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CONSULTING OCFICE
Information on the Consulting Office schedule for this month may be found
on page 3. For your convenience, this schedule has been placed on a
separate page for easy removal. The schedule will change each month and
will be included in The Record.

SCaE~ULE CF MABINE UNAVAILABILITY
All machines may be down from 07:00 until 08:30 daily for Systems Checkout.
In addition, some machines will be down for Preventive Maintenance as
follows: CRAY,CA, 06:00-08:00 (T Th); CRAY,C1, 06:00-08:00 (M W); TBM,
06:00-07:00 (daily); MDCOMP, 08:00-12:00 (1st Monday of month).

The Record is published monthly by the Scientific Computing Division of the
National Center for Atmospheric Research. NCAR is operated by the Univer-
sity Corporation for Atmospheric Research and is sponsored by the National
Science Foundation. Reference to a company or product name does not imply
approval or recommendation of the product to the exclusion of
others. Robert Nicol, Editor; Ann Cowley, Head, Information Services; Ken
Hansen, Trouble/Design Reports; Ken Walton, Summary of NCAR Computer Use;
Mary Bartels, Computer Resources Allocated.

I i I -
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COSSULTING OFFICE SCIEXLE FOR AUGUST, 1985

Consulting Office hours are 08:30-11:30 and 13:00-16:00
daily, Monday through Friday. The Consulting Office is
closed every Wednesday from 13:30-14:30 for staff meet-
ings. Consultants may be reached by calling (303) 497-
1278. Messages may also be sent to the CONSULT1 virtual
machine on the IBM 4341 computers.

Consultants for August are: Ed Ash, Donna Converse, Mike
Ernst, Ken Hansen, Barb Horner, Tania Loftus, and Mike
Pernice.

Schedule for the week of:

July 29 August 5 August 12 August 19 August 26
Mon AM E.Ash E.Ash E.Ash E.Ash
Mon PM M.Pernice M.Pernice M.Pernice M.Pernice
Tue AM M.Ernst M.Ernst D.Converse D.Converse
Tue PM T.Loftus T.Loftus T.Loftus T.Loftus

Wed AM M.Pernice M.Pernice M.Pernice M.Pernice
Wed PM E.Ash E.Ash E.Ash E.Ash
Thu AM M.Ernst M.Ernst B.Horner B.Horner M.Ernst
Thu PM D.Conve rse D. Conve rse D.Conve rse D.Conve rse D.Conver se
Fri AM T.Loftus T.Loftus T.Loftus T.Loftus T.Loftus
Fri PM M.Ernst D.Converse D.Converse K.Hansen M.Ernst

-3- August 1, 1985



Volumre 6, Num~ber 8 -4- August 1, 1985



Volume 6, Number 8

User Area Closing for Construction

The User Area located in Room 4 of the Mesa Laboratory will no longer be
available after July 31, 1985. Due to planned construction and other commit-
ments, all users must remove personal belonging from carrels and lockers in
Roanom 4 before August 1. Summer visitors without reserved carrel space should
not plan to make use of free carrels in this area. Please note that all ter-
minals and other public access equipment will also be removed.

If you have reserved a carrel through August 31, every effort will be made to
provide alternative space for your use. Please accept our apology for the
disruption of your sumner computing work and rest assured that the SCD staff
will try to make this transition period as painless as possible.

Report of Cray Users Group Meeting, May 1985

The semi-annual Cray Users Group (CUG) Meeting was held in Stockholm, Sweden
from May 6 through May 10. The meeting opened with a welcome given by the
host, Sivert Nordgren, Director of the Aviation Division of SAAB-SCANIA.
Unlike most of the previous meetings there was no offer to provide a tour
through the SAAB installation. Nordgren stressed that the site was secure and
visitors were not encouraged. However, he was quite happy that so many people
had arrived safely in Stockholm despite travel difficulties.

Due to a strike by Swedish flight controllers, air travel to Stockholm was
impossible and so a number of scheduled speakers were absent from the meeting.
This was disappointing, particularly since Dave Judd of Cray Research Inc.
(CRI), who was scheduled to talk on the UNIX operating system, did not attend.
In addition, M. Wallace of Technoloy Development Co. did not deliver the
scheduled lecture entitled "RIM: Database system for the CRAY X-MP." The use,
capabilities, applications and perfomance of RIM were to be discussed, as well
as some alternate methods of DBM on the CRAY X-MP.

On Monday, May 6, the Board meetings were held. These included a meeting of
the Board of Directors, an Advisory Council Meeting and meetings of each of
the various working committees. In my case, I am a member of the Advisory
Council and the Requirements Committee and the Chair of the
Optimization/Performance Special Interest Group (SIG).

The Cray Corporate Report was given by Margaret Loftus.

In 1981, CRI had 1000 employees and a revenue of $100 million. The value per
share at that time was $1.00 per share. In 1984, CRI had 2000 employees, a
revenue of $200 million and a value per share greater than $2.00.

Research and development is still a high priority and 16% of revenue is put
back into R & D.

In 1984 the first installation of a CRAY-2 prototype machine was completed at
NASA/Ames. The first CRAY X-MP/48 went to Chevron and the first SSD was
installed at Boeing. In addition to hardware installations, two software
releases were completed.
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Thirty-three new contracts were signed which included sixteen new sites and
seventeen existing sites. Twenty-four of the installations were from the
United States and nine were international. Of these thirty-three installa-
tions, twenty were commercial, twelve were government and one was a univer-
sity. The total installations at the end of 1984 number eighty-eight, an
increase of twenty-three over 1983. First-time events in 1984 include: the
first X-MP/1 shipped; the first DD-49 disks delivered (SOHIO); the first auto-
motive contract (General Motors); and the first installation in Saudi Arabia.
CRI also has orders for twenty-five X-MP class machines.

CRI expects an even better year in 1985. Nine systems were sold in the first
quarter, for a total of ninety-seven systems worldwide. CRI expects to
install fifteen XMP/1 systems, seven XMP/2 systems and five XMP/4 systems as
well as three CRAY-2 machines for a total of thirty systems.

Scientific Computer Systems, the company manufacturing the CRAY look-a-like,
has no agreement with CRI, nor does CRI have agreements with any other
manufacturer of look-a-like systems. The 1.13 release software is in the pub-
lic domain. CRI is considering some sort of licensing agreement for the Vec-
tor Patent on Vector Registers.

Margaret Loftus also presented a status report on software programs and
releases. In 1984, there were twenty-two major releases. In January 1985,
COS 1.14 was released and included the following features: X-MP/48 support,
128 SSD support, gather/scatter, DD-49 disk support, tape enhancements, and
support for Apollo Workstations.

The status of the software at the various sites is as follows: Twelve sites
have installed COS 1.14; ten have installed CFT 1.14. Twenty-seven sites are
running COS 1.13 and CFT 1.13 is the default at twenty-three sites. Twenty-
two sites are still running COS 1.12. The largest proportion of sites, thirty-
five, have CFT 1.11 as the default. Three sites are still running COS 1.11
with CFT 1.10 as a default.

The next release, 1.15, will include permanent dataset archiving, on-line tape
enhancements, 3480 IBM cartridge tape drive support, and direct SSD-to-Disk
support.

The Subsystem project has provided operator messages, a NETX driver and hooks
for NETX-2 from Network Systems, as well as superlink ISP, resource account-
ing, SSD enhancements, DD-39 disk support and disk-queued I/O.

Software enhancements include a rewrite of Flowtrace, Multitasking debug
software, VAX data conversion routines, vectorization improvements and SEGLDR
performance improvements as well as a JCL callable Sort routine. CAL Version
2 is available for all the CRAY systems, as well as PASCAL Version 3.0 with
vectorization and multitasking, and C running under COS with a licensing
agreement with AT&T.

The new FORTRAN compiler, formerly referred to as NFT, has been renamed CFT77.
It is written in PASCAL and includes all of the enhancements of CFT with
improved optimization and vectorization.
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The superlink ISP has been Beta-tested and will be released in August.

