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Infroduction

The mission of Cray Research is
to design, manufacture, market,
and support the most poweriul
computing systems available. To
achieve this goal, the company
provides high-performance
software that can be integrated
into existing environments while
taking maximum advantage of
the unigue hardware charactenstics
of Cray computer systems,

Reflecting this commitment, Cray
Research has developed the
UNICOS operating system, which
is based on the ATET UNIX Sys-
tern \V operating systermn. UNICOS
provides a smooth integration
into the user's erwvironment, while
achieving rmaximum SUpercom-
puter performance.

UNICOS combines the power
and functionality of UNIX with
the advantages of using a Cray
computer systemn in the following
ways:

O Its modular design enhances
overall performance and
reliability.

O Like UNIX, it is written in the C

rogramming language and is
unctionally equivalent to other
UNIX systems. Thus, users
already running UNIX can
now run the same operating
systern environment on micro-
computers, minicomputers,
mainframes, and Cray super-
computers — making it easy
to transport data between
systerns.

I It has the advantage of being
porable across Cray systems.
This praovides the user with the
ability to take advantage of
Cray systems today and more
powerful Cray systems in the
future,

O It provides flexible connectivity,
which allows a Cray computer
systermn to be integrated easily
into the user's existing
environment.

UNICOS goes far beyond the
standard UNIX system by
providing many enhancements
thal enable the user to attain true
supercomputer performance.
These enhancements include:

[ High-speed /0 capabilities

O Flexible, high-performance
communication capabilities

0 Multiprocessor and multi-
tasking software

O Batch services

0 Cray Fortran (ANSI 78)
compilers and tools

0 Basic file security
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UNICOS
shell

UNICOS utilities

Applications

System calls

UMICOS kernel

Cray hardware and peripheral devices

UNICOS runs on CRAY-2 systemns
and on CRAY Y-MF, CRAY X-MF
and CRAY1 systems that have at
least 2 million words of memory
and an /O Subsystem (103).

Performance and functionality

With efficient 1/0, excellent multi-
processing capabilities, and low
systemn overhead, UNICOS
provides Cray users with the
performance and functionality
they require.

UNICOS combines the i:ramerful
utility programs of a UMIX system
with the performance of Cray
Research supercomputer pro-
gramming products. This combi-
nation provides capabilities such
as microtasking (on CRAY ¥-MP
and CRAY X-MP systerns), memory
management, and efficient I/0,

Portability

Because technology changes
rapidly, Cray Research sought an
operating system that could be
maoved readily from one Cray
architecture to another. The
portability of UNICOS provides

a single operating system

User

-—
interface

Applications
layer

Systemn call

Operating interface

system layer
Hardware
layer

Hardware
interface

supported across the Cray
product line.

In turn, users can upgrade to
more powerful Cray computer
systems quickly because appli-
cation interfaces are compatible
across the Cray product line.
Thus, applications running under
UNICOS can be moved betwean
Cray computer systems, both
today and in the future,




Connectivity

UNICOS provides users with
multiple choices for connecting
to the wide variety of existing
customer communications
environments.

LINICOS offers the capability of
connecting Cray systems to existing
systemns via the LS, Department
of Defense standard TCP/IP
protocol suite or through Cray-
proprigtary station products.

The TCPAP protocol allows the
Cray computer system to
communicate as a peer with
other vendors' systems or with
existing networks, which can
include mainfrarmes, minicom-
puters and workstations, as well
as other Cray computer systems.
The TCR/P network environment
pravides file transfer facilities,
virtual terminal access, and tools
upon which users can build
distributed applications.

Station software, developed by
Cray Research, runs on many
systemns and workstations and
provides a logical connection to
Cray computers. A station enables
the Cray system to act as a natural
extension to a user's familiar
computing environment. Cray
stations provide the capabilities of
job submission, file transfer, and
interactive access to Cray computer
Systems.

