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About the cover

The cover graphic shows "basins of attraction" when
Newton's method is used to solve the equation
CX 3 + (1-C)X2 - 1 = 0. For the value C = 0.40, this graph
shows three stable regions (basins of attraction) where the
starting values for Newton's method lead reliably to one of
the three roots. Each area in the original color photo is
color-coded to represent one of the three roots of the equa-
tion. (The black-and-white photo on the cover uses gray
tones to represent the color-coded areas.) This graph also
shows that a starting value chosen from the boundaries
between the stable regions can lead to any of the three roots.
These boundary areas are especially fascinating. Magnifica-
tion of them reveals more miniature copies of the overall
structure. This "self-similarity" is characteristic of mathe-
matical forms called fractals. These boundary areas are also
the focus of emerging studies of mathematical chaos. Mike
Geller, a high school sophomore, used the computer graph-
ics equipment at NCAR to explore these boundaries for a
science fair project. This cover photo shows a 512 by 512
cell array produced by compiling and executing Mike's 180-
statement program on the CRAY-1A computer. The NCAR
Graphics Package (the Graphical Kernel System Version)
was used to generate the metafile, which was displayed
using the PLT utility on the IBM 4381 (IO) front-end
computer. The display was photographed with a 35-mm
camera from the screen of a Tektronix 4207 color terminal.
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by Bill Buzbee

Science is what NCAR is all about, and so we are
always excited by seeing young people develop an
interest in it. Consequently, when Mike Geller
contacted us and we verified that all he needed
was a faster computer to explore award-winning
ideas, we were pleased to lend a hand. (See lead
article.) But his situation makes an important
point. Within the science and engineering commu-
nities there is growing discussion of the current
and future performance of desktop systems relative
to supercomputers. SCD's measurements are con-
sistent with Mike's experience - supercomputers
are typically 100 to 1000 times more powerful in
both processing and memory than desktops. Thus
supercomputers, as always, are capable of solving
problems that are not tractable by any other class
of equipment. Put another way, we must continu-
ally seek to develop the most sophisticated and
capable models conceivable and then look for
computing equipment with which to execute them.
And we must guard against the temptation to do
the converse.

The merger of computers and communications via
networking continues at a rapid pace and gives us
important benefits. So networking continues to be
a focal point of development within SCD. As
many of you are painfully aware, the NSFNET is

overloaded. The MERIT Network and its partners,
IBM and MCI, are pressing hard to upgrade the
NSFNET to T1 rates and incorporate some new
routing technology. This will substantially in-
crease the capabilities of NSFNET. For more
information on the upgrade, see "NSFNET back-
bone to expand and jump to T1 speeds." We are
also under way with simplifying usage of e-mail
with and at UCAR/NCAR. The article "Greg
Woods: SCD's electronic mail specialist" gives
details. Network management, especially fault
isolation and diagnosis, is a vital activity within
SCD. To aid us, we are acquiring and developing
network monitoring technology such as that
discussed in "New tools monitor SCD computing
operations."

Speaking of being "fully loaded," the NCAR
X-MP has now entered that lamentable state. To
encourage use of the CRAY,C1 computer, we are
discounting general accounting units (GAU)
charges for it; see Systems News for details. We
have introduced new job classes that make more
memory available on the CRAY, C1 computer on
a trial basis. See the Daily Bulletin and next
month's SCD Computing News for updated
information.
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Colorado science fair winner uses CRAY-1A
computer at NCAR

by Brian Bevirt

Mike Geller, a sophomore at the Rocky Mountain
Hebrew Academy in Denver, recently won the Best of
Fair award in the Colorado State Science Fair for
using his home computer to manipulate and visualize a
problem in fractal geometry. At the state science fair,
he learned that he could apply for time on a CRAY
supercomputer at NCAR to speed up his research.
Mike contacted SCD and received access to the
CRAY-1A and the color graphics facilities. He used
this opportunity to produce more graphs for his
project, expand the calculated data for each graph, and
improve the resolution of the printed output. The
cover photo shows one of the graphs.

Mike is using computers to explore fractals by apply-
ing Newton's method to a polynomial equation. His
graphs show how the roots found by Newton's method
depend on the starting value used. He assigns a
distinct color to each of the three roots of the equation
CX 3+(1-C)X2-1=0 and runs his program to produce
one graph. Each graph uses one value for C and
multiple starting values for X. The locations of the
colors on the resulting graph show which starting
values will converge to which root. Given a starting
point on the graph, the approximations generated by
Newton's method will converge to the root repre-
sented by the color of that starting point.

Mike is interested in the irregular boundaries between
the regions of convergence to the equation's roots. He
started exploring these irregular boundaries by per-
forming the large number of calculations needed on
his home computer, but he soon exceeded the capabili-
ties of his Apple IIe. His efforts earned him a series
of science fair awards, but they did not satisfy his
curiosity about the phenomenon he was investigating.

Selecting a science fair project

Mike started developing ideas for his science fair
project in October 1987. He consulted with one of his
friend's parents to generate ideas for a science fair
project. His friend's parent provided Mike with a
stack of books and magazines describing a wide
variety of scientific ventures. "I got four or five ideas

from the books and magazines, then decided to pursue
this area of mathematics. I selected fractal geometry
because it interests me and because so many other
people are also interested in it." At the time, Mike
had taken one year of geometry and was starting his
second year of algebra.

Mike decided to extend the work done by the English
mathematician Arthur Cayley in 1879. To start,
Cayley used Newton's method of successive approxi-
mation to explore the relationship between various
starting points and the two real roots of equations such
as X2-1=0. He found a distinct boundary between the
two regions of convergence to the roots 1 and -1.
Cayley then attempted to explore the relationship
between various starting points and the complex roots
of equations such as X3-1=0. Cayley found irregulari-
ties in the boundaries between the regions of conver-
gence to the complex roots, but he did not have the
tools necessary to interpret the phenomenon.

Mike Geller extended Cayley's work by exploring the
differences between using Newton's method on the
real plane and on the complex plane. He produced a

Using the CRAY-lA allowed
Mike to increase the resolu-
tion of his graphs from a
25,650-point grid to a
1,048,576-point grid.

graph for the X2-1=0 case using his Apple IIe com-
puter to calculate the roots to which 25,650 starting
points converge, then plotting the results with a dot
matrix printer. After learning the calculus he needed,
Mike started analyzing the equation
CX3+(1-C)X2-1=0 with values of C between 0 and 1.
He began to appreciate Cayley's inability to interpret
the boundary irregularities on the complex plane when
each 171- by 150-point graph took as long as 115
hours to compute and plot. In addition, Mike's plotted
output did not have sufficient resolution to show the
irregular boundaries in clear detail. Mike next

continued on next page
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attempted to speed up his work by executing the
BASIC program he wrote on a 10 megahertz IBM PC-
XT with a Turbo board. Using this new equipment,
each graph still required 8 to 15 hours to plot, and the
resolution of his output did not improve.

