARC CPU (26.4 SPECint92, 21 SPECfp92) and 1 SBus slot. See
SPARCstation, SPARC.

SPARCstation SLC: Sun 4/20, desktop workstation, CPU built into the screen housing,
with 20-MHz SPARC CPU (12.5 MIPS, 1.4 MFlops) and black and white screen only. See
SPARCstation, SPARC.

SPEC (System Performance Evaluation Cooperative): An independent
organization that created atest suite for standardized CPU performance tests. SPEC
performance figures are now widely accepted as more reliable and comprehensive than
MIPS and M F ops numbers. The main objective of the SPEC initiativeisto provide aseries
of teststhat cannot be tuned by the computer manufacturers. With the increased number of
CPU registers and cache memory, the conventional MIPS and Linpack (MFlops)
performance tests produced unrealistically high numbers that had little practical meaning
for the performance of everyday programs. Even the SPEC performance test suiteis
periodically revised to avoid tuning of compilers and computer hardware to the tests. The
first test suite was introduced in 1989 as an attempt to reduce the computer performanceto
a single number, the geometric mean of the execution time of four integer and six floating
point intensive programs, compared to the performance of a VAX 11/780. Thisidea
received only limited acceptance, because many users wanted atest of more general UNIX
performance involving integer operations, as opposed to the number crunching
performance on floating point operations. For this reason, the 1992 test suite consisted of
two different figures: SPECint92 was made the geometric mean of the execution time 6
integer performance tests, compared to the performance of a VAX 11/780, and SPECfp92
was made the geometric mean of 14 floating-point intensive performancetests. In 1995, the
test suite was further enhanced. The basic tests are partly the same (8 integer performance
tests, 10 floating point performance tests), but the test conditions are defined more
vigorously, and the new figures were defined, SPECint95 and SPECfp95, based on the
performance of a SPARCstation 10/41. For multiprocessor systems, a special set of
throughput tests (see SPECrate) was created. See also MIPS, MFlops, SPECmark,
SPECint92, SPECint95, SPECfp92, SPECfp95.

SPECfp92: Performance measure for floating-point-intensive programs, typical for
scientific number crunching. SPECfp92 is the geometric mean of execution times on 14
performance tests, relative to the execution times on a VAX 11/780. See also SPEC,
SPECint92.
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SPECfp95: Performance measure for floating-point-intensive programs, typical for
scientific number crunching. SPECfp95 isthe geometric mean of the execution timeson 10
performancetests, relative to the execution timeson a SPARCstation 10/41. See al so SPEC,
SPECint95.

SPECIint92: Performance measure for programs dominated by integer calculations, such
astypical UNIX commands. SPECint92 isthe geometric mean of the execution timeson 6
performance tests, relative to the execution times on a VAX 11/780. See also SPEC,
SPECfp92.

SPECIint95: Performance measure for programs dominated by integer calculations, such
astypical UNIX commands. SPECint95 isthe geometric mean of the execution timeson 8
performancetests, relative to the executiontimes on a SPARCstation 10/41. See also SPEC,
SPECfp95.

SPECmark: First performance measure created by the SPEC initiativein 1989. The
measure consists of 10 tests, including 4 integer and 6 floating-point-intensive programs.
The SPECmark performance number is the geometric mean of the execution times for all
these tests, relative to the performance of a VAX 11/780. Although the SPECmark may be
amore objective measure for general computing performance, it doesn't reflect the fact
that, for example, some programs consist of only integer operations while others are
dominated by floating-point calculations. Computer performance can't be reduced to a
single number. It depends heavily on the type of operations involved, whether integer or
floating point, or single or double precision; on the structure of the data, whether scalar or
vectorized; the amount of disk operations required; and the number of competing
processes. To gain moreinformation on integer as compared to floating-point performance,
the more recent performance tests (SPECint92, SPECfp92, SPECint95, SPECfp95) have
been separated into integer performance, typical for UNIX commands, and floating point
performance, typical for scientific number crunching.

SPECrate: Test suite defined by SPEC consortium, designed to measure performance of
multiprocessor and single-processor systems. Similar to SPECmarks, SPECrate has
separate integer and floating point test suites. See SPECmark, MIPS, MFlops.

SRAM (static RAM): Fast but expensive RAM chips, with access times of 60 nsec and
less. Dueto their higher complexity per storage element, these chips can currently only be
made in smaller sizes like 256 kilobits or 1 megabit per chip. On high-end workstations,
SRAM chips are used in the cache memory. SRAM does not require refreshing, in contrast
to DRAM (dynamic RAM), which can only hold information when it is periodically
refreshed. See cache memory, DRAM.

stack register: A last-in first-out (LI1FO) buffer. When astack getsfull, theitems entered
first are deleted.

stand-alone workstation: Complete, functional workstation that does not require
connections to other computers such as servers or clients.

static discharge: Usually generated by friction when walking around or moving on a
chair. Dangerous to any electronic equipment, but can be avoided by humidifying the air
and using conducting floors, carpets, and shoes.

STP (shielded twisted pair): Cabling similar to telephone cables, used for 10baseT
(standard) and 100baseT (fast) Ethernet, and for ATM for transfer rates up to 155 Mbps. In
NMR environments, STP cabling is preferred over UTP (unshielded twisted pair) cabling,
because STP avoids rf emissions. See also Ethernet, ATM, UTP.

structured programming: A programming style designed to create programs easy to
read and understand by persons other than the programmer. Ideally, structured
programming is combined with atop-down approach. Overall, both improve programming
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efficiency. Certain programming languages such as Pascal or C almost automatically lead
to structured programs. Low-level programming, such as assembly language, are virtually
impossible to structure. See top-down programming.

Sun-2: First generation of Sun workstations, which were widely marketed between 1983
and 1986. Sun-2 systems were based on the Motorola MC68010 microprocessor with
Multibus boardsin the bigger workstations. Performance was below 1 MIPS, but the Sun-2
was already using current graphics standards of 900 x 1152 pixels, 66-Hz refresh rate, and
noninterlaced display. Sun-2 was replaced by the Sun-3 series and is no longer supported
by Varian as a host computer for their NMR spectrometers.

Sun-3: Sun graphics workstations that succeeded the Sun-2 and were marketed between
1985 and 1989. The Sun-3 workstation series were based on the M C68020 and MC68030
microprocessors from Motorola, and the MC68881 and the M C68882 floating point
coprocessors. Larger Sun-3 systems used VME bus boards, with performance values
ranging between 1.5and 7 MIPS. Larger systems could al so be equi pped with the Sun-FPA,
afloating point accel erator board, which resulted in improved floating point performance.
Sun-3 workstations are no longer supported by VNMR software. Table 20 compares the
Sun-3 models that were formerly used as hosts computers for Varian spectrometers (3/xx
systems are not equipped with expansion dots)

Table 20. Sun-3 Computer Models

Model MIPS  KFlops RAM (MB) Type

3/50 15 88 4 desktop, no color
3/60 3 130 8-24 desktop

3/80 3 160 8-24 desktop

3/110 2 101 8-24 desktop, 3 dots
3/110 + FPA 2 405 8-24 desktop, 3 dots
3/150 2 101 8-24 deskside, 6 dots
3/150 + FPA 2 405 8-24 deskside, 6 dots
3/160 2 101 8-24 deskside, 12 dots
3/160 + FPA 2 405 8-24 deskside, 12 dots
3/260 4 114 8- 24* deskside, 12 dots
3/260 + FPA 4 465 8- 24" deskside, 12 dots
3/470 + FPA 7 600 8-128 server system

Sun-4: Graphicsworkstationsthat succeeded the Sun-3 and have been on the market since
1987. The Sun-4, based on the SPARC processor, Sun’s proprietary RISC CPU chip,
brought a dramatic increase in performance. The first Sun-4 was the Sun 4/260, a deskside
workstation with a 12-slot card cage, 8 MB to 128 MB RAM, and performance rated at 10
MIPS and 1.1 MFlops. The next model, the Sun 4/110, was a desktop workstation in a3
slot card cage (1 slot free) with8 MB to 32 MB RAM and performancerated at 7 MIPSand
0.8 MFlops. This model was considered the first supercomputing desktop workstation. In
1989, Sun brought out a new generation of Sun-4 computers. the SPARCstations. Modern
manufacturing techniques, increased integration levels (the CPU board of a desktop
SPARCstation consists of less than 50 chips, excluding the RAM), and modern chip
technology allowed Sun to improve the price/performance ratio dramatically. Since 1992,
performance has been further boosted through the introduction of newer generations of
SPARC CPU chips—the MicroSPARC, HyperSPARC, and SuperSPARC. See SPARC,
SuperSPARC, MicroSPARC, HyperSPARC, SPARCstation, RISC.
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Sun Microsystems: Founded in 1982, Sun isthe leader in the workstation market. The
keysto its success were SunOS and its integrated networking software, the NFS standard
that Sun created, and the SPARC CPU chip technology. In 1991, Sun Microsystems Inc.
was restructured by forming a number of subsidiaries such as SunSoft and Sun
Microsystems Computer Corporation (SMCC). See SPARC, NFS, SMCC, SunSoft.

SunOS 4.x: Sun’s UNIX operating system, a converged UNIX. SunOS 4.1.x was based
on 4.2BSD UNIX, including System V enhancements. Thelast SunOS rel eases are SunOS
4.1.1for the Sun-3, 4.1.2 for the Sun-4 in general, and 4.1.4 (identical with Solaris 1.2) for
most SPARCstations. All currently sold Sun computers are delivered with Solaris 2.x,
which contains SunOS 5.x. See Solaris 1.1, Solaris 2.x.

SunPC: Expansion board with Intel (486 or higher) processor for Sun workstations

(and the necessary software). SunPC permits running Microsoft Windows 3.1 or
Windows 95 on Sun workstations, in a Solaris 2.x environment. Because no emulation is
involved, the SunPC option performs much better than WABI or SoftWindows 95. There
aretwo different types of SunPC boards: one for SBus-based systems (all SPARCstations,
Ultra 1 and Ultra 2 workstations) and a new one (released in summer 1998) for PCl-based
Ultra workstations. Microsoft Windows (3.1 or 95) software is not included and must be
purchased and installed separately. See SoftWindows 95, WABI.

SunSoft: Subsidiary of Sun Microsystems, Inc., founded in 1991, specializing in the
development and the marketing of Solaris operating system, which they have ported to the
PC-compatible platform. SunSoft also develops Sun’s compiler technology and creates
new software for the Solaris environment. See Sun Microsystems, Solaris 1.0, Solaris 2.

Suntools: Earlier name for SunView. See SunView.

SunView: Sun’sfirst proprietary graphical user interface, part of the SunwWindows
software package. An earlier name for SunView was Suntools. SunView has now been
replaced by OpenL ook, Sun’s X Window System graphical user interface. SunView has not
been ported to Solaris 2.x. See graphical user interface, SunwWindows.

SunWindows: Sun'sfirst proprietary window software. Although very powerful in
performance, it can only address local displays and has not become a standard in computer
industry. SunwWindows has been replaced by OpenWindows, Sun’s X Window System
software package. SunwWindows has not been ported to Solaris 2.x. See OpenWindows, X
Window System.

Supercache: 1-MB cache memory on some SPARCstation 10 and SPARCstation 20
models (10/41, 10/51, 20/51, 20/61, 20/71). See cache memory.

supermini: Former, “extra powerful” minicomputers, such as VAX 11/7xx and VAX
8xxx, used in scientific environments.

SuperSPARC: SPARC-based CPU chip architecture with outstanding performance due
to a special architecture. The SuperSPARC performs three instructionsin parallel and has
3 million transistor functions, including 3-KB on-chip cache memory. Thisresultsin
excellent performance figures: 45 SPECint92 and 54 SPECfp92 at 36-MHz clock rate, and
126 SPECIint92 and 121 SPECfp92 at 75 MHz (with 1-MB external cache memory).

superuser: Specia user who is allowed on a system to read any file from any owner, to
writeinto any file, and to execute any executablefile. With UNIX, the superuser normally
has the usernamer oot . See permission, root.

surface analysis: Procedure usually performed after formatting a disk for detecting bad
tracks.

SVR4 (System V, release 4): See System V.
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swapping: Different from paging, swapping isthetransfer of entire processesfrom RAM
into the swap space. To free up memory, UNIX decides to swap out processes that have
been idle for acertain time, usually a matter of seconds or minutes, or that have alow
priority. When such a processis reactivated, perhaps by clicking on awindow that has not
been used for awhile, there should only be aslight delay of a second or so until the process
isready again. The delay might be because another process has to be swapped out in turn,
but mainly it isbecausethe data haveto be read into RAM again. Swapping and paging can
be avoided by adding more RAM. See swap space, paging.

swap space: UNIX usesaspecia disk partition as extension of the RAM memory. The
ordinary UNIX file systems are complex and, therefore, not optimized for speed of disk
transfers. The swap space, on the other hand, is organized differently, so that every timethe
active programs request more memory than currently available, UNIX quickly moves
inactive processes to the swap space on disk. In addition, if a single process requires more
memory than the amount of memory physically installed, UNIX can use virtual memory
capabilitiesto load and off-load datain pages of 8 KB or 4 KB from and to the swap space.

See paging.
switch: See power switch.

SX: Sun 24-bit graphics accelerator used in some SPARCstation 20 models (20/71SX,
20/151SX). The SX provides 24-bit color (16,777,216 colors) and is optimized for fast
windowing, imaging, and fast video playback. The SX graphics accelerator is not
compatible with Solaris 1.x. See SPARCstation 20/71SX, SPARCstation 20/151SX.

symbolic link: An aliasor alternate name for afilein the UNIX file system. A symbolic
link is atype of pointer to afile in another directory, which can help simplify paths. For
example, / export/ home/ vnnr isaccessibleas/ vnnr through asymboliclink vnnr
inthe/ directory, pointingto/ usr / vnnr . Unlike hard links, symbolic links can be made
across partition limits. When such afileis deleted, the symbolic links are not removed. On
the other hand, when afileis removed isasymbolic link, only thelink is removed, not the
fileitsalf. See hard link.

synchronous: Transmission of data over dedicated lines with synchronization signals
that, in essence, determine the speed of communication. Synchronous transmissionismore
demanding of the hardware than asynchronous I/O, but is potentially faster, with up to
64,000 baud on the RS-232 interface. In the RS-232 standard, the lines 15, 17 and 24 for
synchronization are used in addition to some of the normal handshakinglines4, 5, 6, 8, and
20. The SBusin desktop SPARCstations uses synchronous data transfers for optimum
reliability and speed. See asynchronous, handshaking.