The MVS superlink with interactive facilities will be available in 1986. VAX
VMS has been enhanced to include DECNET support. Version 3 requires VMS 4.0.
VAX UNIX will be available by September 1985. The UNIX workstation effort is
being conducted by CRAY-France. The Sun workstation with UNIX is under
development. A Portable workstation is the goal. The Apollo workstation is
UNIX-compatible. Work continues on the interactive debugger to make it avail-
able with multiple languages. There are also some SSD enhancements in the
1.15 release.

Release 1.16 supports operator-initiated rolling to and from SSD. Automatic
rolling is anticipated with a later release.

CFT2 for the CRAY-2 is an interim product. Type character is not yet sup-
ported. Multitasking support is included and will have the same interface as
the XMP version.

A strong UNIX effort is underway, which will include AT&T Version V. It is
currently running, but requires an IOS. It will be ready as a preliminary
release in the first quarter of 1986. This is a high performance product and
should not impact the user interface.

Gail Smith discussed the plans for future products.

UNIX is intended to be the standard user interface with improved performance
and I/O. It will have batch capability and improved throughput performance.
Future plans include enhanced security, accounting and resource management, as
well as better recovery capability and additional applications routines.

In 1986, CRI plans to have the CRAY-l and CRAY-2 available with DD-49, DD-39
and DD-29 disk drives, SSD, and BMR (X-MP) support fully implemented. Addi-
tional multitasking and multiprocessing utilities are also anticipated. AT&T
System V UNIX compatibility is planned as well, with the exception of sema-
phores, full system I/O and TCP/IP.

The 1987 plans include: enhancements and migration tools as well as extended
batch support, an improved interactive symbolic debugger, a common modular C
compiler, and resource management.

By 1988, the CRAY-XMP UNIX-based system will equal or surpass COS. The CRI
statement of commitment is to support their customers and continue to support
and develop COS. Migration support will be provided which includes training,
publications and UNICOS, which is a UNIX system running under COS.

A Cray C system license will be required at a cost of $5000 per source license
and $2500 each for binary license.

During the Multitasking Workshop, Margaret Simmons of Los Alamos National
Laboratories (LANL) discussed using a preprocessor to read high-level multi-
tasking macros developed at the Univ. of California at San Diego (UCSD). They
can generate either CRAY standard multitasking primitivies or new microtasking
primitives.
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LANL obtained an overview of the scientic and numerical aspects of the code,
translated the overview into data flow, determined the largest grain tasks and
proceeded from that point, one step at a time. Simmons stressed that data
dependencies are hard to find, so an automatic dependency analyser would be
very advantageous. In dealing with multitasking one deals with a newly created
class of errors. The analyser must recognize parallel constructs. The con-
structs should be extensions; hence, they built their own macros.

The categories of the macros are: Events, Locks, Tasks (creation-end synchron-
ization), DO-LOOPs and Barriers. The prototype set was written at UCSD. Run-
ning on the Denelcor HEP machine, they built a translator for CRAY using FOR-
TRAN77. It is portable and currently generates multitasking. They soon will
be generating Los Alamos multitasking primitives.

To fully use the capabilities of a multitasking machine there is a need for
tools for dependency analysis, good mathematical techniques and good debugging
tools.

Mike Booth of CRI discussed TRAC and HULL, which are two codes that were moved
to a CRAY by hand. Two days were required to port the macros. This enabled
CRI to write a backend translator. The initial timing runs were disappoint-
ing. They translated the codes to microtasking and incorporated them into
CDIR$ directives. (He hopes to have CRI incorporate these directives into
their compiler.) Using multitasking on a dual processor machine almost dou-
bled the speed, but with four processors and a 40% time synchronization, the
speed slowed down. The microtasking primitives caused an almost linear
speedup.

Frank Bobrowicz, also of LANL, discussed the Los Alamos Multitasking Control
Library. This library has been developed to support LANL multitasking
efforts. It is a superset of the CRI standard multitasking set and includes
extensions such as Barriers and Meetings. It is written in CFT FORTRAN and
has extensive error detection and reporting capabilities. This library is
compatible with the LANL dynamic memory manager and is interfaced with the
LANL multitasking simulator.

Gail Smith of CRI, substituting for Peter Rigsbee, briefly described two
tools, FTREF (see article below on COS 1.14 products) and DEBUG, for debugging
in a multitasking environment.

During the Databases Workshop, Michel Valin of Environment Canada discussed a
Machine Independent Scientific Database for numerical scientific data. This
provides both user code transportability and file transportability without
conversion between machines of physically different characteristics.

During the Disks and Data Workshop, three papers were given. Clay Kirkland of
CRI discussed various aspects of disks and disk managment. T. Larsen of TDC
described X-MP and SSD performance. Large secondary memories can substan-
tially improve the efficiency and capability of the CRAY X-MP, but only if
managed properly by the operating system. He claims 00CS is severely lacking
when managing the Solid State Device.
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Gail Smith very briefly discussed CRAY data conversion options available to
the COS user who needs to process data maintained in IMB, CDC or VAX formats.

During the Optimization and Performance Evaluation Workshop, two papers were
given. "The Relationship of Peak to Sustained Performance" was presented by
Jim Hack of NCAR. He pointed out that peak performance numbers for vector
processors range from 160 MFLOPS for the CRAY-lA to 1300 MFLOPS for the NEC
SX2. He demonstrated with simple analysis that sustained internal performance
can be considerably different than peak performance figures would suggest,
even for application programs that are highly vectorizable.

Vince Wayland gave the second presentation, describing a major modification to
COS that has been designed and implemented for a CRI customer. The design
modifies the account file to contain the maximum amount of permanent disk
space for each account number and the actual amount in use. The current
amount used is modified at each execution of a Permanent Dataset Manager (PDM)
verb, and if the actual amount exceeds the maximum, a message is given to the
user and the verb is not executed. The design and implementation are flexible
in that space has been allowed for the addition of limits for other scarce or
finite resources.

The final general session was devoted to UNIX on the CRAY. Nils-Peter Nelson
of Bell Labs gave a very entertaining description of the development of UNIX
at Bell. AT&T Bell is acquiring a CRAY X-MP/24 to extend their UNIX efforts
into the supercomputer range, while simultaneously providing compatible COS
service to existing users. What they are actually going to be providing for
the users was not clearly defined. UNIX on their X-MP/24 will be the primary
operating system for products and batch processing. Local file management of
remote file system will allow the user to load a remote system.

Dave Sadler of CRI, substituting for Dave Judd, presented the description of
the current status of the CRAY-2 software. In 1985, CRI expects three instal-
lations of the CRAY-2 either running CTSS or UNIX and four more in 1986. The
CRAY-2 has four CPUs with 256 megawords of common memory, a 4 Nanosecond clock
time, 40 I/O devices and an increased I/O bandwidth. System V UNIX is the
"default" operating system. The computation system is similar to the CRAY-1
with 32 bit A registers and 8 vector registers, 64 elements deep. The major
differences are: local memory is equivalent to replacement of the B and T
registers; the control section local memory of 16K words has access from the
A, V and S registers; an instruction is delivered with every other clock
period; and there is no exchange package.

Cray enhancements to UNIX include improved I/O, multiprocessing, which is COS
X-MP compatible, networking and batch processing. The CPU is 6-12 times fas-
ter than the CRAY-1.

The next meeting of CUG will be hosted by Environment Canada, in Montreal,
Canada. The business meetings will be held on September 30th and the General
Sessions will run from October 1 through October 3. The theme will be Multi-
tasking.

by Ann Cowley
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Multitasking at CRAY

Luann Nelson and Peter Rigsbee
Cray Research, Inc.

[Editor's Note: This is a reprint of an article that appeared in the Summer
1985 issue of Cray Channels.]

High-speed performance. It is coveted by all involved in large-scale indus-
trial and scientific computing. Traditionally, performance increases have
come from speedups in the CPU, but this is becoming more difficult. Designers
have therefore moved on to another method for improving total system perfor-
mance: the coupling of multiple processors into a single system. This is an
approach taken by Cray Research - in fact, most computers being delivered by
the company today are multiprocessors. The CRAY X-MP Series includes one-,
two-, and four-processor models; meanwhile, the CRAY-2 is comprised of four
central processors built into a single mainframe.