"I chose different values for C to examine various
points on the transition between the real plane and the
complex plane. My computer took too long and
wasn't accurate enough." The resolution of his screen
and printer did not allow him to visualize the result
clearly enough to make this judgment. He wrote a
paper summarizing his approach to the problem and
the results he achieved, then he entered the paper and
the graphs in the science fair at the Rocky Mountain
Hebrew Academy on February 22 and 23.

His project won first place in the Academy's science
fair and was sent to the Denver Metropolitan Science
Fair. At the Denver event on March 22, Mike's entry
won first place in mathematics and the Best of Fair
award. His project was submitted to the Colorado
State Science Fair, where it won first place in mathe-
matics and computers, and took the Best of Fair award
on April 8. Mike won trips to the International
Science Fair in Knoxville, Tennessee, from both the
Denver fair and the Colorado fair. He accepted the
trip from the Denver fair, allowing another state
science fair contestant to attend the international event.
While discussing his project with a computer consult-
ant at the state science fair, he learned about the
possibility of using a CRAY supercomputer at NCAR
to improve the precision of the calculations and the
resolution of the output. Mike decided to pursue this
lead prior to the International Science Fair com-
petition.

Computing fractals on the CRAY-1A

Mike called SCD to request computer time for refining
the results of his project, and SCD granted him the
necessary resources. Barbara Homrner-Miller, the
Consulting Group Head in SCD's User Services
Section, contacted Mike and informed him of the
grant. Barbara then began coordinating all the SCD
people and equipment he needed to continue his
investigation.

Mike came to the SCD consulting offices and worked
with Peter Morreale, a student assistant in the Consult-

Ken Hansen helps Mike Geller access the CRAY-1A
computer at NCAR.

ing Group, to convert his code from BASIC to For-
tran. Barbara checked the code and worked with Mike
to refine the converted code. Consultant Ken Hansen
helped Mike implement the calls needed to utilize the
color options of the NCAR Graphical Kernel System
(GKS) graphics package. Using the CRAY-1A
allowed Mike to increase the resolution of his graphs
and reduce the time needed to calculate them. He
expanded his 25,650-point grid to a 1,048,576-point
grid, and the Central Processing Unit (CPU) time
required for each graph ranged from 40 to 50 seconds.

Barbara Horner-Miller noted that "Mike's project
tested the capabilities of all the color graphics devices
in SCD." The 1024 by 1024 cell array created files
too large to ship to the Hewlett-Packard 7510A film
recorder, and the HP film recorder could not handle
raster graphics in its current configuration. The
consultants reduced the grid to a 512 by 512 cell array
and tried to use a Tektronix 4696 color printer, but it
did not have sufficient resolution to be useful. Frieda
Garcia, the User Support Specialist in the Consulting
Office, then arranged for the graphs to be recorded by
using a 35-mm camera to photograph the screen image
from the Tektronix 4207 color terminal.

More than 700 high school students from 13 countries
attended the international science fair on May 9 - 13.
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Thirteen science categories were judged, and Mike's
project took fourth place from more than 40 entries in
the mathematics category. Mike says, "The NCAR
photos helped me explain the project to the judges; I
didn't have to explain as much because the photos
showed so much detail. My display was pleasing to
the eye and captured many people's attention. Once
they were interested, it gave me the chance to explain
the project, and then they became even more inter-
ested." Mike enjoyed his experiences at the four
science fairs he attended this year and looks forward
to entering again next year.

The screen image photographs were sufficient for
Mike's science fair project, but he wants to obtain the
best possible resolution for his graphs by returning to
NCAR when the color DICOMED cameras are
available. In the default raster mode, the color DI-
COMED camera will run at a resolution of 1024 by
1024, and will allow for higher resolution upon user
request. Each time the graphs have been refined,
Mike rejects old theories and forms new hypotheses
about the boundary irregularities. "I had a theory

about certain features in the boundary areas, and the
photos caused me to alter it. The photos disproved
part of my theory and confirmed part of it. I need to
do more study to see what's going on in these areas
and develop a new hypothesis." Mike's curiosity
about the phenomenon will not be satisfied until he

'The NCAR photos helped
me explain the project to
the judges; I didn't have to
explain as much because
the photos showed so
much detail."

can examine the output of the most sophisticated color
graphics device in SCD, the new color DICOMED
camera. We hope his curiosity will never be satisfied.

Brian Bevirt is a writer/editor in the Documentation Group
within SCD.

New tools monitor SCD computing operations

by Brian Bevirt

The Scientific Computing Division (SCD) has in-
stalled two new monitoring tools in the NCAR com-
puter room. One tool monitors the Mainframe and
Server network (MASnet) to track the operational
status of systems connected by the HYPERchannel
trunk. The other new tool monitors and records data
traffic on the HYPERchannel trunk. The trunk
physically interconnects various NCAR computers at
the Mesa Lab, and the MASnet uses the trunk hard-
ware and software programs to transfer files between
systems. The list later in this article shows the sys-
tems monitored by these tools.

MASnet Operations Monitor

The MASnet Operations Monitor (MOM) is a new
tool that allows system analysts and operators to judge
the status of any computer on the MASnet at a glance.

The SCD staff has discussed ideas for a network
monitor over the years, but the recent impetus to
design and install a monitor came from Gary Jensen,
Manager of SCD's Computer Operations and Mainte-
nance Section, and SCD Director Bill Buzbee. As a
result, Basil Irwin, a systems programmer in SCD,
created MOM. Basil wrote the back-end code for
MOM, and Bill Faulkner (formerly in SCD) developed
a color display for it.

MOM is a program running on a DEC VAX 11/780
computer that determines the status of each MASnet
system at four-second intervals. MOM polls each
MASnet node by sending a status request to the
Network Control Program (NCP) at the node. The
NCP responds to the status request by returning a
status message to MOM.

continued on next page
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Basil Irwin studies the Interactions of
computer systems on the MASnet.

MOM uses the information in the returned message to
create a continuously updated status display on a color
monitor in the computer room. This color monitor
displays the current status of each computer on the
MASnet, using different colors to represent the various
states of each system. This allows the operators to see
the status of the entire network at a glance. MOM
also uses a DECtalk voice synthesizer to announce any
condition that requires an operator's attention. For
example, operators might hear MOM announce,
"Attention! NCP for Node P1 went down!" or "Warn-
ing! HA NSC adapter went down!" MOM uses two-
character codes to represent the systems on the
MASnet; P1 is the SCD Pyramid 90X and HA is the
HAO Sun-4/280.