System V: The current version of UNIX from the AT& T Bell Labs. System V UNIX was
developed in 1984 from System |11, which originated indirectly from UNIX Version 7, a
version written for the PDP/11 computer. SunOS 4.x combines 4.2BSD UNIX with the
most important features of release 3 of System V. System V.3 ismore popular, but has some
specific disadvantages over 4.2BSD, such as a file system organization that is slower and
suffers from aging, getting slower and slower with the time of use. Periodic cleanup
operations are necessary to maintain acceptable performance. Together with AT& T, Sun
has developed System V, release 4 (often abbreviated as SVR4). Thisis now marketed as
Solaris 2 and has become the standard Sun operating system. SVR4 combines the
advantages of 4.2BSD UNIX with those of System V.4. Sun-3 and earlier systems are not
compatible with Solaris 2 and can therefore not be upgraded to this level of operating
system. See UNIX system, SunOS, Solaris 2.

T-switch: Manual switch that allows using two 1/O devices aternatively, but not
simultaneoudly. If thetwo devicestalk a different language, such as aplotter and a printer,
the user must be careful to completely terminate the communication with the device that
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has to be disconnected. A terminal and an output device, such as a printer, must not be
connected to the same port via a T-switch, because the handshaking signals of the output
device would cause the port to initiate alogin procedure, which would then interfere with
any attempt to send data to the plotter.

tape: Magnetic medium to store digital information, mostly for backup purposes or for
transporting large amounts of data. Current Sun workstations support 1/4-inch tapes (150
MB and 2.5 GB), DAT tapes (5 GB), and 8 mm Exabytetape drives(2.5, 5, 10, and 14 GB).
Early versions of the Sun operating system were delivered on QIC-24 tapes. All Sun-3
systems were equipped with a QIC-24 (60 MB) drive. Many SPARCstations are equipped
with the QIC-150 tape drive, which can also read QI C-24 and QI C-11 data. Software from
Sun and Varian is now all delivered on CD-ROM. This means that tape drives are used
mostly today for backup and mass storage purposes. See QIC, Exabyte, DAT.

tape archive: Seetar.

tape cassette: Cassette with 1/4-inch tape. Recommended quality is 3M DC600A (600
feet), or equivalent, for maximum (60 M B) storage capacity. For SPARCstationswith QIC
drive, 3M DC6150 (600 feet, 150 MB), or equivalent, must be used. Other tapeformatsalso
comein cassettes: 8-mm 5-GB Exabyte tapes and DAT cartridges. See QIC, Exabyte, DAT.

tape drive: Device for reading and writing magnetic tapes. Most Sun systems are
equipped with one or two tape drives. The drives come in various formats and can also be
used remotely. See tapes, QIC, Exabyte, DAT.

tap kit: Devicethat connects a transceiver to an Ethernet cable. Three different kinds of
tap kitsarein use: thin Ethernet tap kitsthat connect via BNC-type T-piece, N-typetap kits
that connect to thick Ethernet cable via N-type connectors, and vampire tap kits that
connect onto standard thick Ethernet cable without disrupting the network. Mounting a
vampire tap kit onto Ethernet coaxia cable requires special tools and careful operation
because the cable can be inadvertently shorted. With the newer twisted-pair Ethernet,
standard tap kits are no longer required. See Ethernet, twisted pair.

tar: UNIX tapearchive program for reading and writing multiplefiles stored on amagnetic
tape. Useful also for transferring data between different file systems.

task: Single execution of aprogram. Under UNIX, the term “process’ is normally used
instead of task, although both terms mean the same thing.

Tcl/Tk (Tool command language /Tool kit): Tcl/Tk (pronounced “tickle tee-kay”) is
an application programming interface (API) used in the development of interactive
applications or graphical user interface (GUI) under UNIX. Tcl isasimpleinterpreted
scripting language, similar to a UNIX shell or amacro language. Tk is atoolkit that
provides facilities, such as buttons, menus, and event handlers, for creating an interactive
GUI. Starting with version 5.2, VNMR began using Tcl/Tk for specific interactive utilities,
such as a spinner control tool, the ent er program for automation, and various
configuration and administration tool s. Sun and Netscape have announced a Tcl/Tk plug-in
for Netscape Navigator that will allow calling HTML pages with Tcl/Tk scripts and will
facilitate the development of interactive Web pages. See API, Netscape Navigator, HTML.

TCP (transport control protocol): Networking transport protocol that usesthe IP
network protocol for the transfer of information over Internet. TCP provides error-free,
in-order, and two-way data | P packet transfer. TCP is used by higher-level services, such
asrcp,rlogin,rsh,andf t p. TCPisoften namedin connectionwith IP (TCP/IP), even
though the two protocol s are two totally different entities and I P is used by other services,
such asUDP. See IR, TCP/IPR, Internet, UDP.
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TCPI/IP (transport control protocol/internet protocol): Networking protocols for
communication and data transfer via Ethernet. Available on all Sun systems, most UNIX
systems, and many PC compatibles and Apple Macintoshes. See Ethernet, NFS.

terabyte (TB): 1,099,511,627,776 bytes, which corresponds to 1024 gigabytes (GB).
terminal: Operator interface consisting of at least a screen and a keyboard.

terminator: Device used on buses and open rf cables to avoid signal reflections and
erroneous signal transmission. See bus terminator, Ethernet terminator.

text file: Filethat contains ASCII characters only and can be accessed by text editors, such
asvi andt ext edit, aswell asmany UNIX commands, including cat , nor e, and

nr of f . Each character in atext file occupies 1 bytein memory or onthe disk. VNMR was
written to work with text files as much as possible, because such files can be accessed,
modified, and inspected easily, as opposed to binary files, which are normally only
accessed by special commands or dedicated programs. See binary file, directory file.

text processing: Off-linetext formatting program, as opposed to word processors. With
text processors, the formatting instructions are inserted into the text in the form of special
character sequences and whenever the formatted text isrequested, thetext processing scans
through the entire text and interprets the formatting instructions, producing the formatted
document as output on asuitable printer or on the screen. Standard UNIX softwareincludes
the text formatting programsnr of f andt r of f .

textedit: An easy-to-use mouse- and window-oriented UNIX text editor. Textedit is
alwaysin theinsert mode and has features such as drag-and-drop and window splitting,
which alow working on various portions of the text simultaneously. Experienced UNIX
users probably prefer thevi text editor, which has aless sophisticated user interface but is
faster and more powerful, especially for repetitive tasks. See vi, text file.

TGX (TurboGX): Fast single-chip 8-bit color graphics accelerator with fast windowing
and 2D/3D wireframe graphics. TGX is the successor of the GX graphics accelerator and
isused in the SPARCstation 5, SPARCstation 10, some SPARCstation 20 (20/50, 20/51,
20/61), and in some Ultra 1 (1/140, 1/170) workstations.See GX.

thin Ethernet: Ethernet based on 50-ohm BNC cable connections. The cables must have
terminators on both ends and no branching is allowed. See Ethernet.

TIFF (tagged image file format): Popular format for storing graphics. First created by
AldusCorp., it waslater adopted by most PC and M acintosh painting, imaging, and desktop
publishing programs. TIFF can be used to store both grayscale and color graphics. On PCs,
TIFF filesusually have a..tif extension. See GIF, JPEG.

time sharing: An operating system that shares CPU time between several tasks, or
processes, running simultaneously. Thisinvolves priority handling and interrupting long
processes as frequently as every second to | et other processes havetheir share of CPU time.
All thisis completely transparent to the user, and if only one task ismainly active, thereis
be no significant dow-down in performance as compared to a system without time sharing.
See process, task, multitasking system.

tool: Program that can be used to build complex programs. Most UNIX programs can be
regarded astoolsfor building powerful shell scripts, while MAGICAL commandsaretools
for building macros. A shell tool within OpenLook isjust a window with a command
interpreter for performing any UNIX task.

top-down programming: An approach in programming that describes the sequence or
the timing in which the various parts of a program are written. First, a very general main
program is written, for example:
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#i ncl ude <stdio. h>
mai n()
{
getdata();
cal cul ate();
showr esul t () ;

}

Then, the subroutines, suchasget dat a(),cal cul ate(),andshow esul t() in
the example, are defined, details arefilled in for defining further subroutines, and so on,
down to the smallest details. See structured programming.

transceiver: On Ethernet networks, a combined transmitter and receiver that converts
serial binary information into modulated 10 MHz rf and vice versa. The transceiver is
directly hooked up to the Ethernet cable viaatap kit. Branching from the Ethernet cableto
the transceiver is not allowed. The transceiver is not aterminator.

transfer rate: Speed at which data are transferred continuously over an interface, or to
and from ahard disk. SCSI diskstransfer dataat 2 to 4 MB per second. The SCSI-2 busin
the SPARCstation 10 and 20 operatesat up to 10 MB per second, the fast/wide SCSI in Sun
Ultrasystemswith Creator graphics supportstransfer rates of up to 20 MB per second. The
transfer rate depends on anumber of factors: bus speed, average seek timeto accesstracks,
latency and interleaving, and amount of fragmentation in the file or in free space when
writing afile. To minimize track-to-track access time and increase file transfer rates, the
fast BSD 4.2 file system used in Sun workstations tries to keep filesin subsequent tracks,
or cylinder groups. See access time, latency, interleave factor, cylinder group.

tree structure: Hierarchic structure of adirectory file with subdirectories, subdirectories
of subdirectories, and so forth, and their subfiles. To avoids loops, a proper tree structure
does not alow for two links to the same subfile. See directory file, link

troubleshooting: Activities such as rebooting the software, checking electrical
connections, and consulting manuals or course notes. If nothing helps, call service for
hardware problems, an applications chemist for software problems, or your sal esperson and
your boss for monetary problems, if additional hardware is required.

TurboSPARC: SPARC CPU chip manufactured by Fujitsu that is fully compatible with
theMicroSPARC || CPU, but operatesat higher clock rates (170 MHz instead of 110 MHz),
offersmore primary cache (16 KB asopposed to 6 KB) and secondary cache (512 KB), and
can be used in the Sun SPARCstation 5/170. The current implementation runsat 170 MHz
and performs at 2.91 SPECfp95 and 3.32 SPECint95. This chip boosts the performance of
the SPARCsdtation 5 to the level of a SPARCstation 20. See also MicroSPARC, SPARC.

twisted-pair Ethernet: Ethernet standard that allows Ethernet communication over
telephone cable-like hardware (unshielded twisted pair, UTP). Newer SPARCstation and
Ultraworkstations come with atwisted-pair Ethernet connector, besides a standard
Ethernet (transceiver cable) connector. Unlike traditional Ethernet, which always requires
alinear backbone without branching, twisted-pair Ethernet also allows for star-shaped
network topologies. See also UTP.

UC Berkeley: See 4.2BSD.

UDP (user datagram protocol): A simple datatransport protocol that builds on the IP
network layer and protocol. UDP isfaster but less robust than TCP and is used for services
such as HTTR, where information is transported primarily for visual presentation and data
integrity and error-checking are less important than with other services, such asf t p and
rcp. Seealso IR, TCR, Internet, HTTP.

Ul: See Unix International.
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Ultra 1: Family of single-processor UltraSPARC desktop workstations with 3 SBus slots,
32101024 MB of ECC RAM, up to 2 internal hard disks, optional internal floppy and
CD-ROM drive, UPA system interconnect, and TGX or Creator/Creator3D graphics. See
UltraSPARC, TGX, Creator, UPA, SBus, ECC.

Ultra 1/140: Ultra 1 workstation with 143-MHz UltraSPARC CPU, 512-KB secondary
cache, and TGX graphics accelerator (215 SPECIint92, 303 SPECfp92; 5.41 SPECint95,
7.90 SPECfp95). See Ultra 1, UltraSPARC, TGX.

Ultra 1/140E: Same as Ultra 1/140, but with Creator or Creator3D graphics accelerator, 1
UPA port, 2 Shus dots, fast/wide SCSI (SCSI-3) interface, and fast Ethernet (100BaseT).
See Ultra 1, Ultra 1/140, UltraSPARC, Creator.

Ultra 1/170: Ultra 1 workstation with 167-MHz UltraSPARC CPU, 512-KB secondary
cache, and TGX graphics accelerator (252 SPECint92, 351 SPECfp92; 6.26 SPECint95,
9.06 SPECfp95). See Ultra 1, UltraSPARC, TGX.

Ultra 1/170E: Sameas Ultra1/170, but with Creator or Creator3D graphics accelerator, 1
UPA port, 2 Sbus dots, fast/wide SCSI (SCSI-3) interface, and fast Ethernet (100BaseT).
See Ultra 1, Ultra /170, UltraSPARC, Creator.

Ultra 1/200E: Same as Ultra 1/170E, but with 200-MHz UltraSPARC CPU (7.44
SPECIint95, 10.4 SPECfp95). See Ultra 1, Ultra 1/170E, UltraSPARC.

Ultra 10: Single-processor UltraSPARC desktop workstation with one 300-MHz
UltraSPARC I1i CPU (12.1 SPECIint95, 12.9 SPECfp95), equipped with 4 PCI busslots (33
MHz, 32 hits), 64 to 1024 MB of ECC RAM, 0.5-MB secondary cache, 1 or 2 internal 4.3-
GB EIDE hard disks, optiona internal floppy and CD-ROM drive, UPA system
interconnect, PGX or high-end (Creator, Creator3D, or Elite3D) graphics. See
UltraSPARC, EIDE, PGX, UPA, PCI bus, ECC.

Ultra 2: Family of single- or dual-processor UltraSPA RC desktop workstations. 64 to 2048
MBytes of ECC RAM, 1 MByte secondary cache per processor, 4 SBus slots, fast/wide
SCSI (SCSI-3) interface, up to 2 internal hard disks, optional internal floppy and CD-ROM
drive, UPA system interconnect, 1 UPA port, Creator or Creator3D graphics, fast Ethernet
(100BaseT). See UltraSPARC, Creator, UPA, SBus, ECC.

Ultra 2/1170: Ultra2 workstation with one 167-MHz UltraSPARC CPU (6.34 SPECint95,
9.33 SPECfp95). See Ultra 2, UltraSPARC.

Ultra 2/1200: Ultra 2 workstation with one 200-MHz UltraSPARC CPU (332 SPECint92,
505 SPECfp92; 7.72 SPECint95, 11.4 SPECfp95). See Ultra 2, UltraSPARC.

Ultra 30: Family of single-processor UltraSPARC desktop workstationsin a minitower
configuration with 4 PCI bus slots (32/64 bits, one at 66 MHz, 3 at 33 MHz), 128 to 2048
MB of ECC RAM, 2-MB secondary cache, up to 2 internal hard disks, optional interna
floppy and CD-ROM drive, UPA system interconnect, and TGX, Creator/Creator3D, or
Elite3D graphics. See UltraSPARC, TGX, Creator, Elite3D, UPA, PCI bus, ECC.