The performance gains promised by multiple-CPU systems can be achieved in two
ways. The first approach treats each CPU independently and schedules separate
jobs to run on each of them. As a result, total system throughput is a multi-
ple of that achievable with a single processor. The second approach allows a
single program to use more than one processor. When multiple processors exe-
cute portions of a single program concurrently, program turnaround and thus,
wall-clock time, should be reduced. Cray Research calls this multitasking.

Some Definitions
Before going much further, several related terms require clarification. The
definitions presented here are those used by Cray Research.

* Multiprocessing is a property of the hardware in which two or more CPUs
are available. For example, the CRAY XMP/2, the X-MP/48 and the CRAY-2
are all multiprocessors.

* Multiprogramming is a property of the operating system allowing overlap-
ping and interleaving execution of more than one program or job at a
time. System resources, such as processors, I/O devices and central
memory can be shared efficiently among many jobs. When one program per-
forms I/O, another uses the CPU for calculations. Multiprogramming is
supported by most computer vendors for all but the simplest single- user
computers.

* Multitasking is the structuring of a program into two or more parallel
instruction streams that execute concurrently. These instruction streams
are called tasks. Multitasking is a software construct and pertains only
to the manner in which an application program is organized. Performance
gains are realized when the "multitasked" application is run on a mul-
tiprocessing system. If the tasks execute at the same time on different
processors, overall job turnaround, wall-clock time, can be reduced.
Cray Research distinguishes between two types of multitasking, macrotask-
ing and microtasking, both of which will be explained later in this arti-
cle.
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Cray has developed software to allow users to implement multitasking on mul-
tiprocessor systems. This article examines what multitasking is, when it
should be considered and how it can be used.

Applications for Multitasking

In a general sense, almost all applications run on CRAY computers are candi-
dates for multitasking. The primary use of a CRAY system is to model physical
processes such as weather, nuclear reactions and acoustical images. Weather
phenomena occur simultaneously; the particles in a nuclear plasma all move at
the same time and their interactions are resolved instantaneously. It would
be ideal if application programs could be structured to execute as real-life
phenomena do.

However, scientists are forced to describe and model physical processes in
sequential terms on single processor computers. A period of time called a
time-step is chosen, and instantaneous interactions during that period are
approximated by a sequential series of computations. With many computer sys-
tems, this is the only option. The computer executes instructions sequen-
tially, and therefore, the applications running on it must be sequential.

CRAY computers offer two significant approaches in which parallelism inherent
in an application can be exploited to improve performance. First, vector
registers in the hardware allow certain computations to be carried out in
parallel on up to 64 independent elements at a time. Vectorization is the
method by which a code is modified by the compiler to use this hardware
feature. Second, multiple processors allow certain computations to be carried
out in parallel on two or more processors. Multitasking is the method used to
modify program code to use multiple processors.

Vectorization and multitasking can be used on the same application; the
overall result is a performance improvement that is a combination of the
improvements from the two separate methods. While the Cray FORTRAN Compiler
automatically modifies a program to allow vectorization, the user must expli-
citly start up the multitasking process by calling for the library routines
provided by Cray Research.

Work has been done on a number of application programs to allow them to make
use of Cray's multitasking capabilities. They include:

- Medium-range weather forecasting

- Short-term spectral weather forecasting

- Particle-in-cell simulation

- Mronte Carlo gamma ray trasport

- Seismic three-dimensional migration

- Nuclear reactor simulation (RELAP5)
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- Circuit design (SPICE)

- Computer chess (CRAY BLITZ)

Now, multitasking is implemented at the subroutine level; research is being
done to develop multitasking at the DO-loop level (called microtasking).

Multitasking Considerations

The implementation of multitasking by Cray is best suited for a particular
case of applications that can be characterized as:

* Written in FORTRAN

* Long running or frequently running

* Using most or all of memory

* Requiring a dedicated environment for any reason

The decision whether or not to modify a program to use multitasking is influ-
enced by these four attributes.

Most major applications run on CRAY supercomputers are written in FORTRAN.
Thus, the Cray approach has been to support multitasking through FORTRAN,
keeping enhancements to a minimum.

The length of a job is important because there is a programmer cost to multi-
task a job. Saving 1.5 hours of a six-hour job is better than saving three
minutes of a six-minute job that will run only once. (Of course, if the six-
minute job is run a thousand times a day, multitasking may very well pay off.)

Multitasking introduces some system overhead that is not present in a tradi-
tional, sequential application. The amount of computation that each task per-
forms must be weighed against the overhead introduced by creating that task.
If the amount of computation in a portion of a program is too low, the perfor-
mance gain from the parallelism will be exceeded by the overhead of creating
and communicating among the tasks. The longer a task can execute, especially
without need to communicate with other tasks, the greater the performance
increase from multitasking.

Multitasking is also well-suited for jobs that execute in a dedicated environ-
ment. This can take two forms: the job that runs dedicated during off hours,
or the job that requires most or all of memory during production hours. Mul-
titasking dedicated jobs permits them to finish sooner or permits the scien-
tist to solve a more complex or detailed problem. Multitasking memory-bound
jobs, using otherwise idle processors, improves system throughput since jobs
will move through the system faster.

-12- August 1, 1985



Volume 6, Number 8

Multitasking Implementations

Cray Research distinguishes between two types of multitasking. The first is
macrotasking, which organizes a program into large sections involving signifi-
cant amounts of work that can be executed in parallel. This form of multi-
tasking is currently supported by a set of standard library routines. The
second type of multitasking has been termed microtasking, which partitionc
work at a very low level, typically alternate iterations of a FORTRAN DO-loop.
Microtasking is currently in an experimental stage, but appears to offer sig-
nificant performance enhancements for programs that cannot be partitioned into
larger pieces.

The initial Cray implementation of multitasking centers on the development of
a set of library subroutines that uses a basic set of primitive multitasking
functions. The user is asked to analyze the application and insert library
calls as required to create and coordinate or synchronize task execution at
the level of the user's subroutines.

Analyzing the application code is key to producing a successful multitasked
application. Precisely defining and adding the necessary communication and
synchronization mechanisms between parallel tasks is important. After a pro-
gram is developed, debugged and vectorized, one must look at the program's
flow to locate sections that have the potential to run in parallel.

The next step involves looking at variables used in the tasks, and deciding
which must be shared between tasks and which must be private to a single task.
Variables that will be shared may require protection. Cray Research has
developed and is enhancing various tools to aid the user in these analyses.

Code modifications are made after the analysis is completed. Modifications
involve inserting library subroutine calls to use the multitasking support.
The major library subroutines:

- Create tasks and wait for their completion

- Test and signal software EVENTs, which synchronize the execution of tasks

- Control software LOCKs, which allow protection of resources and variables
shared by tasks.

Other code changes are required to ensure that varibles are properly treated
as private or shared. Three basic options exist:

* CXOM)N variables can be shared by all tasks and are allocated to static
locations in memory.

* ThSK (0014N variables can be shared by, and only by, the subroutines
included in a task and are allocated dynamically at runtime.

* Other variables are local to a task and are (usually) allocated dynami-
cally at runtime.
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A major advantage of the current implementation is that it is system indepen-
dent. The same FORTRAN interface is supported on CRAY-l,CRAY X-MP and CRAY-2
systems, so applications developed today for one CRAY computer can be easily
transported to another CRAY model.

Future Development and Research

Cray is investigating alternative machine-dependent implementations that allow
the minimum task size to be reduced. CRAY X-MP hardware includes features
that allow rapid task switching and communication. Currently, these features
are available to the user for experimentation through assembly language. (They
are not available on the CRAY-2.)

In addition, Cray is investigating automatic code partitioning by the new FOR-
TRAN compiler. Automatic partitioning, in conjunction with an efficient mul-
titasking implementation, will allow users to multitask some loops within an
application with no more effort than is required to vectorize loops today.
The performance gains that can be achieved with automatic partitioning will
depend on the sizes of the loops selected and their importance within the
application. Generally, however, performance gains will be smaller than could
be achieved by the analysis described earlier. But the small effort required
by the user will frequently make this worthwhile.

Microtasking development continues. Later this year, multitasking will be
implemented in Pascal in the same manner as with FORTRAN. Other work being
done by Cray focuses on additional and enchanced tools and products for use in
analyzing and debugging multitasked applications.