MOM has significantly enhanced the ability of the
operations and maintenance staff to identify and repair
problems. In only seven weeks of operation, MOM
has already become an indispensable tool for isolating
and troubleshooting most problems with the hardware
connected to the MASnet. Effective use of this new
tool reduces system downtime, increases throughput,
and improves productivity for all users.

"I can see the status of the whole network as I walk in
the door," says Bob Niffenegger, Manager of SCD
Operations. "On a Friday afternoon last month,"
recalls Bob, "three of the more important nodes on the
MASnet went down due to a hardware failure. When
we tried to bring them back up, they would fail
immediately. MOM gave us the information we

needed to go in and find the network adapter box that
was failing first; MOM directed the system analyst
and the vendor hardware engineer right to the source
of the trouble. That problem would have been much
harder to find without MOM." If operators can see
the MOM display, or even if they are within earshot
of MOM, they become aware of any problem almost
immediately.

On-line MASnet status information will also be
available to local and university users later this year.
The file that users will receive at their systems will be
a snapshot of the MASnet status at the moment the
request for MOM information was processed.

MOM is a program running
on a DEC VAX 11/780 com-
puter that determines the
status of each MASnet system
at four-second intervals.

The MASnet systems monitored by MOM include:
CRAY 1-A processor
CRAY X-MP/48 processor
DICOMED controller, a DEC VAX 11/84 connected

to the film cameras
Front-end input/output (IO) processor, IBM 4381

VM/CMS (scd4381)
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Mass Storage System (MSS) controller, IBM 4381
MVS

Climate and Global Dynamics (CGD) DEC VAX 11-
780 (aap2)

SCD Pyramid 90X (scdpyr)
Atmospheric Chemistry Division (ACD) Pyramid 90X

(acdpyr)
SCD Sun 3/280 (bierstadt)
NCAR internal gateway, Sun 4/280 (handies)
UCARnet gateway, Sun 3/280S (windom)
VMS gateway, DEC VAX 11/750 (VMSG)
High Altitude Observatory (HAO) Sun-4/280 (hao-ha)
Text and graphics server* (the new DICOMED

controller)
HAO DEC VAX 11/750 (hao-hw)

* not fully operational

Trunk Operations Monitor

The Trunk Operations Monitor (TOM) is an enhanced
HYPERchannel trunk monitoring device that was
installed in NCAR's computer room last March.
TOM consists of the trunk hardware from HYPER-
tools, Inc., and a software package from Lawrence

Greg Woods:

by Juli Rew

Electronic mail (e-mail) is growing rapidly and
becoming increasingly complicated. In addition to
exchanging messages with others on the same com-
puter, a user may want to send e-mail over a wide
variety of networks. Recognizing the need to keep up
with this burgeoning area, SCD recently appointed
Greg Woods as its new e-mail specialist in the Net-
working and Data Communications Group within the
Distributed Computing Section.

Greg is knowledgeable about computer networks, and
his task is to set up the e-mail system at NCAR and
UCAR to interface with networks. He is also working
to make it easier for outside users not familiar with the
inner details of the NCAR computing system to be
able to send NCAR staff e-mail messages.

Greg came to Boulder in 1974 to attend the University
of Colorado, where he earned a B.S. in Mathematics

continued on next page

Livermore National Laboratories (LLNL) running on a
Compaq Deskpro 386 computer. TOM monitors the
physical-level protocol on the trunk.

"I can see the status of the
whole network as I walk in
the door," says Bob
Niffenegger.

TOM provides useful information for monitoring trunk
performance with no disruption or degradation of
network operations. The LLNL software offers a
variety of ways to display the activity of the HYPER-
channel trunk. Such information is useful for diagnos-
ing some network problems. In addition, SCD sys-
tems programmers will use the data from TOM to
devise ways of enhancing the performance of the
HYPERchannel network.

Brian Bevirt is a writer/editor in the Documentation Group
within SCD.

Electronic postmaster: Greg Woods is working to Improve
NCAR and UCAR's e-mail system.
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continued from previous page

and Psychology and a master's degree in Applied
Mathematics with a Computer Science emphasis. He
began working at NCAR in 1979. Before joining
SCD, he was the system administrator for the High
Altitude Observatory (HAO) computers.

"Most of my working experience has been with
computers," Greg says. "I've learned a lot on the job,
which is necessary because things change so rapidly.
For example, the Sendmail program I'm using is
newer than my college education in computers, and I
had to learn it to handle HAO's mail requirements. E-
mail was just one of a broad range of topics I dealt
with as a system administrator, though. I am looking
forward to having the opportunity to specialize in the
area of e-mail and to really improve the mail system."

Since Greg joined SCD in March, the dependability of
the e-mail system at NCAR has already improved.
The system is better organized, a new resolver system
to find computer addresses is in place, and more
attention is being given to the routing of e-mail.

Greg is knowledgeable about
computer networks, and his
task is to set up the e-mail
system at NCAR and UCAR
to interface with these
networks.

Plans for e-mail directory

Greg is working on a directory that will enable users
of connected computers to send e-mail to NCAR
employees or other users of the NCAR computers,
even if they do not know the addressee's complete
address. For example, a user may only know a name
or scientist number and that the scientist works at
NCAR. The new directory system will feature en-
hanced or "intelligent" software that would help find
the desired e-mail address.

The directory is being created from a database of users
that is maintained by the SCD Resource Accounting
Group. On-line "telephone directories" also exist on
some of the NCAR computers, and e-mail information
from them will be updated and incorporated in the

new directory. All known computer users from other
divisions will also be added to the directory. Their e-
mail addresses will be standardized into Intemet
format. The list will then be circulated so that the
staff can correct their e-mail addresses as necessary.
Procedures are being developed for regular mainte-
nance of the resulting NCAR e-mail list.

Upcoming projects for Greg will include work on the
Diamond Multimedia Mailer project, an electronic
mail system that goes beyond just the electronic
transmission of text to include bit-mapped graphics,
facsimiles, and even digitized voice. The National
Science Foundation has expressed an interest in the
project for such uses as sending e-mail and project
proposals on NSFNET.

Uses of e-mail and FTP

E-mail was designed for the exchange of short and
personal messages, Greg notes. It has the advantage
of having a good user interface that makes it easy to
use. It was not designed, however, for transferring
large files. E-mail may be shunted through gateway
computers, and it might be beyond the gateway hosts'
resources to perform massive file transfer. FTP, on
the other hand, excels at sending data and manuscripts.

Greg compares e-mail and FTP to services in the U.S.
Post Office. "You wouldn't try to fit a bicycle in a
business envelope and send it with a 25¢ stamp.
You'd use Parcel Post for the large items. FTP is like
the Parcel Post of the electronic post office, and it's
practically instantaneous." In addition, various se-
lected host computers on the Intemet (including
several at NCAR) that have information needed by a
widespread audience are set up with anonymous FTP
accounts. This allows anyone on the Intemet who can
access the host with FTP to download files without
requiring an account or operator assistance. (Informa-
tion on this facility is given in "How to use 'anony-
mous FTP accounts'" in the March issue of SCD
Computing News.)