Standard Cray station software is
available for the following systems:
IBM MVS and VM, CDC NOS,
NOS/BE, and NOSIVE, DEC
VAXIVMS, Data General RDOS,
Apollo AEGIS, and specific
implementations of ATET UNIX
Systemn V and the 4.2 release of
the Fourth Berkeley Software
Distribution (4.2 BSD). In addition,
station software for UNISYS,
Honeywell Bull, and Data
General AODS operating systems
is currently available from third-
party sources,

Mumerous communication
hardware options are suppored
by UNICOS. The Cray Research
Front-end Interface-1 (FEI-1)
provides a point-to-point connection

between a Cray system and a
front-end computer system, while
the Metwork Systems Corporation
HYPERchannel adapter provides
multi-point connections to a wide
variety of computer systems. The
Cray Research FEI-3 provides a
gatewa'y interface to Ethernet.

he HSX-1 100-Mbyte/sec com-
munication channel connects the
Cray computer system 1o very
fast customerfurnished equip-
ment such as high-speed
graphics devices. The VAX
Supercomputer Gateway
provides a high-performance
direct connection between the
Digital VAXcluster environment
and a CRAY X-MP computer
system. The Cray Research fiber
opfic link allows an FEI to be
separated from a Cray computer
system by distances of up to
621 miles (1000 meters) with
complete electncal separation
of the connected devices.
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Kernel

The UNICOS kernel provides the
interface to the underlying
hardware. It has a simple, well-
constructed, and clean structure
with short and efficient software
control paths. The small size of
the UNICOS kernel allows for
fast, easy adaptation to each
Cray computer.

Cray Research has substantially
enhanced the kernel in the area
of 10 processing and in the
efficient use of very large data
files. Other significant enhance-
ments include support for asyn-
chronous I/O used to overlap IO
processing with other computing,
improved file system performance
and reliability, multiprocessing,
and user multitasking.

Shell

Perhaps the most visible and
powerful of the UNICOS utilities is
the command interpreter, called
the shell. Tha shell is a high-level
programming language that pro-
vides a customized user interface.
The shell functions as another
user process, reducing the risk
that user programs will interfere
with systemn processing.

UNICOS offers the standard
ATET UINIX Bourne shell and the
Berkeley C shell. Both shells
provide parameter definition and
substitution, local and global
variables, iteration, conditional
execution based on parameter
variables and tests on the
environment, and the completion
status of the individual job stepa.
The C shell also allows both
forward and backward branching
in script control statements.

Shell programming is accom-
plished through the use of shell
scripts, which allow users to
group command lines into a file
for a single command execution.
This grouping allows the initiation
of a complex series of tasks or
the execution of a repetitive
procedure to be accomplished
simply and quickly. Batch
processing is also implementad
with shell scripts.

Shell script files are analogous to
IBM job control language (JCL)
procedure files or to Cray operating
system COS procedure files. The
power of the shell as a language
and the building-block nature of
the UNICOS utilities combine to
make shell scripts easy to write
and maintain.




Operational environment

The UNICOS operational environ-
ment includes batch and interactive
capabilities, security, and the
UNICOS tape subsystem.

Batch and interactive
capabilities

UNICOS offers both the flexibility
of strong interactive capabilities
and the power of baich processing.
A primary function of every Cray
computer system is the efficient
processing of long-running pro-
grams requiring large memaory
and high /O bandwidth. UNICOS
includes the Network Queusing
Systern (NQS), which provides a
batch service capability that
allows users to submit, control,
monitor and terminate batch jobs.
MQS can be configured to provide
the optimum throughput of batch
jobs, based on the workload
profile.

Jobs can be submitted directly
from the Cray computer system
or from a Cray station. They may
also be submitted over a TCP/IP
network from either anather Cray
computer system running NQS
and UNICOS or from other systems
running NQS on specific imple-
mentations of UNIX.

UNICOS provides an interactive
environment allowing the user

to communicate from a local
computer system to a Cray
supercomputer. For example,
users can combine the graphics
capabilities of a workstation and
the computing power of a Cray
computer system to perform
interactive modeling of physical
phenomena. From a workstation,
users can monitor the progress
of an application, suspend its
execution, modify the program or
data, resubmit it, and receive
instant feedback as resulls are
displayed. A workstation can act
as a window to the Cray computer
system, while UNICOS allows
computationally intensive work to
be executed easily on the Cray
computer system.