Ultra 30/250: Ultra 30 workstation with one 250-MHz UltraSPARC CPU (10.0
SPECIint95, 14.9 SPECfp95). See Ultra 30, UltraSPARC.

Ultra 30/300: Ultra 30 workstation with one 300 MHz UltraSPARC CPU; 12.1
SPECIint95, 18.3 SPECfp95. See Ultra 30, UltraSPARC.

Ultra 5: Single-processor UltraSPARC desktop workstation with one 270-MHz
UltraSPARC Ili CPU (9.1 SPECIint95, 10.1 SPECfp95), equipped with 3 PCI bus slots (33
MHz, 32 hits), 64 to 512 MB of ECC RAM, 0.25-MB secondary cache, 1 internal 4.3 GB
EIDE hard disk, optional internal floppy and CD-ROM drive, and PGX graphics. See
UltraSPARC, EIDE, PGX, PCI bus, ECC.
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Ultra 60: Single- or dual-processor UltraSPARC desktop workstation with 300-MHz or
360 MHz UltraSPARC Il CPUs (300 MHz, 1 CPU: 13.0 SPECint95, 18.3 SPECfp95; 2
CPUs: 13.1 SPECint95, 23.5 SPECfp95; 360 MHz, 1 CPU: 16.1 SPECint95, 23.5
SPECfp95; 2 CPUs. 16.1 SPECIint95, 29.5 SPECfp95), with 4 PCI bus dots (32/64 hits,
one at 66 MHz, 3 at 33 MHz), 128 to 2048 MB of ECC RAM, 2-MB (300 MHz) or 4-MB
(360 MHZz) secondary cache, 1 or 2 internal hard disks, optional internal floppy and
CD-ROM drives, UPA system interconnect, and TGX, Creator/Creator3D, or Elite3D
graphics. See UltraSPARC, TGX, Creator, Elite3D, UPA, PCI bus, ECC.

Ultra 60/1300: Ultra 60 workstation with one 300 MHz UltraSPARC CPU (2 MB level 2
cache); 13.0 SPECint95, 18.3 SPECfp95. See Ultra 60, UltraSPARC.

Ultra 60/1360: Ultra 60 workstation with one 360 MHz UltraSPARC CPU (4 MB level 2
cache); 16.1 SPECint95, 23.5 SPECfp95. See Ultra 60, UltraSPARC.

Ultra 60/2300: Ultra 60 workstation with two 300 MHz UltraSPARC CPUs (2 MB level
2 cache each); 13.1 SPECIint95, 23.5 SPECfp95. See Ultra 60, UltraSPARC.

Ultra 60/2360: Ultra 60 workstation with two 360 MHz UltraSPARC CPUs (4 MB level
2 cache each); 16.1 SPECIint95, 29.5 SPECfp95. See Ultra 60, UltraSPARC.

UltraSPARC: First SPARC-based 64-bit high-performance CPU chip architecture from
Sun. The UltraSPARC performs several instructionsin parallel (in a 9-stage pipeline, 4
instructions per cycle) and includes 32-KB onchip cache memory (supporting up to 4 MB
of external, secondary cache). The UltraSPARC does memory 1/O at up to 1.3 GB per
second on a 128-hit I/O path. The instruction set has been expanded by a special visual
instruction set (V1S) that dramatically accel erates graphics and imaging. The UltraSPARC
is one of the most powerful microprocessors on the market and performs at 5.41 SPECint
95 (215 SPECIint92) and 7.9 SPECfp95 (303 SPECfp92) at 143-MHz clock rate, and up to
7.72 SPECint 95 (332 SPECint92) and 11.4 SPECfp95 (505 SPECfp92) at 200-MHz. In
parts, this performance is made possible by a new system interconnect architecture, the
UPA (UltraSPARC Port Architecture), which removes bottlenecks in the communication
between the CPU and other computer components. See SPARC, Ultral, Ultra2, UPA, VIS.

UltraSPARC II: The second generation SPARC-based 64-bit high-performance CPU chip
architecture from Sun. The UltraSPARC |l performs at 10.0 SPECint 95 and 14.9
SPECfp95 at 250-MHz clock rate, up to 12.1 SPECint 95 and 18.3 SPECfp95 at 300-MHz,
and up to 16.1 SPECint 95 and 23.5 SPECfp95 at 360-MHz. See SPARC, UltraSPARC,
Ultra 30, Ultra 60.

UltraSPARC lli: Variant of the UltraSPARC Il CPU chip that also includes a PCI bus
controller, used in the Ultra 5 and Ultra 10 workstations. Currently available at 270 MHz
(Ultra 5, 9.1 SPECint95, 10.1 SPECfp95) and 300 MHz (Ultra 10, 12.1 SPECint95, 12.9
SPECfp95). See UltraSPARC |1, UltraSPARC, Ultra 5, Ultra 10.

UniPack: Small desktop enclosure for Sun peripherals, containing one or several disks, a
tape drive, or a CD-ROM drive UniPack replaces the desktop storage pack used since the
introduction of the SPARCstation 1. See desktop storage pack.

UNIX International (Ul): Non-profit organization originally founded by Sun
Microsystems and AT& T to create and promote UNIX System V, release 4 (SVR4) and
associated software. Over 150 other companies have joined Sun and AT& T in Ul. Fearing
amonopolization of the UNIX market, a number of other companies created the Open
Systems Foundation (OSF), which also created a UNIX standard. See System V.

UNIX system: Operating system invented by Ken Thompson and Dennis Ritchie at
AT&T Bell Laboratories for the PDP-7 minicomputer. Initially written in assembly
language, Version 3 UNIX wastranslated into C in 1973. Distribution to the public outside
Bell Labs started in 1974 with Versions 5 and 6. Version 7 in 1979 was the basis for al of
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the following UNIX implementations. Since then, UNIX has split up into afamily of
operating systems such as XENIX and HP-UX. AT& T developed System I11 in 1982 and
System V in 1984. System V is probably the most popular version today. In 1980, the U.S.
Department of Defense chartered the University of Californiain Berkeley to redesign
UNIX for distributed computing on networks. Theresults of this cooperation were 4.1BSD
and 4.2BSD (Fourth Berkel ey Software Distribution), which featured afaster and better file
system, network support, largely expanded process address space, and new utility programs
such as afullscreen editor (vi ) and an alternate command interpreter (C shell). 4.2BSD
became the starting point for SunOS. See System V.

UPA (UltraSPARC Port Architecture): New system interconnect architecture used in
Ultra 1 and Ultra 2 workstations. UPA is a cross-bar switch, a concept used only in
supercomputers so far. It implements packet-switched, multiway communication at very
high throughput (1.3 GB per second) between the CPU (144-bit path), the memory (288-bit
path on Ultra 1; 576-bit path on Ultra 2), the networking and SBus 1/0O unit (72-bit path),
and the graphics processor. UPA allows for simultaneous, parallel datatransfers between
different units. All data paths include ECC (error checking and correction) through parity
bits (one parity bit per 8 bits path width). See UltraSPARC, ECC.

upgrading: Most Sun workstations can easily be upgraded with additional or more recent
hardware.Check with your Varian salesperson. Of course, you can purchase hardware
upgrades from Sun or other vendors but, in that case, Varian cannot take responsibility for
the additional hardware. Devices from third party manufacturers may not be fully
compatible, especialy on a spectrometer, and you may have additional problemsif this
upgrade affects the performance of the standard hardware, so check first with your Varian
salesperson or a Varian specialist.

URL (uniform resource locator): Hypertext address for aremote resourcein HTML.
The principal format of a URL isasfollows:

protocol ://user: password@ost . domai n: port/path/file#anchor

where pr ot ocol ismost often htt p (for HTTP) or f t p (for FTP), user and
passwor d are the user name and password for non-anonymous FTP, host . domai n is
an Internet host address (such aswww. nnT . vari an. con), por t specifiesa
non-standard port in caseswhere such port addresses are used (e.g., where aserver hasboth
apublic and a private port or interface for the same protocol), pat h isthe directory
containing theresource (if pat h isnot specified, the user to led into the default directory),
fil eisthelocal file path to the resource (if f i | e isnot specified, the user is shown a
directory listing, if FTP, or adocument named i ndex. ht ml ori ndex. ht mis
transferred, if HTTP), and anchor (HTTP only) isatag or label withinan HTML
document that the user jumps to when the document is displayed. Some examples:

http://ww. varian. com

http://waw nnr. varian. con product s/ sof t war e/

http://www. nnr. varian. com news/ events. ht m
ftp://prep.ai.nit.edu/u2/emacs/

ftp://usergroup@nnrnews. nnr.varian. con pub/userli b/ README. FI RST

Seealso HTML, WWW.

user: Person that hasdirect accessto the UNIX software. For each new user, the superuser
r oot installsthe necessary filesinthe/ home directory and starts an account for the user.
For safety reasons, r oot should assign aninitial password for new users. Users other than
r oot have only limited write access to files outside their home directory. Each user hasa
home directory in/ home. See superuser, root.
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user partition: General-purpose partition for users, typically with home directories. On
the Sun hogt, the/ usr directory normally contains only software and global datafilesfor
UNIX. Thehomedirectoriesand VNMR are stored inthe/ expor t / hone directory ona
separate disk partition of the main disk.

utility: UNIX programs—including editors, command interpreters, and compilers—that
run on top of the kernel. Basically, any UNIX program that is not a kernel function can be
caled autility.

UTP (unshielded twisted pair): Telephone cable-like cabling used for 10baseT
(standard) and 100baseT (fast) Ethernet, and for ATM. Transfer rates can be ashigh as 155
Mbps. See also Ethernet, ATM, STP.

vi: Powerful and frequently used fullscreen UNIX text editor. vi (pronounced “vee-eye”)
is compatible not only with the Sun graphics interface, but also with RS-232 terminals,
because it does not rely on the mouse. The cursor is moved around with cursor keys or with
special commands instead. vi is powerful, but definitely more complex thant ext edi t,
the other magjor UNIX text editor. vi operatesin three modes: insert mode, vi command
mode, and last line or ex command mode (ex isaline-oriented text editor often used for
global changes). Asthe standard text editor on the Sun host, vi iscalled by many VNMR
commands. See textedit, text file.

virtual memory: By dividing every processinto pages of 8 KB or 4 KB, individual pages
can be loading and unloading instead of processes. This allows working with a processes
up to 1 GB, much more than the actual RAM memory. See process.

virus: Generally asmall, but sometimes quite dangerous, software bug that can multiply
within the software, infecting files—especially executables. A virus can destroy an entire
operating system, but fortunately, viruses are mainly an issuein the area of PCs and
Macintoshes, and UNIX has not so far suffered from viruses.

VIS (Visual Instruction Set): The UltraSPARC instruction set has been complemented
by aspecial visual instruction set (V1S) that dramatically accel erates graphics and imaging.
Pixel manipulationsthat otherwise would take many steps can be executed in asingle clock
cycle. VIS aso accel erates image processing, real-time video compression, such as JPEG
and MPEG, and image animation. See also UltraSPARC, MPEG, JPEG.

VME: Industry standard bus structure. Implemented as part of the backplane, VME isthe
main expansion bus on Sun 3/xxx and 4/xxx computers. As used in Sun computers, the
VME busis 32 bitswide and all ows continuous data transfer rates of up to 8 MB per second
between different computer boards. The VME busis also used in the current Varian NMR
acquisition computers.

VNMR: Varian'sresearch NMR software package. It was primarily designed for Sun-based
VXR and UNITY NMR spectrometers using Sun graphics workstations as the host
computer, but has been expanded into other software and hardware platforms. VNMR is
currently available for Sun SPARCstation and Ultraworkstations running Solaris 2.x
(VnmrX), for the IBM RS-6000 Powerstation series (Vnmrl), and for Silicon Graphics
workstations operating under IRIX 4.0.x, 5.x or 6.x (VnmrSGlI). See VnmrX, Vnmrl,
VnmrSGil.

Vnmrl: Version of VNMR for the IBM RISC Powerstation 6000 series of graphics
workstations. The RS/6000 series workstations are computers with strong floating point
performance. IBM computers and Vnmrl cannot be used to drive a spectrometer. Vnmrl
runs under AlX Version 3 and OSF/Moatif, IBM’s version of X Window System software.
See VNMR.

VnmrS: Version of VNMR devel oped for the Sun-3 and Sun-4 (including SPARCstation)
series of Sun graphics workstations, running SunView windowing software. This version
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of VNMR can be used to drive a Sun-based UNITYplus, UNITY or VXR spectrometer. It
supports GraphOn black-and-white and Tektronics (4105, 4107, 4205, and 4207) color
graphicsterminals. Varian has stopped further developments on VnmrS software. VnmrS
releasesinclude;

VnmrS 1.1, 1.2: SunOS 3.2 - 3.5; Sun-3 only

VnmrS 2.1, 2.2, 2.3: SunOS 3.5: Sun-3, SunOS 3.2: Sun-4

VnmrS 3.1: SunOS 4.0.3: Sun-3 and Sun-4

VnmrS 3.2A: SunOS 4.0.3, SunOS 4.1: Sun-3 and Sun-4

VnmrS 3.2B: SunOS 4.1.1: Sun 4/xx only, identical to 3.2A otherwise

VnmrS4.1A: Sun0S4.1.1

VnmrS4.1B: SunOS4.1.2 and 4.1.1

VnmrS4.1C: Sun0S4.1.3,4.1.2and 4.1.1

VnmrS 4.2: SunOS 4.1.3, UNITYplus only

VnmrS 4.3: SunOS 4.1.x, VXR-S/UNITY / UNITYplus

VnmrS5.1A: Sun0S4.1.3,4.1.2 and 4.1.1 (not for Sun-3)

VnmrSGl: X Window System version of VNMR for Silicon Graphics computers running
IRIX 4.0.x, 5., or 6.X. See VNMR.

VnmrV: Version of VNMR for VM S-based VAX and MicroVAX computers from DEC,
including the MicroVAX I, VAX 11/7x0, and VAX-8xx0. VnmrV does not support
high-resol ution graphics interfaces (those are not available on VM S-based systems), but
only terminal operation (GraphOn black-and-white and Tektronics color graphics
terminals). Thelast releasewasVnmrV 4.1 and VnmrV has not developed any further. See
VNMR.