Greg hopes it will also become easier to obtain e-mail
addresses of individuals in the "outside world" on a
network-wide basis. In some cases, a user can use the
UNIX command finger name to obtain information
about another user on a network node, but it is
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generally necessary to know the e-mail domain. In the
Internet system, the e-mail domain is the last part of
the address, which indicates the institutional link. For
example, the domain of NCAR users is ucar.edu; this
tag appears at the end of all mail sent from NCAR. If
only the name and location are known, one option is

Since Greg joined SCD in
March, the dependability of
the e-mail system at NCAR
has already improved.

to send e-mail to the "postmaster" at the node, and the
e-mail specialist there can forward it. For example,
by typing

mail postmaster@ncar.ucar.edu

you could send e-mail to Greg. This process can be
difficult, however, he says. "It's equivalent to calling
the local Post Office and asking the name and address
of someone in Chicago."

Greg is working with Marc Nelson (SCD Systems
Section) to formulate a preliminary proposal for an e-
mail interface that will be presented to the NCAR
divisions and computer users. "For now, our most
important task is to hide the unnecessary details that
are just internal to SCD, so that it's easier for every-
one to use e-mail," Greg says. If you have questions
regarding the use of e-mail at NCAR, you may send e-
mail messages to woods@ncar.ucar.edu on the Internet
or call Greg at (303) 497-1295.

Juli Rew is a writer/editor in the Documentation Group
within SCD.

NSFNET backbone to expand and jump to T1 speeds

by Don Morris

NCAR will soon be a network node, along with 12
other regional networks and supercomputer sites, on a
new NSFNET backbone. The task of creating this
ambitious network system has been awarded to the
MERIT Computer Network. MERIT is a consortium
of eight state-supported colleges and universities in
Michigan that operates a computer network linking the
schools. The award is funded by a 5-year $14 million
grant from the National Science Foundation (NSF). In
addition, $5 million will be provided by the state of
Michigan. MERIT's research partners, IBM and MCI,
will also contribute materials and services to the
NSFNET project.

This upgraded network will supplant the current six-
node, 56 kilobit per second NSFNET backbone, which
is currently congested and fraught with routing prob-
lems.

With a Phase I deadline of July 1988, work is pro-
ceeding rapidly to implement a backbone linked
primarily by fiber optics. It will connect the six
current NSF supercomputer centers with seven addi-
tional regional academic computer networks (see

illustration). Phase I will include T1 (1.5 megabits per
second) capacity, a network management control
center, and an information services organization based
in Ann Arbor, Michigan.

All nodes are scheduled to be activated beginning July
1, and individual sites will be phased in at that time.
We will be informing you via the Daily Bulletin when
NCAR access is implemented. MERIT planners are
anticipating a greater than 20-fold increase in band-
width, which should remove current congestion
problems.

Many regional networks span large geographic areas,
some covering half a dozen or more states. The
NSFNET map shown here only points out the location
of the NSFNET node for a region. Many of the
researchers who reside at institutions that are members
of one of the regional networks will have the potential
for very high-speed access to the NCAR computing
facilities. However, networking at many institutions is
highly localized in one or two departments, with little
or no communication between departments about the

continued on next page
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availability of connectivity either on campus or
between institutions. If you are interested in determin-
ing whether your institution is a member of a regional
network, you should call Don Morris at (303) 497-
1282. He can make that determination and put you in
contact with your regional administrator, who in turn

can direct you to a contact at your local campus.

Don Morris leads the Networking and Data Communica-
tions Group in the Distributed Computing Section within
SCD.

Physical Initial NSFNET Topology

* Regional Network

4 Regional Network plus Supercomputing Center

A Supercomputing Center

Center for Cartographic Research and Spatial Analysis, Michigan State University, 2/88

Ninth IEEE Symposium on Mass Storage Systems
The IEEE Computer Society Mass Storage Systems
and Technology Technical Committee is sponsoring its
ninth annual symposium with the theme "Storage
Systems: Perspectives," October 31 - November 3,
1988, at the Monterey Sheraton Hotel, Monterey,
California. (IEEE stands for Institute of Electrical and
Electronic Engineers.) Bernard O'Lear (SCD) is the
program chair, and Karen Friedman (SCD) is the
conference coordinator.

The Ninth Symposium will last two and one-half days
and will cover six major categories:

* Review of Mass Storage Reference Model,
* Networking Storage Systems,
* Security Aspects of Mass Storage,
* Workstation Storage: Local Mass Storage for

Users,
* Experiences with Mass Storage Systems, and
* Emerging Technologies/Products.

The program will introduce attendees to the vast
spectrum of storage devices that are available to build
storage systems of varying capacities. Several existing
systems will be described that utilize various combina-
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tions of storage devices. In addition, the many soft-
ware categories of these system integrations will be
examined. A report of the Mass Storage Systems
Specialists' subcommittee will be given on the results
from the workshops held in September 1987 and
March 1988. This group has been responsible for the
development of the Mass Storage Reference Model,
which has been under development for four years and
is considered to be the definitive model for mass
storage systems.

The day preceding the symposium will be devoted to a
tutorial session with the theme of "Building Blocks for
Storage Systems." The Tutorial Committee is
currently developing a program that will delineate the
fundamental building blocks for Mass Storage
Systems. Classifications of storage system compo-
nents will be described, and vendors will be invited to
discuss the use of these components to build various
types of systems. The types of components to be
discussed include automated repositories, solid-state

storage, magnetic disk (including striped), removable
optical disk, magneto-optical disk, fixed- and rotating-
head magnetic tape, network hardware, and specialized
storage software systems. In addition, a vendor poster
session is planned at which vendors may provide
handouts to the attendees on an informal basis.

If you wish to be placed on the mailing list to receive
the symposium announcement and registration materi-
als, please send your name and address to:

Karen Friedman
Ninth IEEE Symposium
NCAR/SCD
1850 Table Mesa Drive
Boulder, CO 80303-3000

You may contact Karen by electronic mail; her ad-
dress is karen@bierstadt.ucar.edu on the Internet. To
contact her by telephone, call (303) 497-1276 or use
(303) 497-1137 for FAX.

SCD celebrates first anniversary of Director Bill Buzbee

On April 21, SCD gave a surprise party to
celebrate Director Bill Buzbee's first
anniversary at NCAR. Up to party time, the
staff, including Bill, thought they were being
invited to a decommissioning ceremony for
the last of SCD's PDP 11/70 computers.
Bill indeed "pulled the plug" on the 11/70
but was surprised when Systems Section
head Bernie O'Lear came forward for a
speech. Rather than talking more about the
venerable old computer, however, Bernie
gave a humorous account of Bill's busy first
year at NCAR and led the staff in a toast to
Bill.