Basic file security

UNICOS provides a multiuser
ervironment similar to that of
UMNIX in which information and
resources are easily shared.
UNICOS provides password
protection and file access
permissions.

A systern administrator can
create a system profile to provide
a customnized initial environment
for each user. To aid in controlling
access to critical files, each user
can be assigned 1o one or maore
logical groups. Associated with
each file in the system 15 a set of
access parmissions. The system
adrministrator may specify read,
write, and execute restrictions for
each file in the system.

UNICOS tape subsystem

The UNICOS tape subsystem
runs on CRAY Y-MP CRAY X-MP
and CRAY-2 computer systems,
making it possible fo store extensive
amounts of data while using the
computational power of the Cray
mainframe for data analysis and
large-scale problem solving.

Tapes may be used for both
online back-ups and restores for
user files. They may also be
accessed on a limited basis by
user programs to store data.




Programming environment

J

Languages Tools
Fortran Tent editors
c Debugging
Pascal Performance
CAL analysis
Job and process
recoveny
Source code
maintenance
Accounting
utilities

The UNICOS programming
environment includes languages,
tools, libraries, and applications.

Languages

Cray Research provides three
high-level languages with
UNICOS: Fortran, C, and Pascal,
as well as the Cray assembly
Iawua e (CAL). Additionally,
SIMSCRIPT and Portable
Standard LISP (PSL) are avail-
able for Cray systems, and Ada
and Commaon LISP compilers
are under development,

Fortran is the traditional
workhorse on Cray computer

systems. Cray Research has
invested significant resources in
Fortran development, enabling
the Fortran compilers to generate
code that makes optimum use of
the powerful Cray hardware.

The Fortran, C, and Pascal
compilers feature automatic
vectorization of FOR loop
structures, All languages sup-
ported by Cray Research fully
implement standard versions
of the language plus useful
extensions to provide additional

UNICOS
] l \—I I

Libraries Applications

Math Computationa
Scientific chermistry

utilities Computationa
Languages fluid dynamics
Graphics Graphics

Image processing
Mathematics
Nuclear engrgy
Structural
analysis

functionality and to minimize
the difficulties of porting appli-
cations from other computer
ervironments”

Programs written in one language
can call routines written in another
language.

CAL is a powerful assembly
language that is especially helpful
for tailoring programs to the
architecture of a Cray mainframe
and for writing programs requiring
hand-optimization to the
hardware. '

Tools

The UNICOS operating system
programming environment offers
users the following tools:

O Text editors

0 Debugging aids

0 Dynamic and static perform-
ance analysis tools

0 Job and process recovery

0 Source code maintenance

O Accounting utilities

|

Security Type subsystem
Customized user Label processing
etwironment ANS! standard labels
Controlled access IBM standard labels
io critical files

Mo [abels

Access permissions

Text editors

Three fext editors are available to
the UNICOS user. The first, ed, is
a line editor that offers speed and
wersatility, requiring very litle com-
puter time to complete editing
tasks. Users can enter line editor
commands at a terminal or include
them in a shell script. The second,
W, is a screen-griented display
editor; changes made to a file are
quickly reflected on the terminal
screen. And the third, ex, is a line
editor within v that is useful for
making large-scale changes to
moare than one part of a file

Debugging aids

UNICOS supports a variety of
debugging tools that aid users
in detecting program bugs by
examining both running programs
and program memory dumps,
Supported debugging aids
include symbolic interactive
debuggers (ODRD, adb) and
symbolic postmorterm dump
interpreters (DDA, DEBUG).
These debugging aids execute
either interactively or in batch
mode.