VnmrX: Version of VNMR for the Sun, but it supports the X Window System, not
SunView as does VnmrS. Because it isbased on X, it also supports X servers aswell as
GraphOn black-and-white and Tektronics color graphics terminals. VnmrX also supports
all acquisition functions and can be used to drive any Sun-based Varian spectrometer. With
Solaris 2, SunView isno longer supported, and VnmrX has become the standard version of
VNMR for controlling spectrometers. See VNMR. VnmrS releases include:

VnmrX 4.1: SunOS4.1.2 and 4.1.3

VnmrX 4.3A: SunOS 4.1.x

VnmrX 5.1A for SUnOS 4.1.x

VnmrX 5.1A for Solaris 2.3, 2.4, 2.5, 25.1

VnmrX 5.1B: SunOS 4.1.x, Solaris 2.3, 2.4, 2.5,2.5.1

VnmrX 5.2F: Solaris 2.3, 2.4, 2.5, 2.5.1 (UNITY INOVA and GEMINI 2000 only)
VnmrX 5.3: Solaris2.4, 2.5,25.1

VnmrX 6.1A: Solaris 2.4, 2.5, 2.5.1, 2.6

VRAM: Fast random-access memory (RAM) chipsthat are optimized for use as the
hardware frame buffer in video controllers: VRAM chips are dual-ported with one port
used for updating and changing the display, and the other port isused to read out the display
information. See RAM, 3D-RAM.

VRML (Virtual Reality Modeling Language): An extensionto HTML, introduced by
SGil, that enabl es defining and manipulating 3D objectswithin hypertext documents across
the Web. See HTML, SGI, WWW.

W3: See WWW.

WABI (Windows Applications Binary Interface): Sun software that emulates the
Microsoft Windows 3.1 operating environment under X Windows by translating Microsoft
Windows library callsinto the corresponding X Windows calls, and emul ating x86 callson
the SPARC processor. WABI permits running alarge range of PC software packages
written for Windows 3.1. The current version (WABI 2.2) supports PC software such as
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MS Office, MS Word for Windows, MS PowerPoint, MS Excel, CorelDraw, and
WordPerfect.

wait states: CPU cyclesthat are spent waiting for datato arrive in the CPU registersfrom
the RAM memory. Because RAM memory isconsiderably slower than the CPU clock rate,
often the CPU isidling for afew cycles. Modern CPU architectures try to avoid such wait
cycles by using an intermediate, fast-cache memory between the RAM, the hard disk, and
the CPU. See cache memory.

WAN (wide-area network): A large-scale computer network across several cities or
countries

Web: See WWW.

Web authoring: Theprocessof creating and designing HTML documents. See hypertext,
HTML, WWW.

Web authoring tool: Software for creating and designing HTML documents. See
hypertext, HTML, WWW.

Web browser: Program that requests, receives, formats and displays hypertext (HTML)
documents from a Web server, using the HTTP protocol, allows for user interaction with
HTML documents, and provides a convenient access to the FTP protocol for downloading
text and binary data. The first browsers were pure ASCI| text interfaces, but graphical
browsers such as Netscape Navigator, HotJava, and Mosaic are most popular on UNIX
systems now. These browsers offer true multimedia access to the Web, with on-screen
animation and audio support. See Mosaic, Netscape, HotJava, Java.

Web page: A HTML document in general or the entry point into a series of HTML
documents on aWeb server. A large number of companies have now opened up Web pages
and do business over the Web, and many Web users have defined personal Web pages. See
also HTML, WWW.

Web server: Networked machine that provides access to hypertext (HTML) documents
viaHTTP protocol. In the case of aUNIX system, thisis achieved with the HT TP daemon,
ht t pd. Web server software is available from companies that also market Web browsers.
Seedso HTML, HTTPR, Hypertext, WWW.

Winchester disk: General term (not atrademark) for a sealed hard disk, mostly with
severa internal disk platters. See hard disk.

windows: Dividing the screen into separate areas for different tasks. With windows, the
screenisno longer reserved for asingletask, such asacommand interpreter or atext editor
or agraphics program. Each window isclearly limited by aframe and usually has atitle bar
that indicates the kind of task running in the window. Windows can overlap and can even
be completely covered by other windows. It is also possible to close awindow but not
destroy it. The window is then shown as asmall icon. Invariably, windows also imply that
some kind of graphics pointer must be used to indicate to the software which window the
operator currently wantsto work in or what size and location the operator desires for a
window. The most popular graphics pointer is the mouse. Because UNIX isafull
multitasking and timesharing operating system, all windows shown on the screen are
continuously active, even if they are hidden behind other windows or if they are shown as
icons. Only one window can have the focus for keyboard entries. Thisimplies that the
operator has to move the mouse onto that window and click on it with a mouse button (in
VNMR, the left mouse button is used). The keyboard focus is then indicated by a solid
frame around the window. In OpenLook (asin X in general), windows are also allowed to
move outside the display area. With SunView, this was not possible. Seeicon.

word: The number of bits handled by the computer at atime: 16, 32, or more bits.
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word processing: Text formatting software, such as Microsoft Word, that displays the
formatting online. See text processing, WY SIWYG.

working directory: See home directory.
workstation: Complete stand-alone computer, usually with a single operator interface.

WORM drive: “Write once, read many” optical disk: optical disks that can be recorded
once, but not rewritten. WORM drives are used for archiving purposesin some (industrial)
GLP environments, as WORM disks are certified to hold theinformation for over 10 years,
and theinformation on WORM disks cannot be altered. Eventhough WORM disksarevery
reliable storage mediawith a capacity of up to 1 GByte or more per side, no format standard
for WORM diskswas ever defined (which lead to adiversity of incompatibleformats), and
no major manufacturer built such drives. The DV D-R may oncereplace the WORM drives.
See CD-ROM, DVD, DVD-R.

WWW (World Wide Web, W3, Web): Widely used terms referring specifically to the
wealth of interconnected systems communicating using protocols, mainly HTTP, the
hypertext transfer protocol. Basically, the Web is aworld-wide collection of hypertext
(HTML) documents with references (hypertext links) to each other, forming asingle,
cross-linked pool of information, a world-wide information resource. The idea of using
hypertext to link documents on different computers, or in general in different parts of the
world, wasfirst brought up in 1989 by agroup of researchersled by Tim Berners-Leeat the
CERN (Centre Européen pour la Recherche Nucléaire) in Geneva. This defined the origin
of the World Wide Web. The most convenient way of accessing documents on the Web is
viaWeb browser. With the advent of the first graphical browser, Mosaic, in 1993, the Web
rapidly gained popularity. The term “World Wide Web” is sometimes incorrectly taken as
synonymous to Internet. S;ce HTTP, HTML, Web browser, Web server, Internet.

WYSIWYG (what you see is what you get): Word processing software, such as
FrameMaker, that formats the text online so that as the operator types, the text and
appearance of the document are shown on the screen as they will ook like when the
document is printed. WY SIWY G software gives the tightest and fastest possible control
over thefinal text format. The disadvantage is that such software requires afaster CPU to
display pages at the same speed as a text editor. See word processing.

X: See X Window System.

X client: Program that delivers X Window System display information for an X server.
The X client can runlocally or on aremote computer, in which case the display information
istransferred via Ethernet. Note that the X terminology for servers and clientsis totally
different from the rest of the UNIX world. See X Window System, X server.

XON/XOFF: Special characters that can be transmitted back over RS-232 lines by the
receiving device, to start and stop the data flow. If XON/XOFF is the only handshaking
option selected, athree-wire cable using pins 2, 3 and 7 is sufficient. Optionally, ashielded
cable with the shield connected to pin 1 on one end only can be used. If anull modem s
required, lines 2 and 3 must be crossed. See null modem.

x-ray emission: Emission from the CRT display. Sun workstations fulfill FCC and other
local regulations and, therefore, should be of no harm to the operator.

X server: System that acts as an X Window System terminal. It can be software running
on a Sun, an IBM RS/6000, a Silicon Graphics computer, a DECstation, or other graphics
workstation with X software. An X server can obtain its display information from alocal
X client or from an X client running on aremote machine through Ethernet. Apart from
UNIX workstations, X server software is also available for the Macintosh and for IBM PC
compatibles equipped with Ethernet. Dedicated X terminalsare also available. See X client,
X Window System, X terminal, VnmrX.
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X terminal: Special terminal containing X server software built into its firmware.

Xt (X Toolkit): API (application programming interface) used for creating applications
under the X Window System. See API, X Window System.

X Window System: Standardized windowing software, adapted by Sun, DEC, IBM,
Silicon Graphics, and many other computer companies. MIT, the originator of X, defined
how graphics software (X client) communicates with the window driver (X server), which
can be local software or aremote X terminal (see X terminal). The actual X software has
to be generated on top of this definition. Sun propagated its own standard for that graphics
surface, called OpenLook. X iscurrently supported on Sun computers by VnmrX, on IBM
RS/6000 Powerstations by Vnmrl, and on Silicon Graphics IRIS Indigo and Crimson
workstations by VnmrSGI. See X terminal, X server, X client, VnmrX.

year 2000 (y2000) compliance: The millennium change complicates|life for computer
usersin two ways. For one, the hardware clock in some early PC models was designed not
to last beyond the year 1999 (thisis not a problem with Sun workstations, where the
hardware clock is designed to last until the year 2037 (well beyond the life cycle of these
workstations). The other problem is, that alot of software uses only two digits for the year,
and thiswill cause alot of problemsin many places, from easy ones (such asfiles created
in 2001 being listed or sorted as older than those created in 1998), up to severe ones, such
as confusion created in banking software. Solaris 2.6 is certified as being y2000 compliant;
VNMR itself doesnot deal with dates (other than through Solaris). Therefore, aworkstation
running VNMR 6.1A under Solaris 2.6 (or later, for any of the two) can be regarded as
being y2000 compliant.

yellow pages: See NIS

zero latency: On adisk drive, reading an entire track directly into an intermediate buffer
instead of taking time to seek and read a requested sector in the track. This helpsin the
frequent case where adjacent sectors are also going to be read. With zero latency drives,
these additional sectors are then already in the intermediate fast RAM buffer. See latency.

zero wait-state: If the memory chips are slower than the CPU chip and the CPU wants
to read in or write some information, probably it performs some wait-states. This can
drastically affect the performance of a CPU. Some workstations (such as SPARCstations
and Ultra workstations) use fast primary and secondary cache memory as an intermediate
buffer to reduce the number of wait-states to almost zero. See wait states, cache memory.
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Symbols

I shell command, 138

I shell command, 138

I= operator, 196

" null string, 194

"..." notation, 194

# notation, 56, 190, 205, 212

$ notation, 206, 212

% input/output notation, 201

& notation, 132

& operator, 196

& pointer notation, 200

& & operator, 196

... notation, 194

(...) parentheses notation, 132

(void) operator, 197

* pointer notation, 200

* wildcard notation, 134

++ notation, 195

. file name notation, 133

.. file name notation, 134

.cfile extension, 203

.clockrc file, 187

.cshrcfile, 50, 71, 75, 99, 135, 153, 164, 183,
184—185

.dt directory, 51, 101, 115, 186

.tdirectory file, 71

(dtprofilefile, 50, 71

.exrcfile, 185

filemgrrcfile, 187

.indent.profile, 185

loginfile, 50, 71, 99, 100, 102, 165, 183, 183—

184, 218

.mailrcfile, 183, 185
.netrc file, 243, 244
.openwin-init, 71
.openwin-init file, 102, 186
.openwin-menu file, 71, 102, 187
.profilefile, 185
rhostsfile, 229, 232
tar file name extension, 150
tiprcfile, 263
.wastebasket directory, 187
Xdefaultsfile, 71, 102, 186, 187
Xinitrc file, 186
Xinitrc shell script, 102
Xloginfile, 186, 253, 254
/ notation, 133
/* ... */ notation, 190
/datadlice, 41
lexport/home partition, 41
lopt dlice, 41, 42
lusr dice, 43
usr/openwin partition, 42
Ivar dlice, 41, 42

insufficient spacein, 113
Jvnmr directory, 49
= assignment operator, 195
== operator, 196
> notation, 132
> prompt, 94
>> potation, 132
?wildcard notation, 134
@ notation, 207
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[...} wildcard notation, 134
\O null character, 194

A notation, 87

" shell command, 138
‘... notation, 133

{...} notation, 191, 197
| notation, 133

| operator, 196

|| operator, 196

~ notation, 263

~ operator, 196
~symbol, 134

Numerics

1/4-inch tape cartridges, 151
10/100baseT Ethernet port, 224
10/100baseT standard, 337
100baseT standard, 337
10baseT standard, 337

16-bit computer, 337

32-hit computer, 337

32-bit format, 180

3D-RAM technology, 337
4.2BSD software, 337

4Dwm environment, 251
4-track mode, 151

64-hit computer, 337

68881 math coprocessor, 127
90 degree pulse width calibrations (PW90), 298
90-degree pulse length, 269
9-track mode, 151

A

aout file, 203
aacommand, 173
abort action, 338
abortallacqs command, 67
absolute paths, 133
absolute-intensity mode, 269
access time, 338
accesstofiles, 48
accounting tool, 76
acoustic coupler, 338
acq directory, 73
acq_errorsfile, 165
acqi command, 73, 250
acqigroupl—-acqigroup? definition files, 73
acqparms.h file, 194
acqpresent file, 66, 104
Acgproc command, 65
acqproc command, 173
acqproc login name, 67
Acqproc process, 62, 247
Acqproc process family, 123
Acqstat process, 62
acqstatus parameter, 165
acquisition
daemon, 104
processes, 61—64
status codes, 165
acquisition bus trap, 167
acquisition computer, 28
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acquisition computer backplane power supply, 170
acquisition computer shutdown, 104
acquisition console hostname, 227
acquisition diagnostics terminal, 91
acquisition lock, 116
acquisition on X Window systems, 250
Acrobat Reader, 338
Acrobat Reader color flashing, 101
Acroread file, 173
active SCSI bus terminator, 170
active window, 338
ADC overflow warning, 165
Add Group window, 78
Add User window, 80
adding

disk spacein /var, 113

hard disk, 35, 51

printer ports, 91
address, 338
address in Ethernet network, 225
addxvfonts command, 254
adept program for spectral editing, 272
adm directory, 113
admintool command, 117
Adobe Acrobat Reader, 173
Adobe Systems Incorporated, 338
air linetraps, 317
air plugs, 319
AlX operating system, 338
AlX software, 253
alias command, 132, 338
alias generation, 184
dias shell command, 138
ALU (Arithmetic Logical Unit), 339
ampersand notation, 132
analyze command, 53
angled brackets (< or >) notation, 22
anonymous FTP, 339
ANSI C, 339
Answerbook package, 41
antistatic protection, 35
API (Application Programming Interface), 339
app-defaultsfile, 115, 186, 187, 258
Apple Macintosh computers, 245
applet program, 339
argument accessibility, 210, 216
argument to command, 339
argument types, 131
argument variables to functions, 200
argv variable, 210
arithmetic linesin C shell, 207
arithmetic with variables, 212
ARPANET, 339
array processor, 339
array variables, 194
arrays, 193
artificial shouldersin printout, 86
ASCII (American National Standard Code for