Bernie recounts the appearance of an "omen" in the skies over NCAR
shortly before Bill was hired. (Bill originally hails from Texas.)
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Bill takes the microphone after Bernie's "roasting."

Bill turns off the PDP 11/70 for the final time.
The computer was an SCD workhorse
over the last decade.

The staff gathers for a toast.
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SOFTWARE NEWS

A IMSL Edition 10.0 now available

by Dick Valent

The IMSL (International Mathematical and Statistical
Library) Edition 10.0 is now available on NCAR's
CRAY computers. It will replace the existing IMSL
Edition 9.2 as the default version on August 22, 1988.
Since there are major differences between Editions 9.2
and 10.0, users can request to use the older version
between August 22 and February 21, 1989.

Enhancements

IMSL Edition 10.0 contains virtually all of the abili-
ties of Edition 9.2. Overall enhancements include (1)
better documentation, (2) consistency of argument lists
among similar routines, (3) unobtrusive error handling,
and (4) use of two-dimensional arrays for symmetric
matrices instead of the clumsier one-dimensional
packed arrays.

In the applied mathematics part of the library, en-
hancements have been made in the areas of optimiza-
tion, quadrature, fast Fourier transforms (FFTs), and
interpolation. Some of the IMSL FFTs are now based
on FFTPACK, a software package written at NCAR
by Paul Swarztrauber in the mid-1970s. In statistics,
several new features make the library easier to use,
such as print options, missing data options, and a
simple way for users to specify weight and frequency.
Finally, many special function subprograms have been
added to Edition 10.0.

Library contents

Edition 10.0 contains about 800 user entries (or 1600,
if double-precision entries are counted) in three major
groups: applied mathematics, statistics, and special
functions. The software categories within each group,
and the number of user entries in each category, are
summarized below. continued on next page
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SOFTWARE NEWS

continued from previous page

Conversion help: the Library Interface and
Update Guide

IMSL provides an auxiliary library to assist users with
the transition from Edition 9.2 to 10.0. The IMSL
documentation refers to this auxiliary library as the
Library Interface, but its name on the CRAY comput-
ers is IMSLCNV. IMSL has also given SCD permis-
sion to copy and distribute a document titled "IMSL
Libraries Edition 10.0 Update Guide" that helps users
make the conversion. Most users will probably want
to use both IMSLCNV and the Update Guide (informa-
tion on obtaining them is given later in this article).

IMSLCNV is important for successfully running
existing IMSL applications with Edition 10.0, because
almost all IMSL routine names have been changed
under the new edition. IMSLCNV will

* make the correct calls to Edition 10.0 routines
* issue messages telling the user how to make the

correct calls
* issue messages warning the user that the new

routine cannot return a result that the corresponding
Edition 9.2 routine returned.

IMSL provides an auxiliary
libraty to assist users with
the transition from Edition
9.2 to 10.0.

Users are cautioned to avoid using the interface
IMSLCNV indefinitely, since it is less efficient than
using IMSL Edition 10.0 directly.

The most important information in the Update Guide
is a table listing the Edition 9.2 routine names together
with the recommended replacement routines and a
class number indicating how the old routines differ
from the new ones. The Update Guide does not
contain usage instructions for the IMSL routines, such
as argument lists, and for this reason, users should
purchase the IMSL manuals if they use IMSL software

frequently. (Information about purchasing IMSL
manuals is given later in this article.)

Accessing the Library Interface (IMSLCNV)
and the IMSL 10.0 CRAY Binary Library
(IMSLIB)

To run your existing program with IMSL's conversion
library, include the following Job Control Language
statements prior to the job's SEGLDR or LDR state-
ment:

ACCESS, DN=IMSLIB, ID=XSLG.
ACCESS, DN=IMSLCNV, ID=XSLG.

In addition, specify IMSLIB and IMSLCNV on the
SEGLDR or LDR statement:

SEGLDR, CMD='LIB=IMSLIB,IMSLCNV'.
or
LDR, LIB=IMSLIB:IMSLCNV.

If you want to use the IMSL 10.0 binary library only,
you can omit the above references to IMSLCNV. As
noted in the implementation plans below, you should
omit the ACCESS statements after August 22, 1988.

Documentation and source code

The source code for the IMSL Library is proprietary;
SCD has only licensed its usage for the CRAY com-
puters at NCAR. You may obtain the documentation
and source code for IMSL subprograms via the CRAY
GETDOC and GETSRC job control statements by
using the keyword specifier VAR=LIBOO, as in the
following examples:

GETDOC, LIB=IMSL,^

DOC=(FFTRI:FFTRF:FFTRB), VAR=LIB00.

GETSRC, LIB=IMSL, FILE=(FFTRI:FFTRF:FFTRB), ^

L=TMP, VAR=LIBOO.

Upon execution in a CRAY job, the first statement
provides usage comments for IMSL FFT routines
FFTRI, FFTRF, and FFTRB in the user's CRAY job
output file $OUT. The second example places source
code for routines FFTRI, FFTRF, and FFTRB on
CRAY local dataset TMP, for input to the CRAY
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SOFTWARE

compiler CFT, or for disposal to the user's local
computer.

You must declare the Mass Storage generic resource
*MS on your CRAY job card when you use GETDOC
and GETSRC. If you are not sure how to use the
CRAY GETDOC or GETSRC utilities, refer to the
SCD UserDoc titled "GETSRC, GETDOC, LOCATE,
and AQPLMS: Source Code and Documentation
Retrieval on the CRAY Computers," Version 2.0,
March 1987 (10 pages). To obtain a copy of this
UserDoc, request it from Mary Buck. Mary's electronic
mail addresses are maryb@scd4381.ucar.edu on the
Internet and MARYB on the IBM 4381 (IO) front-end
computer. You may also call her at (303) 497-1232.

The most important informa-
tion in the Update Guide is a
table listing the Edition 9.2
routine names together with
the recommended replace-
ment routines.

NEWS

statements, since Edition 10.0 will be the default after
that date.

Obtaining the IMSL Update Guide and IMSL
manuals

To obtain a copy of the Update Guide, users of the
CRAY computers at NCAR may request a copy from
Mary Buck. Her electronic mail addresses and tele-
phone number are given earlier in this article. If you
are at the Mesa Lab, you can obtain the Update Guide
and SCD documentation from the SCD Consulting
Office, Room 17.