* Full Fortran 77 (ANSI standard X39-1578)
i provided by CFT77 and CFT, and is
under devalopment in CFT2.
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Performance analysis tools
Dynamic analysis tools accumulate
and analyze performance data
from an executing program.
These tools are generally used
for timing and event counting.

mitdump (multitasked programs):

O Unformatted dump analysis of
the multitasking history trace
buifer

Flowirace (Fortran, C, and Pascal
programs):

O Report of CPU time, IO time,
and wallclock time for each
subprogram

0O Dynamic calling tree
O Subprogram counter

Perftrace (Fortran, C, and Pascal
programs);

O Program performance analysis
at the subprogram level for
CRAY X-MP computer systems

O Detailed information for
achieved megaflop rates and
use of functional units, using
the hardware performance
monitor on CRAY X-MP
computer systems

UNICOS tools
l : Job and process

Analysis recovery
midump
Flowtrace :
Perftrace chipnt

prof restart

sim

ftraf

prof (Fortran, C, and Pascal
programs):

0O Determination of time spent
in varous subprograms and
code blocks on CRAY-2
systems

sim (Fortran, C, and Pascal
programs):

O Interactive system simulator

O Individual code segment times
O Memory management

O Single-step execution traces

The static performance analysis
tool (ftref) analyzes Fortran
compiler output independent of
any program input data.

ftref (Fortran programs):

O Detailed Fortran program
report

O Static calling tree

0 Summary of multitasking
subroutines

!

Source code

L Accounting
maintenance

utilities

High-aceuracy
measurements
UPDATE Job summary
sC0S information
Batch job
submission
Auxiliary
measurements

Job and process recovery
UMICOS will preserve batch-type
processes over an orderly system
shutdown. It will recover the
processes when the system

is restarted and continue process-
ing from the point of interruption.
Two UNICOS utilities, chkpnt and
restart, allow the user to save a
job process to a file for later
recovery.

Source control products
UNICOS provides full support for
two source control products.

UPDATE is a line-oriented batch
editor used to create and modity
program libraries and to produce
output for use as input 1o other
programs, particularly compilers
and assemblers. UPDATE also
operates under COS. The UPDATE
utility PLCOPY allows users to
move program libraries from
COS to UNICOS. UPDATE also
provides a number of directives
for managing and tracking soft-
ware changes. For example,
conditional directives can be
used to state the conditions
under which a range of text is
written to a compile file. Common
decks allow users to maintain a
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single copy of common text and
o be assured that the most up-

to-date copy is always used in a
deck that calls it.

Source Code Control System
(3CCS5) tracks modifications to
files; this is useful when programs
and documentation undergo
frequent changes due to devel-
opment, maintenance, or
enhancement. SCCS allows
users to:

O Store files of text

O Retrieve particular versions of
files

O Coritrol updating privileges to
files

O Identify the version of a
retrieved file )

O Record the time, location, and
reason for a change, as well
as the user who made each
change to a file

SCCS provides an excellent
sn:nftware maintenance
environment under UNICOS.

Accounting utilities

Cray Research has augmented
the standard UMNIX process
accounting features with account-
ing mechanisms appropriate for
a supercomputer emironment
that includes batch processing
capabiliies. UNICOS accounting
features include:

O High-accuracy measurements
that include I/O and memory
wait time, I/0 reguest count,
and job priority

O Job summary information for
completed processes available
at any point in a job

O Bateh job submission, initiation,
and termination records

O Auxiliary measurements,
including multiple-CPU usage
and device-specific /0 counts

UNICOS library support

Alibrary is a collection of sub-
programs used explicitly by the
user or implicitly by the compiler,
Some of the libraries included
with UMICOS are:

O Standard C

O Fortran—including numerous
WO extensions

O Pascal

O Mathematics—such as
exponentiation, double
precision, and complex
arithmetic
Scientific applications—such
as vectorized linear algebra
and Fast Fourier Transforms
Utilities—such as memory
management and timing

1 Multitasking and microtasking




Applications

Researchers and engineers

use Cray computer systems for
generating solutions to problems
previously considered computa-
tionally intractable, as well as for
solving more commonplace
problems faster and with greater
accuracy. Many of the most widely
used application programs are

currently available and supported
to run in Cray UNICOS environ-
ments. Cray Research actively is
converting additional application
programs to UNICOS. These
applications include:

O Computational chemistry

O Computational fluid dynamics
O Electronics

O Financial modeling

O Graphics

O Image processing

O Mathematics

O Medical research
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O Nuclear energy

O Petroleum

O Physics

O Structural analysis

O Transportation oplimization
0O Weather forecasting

Cray Research remains committed
to supporting the broadest base
of application capability and to
supporting the migration and
enhancement of this capability for
Cray UNICOS emvironments.