Information Interchange), 339

ASIC (application-specific integrated circuit), 339
askbcc variable, 185
askce variable, 185
ASM-100 sample changer, 328
asphyxiation hazard, 320

398 System Administration

assembly language, 339
assigning new users, 49
assignment operator, 195
asterisk wildcard notation, 134
asynchronous serial communication, 90
asynchronous transmission, 340
ATM (Asynchronous Transfer Mode), 340
audio 1/0 controller, 27
AUI (attachment universal interface) connector, 340
AUI Ethernet transceiver port, 26
auto_homefile, 241, 246
auto_master file, 241
automated acceptance test procedure, 284
automated console tests, 296
automated decoupling performance tests, 298
automated tests with shaped rf, 298
automatic gain errors, 167
automatic lock errors, 167
automatic mounting, 238—240
automatic teller machine (ATM) cards caution, 19
automatic type conversion, 196
automatic variables, 194
automation lock, 116
automount directory, 240
automountd daemon, 241
automounter, 240—241, 246
automounting directory, 112
Autoshim menu, 74
AutoTest, 284
13C 90 degree Pulse Width Calibration, 306
13C test descriptions, 306
configuration tab, 285
configuring tests, 287
CPMG T2, 308
creating probe-specific files, 289
directory structure, 290
enabling tests, 287
entering system linformation, 285
experiment details, 299
gradient tests descriptions, 307
history tab, 288
macros, 293
RF performance test descriptions (nonshaped
channels 1 and 2), 299
sample requirement, 285
saving data and FID files from previous runs,
289
selecting test packages, 287
standard tests, 296
startup, 285
step-by-step procedure, 284
test library tab, 288
test report tab, 289
awk command, 137, 214
axial gradients, 275
axial shims, 281

B

back straight quotes notation, 133
back up file systems, 149

backbone on Ethernet, 221
background command execution, 132
background job, 139
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background lock, 116
background menu, 101
background process, 340
backplane, 340
backslash notation, 22, 131
backup copies, 175
backup files, 340
backup tape, 340

bad track on disk, 340
bandwidth, 341

bar command, 161
basename command, 214
batch mode, 341

batch of data, 341
battery on Sun CPU, 341
baud rate, 86, 262, 341
beeping control, 134
benchmark tests, 29
Berkeley file system, 106, 108
betatest, 341

bg shell command, 139

bin directory, 102, 110, 114, 115, 218, 341

binary file, 341
binary file compression, 180
bit, 341

bit bucket, 367

bit operators, 196, 207

block devices, 105, 235

block of data, 341

block of statements, 197

block size complete, 165
blocking factor, 151, 152, 155, 177, 178
BNC cable, 341

BNC tap kit, 222

BNC T-connector, 223

BNC thin Ethernet connector, 26
board, 341

boiling point of helium and nitrogen, 318
boolean operations, 196

boot blocks, 108

boot monitor command, 94

boot -r command, 36, 51

boot up system, 94

bootptab file, 62

bootup messages, 341

bootup process, 341
bootup_messagefile, 51

Bourne shell, 50, 341

Bourne shell command interpreter, 212
Bourne shell customization, 185
Bourne shell scripts, 212—218
bracesin C, 191

branch cable, 222, 230, 231
branching flow control, 197—198
break statement, 198, 209

broad peak base, 279
BROWSERDIR variable, 206

bs parameter, 165

BSD file system, 106

BSD UNIX commands, 114
buffer memory, 342

bug in software, 342

bus arbiter, 342

bus hardware, 342
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bus master, 342
bus terminator, 342
button, 342

byte, 342

C

C compiler, 114, 203
C program structure, 190
C programming bibliography, 333
C programming language, 189—204, 342
C shell, 50, 99, 342
C shell command interpreter, 205
C shell scripts, 185, 205—211
C sourcefile format, 185
C++ programming language, 342
C13file, 73
C13.par file, 271
cachefile system, 108
cache memory, 24, 342
cachefs system, 108
caddy for CD-ROM drive, 343
calendar manager, 101
call by reference arguments, 200
call by value arguments, 200
cancel command, 89
capacity of disks or memory, 343
card cage, 343
case construction, 210, 215
case keyword, 198
case-sensitive, 131, 343
cat command, 137
catman command, 132
cautions defined, 17
cc command, 203
ccs directory, 114
cd command, 135
CDE, 41, 43, 100, 343
console message files, 113
copying text, 139
customization files, 186
definition files, 186
dtpad text editor, 141
graphical user interface, 100
initialization, 50
installation, 39
running vi text editor, 146
setup files, 115
shortcuts, 139
software directory, 114
style manager, 101
toolbar, 101
vi shell calls, 146
xdm login interface, 183
cdept macro, 272
CD-R disk, 343
cdrom directory, 112
CD-ROM disk, 343
CD-ROM drives, 32
CD-ROM mount point, 112
CD-ROM mounting, 238
Centronics port, 343
CGI (common gateway interface), 343
change directory, 135
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change file ownership, 121, 136 connector hardware, 345
changefile permissions, 136 conpar file, 49, 72

change group ownership, 122 console, 345

change user-1D to become root, 137 console hardware configuration parameters, 172
char datatype, 192 console messages, 113

character arrays, 193 console reset switch, 67

character size, 86 console window, 102

check Ethernet connection, 172 constants, 191

checking the system, 163 constructor, 345

chgrp command, 122 controller ID, 105

child process, 344 conventions used in manual, 22
chmod command, 120, 122, 136, 218 converged UNIX, 345

chown command, 121, 136 coprocessor chip, 345

CISC (complex instruction set computer), 344 copy directories between file systems, 153
class, 344 copy file on aremote host, 232
classes of Internet addresses, 225 copy files, 135

cleaning the system, 163 core dumps, 164

clear command, 184 corefiles, 164

clearing the screen, 184 core memory, 345

clicking the mouse, 344 coupling constant, 270

client system, 344 cp command, 129, 135, 152, 153, 184
clients, 245 cpio command, 161

clock, 101, 344 CPU (central processing unit), 345
clock command, 187 CPU host name, 138

clock frequency, 344 CPU module, 24

cmdtool command, 103 crash from bug, 345

coaxia cable, 344 creating new directory, 135
codeint datatype, 193 creating shell scripts, 218
Codonics dye sublimation printer, 244 Creator graphics accelerator, 345
collision between devices, 344 Creator graphics controller, 26
collision of packets, 230 Creator3D graphics accelerator, 345
color flashing problem, 101, 173 credit cards caution, 19

color names, 188 cron command, 164, 175, 179
comma as command separator, 131 cronfile, 113

command, 344 crontab command, 164

command grouping, 132 crontab file, 164, 179

command interpreter, 344 CRT display, 345

command line, 344 csh command, 99

command line interface, 102 Ctrl-c key combination, 138
command mode, 345 Ctrl-d key combination, 103, 134, 135, 138, 184,
command mode of vi, 142 239, 262, 263
command output redirection, 133 Ctrl-g key combination, 139
command path, 102 Ctrl-skey combination, 138
command separator, 131 Ctrl-u key combination, 135, 253
command substitution, 133 Ctrl-z key combination, 139
command tool, 103 current experiment, 116

comment lines, 190, 205 current processes, 138

Common Desktop Environment. See CDE current user name, 138

compiled programs on remote disks, 237 currently defined aliases, 138
compiler program, 345 cursor on screen, 346

compress afile, 138 customization files, 115, 183
compress command, 138, 150, 180, 181 customized files, 178

compressfid command, 180 cylinder groups, 346

compressing data, 150 cylinder on disk, 346

compressing files, 180 cylinder tracks, 108

computer, 345

conditional execution, 208, 214

conditional looping, 209, 215 D

conditional preprocessor statements, 192 d1 parameter, 172, 269
config command, 49 DAC values. 75

config macro, 72, 73, 173 daemon proéram, 346
configuration, 345 damaged root partition, 178

connecting Ethernet hardware, 222 o : :
connection timed out, 171 5£; (;gual audio tape) drives, 33, 346
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data compression, 179
datadirectory, 55, 117, 266
data storage disk slices, 117
data storage options, 29
data transfer testing on Ethernet, 230
datatypes, 192
date command, 138
DC-6150 tapes, 151, 177
DC-9250 tapes, 151, 177
dd command, 149, 154, 155
debugging, 346
DEC VT-100 terminal definition, 146
DECNET for the Sun, 245
decomp command, 156
decoupler
90-degree pulse width tests, 271
field strength, 270, 271
field strength check, 317
field strength tests, 271
frequency from nucleus tables, 72
power level, 270
pulse width calibration, 273, 274
pulses, 270
rf field homogeneity, 274
X pulse widths, 274
decrement operators, 195
dedicated phoneline, 261, 262
default input, 346
default interactive shell, 205
default operating mode, 96
defaultdomain file, 233
defaultrouter file, 233, 247
defaultsedit command, 185
defect command, 53
defect list for adisk, 53
define statement, 192
degaussing atape, 151
degaussing the screen, 163, 346
deleting files, 346
density of helium and nitrogen, 319
dept macro, 272
DesignJet plotter, 346
DeskJet printer, 346
deskset utilities, 101
deskside workstation, 347
desktop storage pack, 347
desktop switching, 101
desktop utilities, 101
desktop workstation, 347
destructor, 347
detune the probe, 270
dev directory, 105, 110
developer software, 114
Developer’s Support option, 40
device driver, 347
devicenamesfile, 49, 85
devices directory, 110
devicetablefile, 86
dewar servicing, 323
df command, 109, 137, 163, 265
df file prefix for mail, 264
dfsdirectory, 111
dfstab file, 236, 246
dhp/dip parameter, 270
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diagnostic software, 347
dialog box, 347
dial-up connections, 261, 262
diff command, 137
differences between files, 137
differential box power down, 66
dioxane sample, 270
dir command, 51
direct datatransfer, 262
directory commands, 135
directory files, 126, 347
directory information, 119
directory levels, 133
directory owner, 121
disabling Ethernet, 231
disk address, 105
disk data storage media, 347
disk drives, 29, 347
disk file errors, 167
disk free percentage, 137
disk full problems with mail, 265
disk ID, 106
disk label, 108
disk layout, 40, 107
disk partitions, 105, 347
disk platters, 107
disk slice, 347
disk space, 109, 347
adding in /var, 113
usage for mail, 265
disk synchronization, 138
diskless clients, 248
DiskSuite software, 107, 125
display, 348
dliases, 138
background jobs, 139
command lines, 138
CPU host name, 138
current user name, 138
date and time, 138
disk free percentage, 137
disk information, 138
file names, 134
group ID, 138
process-1Ds, 138
size of file, 137
system information, 138
text from text files, 137
text string, 137
user ID, 138
user name, 138
userslogged in, 138
working directory, 135
xterm window, 256
DISPLAY environment variable, 102
DISPLAY variable, 183
dmesg command, 36, 37
dmf parameter, 270
dn parameter, 72
DNS (Domain Name Service), 348
do loop, 198
documentation for Sun and UNIX, 329
dollar-sign notation, 206, 212
done codes, 165
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dos2unix command, 158

dot files, 50, 133, 183, 348

dot matrix printer, 348

dots per inch (dpi), 348

double data type, 192

double straight quotation marks notation, 131
dpi (dots per inch), 348

dppO port, 86

dps command, 172

dpwr parameter, 270

DRAM (dynamic RAM), 348

ds command, 172

dsk directory, 105

dt directory, 114

dtlogin graphical login, 99

DTP (desktop publishing), 348
dtpad command, 141

dtpad text editor, 101

dtterm shell tool, 101

dtterm shell window, 102

du command, 137, 152, 164
dumb mode termina emulation, 249
dumb terminal, 184

dump command, 155, 164
dump command (UNIX), 317
dump schemes, 177

DVD (digital versatile disk), 348
DVD-R (DVD-Recordable), 348
DVD-RAM, 348

DVD-ROM, 348

E

EBus (externa bus), 349

EBus controller, 26

EBus interface, 27

ECC (error checking and correction) memory, 25,
349

echo command, 137, 262

ed text editor, 147

edit text file, 137

edit text stream, 137

editor program, 349

EDITOR variable, 164, 179

EEPROM (electrically erasable programmable
ROM), 349

EEPROM settings, 94

EIDE (enhanced IDE), 349

EIDE disk controller, 27

gject command, 156, 158

gecting afloppy disk, 158

electronic mail (e-mail), 349

Elite3D graphics accelerator, 349

Elite3D graphics controllers, 26

else statement, 192, 197, 209

emacs text editor, 147

e-mail (electronic mail), 349

e-mail setup, 264

emergency UNIX shutdown, 69

emulation software, 349

encrypted password, 99

end statement, 209

End User Support option, 39

endif statement, 192
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endless loops, 199

end-of-file mark, 151
end-of-text (EOT) character, 262
enter program, 219

environment variables, 206, 212
EOT (end-of-text) character, 262
EPROM (erasable programmable ROM), 349
ergonomics, 349

errmsg file, 203

error codes, 165

error during acquisition, 165
error message, 349

error messages for Ethernet, 230
Esc key, 134

etc directory, 111

Ethernet address, 350

Ethernet controller, 26

Ethernet controller boards, 171, 247
Ethernet hardware, 349

Ethernet interface board, 29
Ethernet interface chip, 228
Ethernet node, 222

Ethernet software, 225

Ethernet structure, 221—222
Ethernet terminator, 350
ethersfile, 62, 171

EUnet national branches, 227

ex command mode, 144

ex text editor, 144, 147, 185
Exabyte tape compression, 180
Exabyte tape drives, 33, 34, 350
exec command, 187
execkillacgproc script, 67, 123
executable program, 350
execute command on aremote host, 232
execute permission, 119
execution in separate shell, 132
exit command, 103, 251

exit statement, 210, 216

exiting the computing environment, 350
exiting VNMR, 103
expltoexp9, 116

expand command, 87

expansion board, 350

expansion capabilities, 29
expansion memory, 350
expansion slot, 350

experiment locking, 116

export command, 212

export directory, 111

expr command, 212

externa bus (EBus), 27

external hard disk installation, 35, 36
externa swap space, 56

externa variables, 193

F

face mask for handling LHe, 320
fast Ethernet, 224, 350

fastboot command, 96

fasthalt command, 96

fb shell command, 139

fdformat command, 156, 157
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Federated Naming Service, 112
fiber-optic cable, 350