IMSL offers two identical sets of manuals for Edition
10.0: a 3-volume, softcover set for $37.00 and a 7-
volume, three-ring binder set for $105.00. Fiche
copies are not available. Order the IMSL manuals
from:

IMSL, Inc.
Customer Relations
2500 Parkwest Tower One
2500 Citywest Boulevard
Houston, Texas 77042-3020
(713) 782-6060

Questions and concerns
Implementation plans

IMSL edition 10.0 is now available through the
ACCESS and SEGLDR statements specified earlier in
this article. SCD will change the default library from
Edition 9.2 to Edition 10.0 on August 22, 1988. SCD
will no longer support Edition 9.2 after February 21,
1989. After August 22, users should omit the access
to IMSLIB and IMSLCNV, and they should also omit
VAR=LIB00 from their GETSRC and GETDOC

Please direct any questions about IMSL to Dick
Valent. His electronic mail addresses are
valent@scdpyr.ucar.edu on the Internet and VALENT
on the IBM 4381 (IO) front-end computer. You may
also telephone him at (303) 497-1302.

Dick Valent is the Software Librarian in the User Services
Section within SCD.
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SCD reduces GAU charges for
CRAY-1A computer

In an effort to reduce congestion and turnaround
time on the CRAY X-MP computer (CRAY,CX),
SCD has reduced the charges against allocations
for CRAY-1A (CRAY,C1) jobs by an additional
15%. As of June 1, General Accounting Unit
(GAU) allocations for C1 jobs are charged at 40%
of actual use. In the past, C1 jobs were charged at
47% of actual use to make the cost approximately
equal to jobs run on the CX. This new discount
lets you stretch your allocations, since a job run on
the C1 now costs less than the same job run on the
CX.

This change affects allocations only. It does not
affect the dollar cost for C1 use by people who are
not using the CRAY computers at NCAR as part
of a grant from the National Science Foundation
(NSF). All non-NSF grantees will continue to be
billed for 100% of GAUs used. If you have any
questions, or would like additional information,
please contact the SCD consultants at (303) 497-
1278.

Changing your mass storage
passwords

by Peter Morreale

Some users may not be aware that datasets on
SCD's Mass Storage System (MSS) are not
password-protected by default. If you have not
specifically included a write password when the
dataset was created on the MSS, that dataset may
be modified or deleted by any other SCD user.
We urge you to write password protect any da-
tasets that contain irreplaceable data.

Passwords on your mass storage files can be
changed using the CRAY utility MSCHANG or
the similar utility on the IBM 4381 (IO) front-end
computer, which is named MSCHANGE. This
article will outline how you can use either of these
utilities to change the read and/or write passwords
on your mass storage files.

From the CRAY computers, the MSCHANG
utility is used in the following manner:

JOB,JN=MSPASS,US=XXXXxxxxxxxx.
ACCOUNT,AC=XXXXxxxxxxxx.

MSCHANG( NAME=/SMITH/TESTCASE ^

NEWPASS=NEWREAD,NEW WRITE)

EXIT.

This example would create read and write pass-
words, NEWREAD and NEWWRITE, for the file
/SMITH/TESTCASE. If the file had previous
passwords, they would be changed in the follow-
ing manner:

JOB,JN=MSPASS,US=XXXXxxxxxxxx.

ACCOUNT,AC=XXXXxxxxxxxx.

MSCHANG ( NAME=/SMITH/'ESTCASE ^
PASSWD=OLDREAD,OLDWRITE A

NEWPASS=NEWREAD,NEWWRITE)

EXIT.

This would change both the read and write pass-
words on the file /SMITH/fIESTCASE. The read
password is changed from OLDREAD to
NEWREAD, and the write password is changed
from OLDWRITE to NEWWRITE.

In both examples, note the differences between the
MSCHANG syntax and Cray Operating System
syntax. The parameters are invoked with a
NAME=keyword. Parameters are separated with
blank spaces, and multiple arguments to a single
parameter are separated with commas. If the
MSCHANG statement above were put on a single
line, spaces would replace the ^ symbol.
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The command statement can be continued with the
caret symbol A . A total of 511 characters may be
passed in the MSCHANG statement.

There is also an IBM utility called MSCHANGE
that can be used from the IBM 4381 (IO) com-
puter to make changes to existing mass storage
files. The command is used in the following
manner. Note that all of the command must be
typed on a single line (that is, without a RETURN)
and has been broken here only for space consid-
erations. A blank space must separate each
parameter of the command.

MSCHANGE /SMITH/TESTCASE
NEWPASS=NEWREAD,NEWWRITE

This example would create the read and write
passwords, NEWREAD and NEWWRITE, for the
mass store file /SMITH/TESTCASE. If the mass
store file already had read/write passwords associ-
ated with it, the proper form of the MSCHANGE
command would be:

MSCHANGE /SMITH/TESTCASE
PAS SWD=OLDREAD,OLDWRITE
NEWPASS=NEWREAD,NEW WRITE

Note that the command above must be typed on
one line and has been broken here only for space
considerations. A blank space must separate each
parameter of the command. This example would
change the read password from OLDREAD to
NEWREAD and the WRITE password
OLDWRITE to NEWWRITE.

In the current implementation of both MSCHANG
and MSCHANGE, lower-case alphabetic charac-
ters in read and write passwords are converted to
upper-case.

In both the CRAY and IBM examples above, it
was assumed that both the read and write pass-
words were being used. For both the IBM and the
CRAY utilities, if you want to affect only the
write password, then omit the read password as in
the following examples:

For the PASSWD=keyword parameter:

PASSWD=,OLDWRITE

For the NEWPASS parameter:

NEWPASS=,NEWWRITE

In both of the above examples there is no read
password associated with the file in question.

Additional information on MSCHANG on the
CRAY and MSCHANGE on the IBM 4381, as
well as on other utilities, is contained in the SCD
UserDocs "IBM Utilities for Accessing the Mass
Storage System," April 1986 (12 pages) and "Mass
Storage File Maintenance from the CRAY,"
December 1986 (17 pages). Order these docu-
ments from Mary Buck. Her electronic mail
addresses are maryb@scd4381.ucar.edu on the
Internet and MARYB on the IBM 4381 (IO) front-
end computer. You may also telephone her at
(303) 497-1232. If you are at the Mesa Lab, you
can obtain SCD documentation from the SCD
Consulting Office, Room 17.

Peter Morreale is a student assistant in the Consulting
Group of the User Services Section within SCD.

[ NETWORKING AND DATA :

Please stand by: NSFNET
experiences network difficulties

Some NSFNET network users are experiencing
difficulty in obtaining and maintaining connectiv-
ity because of routing problems and congestion in
the NSFNET. This has been a serious and recur-
ring problem since January 1988. These ongoing
problems are expected to continue at least through
July 1, until the new NSFNET backbone is imple-
mented (see "NSFNET backbone to expand and
jump to T1 speeds," this issue).

At this time, the NSFNET works best for elec-
tronic mail and for most cases of job submittal via
the NCAR IRJE system (see "Remote Job Entry
over the Internet now available" in the March
1988 issue of SCD Computing News) but may be
very frustrating for interactive use by TELNET.
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Ordering SCD documentation
over the Internet

You can now use the Internet e-mail address of
maryb@scd4381.ucar.edu to order SCD documen-
tation.