This article covers only a few of the concepts and issues related to multi-
tasking, and only provides a glimpse into the features and software available
from Cray Research. A Multitasking User Guide (SN-0222) describing analysis
and implementation of applications for CRAY X-MP computers is available. It
may be purchased for $2.50 by ordering from:

Dennis Abraham
Cray Research, Inc.
1440 Northland Drive,
Mendota Heights, MN 55120.

[Editor's Note: The Multitasking User Guide will be included in the next docu-
mentation site mailing to remote sites. It may also be obtained from the SCD
Documentation Specialist (see page 2). ]

Future issues of Cray Channels will feature additional articles about multi-
tasking.
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Documentation Site Representative Listing

The following list contains all the names of the various representatives at
each site who receive regular updates of manuals, Consulting Office documents
and other pertinent documentation from the SCD Documentation Specialist.
These representatives are the people at each site who are responsible for
maintaining the SCD documentation for the users at their site. If you lack
documents or your documentation is obsolete, you can obtain the most current
versions from your documentation site representative.

The list is sorted by state. If you do not know your site representative,
check the list for the institution and department which is most convenient for
you. If there is no convenient site listed, or the listing for your site is
incorrect, you may request that a new documentation representative be
appointed for your site. If you are a site representative, please check the
listing for accuracy. If you have any questions, requests or problems, please
use the Your Turn form at the back of this issue to notify us.

ALASKA BELGIUM

Dr. David Fritts
Geophysical Institute
Univ. of Alaska

ALABAMA

Dr. Jeffry Rothermel
Atmospheric Science Division
NASA/Marshall Space Flight Center

Dr. Richard T. McNider
K.E. Johnson Environ. & Energy Center
Univ. of Alabama

ARIZONA

Andrew P. Odell
Dept. of Physics & Astronomy
Northern Arizona Univ.

Dr. Kenneth C. Young
Dept. of Atmospheric Science
Univ. of Arizona

Dr. Donald M. Hunten
Lunar & Planetary Lab.
Univ. of Arizona

Dr. Gregory Baker
Dept. of Mathematics
Univ. of Arizona

Dr. Jean-Claude Gerard
Dept. of Astrophysics
Universite de Liegelgium

CALIFORNIA

Dr. Dean F. Smith
Berkeley Research Associates

Dr. Vincent MKoy
Dept. of Chemistry 127-72
California Inst. of Technology

Ms. Barbara Kreiss
Dept. of Applied Mathematics
California Inst. of Technology

John F. Hawley
Dept. of Theoretical Astrophysics
California Inst. of Technology

Mr. Chester Huang
Fleet Numerical
Oceanographic Center

Dr. Lal Baboolal
Dept. of Atmos. Science
U.C.L.A.

Ms. Linda Mearns
Dept. of Geography
U.C.L.A.
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Dr. Philip L. Pritchett
Geophysics & Planetary Physics
U.C.L.A.

Dr. Neal Cline
Dept. of Physics
U.C.L.A.

Dr. Michael Bradley
Private Residence

Dr. Michael Bradley
Lawrence Livermore National Lab
Univ. of California

Steve Langer
Private Residence

Dr. Steven Hipskind
NASA/Ames Research Center

Dr. Melinda Peng
Dept. of Meteorology
Naval Postgraduate School

Dr. Dale Haidvogel
Dept. of Oceanography
Naval Postgraduate School

Dr. Jack Glendening
Dept. of Physics
Naval Post Graduate School

Robert Gall
Dept. of Meteorology
Naval Postgraduate School

Eric Siggia
Inst. for Theoretical Physics
UC Santa Barbara

Dr. Doug Eardley
uept. of Physics
UC Santa Barbara

Memorie Yasuda
Dept. of Geological Sciences
Univ. of Southern California

Dr. A. N. McClymont
CASS
UC La Jolla

Dr. Richard Canfield
UC La Jolla

Dr. Richard C. J. Somerville
Scripps Inst. of Oceanography

Dr. Boris Shkoller
S-CUBED

Joseph Oliger
Computer Science Dept.
Stanford Univ.

Dr. Edward C. Shoub
Institute for Plasma Research
Stanford Univ.

Dr. Paul A. Bernhardt
Radioscience Laboratory
Stanford Univ.

Ms. Mary Hudson
Space Science Laboratory
UC Berkeley

Dr. Bryan C. Weare
Dept. of LAWR
UC Davis

Dr. R. S. Steinolfson
Dept. of Physics
UC Irvine

CANADA

Dr. W. R. Peltier
Dept. of Physics
Univ. of Toronto

COLORADO

Dr. Almon G. Turner
Seiler Research Lab
USAF Academy

Dr. Julius London
APAS
Univ. of Colorado

Dr. Dean F. Smith
Dept. of Astrophysical,
Planetary & Atmospheric Sciences
Univ. of Colorado
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Dr. Lorant Muth
723.05
NBS

Dr. George Kiladis
CIRES
Univ. of Colorado

Dr. Darwin Rolens
Dept. of Physics
Univ. of Denver

Ms. Chela Kunasz
JILA
Univ. of Colorado

Dr. Larry Esposito
LASP
Univ. of Colorado

Dr. Michael T. Callan
LASPx 439
Univ. of Colorado

Timothy Fuller-Rowell
R/E/SE
NOAA/ERL/SEL

Dr. D. R. Schmitz
Dept. of Geophysics
Colorado School of Mines

Mr. Paul Ciesielski
Dept. of Atmospheric Science
Colorado State Univ.

Ms. Mary Fowler
Dept. of Atmospheric Science
Colorado State Univ.

Mr. Ceasar Mendoza
Engineering Research Center
Colorado State Univ.

Muh Sheng Chen
Aeronautical Eng. Dept.
Engineering Center

Dr. Brian Eaton
Dept. of Chemical Engineering
Univ. of Colorado
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Dept.
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Dr. Karl
Dept. of
Univ. of

David
Dept.
Univ.

R.

of
of

Hynes
Chemistry
Colorado

Gustafson
Mathematics
Colorado

Kassoy
Mechanical Engineering
Colorado

Dr. Petre Rusu
Dept. of Physics
Univ. of Colorado

Joseph Cain
USGS

CONNECTICUT

Dr. Stephen J. Thoren
Center for Environment & Man

WASHINTON

Colin Shen
Ocean Dynamics Branch (5810)
Naval Research Lab

FLORIDA

Dr. Douglas Boudra
Rosenstiel School of Marine Science
Univ. of Miami

Dr. Vic Ooyama
NOAA/ACML

Ms. Linda T. Smith
Oceanographic Center
Nova Univ.

Dr. Mark Luther
Dept. of Air-Sea Interaction
Florida State Univ.

Dr. James Zarichny
GFDI Room 18 Keene Bldg.
Florida State Univ.



Volume 6, Number 8

Dr. Simon V. Lo-nam
Dept. of Meteorology
Florida State Univ.

Dr. Wilton Sturges
Oceanography Department
Florida State Univ.

HAWAII

Dr. Dennis Moore
Joint Institute of
Marine & Atmospheric Research

Dr. Eric Yasukawa
HAO Observatory-NCAR
Univ. of Hawaii - Hilo

Dr. Tsutomu Takahashi
Cloud Physics Observatory
Univ. of Hawaii - Hilo

Dr. Jaime J. Tecson
Dept. of Geophysical Sciences
Univ. of Chicago

Larry L. Smarr
Dept. of Astronomy
Univ. of Illinois

Dr. Robert Wilhelmson
Dept. of Atmospheric Sciences
Univ. of Illinois

Dr. Y. Ogura
Illinois State Water Survey
Univ. of Illinois

INDIANA

Dr. David Smith
Dept. of Geosciences
Purdue Univ.

Chen
of Meteorology
of Hawaii - Honolulu

KENTUCKY

Dr. L. K. Peters
Dept. of Chemical
Univ. of Kentucky

Engineering

Dr. T.C. Chen
Meteorology & Climatology Dept
Iowa State Univ.

Dr. John L. Stanford
Dept. of Physics & Astronomy
Iowa State Univ.