FID complete, 165

FID file compression, 180
FIFO underflow error, 167

file, 351

file access, 74

file access mode, 351

file compression, 180

file editors customization, 185
file handling commands, 135
fileinformation, 119
filelength, 119

file manager, 101

file namerules, 133

file name suffix, 133

file owner, 119, 121

file sizes, 137

file system, 351

file system backup, 149

file system checks, 95

file system mounting, 234

file system overhead, 109

file system scan, 175

file system sharing administration, 111
file system tree, 124

file transfer protocol (FTP), 353
filetype, 119

filec option, 134—135
file-creation permissions mask, 74
filemgr command, 187

filter program, 351

find command, 136, 239

find files, 136

finger command, 50

firewall, 351

firewall software, 234
firmware, 351

fixpsg command, 190

flag strings length, 191
flammable gases warning, 18
flickering on CRT display, 351
float datatype, 192

floating point calculation, 24
floating point coprocessor chip, 351
floating point number, 192, 351
floating point operation, 351
floating point unit (FPU), 352
floppy directory, 112

floppy disk, 351

floppy disk controller, 27
floppy disk drives, 31, 156
floppy disk mount point, 112
floppy disk mounting, 235
flow controlsin Bourne shell, 213
flow controlsin C shell, 207
flow rates of nitrogen and helium, 317
flowmeter valve, 323

flush command, 116

flutter tube, 320

fmt command, 89, 137

fn parameter, 172

fold command, 87, 137

font, 351
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fontsfor IBM RS/6000, 253

fontsfor screen display, 71

fonts under OpenWindows, 188

footprint, 352

for loop, 198

for statement, 215

foreach statement, 209

foreground command, 138

foreground lock, 116

foreground process, 352

format command, 52

format of C programs, 204

format text, 137

formatted input/output, 201

formatting adisk, 352

formatting atext file, 89

formatting floppy disks, 156

formatting strings, 201

Fortran programming language, 352

fprintf function, 202, 204

FPU (floating point unit), 352

fragmentation, 125

fragments for storing files, 352

frame buffer memory, 26, 352

Frame Technology Corp., 352

FrameMaker desktop publishing program, 352

FrameViewer program, 352

free disk space, 137, 164

Free Software Foundation, Inc., 352

fsck command, 95, 108, 112, 113, 114, 175176,
238, 239

fsflush daemon, 176

fstab file, 56, 238, 239

FTP (file transfer protocol), 241—244, 353

ftp command, 242

ftptool command, 242

full-duplex terminal session, 263

full-screen editor, 142

function key, 353

function overloading, 353

functions, 190, 353

functionsin C, 199—200

G

GaAs (gallium arsenide) chip technology, 353
gain parameter, 172

gallium arsenide (GaAs) chip technology, 353
gamah2.par file, 270

games, 353

gateway machines, 227, 247, 353

gateway stations, 222

GB (gigabyte), 354

GCC_EXEC_PREFIX variable, 183, 207
gemcon host name, 228

Gemini tape format, 155

gets command, 211

getxvfonts command, 253

yH, (decoupler field strength), 270

GIF (graphical interchange format), 353
gigabyte (GB), 354

global parameter file, 168

global parameters, 116

global variables, 193
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glovesfor handling LHe, 320

GNU (GNU is Not UNIX) software, 354
GNU C compiler, 114, 190

GNU C compiler variables, 183

GNU C/C++ compilers, 354

GNU variable, 183

GNUDIR variable, 183, 206

go monitor command, 37, 94

gradient calibrations and performance tests, 299
graphical user interface (GUI), 100, 354
graphics controller, 25, 354
graphicsterminals, 249

graphics variable, 183, 184

graphics workstation, 354

GraphOn terminals, 184, 249

grep command, 137

gripper abort, 166

gripper drops sample, 328

ground loop, 354

group file, 50, 245

groupsfile, 121

GUI (graphical user interface), 354
guru, 354

GX color graphics accelerator, 354

H

H1file, 73
hifreq parameter, 72
h2cal command, 271
hacker, 355
HAL (Host-to-Acquisition Link) board, 28, 355
halt command, 96
handshaking, 90
handshaking lines, 355
hanging (stopped) system, 170
hangup status, 355
hard disk drives, 29, 355

adding adrive, 35

layout, 40

partitions space defaults, 160
hard interrupt, 104
hard linksto files, 127—128, 355
hardware, 355
hardware address, 225
hardware diagnostics, 93
hardware maintenance, 163
hcdept macro, 272
head command, 137
head crash, 355
header page, 88, 89
heat of vaporization, 318
helium contact with body, 18
helium flowmeter, 317
helium gas flowmeters caution, 20
helium gas storage cylinder, 323
help for operators, 355
help monitor command, 94
here documents, 211, 217
Hewlett-Packard Graphics Language (HP-GL), 356
hidden files, 51
hidecommand command, 75
hiding a command, 75
hierarchical file system, 355
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hierarchy, 355

hierarchy of processes, 100

high-density floppy disks, 156

high-level programming language, 356

high-noise signal, 165

high-power amplifiers cautions, 20

High-Sierra File System (hsfs), 238

history command, 184

history length variable, 184

history of command lines, 356

history shell command, 138

history standard variable, 206

home directories, 49, 115, 117

home directory, 50, 71, 99, 111, 117, 134, 356

home file system, 107

HOME variable, 206

host address, 225

host addressfile, 257

host computer, 356

host computer name, 356

host computer number, 225, 356

host disk errors, 167

host name for acquisition CPU, 227

host namefor Magnet and Sample Regulation board,
227

hostname command, 57, 138

hostname, changing the, 57, 170

hostname.* file, 228

hostname.ie0 file, 231

hostname.iel file, 247

hostname.le0 file, 231

hostsfile, 62, 111, 170, 171, 225, 227, 231, 233,
245, 247, 264

hosts.equiv file, 228, 229, 231, 232

Host-to-Acquisition Link (HAL) board, 355

HotJava Web browser, 356

HP-GL (Hewlett-Packard Graphics Language), 356

HP-GL output, 86

HP-GL plotter output, 266

hsfs (High-Sierra File System), 238

HTML (HyperText Markup Language), 356

HTTP (HyperText Transfer Protocol), 356

hub, Ethernet, 357

HyperSPARC chip architecture, 357

HyperSPARC CPU chip, 24

hypertext link, 357

HyperText Markup Language (HTML), 356

HyperText Transfer Protocol (HTTP), 356

HZ variable, 206

1/0 (input/output), 357

1/0 ports, 29

ib_initdir directory, 115

IBM (International Business Machines, Inc.), 357

IBM PC computer, 249

IBM PCs, 245

IBM RS/6000, 249
fontsrequired, 253
using as X server, 253

ice blockage, 325

ice plugs, 321

icon, 357
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id command, 138
ID of print request, 89
IDE (Integrated Device Electronics), 357
if statement, 197, 208, 214
ifdef statement, 192
ifndef statement, 192
ihwinfo command, 168
image browser setup files, 115
include directory, 114
includefiles, 191
include statement, 191
increasing space on floppies, 160
increment operators, 195
indent command, 185
indentation rules for C programs, 204
indirect detection experiments, 274
individual tape backups, 179
init command, 95, 96
init.d directory, 98
inittab. init file, 98
ink jet printer, 357
inline tap kit, 222
I-node (index-node), 357
I-node numbers, 126
I-node table, 109
inova host name, 227
inovaauto host name, 227
input from keyboard, 202
insert mode, 144, 357
insertion point, 358
install_cluster command, 48
installation of Sun workstations, 358
installboot command, 108
installing
memory boards, 55
new users, 49
printers, 85
second hard disk, 51
Solaris, 39
Solaris 2.5.1, 44
Solaris 2.6, 48
Solaris parts "after the fact", 58
Solaris patches, 48
Sun workstation, 35
swap space, 56
int datatype, 192
integer number, 192
integer value, 358
integration level, 358
interactiveinput, 211, 217
interactive mode for commands, 184
interface device, 358
interlacing the CRT display, 358
interleave factor (IL), 358
interna hard disk installation, 35
Internet address, 171, 225—227
Internet bibliography, 332—333
Internet network, 358
Internet Protocol (1P), 359
Internet Service Provider (1SP), 226, 359
internetworked network, 226
interpreter program, 358
interrupt signal, 359
intranet network, 359
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invisiblefile, 359

ionic samples, 270

IP (Internet Protocol), 359
IP address of router, 233
IRIX operating system, 359

ISDN (Integrated Systems Data Network), 359

ISDN port, 27
ISP (Internet Service Provider), 359

J

Java programming language, 359
JavaScript, 360

jexp command, 116

jobs shell command, 139

Joy, William, 360

JPEG (Joint Photographic Experts Group), 360

jukebox device, 360
jumper, 360

K

KB (kilobyte), 360
Kermit protocol, 266
kernel directory, 112
kernel program block, 360
keyboard, 360

keyboard input, 132, 202
keyboard layouts, 114
keyboard shortcuts, 134
kill command, 66, 68, 138
killacgproc command, 65
killing a program, 360
kilobyte (KB), 360

Korn shell, 50
L
L1key, 69, 170

label command, 53

LAN (local-area network), 222, 360
laser printer, 360

LaserJet printer, 86, 360

last line mode of vi, 144

latency time, 360

latent heat of vaporization, 319

LD_LIBRARY_PATH variable, 102, 186, 206

|eft-shift all arguments, 210
level 0, 93—94

level 0 and level 1 dumps, 176
level 1 run mode, 95

level 2 run mode, 95

level 3 and level 5 dumps, 178
level 3 run mode, 96

Lexmark color printer, 360

If command, 51, 135

If file prefix for mail, 265

lib directory, 112, 114

library files, 190

license manager, 361

limNET Ethernet protocol, 245, 361
line conditioner, 361

linear shim Z1, 276
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line-oriented text editors, 147
lineshape check, 317
link to afile, 136
linked network, 226
linker program, 361
linking, 203
linking to VNMR software directory, 115
lint command, 189, 192
liquid helium
dewar service, 323
handling, 318
handling safety, 320
level in dewar, 317
measuring, 320
safety precautions, 320
storage containers, 320
transferring, 321
list files, 135
Il command, 135
In command, 55, 127, 136
local area network (LAN), 360
local host, 225
local maxima, 283
local variables, 193
local-area network (LAN), 222
localhost host name, 227
lock type, 116
lock_1.primary file, 116
lockscreen command, 163
log book, 272
logfile, 113
log out automatically, 184
log out of system, 138
loghost host name, 227
logical operators, 196
login process, 99, 122, 361
login shell, 361
login shell script, 183
LOGNAME variable, 206
logout command, 70, 184, 263
logout process, 361
long data type, 192
looping, 209, 215
looping flow control, 198—199
lost+found directory, 112, 113, 114, 160, 176
low-density floppy disks, 156
low-noise signal, 165
|low-order shims, 281
Ip command, 87, 89
Ip device, 86
Ip directory, 111, 113
Ip script, 98
LPDEST variable, 89
Ipr command, 88
Iscommand, 51, 71, 119, 132, 133, 135, 158, 183,
184
lunchbox storage pack, 361

M

Macintosh as X server, 254
Macintosh computer, 249

maclib directory, 117, 128
meaclibpath parameter, 117
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macro file, 361

macroedit command, 141

macrovi command, 141

MAGICAL (MAGnetics Instrument Control and

Analysis Language), 361

MAGICAL command language, 103

MAGICAL macros for spectral editing, 272

Magnet and Sample Regulation (MSR) board, 112
host name, 227

magnet quench cause, 321

magnet quench warning, 18

magnetic media caution, 19

magnetic tape, 150

magneto-optica disk (MOD), 362

mail administration files, 111

mail client machine, 264

mail command, 185

mail directory, 111, 113

mail problems, 265

mail software configuration, 185

mail tool, 362

Mail Tool program, 185

MAIL variable, 206

mailhost, 264

mailtool command, 185, 264

main function, 190

maintenance contract, 362

maintenance of Sun workstations, 362

makesuacgproc command, 67, 123

makeuser command, 50, 71, 122, 183

man command, 132

man directory, 114

MANPATH variable, 183

manual directory, 128, 165

manual notationa conventions, 22

Manua Shim menu, 74

manuals, importance to users, 362

mass storage device, 362

Master NISfile server system, 171

master server, 245

math.h include library, 203

mathematical operators, 195

MAXSTR constant, 191

MB (megabyte), 363

MBus (Memory Bus), 362

MBus system interconnect, 26

MC68000 CPU, 362

MC68020 CPU, 362

MC68030 CPU, 362

MC68040 CPU, 363

MC68881, MC68882 coprocessors, 363

mean time between failures (MTBF), 366

measuring liquid helium in a container, 321

megabyte (MB), 363

megaflops (million floating point operations per

second), 363

melting point of helium and nitrogen, 318

memory boards installation, 55

memory buffer exceeded, 170

memory management unit (MMU), 364

memsize variable, 40, 56, 183, 206

menthol sample, 271

menu, 363

menu button, 363
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message of the day file, 51

metal objects warning, 17

mezzanine board, 363

MFlops (million floating point operations per
second), 363

microprocessor, 363

MicroSPARC CPU chip, 24, 363

MII (Media Independent Interface), 364

million instructions per second (MIPS), 364

mini UNIX, 364

minicomputer, 364

minus sign notation, 131

MIPS (million instructions per second), 364

MIPS CPU chips, 364

mkdir command, 135

mkfile command, 56, 169

MMU (memory management unit), 364

MQOD drive, 364

modem (modul ator-demodulator), 364

modem connections, 261

modem types, 263

modifying the instrument, 18

modulation frequency parameter, 270

molecular weight of helium and nitrogen, 318

monitor diagnostic, 364

monitor mode, 93—95

monitor screen, 364

monthly maintenance, 317

more command, 137, 184

Mosaic Web browser, 365

motd file, 51

motherboard, 365

Motif graphical user interface, 365

Motif interface, 101

Motif window system, 249

Motorola 68000 CPU family, 29

Motorola CPU chips, 365

mount command, 55, 57, 158, 159, 234, 238

mount directory, 234, 365

mount point creation, 55

mountall command, 239, 246

mountd daemon, 237

mounting, 365

mounting file systems, 234

mounting floppy disks, 158, 235

mounting limitations, 237

mounting removable media, 123

mouse, 365

mouse buttons, 365

mousepad, 365

movefiles, 136

movesw macro, 269

movetof macro, 269

MPEG (Motion Picture Experts Group), 365

mqueue file, 264, 265

MS-DOS (Microsoft Disk Operating System), 366

MS-DOS floppy disk format, 157

MTBF (mean time between failures), 366

mult parameter, 272

multimedia applications, 366

multiple hard linksto afile, 127

multiprocessor system, 366

multisegment tapes, 154

multitasking system, 366
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multithreading, 366
multiuser backups, 179
multiuser mode, 93
multiuser system, 366