UNIX mail hints

A new UserDoc, "Unix Mail Hints," (May 1988, 4
pages) is available. It includes information on
saving and replying to messages, forwarding mail,
using aliases as a shortcut for sending a message
to a list of people, and storing someone's address
in your .mailrc file so that you do not have to type
the address every time. This information is speci-
fic to computers running the UNIX operating
system.

Revised version of FISHPAK
documentation
"FISHPAK: A Package of Fortran Subprograms
for the Solution of Separable Elliptic Partial
Differential Equations, "Version 1.1, May 1988 (7
pages) is now available. It replaces Version 1.0 of
this document. The new version contains cor-
rected information on the SEPX4 and SEPELI
subroutines. The document describes how to
access the source code for the subroutines, test
programs, and documentation files on the NCAR
CRAY computers and indicates that the CRAY
binary library $NCARLB contains the FISHPAK
routines.

Revised version of SSDLIN
documentation
"SSDLIN: A Collection of Out-of-core Linear
Algebra Software," Version 2.0, May 1988 (22
pages) is now available. It replaces Version 1.0 of
this document. Additions to Version 2.0 include
information about routines that perform iterative
refinement, access instructions for demonstration

drivers, and an appendix of performance measure-
ments of SSDLIN on the CRAY,CX. These
additions to the software and on-line documenta-
tion were made in June 1987.

Order SCD documentation from Mary Buck. Her
addresses are maryb@scd4381.ucar.edu on the
Internet and MARYB on the IBM 4381 (IO) front-
end computer. You may also telephone her at
(303) 497-1232. If you are at the Mesa Lab, you
can obtain SCD documentation from the SCD
Consulting Office, Room 17.

UNIX mail:
lists

Aliasing names and

by Adrianne Link

There has been some interest lately in the basic
features of UNIX mail. The following article
describes how you can store e-mail addresses in
your mail file, typically called .mailrc in your
home directory .

Storing a person's address in your .mailrc file so
that you do not have to type the address every
time, or sending mail to a list of people, involves
creating a short alias for that person or list. The
basic structure of an alias command is:

alias abbreviated_name long_ugly_address

To use these aliases in mail, store them in your
.mailrc file, which you, should create in your home
directory. Here is an example of a .mailrc file.

alias listl lisa@cgdra \
kenneth@acdpyr \
tortelli@hao \
meredith@mmm \
burton@rdss \
cal@bierstadt \
nad@scdpyr \
homer@scd4381
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alias valent valent@scdpyr
alias phil phil@utoronto.bitnet
alias joe jones@sprlx.span
alias woods gwoods@solar.stanford.edu
alias list2 cal@bierstadt nad@scdpyr

The backslashes at the end of each line in listl are
continuation markers so that the list can be typed
on more than one line.

To use an alias to send mail to your colleague Phil
in Toronto on BITNET, simply type:

mail phil

and proceed as if Phil were a user on your home
computer. Or if you want to send a message to all
the people on listl, it is just like sending mail to
one person:

mail listl

There are several other options for customizing
your UNIX mail facility. Complete details on the
Mail command are contained in the UNIX User's
Manual Reference Guide (4.3 Berkeley Software
Distribution).

It is also possible to put a group alias in the
system alias file so that more than one person can
send messages to the whole group. The system
alias file /usr/lib/aliases can be changed only by
your system postmaster or by your system admin-
istrator. You need to provide the names of the
people you want on your list and a group name.
To send your system postmaster a message, enter
the command

mail postmaster

The message is sent to your system administrator
if your system does not have a postmaster.

The SCD UserDoc "UNIX Mail Hints," May 1988
(4 pages), from which this article was abstracted,
contains additional mail hints. Order SCD docu-
mentation from Mary Buck. Her addresses are
maryb@scd4381.ucar.edu on the Internet and
MARYB on the IBM 4381 (IO) front-end com-
puter. You may also telephone her at
(303) 497-1232. If you are at the Mesa Lab, you
can obtain SCD documentation from the SCD
Consulting Office, Room 17.

Adrianne Link is a student assistant in the Consulting
Group of the User Services Section within SCD.

The following list includes acronyms and terms used in this issue and in the NCAR computing
environment.

CGI
CGM
COS
CPU
CRAY, C1
CRAY, CX
DICOMED
FFT
FTP
GAU
GKS
IMSL
IP

Computer Graphics Interface
Computer Graphics Metafile
Cray Operating System
Central Processing Unit
CRAY-1A computer at NCAR
CRAY X-MP/48 computer at NCAR
On-line graphic recorder used at NCAR for producing microfilm and microfiche ouput
Fast Fourier Transform
File Transfer Protocol
NCAR's General Accounting Unit; used in charging
Graphical Kernel System
International Mathematical and Statistical Library
Internet Protocol continued on next page
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continued from previous page

IRJE Internet Remote Job Entry
MOM MASnet Operations Monitor
MSS Mass Storage System at NCAR
NCP Network Control Program
PC Personal Computer
PHIGS Programmers Hierarchical Interactive Graphics System
RGB Red, Green, Blue; a color mixing system for color graphics displays using red, green, and

blue as the primary colors
SSD Solid-state Storage Device on the CRAY X-MP
T1 A term for a digital carrier facility used to transmit a DS-1 formatted digital signal at

1.544 megabits per second
TCP/IP Transmission Control Protocol/Internet Protocol
TOM Trunk Operations Monitor
UNICOS Cray Research, Inc.'s AT&T UNIX System V derivative
Unidata UCAR's University Data Project; UCAR's planned systems to link the atmospheric

sciences community and to provide easy access to weather data and other services

Organizations

ACD NCAR Atmospheric Chemistry Division
ANSI American National Standards Institute
ATD NCAR Atmospheric Technology Division
CGD NCAR Climate and Global Dynamics Division
CU University of Colorado
DARPA Defense Advanced Research Projects Agency
HAO NCAR High Altitude Observatory
IEEE Institute of Electrical and Electronics Engineers
LLNL Lawrence Livermore National Laboratories
MIT Massachusetts Institute of Technology
NASA National Aeronautics and Space Administration
NCAR National Center for Atmospheric Research
NOAA National Oceanic and Atmospheric Administration
NSF National Science Foundation
SCD NCAR Scientific Computing Division
SCDUG Scientific Computing Division Users Group
UCAR University Corporation for Atmospheric Research

Networks

BITNET An international network of mostly IBM computers, used primarily for mail by NCAR
users

Internet A collection of interconnected regional and wide area networks that use the IP protocol
MASnet NCAR's Mainframe and Server Network (formerly the NCAR Local Network)
NSFNET National Science Foundation Network
Telenet A public packet-switching network operated by US Sprint
UCARnet University Corporation for Atmospheric Research Network, a local area network linking

together the divisions of NCAR and UCAR projects in Boulder County
WATS Wide Area Telecommunications Service

I J
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April 25, 1988
Report from the SCD
Director - Bill Buzbee

NCAR Graphics and low-cost
visualization workstations

SCD is developing a "production"
graphics capability for use with
scientific workstations and is
purchasing equipment at today's
prices ($20-50K) for this develop-
ment. It is believed that in two
years, volume production of this
equipment will bring the cost
down to $10-$20K, which is
presumed to be generally afford-
able by NCAR and the academic
community.