Seong-Yeon Cho
Dept. of Chemical Engineering
Univ. of Iowa

Dr. G. L. Payne
Dept. of Physics & Astronomy
Univ. of Iowa

ILLINOIS

Dr. G. E. Birchfield
Geological Sciences
Northwestern Univ.

Dr. J. Denavit
Mechanical & Nuclear Engineering
Northwestern Univ.

LOUISIANA

Dr. Ganesh Chanmugam
Dept. of Physics and Astronomy
Louisiana State Univ.

MASSACHUSETTS

Dr. Diana Robanoke
Academic Computing Center
Univ. of Boston

Ms. Sharon Nicholson
Dept. of Geography
Clark Univ.

Jeff Koenig
AFGL/OPA

Frederick H. Abernathy
Div. of Applied Science
Harvard Univ.

David
Dept.
Univ.

IOWA
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Dr. Philip Marcus
Center for Astrophysics
Harvard Univ.

Dr. H. L. Rowland
Dept. of Physics and
Univ. of Maryland

Astronomy

Dr. Robert Rosner
Dept. of Astronomy
Harvard Univ.

Dr. Ron Tang
Earth & Planetary Physics
Harvard Univ.

Dr. Henry B. Selkirk
Earthmos. & Planetary Sciences
Massachusetts Inst. of Technology

Dr. Ed Bullister
Fluid Mechanics Laboratory
Massachusetts Inst. of Technology

Dr. Alfredo R. Navato
Private Residence

Dr. Arthur Rosenthal
Dept. of Mathematics
Massachusetts Inst. of Technology

Dick K. Yue
Dept. of Ocean Engineering
Massachusetts Inst. of Technology

Dr. Peter Rhines
Dept. of Physical Oceanography
Woods Hole Oceanographic Inst.

Dr. W. Brechner Owens
Dept. of Physical Oceanography
Woods Hole Oceanographic Inst.

MARYLAND

Dr. Warren Wiscombe
Code 613
NASA/GLAS

Jerold Herwehe
Code 671
NASA/Goddard Lab for Oceans

Dr. Robert Kaylor
Dept. of Meteorology
Univ. of Maryland

Dr. Alan J. Faller
Inst. for Physical Science & Technology
Univ. of Maryland

Dr. Shenn-Yu Chao
Univ. of Maryland

Shenn-Yu Chao
Horn Point Lab - Box 775
Univ. of Maryland

MICHIGAN

Dr. Vern Soden
Dept. of Atmospheric Science
Univ. of Michigan

Dr. Robert Stein
Dept. of Astronomy
Michigan State Univ.

Dr. Glenn Ierley
Dept. of Computer Science
Michigan Technological Univ.

MINNESOTA

Dr. Donald G. Truhlar
Dept of Chemistry
Univ. of Minnesota

MISSOURI

Dr. G. V. Rao
Dept of Earth & Atmos Sci
St. Louis Univ.

Dr. Barbara N. Hale
Graduate Center for Cloud Physics
Univ. of Missouri - Rolla

MISSISSIPPI

Dr. Pieter J. Feteris
Dept. of Meteorology
Jackson State Univ.
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NORTH CAROLINA NEW YORK

Harris Williams
Private Residence

Dr. Harris E. Williams
Dept. of Geography
North Carolina Central Univ.
Durham

NEBRASKA

Norman J. Rosenberg
L.W. Chase Hall
Ctr. for Agricultural
Meteorology & Climatology

NEW JERSEY

Dr. Sylvain Roy
Mechanical & Aerospace Eng.
Princeton Univ.

Steve Orszag
Engineering Quadrangle
Princeton Univ.

Dr. Hideo Okuda
Plasma Physics Lab
Princeton Univ.

NEW MEXICO

Dr. Robert H. Kraichnan
Kraichnan Residence

Dr. Robert Malone
Group ESS-5
Los Alamos National Lab

Dr. David H. Hathaway
Sacramento Peak Observatory

Dr. John S. Wagner
Plasma Theory Division 1241
Sandia National Laboratory

NEVADA

Dr. Richard Pitter
Desert Research Institute

Dr. Eric Siggia
Dept. of Physics
Cornell Univ.

Dr. John McLaughlin
Dept. of Chemical Engineering
Clarkson College

Dr. John E. Molinari
Dept. of Atmospheric Science
SUNY at Albany

Dr. William Baumer
Administration
SUNY at Buffalo

Dr. David Stonehill
Computing Services
Univ. of Rochester

Dr. J. H. Eberly
Dept. of Physics & Astronomy
Univ. of Rochester

OHIO

Venkatramani Balaji
Atmospheric Science Program
Ohio State Univ.

Dr. Lawrence Anderson
Dept. of Astronomy & Physics
Univ. of Toledo

OKLAHOMA

Dr. Frederick H. Carr
School of Meteorology
Univ. of Oklahoma

OREGON

Dr. Robert L. Mobley
Climatic Research Institute
Oregon State Univ.

Dr. James Richman
School of Oceanography
Oregon State Univ.
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PENNSYLVANIA

Dr. Donald J. Perkey
Dept. of Physics & Atmos. Science
Drexel Univ.

Dr. A. K. MacPherson
Mech. Engineering & Mechanics
Lehigh Univ.

Dr. Norman Zabusky
Dept. of Mathematics
Univ. of Pittsburgh

Dr. Nelson Seaman
Dept. of Meteorology
Pennsylvania State Univ.

RHODE ISLAND

Dr. Hassan Aref
Dept. of Engineering
Brown Univ.

Dr. John T. Merrill
Graduate School of Oceanography
Univ. of Rhode Island

SOUTH DAKOTA

Dr. Fred J. Kopp,
Inst. of Atmospheric Sciences
South Dakota School
of Mines and Technology

TEXAS

Robert Kubara
PAL
Balloon Facilityxas

Dr. Tamara S. Ledley
Dept. of Physics & Astronomny
Rice Univ.

Dr. Chin S. Lin
Dept. of Space Sciences
Southwest Research Institute

Ms. Colleen Leary
Dept. of Atmospheric Sciences
Texas Tech

Dr. Ernie Zaidman
Institute for Fusion
Univ. of Texas

Lothar Frormmhold
Dept. of Physics
Univ. of Texas

UTAH

Dr. Julia N. Paegle
Dept. of Meteorology
Univ. of Utah

Dr. Nagendra Singh
CASS
Utah State Univ.

Dr. Ronney D. Harris
Dept. of Electrical Engineering
Utah State Univ.

VIRGINIA

Margaret Eccles
Private Residence

Dr. James Lambeth
Old Domninion Research Foundation

Dr. Stephen J. Colucci
Dept. of Environ. Sciences
Univ. of Virginia

WASHINGTON

Dr. Christopher J. Doran
Battelle NW Laboratory

Dr. James F. Dominy
Dept. of Astronomy
Univ. of Washington

Dr. Dennis L. Hartman
Dept. of Atmospheric Science
Univ. of Washington

Dr. Marcia Baker
Geophysics Program
Univ. of Washington
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Dr. Colin Shen
School of Oceanography WB-10
Univ. of Washington

Dr. Steve Riser
School of Oceanography WB-10
Univ. of Washington

WEST GERMANY

Peter Botschwina
Universitat Kaiserslautern
F. R. Germany

WISCONSIN

Dr. Robert J. Ballentine
Dept. of Atmospheric Science
Univ. of Wisconsin

Dr. James Burt
Dept. of Geography
Univ. of Wisconsin

Dr. Cecil Lo
Dept. of Meteorology
Univ. of Wisconsin
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New Subroutine Call Required for Mvwiemakers on the CRAY-I Camputers
( **Software Change Article** - Correction)

[Editor's Note: An incorrect version of this article was published in the
July issue of The Record. Here is the corrected version; we apologize for any
confusion this may have caused.]

Subroutine FLMHDR has been added to CRAYLIB (and to the binary library
$NCARLB). This subroutine should be called at the beginning of any job run on
the CRAY-1 computers which will produce a movie to be processed on the DIOOMED
film recorder. If making a 16mm movie, one should execute the call:

CALL FLMHDR (16)

and if making a 35mm movie, one should execute the call:

CALL FLMHDR(35)

FLMHDR produces one informational frame specifying the Dicomed attributes
required to process the film produced, and then produces 48 test frames to be
used during film processing for precise alignment of the film. The test
frames can be used during viewing for focusing the projector. Enough blank
frames to comprise about two feet of film are produced between the last test
frame and the first frame of the movie.