mv command, 136, 237
mwm window manager, 255

N

n monitor command, 94

name servers, 233

name variables, 212

nd.local file, 171

net directory, 112, 240

netmask, 226

netmasksfile, 227

Netraworkstation, 366

Netscape Navigator Web browser, 366
netstat command, 172

network, 366

Network File System (NFS), 235, 367
Network Information Service (NIS), 245, 367
Network Information Services (NIS), 171
network number, 225, 226

network security bibliography, 332
network system security, 228
networking, 221—247

networking bibliography, 331—332
networksfile, 245

new user assignment, 49

newfs command, 109, 159, 160, 176
NFS (Network File System), 245, 367
NFS client machine, 236

nfs directory, 237

NFS mounting, 111, 246

NFS mounting options, 236—237

nfsd daemons, 237

NFS-type mounting, 235

NIS (Network Information Service), 367
NISclients, 245

NIS service, 57

nitrogen contact with body, 18
nitrogen flowmeter, 317

nitrogen gas flowmeters caution, 20
nmr group, 122

NMR system administrator, 117
nodein network, 367

nodenamefile, 228

non-spin shims, 279

nonvolatile RAM (NVRAM), 27
notational conventions, 22
notebooks for system, 318

notrouter file, 247

np parameter, 167, 172

nroff command, 132, 137
nsswitch.conf file, 233

nt parameter, 172

N-type connectors, 222

nucleus standard parameter sets, 73
nucleustable, 72

nuctables directory, 72

null character, 194

null device, 367

null modem, 89—90, 262, 263, 367
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null modem cable, 367

null string, 194

number-sign notation, 205, 212
NVRAM (nonvolatile RAM), 27, 367

O

object file, 367
object libraries, 114
Object-Oriented Programming Style (OOPS), 368
objects, 368
odd-order shims, 277
off-line task, 368
off-resonance decoupling, 270
ok prompt, 94
old-mode monitor command, 94
OLIT (OpenLook Intrinsics Toolkit), 368
olwm command, 102
olwm window manager, 255
online process, 368
OOPS (Object-Oriented Programming Style), 368
open access files, 368
Open Look, 368
configuration file, 186
file manager, 187
root menu definition, 187
screen background, 186
shortcuts, 139
textedit text editor, 141
window manager, 102, 186
window system, 249
Open Systems Foundation (OSF), 369
OpenGL application programming interface, 368
OpenL ook Intrinsics Toolkit (OLIT), 368
openwin directory, 102, 114
openwin shell script, 102
OpenWindows, 100, 368
configuration file, 186
deskset utilities, 101
environment, 102, 183
fonts possible, 188
initialization, 186
software directory, 114
textedit program, 141
OPENWINHOME variable, 102, 186, 206
operating system program, 368
Operations Log notebook, 318
operator interface devices, 369
operator overloading, 369
opt file system, 107
opt slice, 113
optical media mounting, 123
optimization level for C compiler, 203
optional software dlice, 113
organic solvents, 270
OSF (Open Systems Foundation), 369
output to afile, 202
output to screen or window, 201
owner of file, 369

P

pl parameter, 172
pacemaker warning, 17
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packet collision information, 172
packets, 230, 369
page command, 137
paging, 369
paralel computing, 369
paralel 1/0, 369
paralel 1/O controller, 27
paralel port, 86
parameter sets for anucleus, 73
parent directory, 134, 369
parentheses notation, 132
parity checking, 369
partition, 369
partition command, 53
partition map, 108
partitioning the disk, 168
partitions on hard disks, 105
Pascal programming language, 369
Pascal vs. C programming languages, 189
passwd command, 48
passwd file, 50, 99, 111, 117, 121, 245
password, 370
password access, 228
password aging mechanism, 169
password assignment, 48
password checking, 99
password file, 117
password invaid, 169
password protection, 164
password requirements, 49
password selection, 230
patches installation log, 113
path for shell scripts, 218
path to afile, 133
PATH variable, 145, 206
path variable, 102, 183, 186
PC compatibles, 245
PC computers as X server, 254
pcfsdirectory, 158
PCI bus, 26, 370
PCI bus controller, 24
PCI ports, 27
PCL output, 86
PCMCIA (Personal Computer Memory Card
Interface Association), 370

PDF (Portable Document Format), 370
peak asymmetry, 277
peak broad base, 279
peak broadening, 277
performance measures, 370
performance meter, 101, 224
performance, computers, 370
peripheral, 370
peripheral component interconnect. See PCI
Perl programming language, 371
permission flags, 120
permission to accessfile, 371
personal computers

starting VNMR, 254

X server software, 254
PGX graphics accelerator, 371
phase stability, 305
piggyback board, 371
ping command, 172, 224, 230
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pipe, 133, 371

pixel, 371

pizzabox CPU module, 371
pkgadd command, 58

platform directory, 112

plotter definition, 85

plotter device, 371

plotter parameter, 86

plotters characteristics, 86
PlotView software package, 266
pointer variable, 193

pointersin C, 200—201
Point-to-Point Protocol (PPP), 372
Point-to-Point Thinnet Network, 222
polar solvents, 270

polarization transfer, 271

port, 371

portability, 371

PostScript output, 86

PostScript page description language, 371
power failure, 175

power failure effects, 371

power switch, 372

power switch turnoff order, 69

pp parameter, 271, 272, 273
ppcal macro, 273

PPCAL pulse sequence, 273
ppmm parameter, 86

PPP (Point-to-Point Protocol), 372
precision of dataword, 372
precooling the transfer tube, 321, 323
preprocessor, 191

preprocessor program, 190, 203
pressure regulator, 323
pressure-relief valves, 320
preventative maintenance, 317
primary cache memory, 24
primary group membership, 121
print spooling, 42

Printcap entry, 86

printcap file, 372

printenv monitor command, 94
printer administration files, 111
printer definition, 85

printer device, 372

printer installation, 85

printer ports, 91

PRINTER variable, 183

printers characteristics, 86

printf function, 201

printing and plotting under VNMR, 87—88
printon, printoff commands, 88
probe-scsi monitor command, 37
proc directory, 112

Proc family, 61, 65

procedures definition, 218
Procedures L og notebook, 318
process families, 100

process in program execution, 372
processes list, 112

processing power, 29

procpar file, 180

PROM-based software level, 93
prompt, 372
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prompt format, 184

prompt standard variable, 206

props button, 149

prosthetic parts warning, 17

protection bits, 119, 119—121

protocol, 372

proton decoupler pulse calibration using PPCAL,
273

proton decoupler pulse width, 273

prtvtoc command, 108, 138

ps command, 66, 138

psg directory, 191

psggen command, 190

public data networks, 261

public e-mail access, 227

pul se sequence program structure, 191

pulse sequence programming, 189, 190, 203

pulse sequence variable definitions, 194

pulse width calibration, 269

pulsesequence function, 191

pw parameter, 167, 172

pw90 value, 269

pwd command, 133, 135

PWD variable, 206

pwx1 parameter, 274

pwxca macro, 274

PWXCAL pulse sequence, 274

Q

qf file prefix for mail, 265

QIC (quarter-inch cassette), 372
QIC tapedrives, 33

QIC tape format, 151
Qtunefile, 258

quench, magnet, 321, 323
quitting the shell window, 103

R

radial shims, 283

radio-frequency emission regulations, 20
RAID (redundant arrays of inexpensive disks), 372
RAM (random-access memory), 25, 373
raster entry, 86

raw devices, 105, 235

rcfiles, 183

rc.boot file, 171

rc0 to rcS startup scripts, 97

rcp command, 228, 229, 231, 232, 241, 245
rdsk directory, 105

read files to tape, 149

read permission, 119

read tape, 136

read/write optical disk drives, 35
reading from atar file, 152

reading tapes of any format, 155
real-time clock (TOD), 27

real-time variables, 193

reboot command, 55, 96

rebooting the acquisition system, 67
rebooting UNIX, 69

receiver overflow warning, 165
receiving mail, 264
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recovering damaged files, 178
recursion, 373
recursive copy of afile, 136
reexecute last command line, 138
refresh rate, 373
register variables, 194
rehash command, 218
relational operators, 196
relative paths, 133
relaxation time, 269
release of software, 373
relief vaveswarning, 19
remote computer actions, 374
remote control files, 183
remotefile, 91, 263
remote file system mounting, 235
remote home directories, 246
remote host commands, 232
remote login, 170, 229
remote login on aremote host, 232
remote printing and plotting, 232
remote tape drive, 154—155
remote X server, 184
remote X terminals, 186
removable magnetic tape, 150
removable media mounting, 123
removabl e quench tubes warning, 19
remove

dias, 138

directory, 135

files, 136
reset monitor command, 94
resetting the console, 170
residua couplingsin dioxane, 271
resizable windows, 71
resolv.conf file, 233
restarting acquisition processes, 65
restarting UNIX, 69
restore command, 155
Return key, 22, 131
REXEC command protocol, 255
rf field homogeneity of decoupler, 274
RF homogeneity tests, 299
rftype parameter, 72
RG/58U coaxial cable, 223
rgb.txt file, 188
RISC (reduced instruction set computer), 374
RJ45 connector, 374

rlogin command, 170, 172, 228, 231, 232, 245,

252, 253
rm command, 127, 136, 184
rmdir command, 135
ROM (read-only memory), 374
root access to NFS mounted systems, 237
root login name, 48
root menu, 374
root partition, 107
root partition size, 265
root password, 48, 67, 95
root sice, 41, 110
root superuser, 374
rooted environment, 254
rootmenu, 102
rotational latency, 108
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route command, 233

routine shims, 281

RS/6000 computer. See IBM RS/6000
RS-232 cable, 166

RS-232 expansion board, 89

RS-232 ports, 249

RS-232 system connection, 261
RS-232, RS-423 seria communications, 374
rsh command, 228, 231, 232, 245, 253
RSH command protocal, 255

run levels, 93

run-time library, 114

run-time math library, 203

S

sadm directory, 113

safety concerns, 374

safety precautions, 17, 19, 320
safety vent valve, 322

sample changer, 328

sample changer errors, 166
sample scoring problems, 327
Save Workspace option, 187
sbin directory, 112, 114
SBusinternal bus, 375

SBus ports, 27

scanf function, 202

scaning the file system, 175
SCCSid static variable, 203
scheduler program, 375
screen blanking, 375

screen burn-in, 163, 375
screen locking, 375

scroll bar, 375

SCSI (Small Computer Systems Interface), 375

SCSI address verification, 36

SCSI addresses, 28

SCSl bus, 27, 106

SCSI communications troubleshooting, 170
SCSI communications unreliable, 170
SCSI controller, 26

SCSl disks, 105

SCSl driver box, 28

SCSl errors, 167

SCSl ID selection, 35

SCSI-3 connectors, 28

SCSI-1D, 106

search for pattern in file, 137
secondary cache memory, 24
secondary lock file, 116

sector of disk, 375

security patches, 123

sed command, 87, 137

seek time, 375

semicolon command separator, 131
seqgen command, 190

seqgen shell script, 203

serid 1/0, 375

seria 1/0O controller, 27

seria link between systems, 261
seria port, 86

server computer, 376

set command, 134
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set statement, 206

setacq command, 66, 167

setenv command, 94, 207, 253

set-GID hit, 122

setnoether command, 224

set-UID hit, 122

setup macro, 73

SGI (Silicon Graphics, Inc.), 376

SGML (Standard Generalized Markup Language),

376
shadow file, 50, 99, 245
shaped pulse test descriptions (channels 1 and 2),
304

share command, 55, 236, 238

share directory, 114

shareall command, 55, 237

sharetab file, 55

shell, 376

shell command interface, 50

shell for commands, 132

shell script, 376

shell scripts, 205

shell tools, 102, 103

SHELL variable, 206

shelltool command, 102

shielded cable, 376

shielded twisted pair (STP), 381

shielding for rf, 376

shift command, 210

SHIM and FID display, 74

shim buttons selected by users, 73

shimming errors, 167

shimming procedures, 275

shims
asymmetry, 277
broadening of the peak, 277
complex lineshapes, 278
effects on symmetry of the resonance, 275
even-order, 277
first-order spinning sidebands, 279
illustration of shim interactions, 275
linear, 276
non-spin, 279
odd-order, 277
removing spinning sidebands, 282
second-order spinning sidebands, 279
setting high-order axial shims, 282
setting high-order radial shims, 283
setting low-order or routine, 281
shapes of the axial gradients, 275
theoretically predicted changes in lineshape,

275

typicd interactions for axia shims, 281
what are they, 275
when more than one are misadjusted, 278

shimsfile, 49

shimset parameter, 73

short data type, 192

showconsole command, 172

showrev command, 48, 123

shutdown command, 51, 96, 104

shutting down
acquisition computer or cabinet, 104
entire system, 104
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multiuser system, 51

UNIX, 68
signal-to-noise check, 317
Silicon Graphics (SGI) workstation, 249
Silicon Graphics, Inc. (SGI), 376
SIMM (singlein-line memory module), 376
single-diceinstalation, 42, 44
single-user mode, 93, 95, 376
skin damage from helium and nitrogen, 319
dlash notation, 133
dave servers, 245
dice, 377
dlice number, 106
dices of hard disks, 105
SLIP (Seria Line Internet Protocol), 377
SMCC (Sun Microsystems Computer Corp.), 377
SMD (surface mounted device), 377
SMS sample changer, 328
software handshaking, 90
software installation log, 113
software maintenance, 163, 377
software types, 377
SoftWindows 95, 377
Solaris 1.1 operating system, 377
Solaris 2.5.1 disk layout, 40—43
Solaris 2.5.1 installation, 44—48
Solaris 2.6 disk layout, 43—44
Solaris 2.x options, 40
Solaris 2.x software, 28
Solaris 2.x software envirnoment, 377
Solaris CD-ROM, 44
Solarisinstallation "after the fact", 58
Solaris patch installation, 48
Solaris patchesinstallation log, 113
solids high-power amplifiers caution, 20
Solstice network software, 378
sort command, 137
sort linesin text file, 137
Source Code Control System, 203, 204
source command, 186
sourcefiles, 114
SPARC (scalable processor architecture), 378
SPARC microprocessors, 29
SPARCclassic workstation, 378
SPARCstation 1 and 1+ workstations, 378
SPARCstation 1+ or 1 power on, 70
SPARCstation 10 workstations, 378
SPARCstation 2 workstation, 379
SPARCstation 20 workstations, 379
SPARCstation 330 workstation, 379
SPARCstation 4 workstations, 379
SPARCstation 5 workstations, 379
SPARCstation EL C workstation, 254, 380
SPARCstation | PC workstation, 380
SPARCstation IPX workstation, 380
SPARCstation LX workstation, 380
SPARCstation SLC workstation, 380
SPARCstation workstations, 378
SPEC (System Performance Evaluation