Support and service

Cray Research provides support
for all of its software products.

Migration support

Migration support is available

for customers who decide to
migrate their software from COS
to UNICOS. Migration tools

have been created to simplify
conversion. These tools aid in the
conversion of Fortran code from
COS5 to UNICOS, COS datasets
to UMICOS files, and JCL to
UNICOS commands.

Also, the Guest Operating Systermn
(GOS) feature of COS allows users
to run both COS and UNICOS
(COS release 1.15 or later is

required).
Analyst support

Cray Research offers local and
regional software technical
support, providing service for
all Cray software products and
ensuring software reliability.

Training

Technical software training is
available through the Software
Training Department in Mendota
Heights, Minnesata, and through
regional training faciliies. Classes
can also be taught at a customer’s
facility.
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Publications

Cray Research provides compre-
hensive software documentation
for using and maintaining the
UNICOS operating systemn.

UNICOS documentation includes
general overview manuals and
primers; reference manuals for
ulilities, languages, and products
supported under UNICOS; and
system-level programming
manuals. Each release also
includes on-line documentation
and ready reference cards for
quick access to information.



UNICOS benefifs

Cray Research continues to provide
users with the most powerful
computing systems available,
UNICOS delivers supercomputer
performance with multiprocessing,
fast 11O, and low systern overhead.
UNICOS offers a UNIX operating
environment that provides bath

a standard user interface and
common product set across the
Cray Research product line. Cray
Resesarch will continue to enhance
UNICOS and develop systems
that look beyond the current state
of the art in both hardware and
software performance

Additional information on the
UNICOS operating system is
available from any Cray Research
sales office,




608 Second Avenue South
Minneapolis, MN 55402
612/3.33-5889

Telex: 6B79144

Domestic sales offices

Albuguergue, New Mexico
Atlanta, Georgia

Beltsville, Maryland
Bernardsville, Mew Jersey
Boston, Massachusetts
Boulder, Colorado
Chicago, llinois

Cincinnati, Ohio

Colorado Springs, Colorado
Dallas, Texas

Darien, Connecticut
Detroit, Michigan
Houston, Texas
Huntington Beach, California
Huntsville, Alabama

Los Angeles, California
Minneapolis, Minnesota
Mew York, Mew York
Pittsburgh, Pennsylvania
Pleasanton, Califorhia
Seattle, Washington

3t. Louis, Missouri
Sunmyvale, California
Tampa, Florida

Tulsa, Oklahoma
Washington, DG

International business centers

Cray Asia/Pacific Inc.
Hong Kong

Cray Canada Ing.
Toronto, Canada

Cray Research France S.A.
Faris, France

Cray Research GmbH
Munich, West Germany

Cray Research Japan, Limited
Tokyo, Japan

Cray Research SH.L.
Milan, Italy

Cray Research (UK) Lid.
Bracknell, Berkshire, LIK

CCMP-1102 1188 Cray Research, Inc.

CRAY, CRAY-1, SS0, and UNICOS are registered trademarks and CFT, CFT77, COS, CRAY-2, CRAY X-MP. CRAY Y-MP, 108, HSX, and SUPERLINK ara
trademarks.of Cray Research, Inc. UMIX is & registered trademark of ATET. The UNICOS operating systern is derived from the ATET UMIX Systern V
operating system, UNICOS is also based, in part, on the Fourth Barkalay Software Distribution under license from The Regents of the University of
California.

AEGIS and Apolfio are trademarks of Apolio Computer, Inc. AQS i a registered trademark and Data General 12 & trademark of Data General Conporation,
COC is a registered trademark of Control Data Corporabon. DEC, MAX, and WMS are trademarks of Digital Equipment Corporation. IBM is a regesterad
traciemark of Imarnational Business Machines C-orpormim