No access cards are needed to acquire FLMHDR on the CRAY-1 computers; it can
simply be called from any FORTRAN program which requires it.

By Fred Clare

CONIBC Problem to be Corrected (** Software Change Article **)

A problem concerning an occasional overflow of the work array in routine
STLINE will be fixed on August 13. In the new version, if an overflow does
occur, a warning message will be printed both on the plot frame and on the
standard error output. Line numbers in the source code will be offset by one,
but only in the area of the modification (STLINE); all other line numbers
will remain the same. CONRCQK users are not affected by this problem.

by Tania Loftus
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What's New in the CRAY Version 1.14 Software?

The conversion from CRAY 1.13 software to CRAY 1.14 software has started with
plans for implementing COS 1.14 in late Summer or early Fall. CFT 1.14 and
the 1.14 products are available now for those who wish to use them. They can
be accessed by adding the CFT114 proc before the CFT control statement. The
following paragraphs explain the pertinent enhancements to the 1.14 software.

CRAY FORTRAN (CFT) Features

CFT 1.14 will recognize hexadecimal constants. Hexadecimal constants are
specified by an X followed by a hexadecimal constant of up to 16 digits
enclosed in apostrophes or quotation marks (for example: X'FEDCBA9876543210').

CFT 1.14 will handle character entities of up to 16383 characters. Earlier
versions of CFT restricted character variables to 504 characters. This
feature increases flexibility in the use of character variables. Because of
this change, character arguments cannot pass between Version 1.14 relocatables
and pre-1.14 relocatables.

A user option on the CFT control statement (ANSI) enables CFT to issue a new
class of "non-ANSI" messages including a short description of the non-standard
code. This feature will flag the CFT-supported extensions to the ANSI FORTRAN
77 standard in an effort to increase the portability of the code.

With the introduction of stacked-based generated code, CFT can allow recursive
code. This was not possible with a statically-based calling sequence. Func-
tions and subroutines will be allowed to call themselves. Cray Research, Inc.
(CRI) will refer to these types of calls as self-reference calls. Another
type of self-reference is passing the subroutine entry point as an argument to
another subroutine. A function name reference is to be the value of the func-
tion, not the entry point. The performance of the generated code is no worse
than non-recursive routines using stack mode. To use recursion in CFT the user
must specify ALLOC=STACK on the CFT control statement.

Previous versions of CFT did not detect errors that are clearly stated as
errors in the CFT Reference Manual. CFT 1.14 will issue error messages for
the following inconsistencies:

- A WARNING will be issued if there is a transfer of control to an IF,
ELSEIF, or ELSE block from outside the block.

- A FATAL error will occur if a BLOCK DATA subprogram contains statements
other than IMPLICIT, PARAMETER, DIMENSION, COM4M3N, SAVE, EQUIVALENCE,
DAA, END, and type statements.

-The operators .EQ. and .NE. are not allowed as logical operators and if
used in this manner will produce a FATAL error. The allowable logical
operators are: .NCOT., .AND., .OR., .XOR., .NEQV., and .EQV.

-A FATAL error will be issued if an illegal combination of arithmetic
operands is used (see Table 3-4 of part 1 section of the CFT Reference
Manual, SR-0009).
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- CFT 1.14 strictly enforces all NAMELIST rules. Before Version 1.14, CFT
generated incorrect code for sanme instances of prohibited NAMELIST
input/output lists. NAMELIST is a CFT extension.

DO loop unrolling removes the overhead in initialization and termination of a
DO loop. Thus, the DO loop executes faster. The following examples show the
same DO loop both rolled and unrolled.

Rolled DO loop Unrolled DO loop

DO 10 I=2,4 I=5
A(I)=B(I) A(2) =B (2)

10 CONTINUE A(3)=B(3)
A(4) =B (4)

10 CONTINUE

The number of iterations, number of statements, and type of statements inside
the DO loop determine whether a DO loop should be unrolled. A scalar DO loop
always executes faster when unrolled. This feature can be enabled or disabled
by using the CFT control statement option UNROLL=r and the compiler CDIR$ ROLL
and CDIR$ UNROLL.

A new form of common block has been implemented for multitasking users called
TASK COMM3N. A task common block is one that is local to a particular task.

Library Features

SORT is a library of CFT-callable routines providing users with the capability
to sort and merge data files. This package does not handle blank-compressed
character files. A FORTRAN routine must first read the file and expand the
blanks.

COS Features

The old intertask communication structure has been completely redisigned to
use a new queuing structure. The main benefit of the new intertask communica-
tion is a performance improvement of about 25 percent in heavy I/O mixes.

Capabilities have been added to SEGLDR to allow directives in the control
statement, control over message levels, SID support, and new error messages.

The F$MEM calls no longer exist in favor of F$MEMRY.

The user can request contiguous space allocation for datasets by specifying
the parameters INC and C at assign time. INC is the number of sectors to
allocate each time DQM allocates space. The number of sectors are rounded up
to match tracks allocated. The C parameter, if specified, implies the SZ size
must initially be contiguous. The INC or request size (whichever is larger)
must be contiguous to itself on subsequent allocation requests. DQM will
always attempt contiguous allocation on the current device, but will check all
devices if NOF is absent and C is present. These parameters are added to the
ASSIGN statement.
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Interjob communications is a feature that is available for all "single-task"
jobs; it is prohibited for multitasking jobs. To establish communication, one
job indicates it is receptive to communication, and other jobs request a com-
munication path between themselves and the receptive job. Once a path is
established, jobs may freely exchange messages.

A privileged feature that is restricted to "single-task" jobs is user channel
access. This feature allows a job to communicate with a user-supplied driver
using OPEN, READ, WRITE, CLOSE, and special driver requests. Access is made
via the F$DRIVER system request, DRIVER macro or DRIVER FORTRAN subroutine.

An event recall request can cause a job to be suspended until an event occurs.
This feature reduces the amount of polling needed when using interjob communi-
cation or user channel drivers or both. This feature is restricted to single-
task jobs.

A new option to PDSDUMP can be used so that only datasets that begin on the
specified logical device will be dumped.

There are two new options to PDSLOAD. The first is an option to change the
user ID of the selected datasets. The second option allows the user to set
"time of last access" as the time that the load was performed.

Product Features

A FORTRAN cross-reference listing generator called FTREF is a program that
generates a report about how the common block variables are used in the dif-
ferent subroutines within a user application on a global basis. It also pro-
vides tabular information which includes entry names, calling routines and
called routines for each subroutine. FTREF can also display this as a static
calling tree. If the user program is multitasked, FTREF is able to tell the
user whether a common variable is locked or unlocked when it is referenced or
redefined. Using FTREF, users can better analyze their programs. Users must
specify the appropriate control statement option to use this feature.

The new DSDUMP in 1.14 defines new parameters for specifying initial values in
0-based values instead of 1-based values and changes outputs to display 0-
based, octal and decimal values when refering to word, record, file, and sec-
tor numbers. DSDUMP also allows explicit specification of octal or decimal
initial values and counts for control card parameters (DB and DBS) to specify
the numeric base and size in which to display the dataset's contents.

SKIPU supports the skipping of sectors of an unblocked dataset.

The AUDPL utility provides the following information about program libraries
written by UPDATE: common deck cross reference; modification set cross refer-
ence; report about overlapping modifications; and report of active and inac-
tive lines. AUDPL accepts program libraries written by a version of UPDATE
from Version 1.13 or later.

The software tools are an extensive set of general utility programs that
enhance the existing CRAY program development tools and utilities. The
software tool commands are a subset of UNIX and have a UNIX-like format; the
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command interpreter is a subset of the UNIX shell. After accessing the tools
a user may enter either COS commands or UNIX-like commands for operation. A
complete description of these tools is described in the Software Tools Refer-
ence Manual (SR-0010).

by Jim McInerney, CRI Site Analyst

Exploratory Data Analysis on the CRAY-1 Machines

In response to user requests, FORTRAN subroutines for exploratory data
analysis (EDA) have recently been installed on the CRAY-1 machines. The pur-
pose of these routines and their calling sequence are described in Applica-
tions, Basics, and Computing of Exploratory Data Analysis by Paul F. Velleman
and David C. Hoaglin, Duxbury Press, 1981. The relocatable binary library may
be accessed by specifying LIB=EDA on the loader card.