Cooperative), 380

SPECfp92 performance measure, 380
SPECfp95 performance measure, 381
SPECint92 performance measure, 381
SPECint95 performance measure, 381
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SPECmark performance measure, 381
SPECrate performance measure, 381
spectral editing, 272
spectrometer host, 247
spintest, 327
spinner does not rotate, 328
spinner errors, 165
spinning instabilities, 327
spinning sidebands, 279
spinning sidebands, removing, 282
spool directory, 113
spooled data storage, 113
spooling directory, 265
spray command, 230
sguare brackets wildcard notation, 134
SRAM (static RAM), 381
stack register, 381
staff group, 122
stand-alone workstation, 381
standard environment for VNMR, 71
standard input, 132
standard output device, 201
standard parameter sets for anucleus, 73
standard printer, 86
standard.h file, 191
STAPE command, 155
startacqproc command, 66, 70, 104
starting

Acgproc process, 66

VNMR, 103

Vnmrl, 250
startup commands, 112
statement separator, 197
static discharge, 381
static variables, 194
status field parameter strings, 191
stdio.h file, 190, 191
stdpar directory, 73
steady-state, 269
sticky bit, 122
stinger, 323, 326
Stop key, 69, 170
Stop-a key combination, 94, 104
stopping Acqproc process, 65
stopping acquisition processes, 65
storage class for variables, 193
storage dewar, 322
storing directories on tape, 149
STP (shielded twisted pair), 381
streaming tape mode, 151
string variables, 194
strings as a data type, 193
struct data type, 193
structured programming, 381
structures, 193
stty command, 251, 262
Style Manager, 101
su acgproc command, 67, 104, 173
su command, 137
subnet references, 167
suffix to filename, 133
summary block, 109
sum-to-memory error, 167
Sun as X server to VnmrSGl, 254
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Sun ELC as X server, 254
Sun FPA (floating point accelerator), 127
Sun Microsystems, 383

Sun Microsystems Computer Corp. (SMCC), 377

Sun patch FTP server, 48

Sun terminal, 184

Sun workstation, 23—28

Sun workstation documentation, 329
Sun workstation installation, 35
Sun-2 workstations, 382

Sun-3 workstations, 28, 382

Sun-4 workstations, 382

suninstall command, 225, 227
SunOS 4.1.x, 267

SunOS 4.1.x to Solaris 2.x transition, 267
SunOS 4.x operating system, 383
SunPC, 383

SunSoft C compiler, 190

SunSoft division, 383

SunSolve Web site, 48

Suntools, 383

SunView graphical user interface, 383
SunWindows graphical user interface, 383
superblock, 108

Supercache memory, 383

supermini computers, 383
SuperSPARC CPU chips, 24, 383
superuser, 383

surface analysis, 53, 383

surface mounted device (SMD), 377
sw parameter, 172

swap command, 56, 113, 168

swap space, 40, 44, 56, 107, 112, 168, 384

swapping processes, 384

swept fm decoupling, 270
switch statement, 198

SX graphics accelerator, 26, 384

symbolic links, 55, 128—130, 136, 152, 384

sync command, 69, 94, 138, 175
synchronize system disk, 94, 138
synchronous data transfer, 262
synchronous transmission of data, 384
syntax checking, 189

syslog file, 113

system administration commands, 114, 137
system administration files, 113
system interconnect, 26

System Log notebook, 318

system messages, 51

system processes list, 112

system recovery commands, 112
system shutdown, 104

system startup scripts, 97

System V UNIX, 106, 384
sys-unconfig command, 57, 170, 225

T

T junction, 222

T, time, 269

tail command, 137

tap kit, 222, 385

tape backup, 164, 175, 176
tape backups, 317
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tape cassette, 385
tape catalogs, 152
tape command, 155
tape device configuration, 150
tape drive on remote system, 154
tape drives, 33, 385
tape lengths, 177
tape magnetic medium, 385
taperewinding, 154
tape storage, 149
Tape Tool program, 149
TAPE variable, 150, 153, 183
tar command, 55, 130, 131, 136, 149, 157, 164,
179, 180
tar command (UNIX), 317
tar file, 150, 151
tar file system, 157
tar tape archive program, 385
target address or ID, 105
task, 385
TB (terabyte), 386
Tcl/Tk (Tool command language /Tool kit), 385
Tcl/Tk scripting language, 219
Tcl/Tk variables, 183
TCL_LIBRARY variable, 183
TCP (transport control protocol), 385
TCP/IP (transport control protocol/internet
protocol), 245, 386
Tektronics terminals, 184
Tektronix terminals, 249
telnet, 254
client startup, 256
session startup, 255—256
temporary files, 112
terabyte (TB), 386
TERM signal, 138
TERM variable, 146, 206
term variable, 102, 146, 184, 206
termcap file, 146
terminal emulation, 249
terminal emulation software, 266
terminal information database, 114
terminal interface, 386
terminal types, 184
terminate processes, 138
terminator, 386
terminator device, 27, 223
test function, 207, 213, 214
text commands, 137
text editing programs, 141—147
text file, 386
text file compression, 180
text processing, 386
textedit command, 137, 139, 141
textedit text editor, 386
tftpboot directory, 112
TGX (TurboGX) color graphics accelerator, 386
then statement, 209
thermal acoustical liquid level indicator, 320
thick Ethernet cabling, 222, 223
thin Ethernet, 386
thin Ethernet coaxial cable, 223
Thinnet Ethernet cable standard, 222
Thinnet network, 223
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TIFF, 386
tilde sign notation, 134, 263
time sharing operating system, 386
time zone definitions, 114
tip command, 263
TK_LIBRARY variable, 183
tmp directory, 87, 113
tmp file system, 112
tmp partition fills up, 169
tn parameter, 72
tof parameter, 172
token replacement, 191
tool, 386
toolbar, 101
top-down programming, 386
touch command, 104, 136
tpwr parameter, 172
tr command, 137
transceiver, 222, 387
transceiver for Ethernet, 223
transfer line, 321
transfer rate for Ethernet, 231
transfer rate over interface, 387
transfer tube, 320, 322, 323
transferring directories, 150
transferring large files viafloppies, 160
transferring LHe from a storage container, 321
transition to Solaris 2.x, 267
trandate characters, 137
transmitter frequency from nucleus tables, 72
Trash directory, 187
tree structure for afile system, 124
tree structure of directories and files, 387
triple-resonance experiments, 274
troff command, 137
troubleshooting, 165
acquisition status codes, 165
Ethernet, 171
sample changer, 328
system hangs, 170
troubleshooting activities, 387
trusted hosts, 228
T-switch, 384
ttyafile, 262
ttya, ttyb ports, 86
ttymon process, 99
tunefs command, 109
TurboSPARC CPU chip, 24, 387
twisted pair (TP) port, 26
twisted-pair Ethernet, 387
twisted-pair Ethernet (TPE), 221, 224
two dots file name notation, 134
type casting operator, 196
type command, 52
TZ variable, 206

U

uchb directory, 114

uchinclude directory, 114

uchlib directory, 114

UDP (user datagram protocol), 387

ufs (UNIX file system), 106, 108
parameters, 109
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ufsdump command, 149, 176, 177
ufsrestore command, 149, 178, 179
Ultra 1 workstations, 388

Ultra 10 workstation, 388

Ultra 2 workstations, 388

Ultra 30 workstations, 388

Ultra5 workstation, 388

Ultra 60 workstation, 389

Ultralli CPU chip, 26

Ultrasnmr Shims, 275

UltraSCSI controller, 26
UltraSPARC CPU chip, 24, 389

UltraSPARC Port Architecture (UPA), 26, 390

umask file protection system, 74
umount command, 158, 235, 236, 239
umountall command, 57, 239
Unaccounted Users list, 81
unalias command, 138
uname command, 138
uncompress command, 138, 180, 181
uncompress file, 138
unconditional looping, 209, 215
undef statement, 192
unformat floppy using stray field, 157
UniPack enclosure, 389
Unipack modules, 27
UNIX, 389
administration files, 111
argument separator, 131
bibliography, 329—330
command names, 131
command separator, 131
documentation, 329
emergency shutdown, 69
file namerules, 133
file system, 106, 158
file system creation, 55
file system generation, 159
file system tree, 124
global environment variables, 183
important commands, 135
kernel, 112
manuals, 114
online manuals, 329
programming bibliography, 333—334
restarting, 69
security bibliography, 332
shell interface, 102
software file system, 114
system administrator, 48, 50, 51
tools bibliography, 330—331
UNIX International (Ul), 389
unix2dos command, 158
UNIX-to-UNIX copy, 263
unknown host message, 257
unlock command, 116
unset command, 134
unshare command, 237
unshielded twisted pair (UTP), 391
unsigned int datatype, 192
unsigned integer number, 192
unsigned short data type, 192
UPA (UltraSPARC Port Architecture), 390
update daemon, 176
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updatesfile dates, 136

upfield tail on the peak, 277
upgrading Sun workstations, 390
upper barrel warning, 18

URL (uniform resource locator), 390
usable disk space, 109

user accounting log, 76

user file, 179

user of UNIX software, 390

user partition, 177, 391

user password file, 50

user standard parameters, 73

user standard variable, 206

USER variable, 206
user_templates directory, 183
users currently logged in, 138

usr file system, 107, 114

utility programs, 391

UTP (unshielded twisted pair), 391
uucp command, 263, 264

\Y,

V-24 connector, 27
vampire tap kit, 222
vapor density of helium, 319
vaporization property of helium, 319
var file system, 107
var slice, 113
variable declarations, 193
variable initialization, 193
varian.xicon file, 186
VAX computer under VMS, 245
venting helium vapor, 319
vertical bar notation, 133
vistab file, 55, 158, 160, 235, 238, 246
vi command, 137
vi text editor, 102, 142, 185, 391
command mode, 142
insert mode, 143, 144
last line mode, 144
problems, 145
running remotely, 146
shell calls, 146
video technology tape drives, 33
virtua file system, 108
virtual memory, 391
virtual memory management, 24
virtual terminas, 250, 251, 253
virus software bug, 391
VIS (Visua Instruction Set), 391
VME bus structure, 391
vmunix file, 112
vh command, 184
VNMR, 391
accounting window, 84
application configuration files, 187
argument separator, 131
customization files, 183
file name extensions, 133
multiuser setup, 117
patch installation, 48
programs, 103
resizable windows, 71
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shell, 103
software directory, 115
source code kit, 189, 190
startup from personal computer, 254
system variables, 183
user's environment, 71
user’ s home directories, 115
workspaces, 116
vnmr command, 250, 251, 252, 253
vnmr directory, 115, 117
VNMR Online, 101
VNMR User Programming Manual, 189
vnmr_accounting command, 77
vnmrl file ownership, 121
vnmrl NMR system administrator, 138
vnmrl user name, 117
vnmreditor variable, 141, 183, 206
Vnmrl, 249, 250
exiting, 251
running multiple copies, 251
startup, 250
vnmri command, 250
Vnmrl software package, 391
vnmrmenu variable, 183, 206
vnmrplot shell script, 88
vnmrprint shell script, 86, 87—88
VnmrS software package, 391
VnmrSGl, 249, 250, 392
exiting, 252
moving windows, 252
resizing windows, 252
startup, 251
vnmrsgi command, 251
vnmrsys directory, 115, 117
vnmrsystem variable, 115, 183, 206
vnmrtext variable, 183
vnmruser variable, 183, 206
VnmrV software package, 392
vnmrwish directory, 219
VnmrX, 249
VnmrX software package, 392
void type, 192
vol directory, 112
vold process, 157
vold volume daemon, 123
volmgt file, 161
volmgt script, 98
volume management, 98, 161
volume manager, 112
VRAM memory chips, 392
VRML (Virtual Reality Modeling Language), 392
VT errors, 166
VT experiment warning, 18
vttime parameter, 166
vxBoot file, 62
VXR-4000 tape format, 155
VxWorks operating system, 61, 112

wW

WABI (Windows Applications Binary Interface),
392

Wabi (Windows Applications Binary Interface), 41

WALTZ-16 decoupling, 270
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WAN (wide-area network), 393

warning error codes, 165

warnings defined, 17

wastebasket, 187

wbs command, 165

wc command, 132

Web (WWW, World Wide Web, W3), 394
Web authoring, 393

Web authoring tool, 393

Web browser, 393

Web browsers and color flashing, 101
Web page, 393

Web server, 393

weekly maintenance, 317

weight of nitrogen-shielded container, 319
weighting functions, 190

werr command, 165

wexp command, 165

while loop, 198

while statement, 209, 215

who am i command, 138

who command, 138

whois command, 50

wide-area networking (WAN), 266

width of thefield for printing, 202
wildcard characters, 134

Winchester disk, 393

windowless multiuser mode, 100
windows, 393

windowsresizing, 71

wnt command, 165

word count, 132

word datasize, 393

word processing, 394

working directory, 133

workstation, 394

World Wide Web ( W3, Web, WWW), 394
WORM drive, 394

WORM drives, 35

wrap text lines, 137

writefiles, 136

writefiles to tape, 149

write permission, 119

wtgen command, 190

WWW (World Wide Web, W3, Web), 394
WY SIWY G (what you see is what you get), 394

X

X client, 249, 394
X decoupler pulse calibration using PSXCAL, 274
X host, 249
X server, 184, 249—250, 394
setting up, 252
X terminal, 186, 250, 395
X Toolkit (Xt), 395
X Window System, 100, 249, 395
bibliography, 334—335
customizing the X environment, 258
X11 defaults, 102
X2-Y 2 non-spin shim, 279
xcharpl parameter, 86
xdm graphical login, 96, 183
xf file prefix for mail, 265
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XFILESEARCHPATH variable, 206

xfn directory, 112

xhost command, 184, 252

xinit command, 102

xIsfonts command, 188

XON/XOFF data control, 394

x-ray emission from CRT, 394

Xt (X Toolkit), 395

xterm window, 255—257
controlling appearance, 257
displaying, 256

xvfonts directory, 253, 254

XY non-spin shim, 279

Y

Y non-spin shim, 279
ycharpl parameter, 86

year 2000 compliance, 395
yellow pages service, 57, 245
ypwhich command, 171

Z

Z1 linear shim, 276

Z2 even-order shim, 277

Z3 odd-order shim, 277

Z4 even-order shim, 277

Z5 odd-order shim, 277
zcat command, 182

zero latency drive, 108, 395
zero wait-state, 395

ZX non-spin shim, 279

ZY non-spin shim, 279
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