John Tukey has been a leading figure in promoting the use of EDA techniques,
particularly with the publication of his book, Exploratory Data Analysis,
Addison-Wesley, 1977. EDA emphasizes the discovery of the structure and
anomalies in a set of data, as well as summarizing the data. It also
emphasizes minimizing the number of assumptions made about the data (such as
normality, additivity of effects, and independence of observations). EDA can
be contrasted with confirmatory analysis where the goal is to perform signifi-
cance tests, set confidence intervals, and so on. In a typical approach, one
might take a first look at the data using exploratory data analysis tech-
niques, and then proceed to confirmatory analysis techniques after more is
known about the structure of the data.

The EDA subroutines described in the book by Velleman and Hoaglin include
stem-and-leaf displays, letter-value displays, boxplots, x-y plots, resistant
line fitting, data smoothers, coded tables, median polish, and rootograms.
Calling sequences are documented at the end of the chapter describing the
technique. The graphics produced by these routines are simple line-printer
plots.

The subroutine CINIT (see pg. 309 of the book by Velleman and Hoaglin) must be
called before any of the EDA routines are called. The constants IEPSI
(machine epsilon) and IMAXIN (maximum integer) are input parameters for CINIT
and may be set with the following system functions:

IEPSI = RlMACH(3)
IMAXIN = IlMACH (9)

Questions on interpreting EDA output may be directed to Ginger Caldwell (SCD).
Contact her at (303) 497-1229, or send mail to CAL on the IBM 4341 computers.

by Ginger Caldwell
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Eigenvalues for Symmetric Systems of Modest Size

This article discusses the solution of the Symmetric Eigenvalue Problem,
specifically the solution of the full eigenvalue problem of a general sym-
metric matrix of dimension N where the integer N is assumed to be non-negative
and of modest size. The matrix is further assumed to contain all real entries.
There are strategies for determining a few eigenvalues of very large matrices
in which N is larger than 1000, and such methods will be discussed in an arti-
cle in a future issue of The Record. For this article, the key phrase is
Lanczo' s Algorithm.

During the decade from 1950 to 1960 the methods of Givens and Householder were
extensively used because of their numerical stability. Their strategy was to
reduce the given matrix to tridiagonal form and then use a standard root find-
ing algorithm such as Bairstow, Bisection, or Newton's Method to determine the
roots of the resulting characteristic polynomial, and hence, the eigenvalues
of the more compact matrix. Software which implements the Givens and House-
holder algorithms is currently available in the NCAR IMSL and NAG software
libraries.

Most of the recent strategies for solving the symmetric eigenvalue problem are
centered around an algorithm developed by J. G. Francis (1959) called the QR
algorithm, which is a stablized version of an algorithm first proposed and
implemented by H. Rutishauser [Reference 5].

Rutishauser's LR-algorithm is based on the idea of performing an infinite
amount of work to obtain infinite precision, resulting in an iterative algo-
rithm, then the eigenvalues of a general symmetric matrix can be determined in
the limit of applying a sequence of similarity transformations to the given
matrix.

More specifically, let A denote a given symmetric matrix of order N with non-
zero determinant. Then using Gaussian elimination the matrix A can be factored
as the product of a matrix L and a matrix R; L is lower triangular and R is
upper triangular. These factors of A are the L and R in the name of the
Rutishauser algorithm in the reference cited above.

In order to compute eigenvalues using the Rutishauser algorithm, proceed as
follows:

Let A1 have the following Gaussian decomposition:

Al = R1

then if we define
A2 = R1 L1

we have

A2 = li A1 L

A2 is similar to A1 A2 order and a matrix A an infinite sequence of matrices
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Ak

tends to infinity the sequence of matrices generated converges provided, for
example, the eigenvalues of the initial matrix A are distinct. In this case
the limiting matrix Aoo of the original matrix Al. of determinants in a cru-
cial manner.

As pointed out in J. H. Wilkinson's fundamental book, The Algebraic Eigenvalue
0 1

Problem,
1 0

for positive definite symmetric matrices, and a version of the Rutishauser
algorithm has been implemented in the EISPACK library (see: OOMLR and associ-
ated routines).

The most widely used numerical strategy for computing the eigenvalues of
matrices of modest size is based on the QR algorithm. Francis was a program-
mer at The National Physical Laboratory of England. He observed that while
not every matrix has a factorization into a product of upper and lower tri-
angular matrices, every matrix can be written as the product of a unitary

matrix ( one such that Q*Qt = I) and a upper triangular one. If the original
matrix is non-singular, this decomposition is unique and is referred to as the
QR decomposition of the given matrix. If Francis' version of Rutishauser's
strategy is now applied to equation (1), then a sequence of matrices is gen-
erated which, just as before, converge to an upper triangular matrix. The
advantage of using unitary matrices in the decomposition is their numerical
stability, and since

A2  -1 A Q = Qt A Q

inversion is cheap and every matrix has a QR factorization.

In practice the QR algorithm proved to converge much too slowly for most prac-
tical applications and the cost of performing the QR decomposition at each
step of the algorithm was too expensive. Francis proposed two key ideas for
improving the algorithm. The first was the reduction of the given symmetric
matrix to Hessenberg form and the second was to use origin-shifts.

For the case of symmetric matrices, the reduction to Hessenberg form is
equivalent to the reduction to tridiagonal form. Francis then showed that his
QR algorithm preserves tridiagonal form.

The rate of convergence of QR depends on the separation of the eigenvalues of
the given matrix. This rate can be significantly increased by the proper
choice of origin-shift, using a shifted matrix rather than a reduced tridiago-
nal matrix. If the reduced tridiagonal matrix is denoted by A, then QR is

applied iteratively to the matrix Ai, which is defined to be

A-k.
1
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where k.
1

ai,i

ai+l,i

is the eigenvalue of the submatrix of Ai-_ given by:

This choice of shift leads to a sequence of matrices whose off diagonal ele-
ments converge quadratically to zero in the worst case, and converge cubically
to zero in most cases [see Wilkinson and Parlett].

The QR algorithm and the shift strategy just described are implemented
throughout the library routines available at NCAR. These include the EISPACK
library, as well as the IMSL and NAG libraries. For the current status of
the EISPACK library at NCAR see the recent article by H. Passi which appeared
in the February 1985 issue of The Record.

The following table displays the results of several runs of EISPACK routines
on the NCAR CRAY and a CYBER 205 located at Colorado State University at Fort
Collins Colorado. In each case the matrices considered were symmetric and
tridiagonal with diagonal and off diagonal entries two and minus one. Such
matrices result from a finite difference approximation to the Laplacian in
cartesian coordinates. In all cases reported below no special compiler
options were invoked, hence the results are most likely not the best possible.
All times are reported in seconds.

CRAY 1

N TQL1 TQLRAT RATQR
100 .06355 .03335 .1995246

500 1.37487 .767335 5.811622
1000 5.51153 2.75454 24.60975
2000 20.4078823 11.39334 102.59723

CYBER 205
N TQL1 TQLRAT PATQR
100 .0746 .0509 .27453

500 1.6196 1.2192 8.05440
1000 6.561 4.357 34.1280
2000 23.8549 18.076 142.39
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by James H. Curry

ZO - The September Mass Store Purge will occur on September 7, 1985

The September purge of datasets (VSNs) fron the TBM will take place on Sep-
tember 7, 1985, and will affect VSNs not accessed since June 1, 1985. The
subsequent purge of datasets will occur on October 5, 1985, and will affect
VSNs not accessed since July 1, 1985.

Suggestion Notebook

Users are encouraged to enter items in the suggestion notebook either by send-
ing mail to CONSULT1, using the Your Turn page of The Record, or writing in
the notebook in the Consulting Office. The suggestions and responses will be
published in The Record.

Suggestion: 6/27/85
Since we are experiencing so many checksum errors which do not represent
actual errors on the TBM volume, wouldn't it be better to have the ACQUIRE and
MAQR statements re-try more than once in the case when checksum errors occur?

Response: 7/9/85
The system does retry. The only errors that you see are "fatal" errors, mean-
ing that the system has tried and retried and cannot read the volume. The
situation has improved, however, when a hardware problem was located and fixed
in early July.

Documentation Update

The purpose of this column is to announce revisions, updates and new documents
of interest to the user of SCD's computers. Included at various times will be
documents issued by SCD, by NCAR but outside SCD, by IBM, and by Cray

-31- August 1, 1985



Volume 6, Number 8

Research, Inc. Directions for obtaining the documents are included.

Please note that manuals ordered from SCD will take approximately two weeks to
reach you.

SCD Documents

SCD documents are available from Sal Farfan; contact him at (303) 497-1292 or
via electronic mail by typing "TO SAL" on the IBM 4341 computers.

"ICJOB: An Interactive Interface to the CRAY-1 Computers", a Consulting Office
document, is now available.

Summary of Daily Bulletin Items

CRAY-1 COMPUTERS

June 20, 1985
CRAY-1 COMPUTERS: At approximately 12:00 Tuesday, June 18, the
installed version of the CFT 1.14 compiler was replaced on both CRAY-
1 computers. This replacement was to remedy a problem which caused
the compiler to abort with an ERROR EXIT while compiling implied-DO
loops. The problem was due to a corrupted binary image of the com-
piler.

July 15, 1985
CRAY COMPUTERs: A new version of the network was installed on the
Cray computers today. This version corrects a problem in the "netcl"
and "netca" commands which was causing files to be saved with
incorrect project numbers.

TBM

July 18, 1985
TBM: A problem has been discovered in the TBM read/write password
logic. In order to prevent the problem until a fix can be imple-
mented please constuct all passwords with only the alphanumeric char-
acters or the characters "$", "%", or "@".

UNINET

June 20, 1985
UNINET & CLASS I3705 USERS: The software in the IBM 3705 controller
has been changed. Users are no longer be required to enter "O or A"
when logging in to UNINET or class 13705.

July 19, 1985
UNINET WATS USERS: WATS access to UNINET will be terminated on Fri-
day, July 26 for all users except those with no local UNINET access
number. Call Don Morris at (303) 497-1282 if you cannot access
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UNINET with a local call.

SOFIWARE

June 20, 1985
"ULIB SCFTWnARE: As announced in the May issue of The Record, ULIB is
being completely updated. As of 8pm on Wednesday, June 19, the fol-
lowing ULIB files have been modified:
POIS POIS3D POISTG PWRX PWRY
PWRZI PWRZS PWRZT GHEP JRV
RGRSN1 I RSN2 I3RSN3 IR3SN4 1GRSN5
RGRSN6 RK1 RKE'N REHP S RI4DEV
SCROLL SEPAUX SEPELI SEPX4 SIMPSN
SPAL SPLPAK SRFACE STFON ~ STRMLN
SUPRLS SURF SVDSLV TAPECY THREED
TRDI TRDIP TRIANGLJE ULIBER VELVCT
WINDOW

June 24, 1985
SIDIWARE USERS: The test version of SIM3278, currently called SIM-
TEST, will be installed as the production version on Monday, July 1.
You are strongly encouraged to try out the new version before instal-
lation. The new version supports 51M3278/PC (commonly known as
SIrVPC); the Wyse 50, Televideo Personal Terminal, Televideo 921, and
HP150 terminals are also now supported. The Zenith Z19 ID has been
changed from 45 to 50. To use the new version, type:

DIAL SIMI'EST (instead of DIAL 51M3278)

To use the file transfer routines for AZPC2 or SI?/PC, link to the
SIMTEST minidisk instead of the SIM3278 minidisk. If you have any
problems, please call Joe Choy at (303) 497-1222 or send a message to
CHOY on the IBM 4341 system.

June 26, 1985
GRAPHICS USERS: PLT will be updated on the IBM 4341 computers on
July 2, as announced in the April issue of The Record. Consult that
issue of The Record for details.

July 8, 1985
NI4VIE USERS: The article on FLMRDR in the July issue of The Record
includes incorrect example calls. The correct calls are:

For 16mm mowvies: CALL FEMHDR (16)

For 35mma movies: CALL FEMHDR (35)

However, FT24DR has been modified so that it will function corectly
if called with the values shown in The Record. An update on FLMEDR
will be published in the August issue of The Record.
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COMPTER IESOURCIS ALLTOCAIED IN JUNE 1985

GAU
SCIENTIST PROJECT TITLE

Request I Alloc.

Brant Liebmann
Univ. of Wash.

Andrew O'Dell
No. Ariz. Univ.

* John Merrill
Univ. of Rhode Island

William Winn
New Mexico Inst.
of Mining & Tech.

Jeffrey Barnes
Oregon St. Univ.

V. L. Patel
Univ. of Denver

Nancy Westcott
Ill. St. Water Survey

Almon G. Turner
USAF Academy

Peter Bryant
UC - San Diego

Michiko Masutani
Univ. of Wisc.,
Madison

Alfonso Sutera
CEM, Inc.

Climate variability

Stars and stellar
evolution

Interaction of internal
gravity waves & turbulence

Thunderstorm doppler analysis

Possible dynamical mechanisms
for the Martian polar
warming phencmenon

Modeling of plasma waves
in the magnetosphere

The aggregation of convective
clouds based on 3-D radar data

Large ab initio calculations
of NO2 containing molecules

Cyclic recurrence in
ocean waves

Global-scale spectral
energetics in isentropic
coordinates

Stochastically perturbed
Budyko-sellers models

1.0

2.0

32.0

10.0

10.0

10.0

4.0

3.0

10.0

5.0

11.3

1.0

2.0

16.0

10.0

10.0

10.0

4.0

3.0

10.0

5.0

11.3

* Reviewed by Scientific Ccanputing Division
Advisory Panel on April 5-6, 1984 (Contingent on NSF funding)

Note: A request may be supported at a lower level than requested because:

a. It exceeds the five-hour limit above which Panel review is
required; or

b. Reviewers consider the amount of time requested to be excessive.
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Sumary of NCAR OCmputer Use for June 1985

CRAY,CA COMPUTER

JUN FISCAL YTD
Total Day Avg. Total Day Avg.

Clock Hours in the Month 720.00 24.000 6552.00 24.000
less Scheduled PM 15.80 0.527 153.69 0.563
less Hardware Downtime 2.60 0.087 77.08 0.282
less Software Downtime 0.73 0.024 19.60 0.072
less Environmental Downtime 0.55 0.018 51.60 0.189
less Operations Use 0.00 0.000 3.18 0.012
less Other Causes 0.33 0.011 6.13 0.022

Clock Hours Up 699.99 23.333 6240.72 22.860
less Systems Checkout 1.37 0.046 36.04 0.132

Clock Hours Avail. to Users 698.62 23.287 6204.68 22.728
less Idle Time 4.11 0.137 17.59 0.064

Clock Hours in Use 694.51 23.150 6187.09 22.663
% Available Hours Used 99.41 % 99.72 %

CRAY,Cl COMPUTER

JUN FISCAL YTD
Total Day Avg. Total Day Avg.

Clock Hours in the Month 720.00 24.000 6552.00 24.000
less Scheduled PM 16.87 0.562 146.85 0.538
less Hardware Downtime 4.98 0.166 62.86 0.230
less Software Downtime 0.07 0.002 10.98 0.040
less Environmental Downtime 0.13 0.004 37.36 0.137
less Operations Use 0.18 0.006 3.30 0.012
less Other Causes 0.33 0.011 11.43 0.042

Clock Hours Up 697.44 23.248 6279.22 23.001
less Systems Checkout 0.33 0.011 16.03 0.059

Clock Hours Avail. to Users 697.11 23.237 6263.19 22.942
less Idle Time 5.13 0.171 23.52 0.086

Clock Hours in Use 691.98 23.066 6239.67 22.856
% Available Hours Used 99.26 % 99.62 %
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