DARPA proposal

NCAR, the University of Colorado
at Boulder (CU), and Martin
Marietta have submitted a joint
proposal to the Defense Advanced
Research Projects Agency
(DARPA) for a Connection
Machine. A response is expected
within a month or two.

CRAY X-MP

The load on the X-MP has reached
full capacity, prompting SCD to

begin reviewing the batch job
classes with the SCD Advisory
Panel, various individuals, and
within SCD. SCD will be solicit-
ing input from the division direc-
tors and users for a proposal to
develop a job class structure that
will work efficiently in a saturated
environment.

COS 1.16

Bernie O'Lear (SCD) said the
CRAY Operating System (COS)
Version 1.16 should be available
in early June. Buzbee added that
the May issue of SCD Computing
News will have more information
on this subject. COS 1.16 will
bring with it the potential for using
the Solid-state Storage Device
(SSD) for job swapping, a timely
capability now that the CRAY X-
MP is fully loaded.

Ouestions

Richard Brost (ACD) - What is the
purpose of the job class review?

Buzbee - As the computer reaches
saturation, the job stream typically
reduces the ability to get long-
running simulations through. A
possible way to combat this is to
guarantee each NCAR division a
reasonable number of CPU hours
each week. The divisions can then
manage and plan the use of these
resources in conducting simula-
tions of interest to them.

Graphics plans for SCD - Joe
Choy

SCD's graphics plans fall into two
categories: (1) production support

entailing NCAR Graphics and low
cost visualization tools, and (2) the
Visualization Laboratory.

Current and future versions

Currently, NCAR Graphics is
distributed to over 1500 sites. The
latest version is 2.00. The upgrade
to 2.00 includes two new utilities,
AREAS/EZMAPA (colorfill
capability for continental and
political boundaries); an update of
the HISTGR utility (histogram
colorfill, hatchfill, overlay), and
improved documentation. A
GRAPHCAP that handles Post-
script is also available in Version
2.00.

The NCAR Graphics package is
distributed to non-profit, educa-
tional or government organizations
through SCD. The UCAR Foun-
dation handles distribution to
commercial, for-profit companies.

Another version of NCAR Graph-
ics is called Unidata Graphics. It
is distributed by Unidata with a
license and is specifically aimed at
a PC MS-DOS system. It requires
that the PC system already have its
own Graphical Kernel System
(GKS) software. It also does not
run with the Computer Graphics
Metafile (CGM) translator. The
product is community-supported
through an electronic bulletin
board system.

The next version of NCAR Graph-
ics, Version 3.00, will be released
in late 1988 or early 1989. A
UNIX version of NCAR Graphics
is expected to be released in May

continued on next page
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continued from previous page

1988. It will be distributed in the
tar (tape file archiver) format.
There will be utilities available to
help build and install the system.

In Version 3.00, SCD will be
releasing a C version of the CGM
translator. The first two releases
of the CGM translator to become
available will include one based on
GRAPHCAPs and a translator for
the Sun workstations based on the
Computer Graphics Interface
(CGI) standard. The CGI-based
translator is now in a preliminary
mode. Future versions will focus
on the CGM translator interfaced
to X Windows [the X Window
System, a trademark of MIT].

Access

Access to NCAR Graphics is
possible through the PLT com-
mand on the IBM 4381 (IO) front-
end computer and on some of the
UNIX computers. Users access it
through local terminals, Telenet
(2400 bits per second-bps), or the
1-800 WATS lines (9600 bps). It
is also possible to ship CGM files
over the network. Users have been
shipping metacode over the
network using File Transfer
Protocol (FTP) directly, either on
the IBM, or using the Internet
Remote Job Entry (IRJE) capabil-
ity.

Visualization workstations

The goal is to transform numeric
data from complex 3-D models or
field-observing systems into
geometric data for visual represen-
tation on high performance work-
stations. This allows for data
integration and SCD believes this
effort will aid scientific discovery.

The low-cost visualization tools

being considered are 3-D visualiza-
tion workstations costing between
$20K and $50K. SCD anticipates
that workstations of this type will
cost $10K-$20K within two years,
and will therefore be used more
widely in NCAR's research
community and in the university
community. SCD plans to be able
to integrate these workstations with
the SCD distributed computing
environment so that a user,
whether local or at a university,
can be at a workstation and be
connected to the CRAY computer.
Two years from now, it is hoped
to have this function under UNI-
COS, using Transmission Control
Protocol/Internet Protocol (TCP/
IP).

SCD will explore two options.
One is to ship the 3-D gridded sets
over the local networks to the
workstation. The other is for the
CRAY to convert the data into
polygon data and ship it over the
network. There are instances
where 3-D gridded data is smaller
than the polygon dataset and there
are times when the polygon dataset
is smaller than the 3-D gridded
data. SCD would like to be able
to better characterize the properties
of these datasets and provide
guidance to the user.

The visualization workstation will
generate the images after receiving
the polygon or 3-D gridded da-
tasets. SCD will be working on a
user interface, based on X Win-
dows, to do polygon generation
and display the data the way the
user would like. Attached to this
will be output devices like 35mm
film, transparencies, hardcopy, etc.

Workstation characteristics that are
currently being explored are based

on the UNIX operating system
with TCP/IP protocols. Capabili-
ties that will be required are
interprocess communication,
remote procedure calls, X Win-
dows, and PHIGS+ (for its volume
capability) with RGB and/or
NTSC as a standard interface for
output devices. Editor's note: X
Windows is a standard window
manager program for graphics
workstations, PHIGS+ is a stan-
dard 3-D and 2-D graphics
programming language that
performs polygon generation and
surface rendering from gridded
datasets, RGB is a color mixing
system for color graphics displays
using red, green, and blue as the
primary colors, and NTSC is a
video transmission standard for
displaying images on cathode ray
tube monitors.

Currently in-house, there is a Sun
3/260 CXP graphics workstation,
which costs under $50K. There is
also an IRIS 4D60G-Turbo work-
station, which costs about $45K.

The applications being considered
for these low-cost visualization
workstations can also be applied in
other UNIX environments such as
a smaller Sun. The smaller Sun's
handicap is that it will be a little
slower without hardware to render
the object quickly, since it renders
objects with software.

The IRIS running UNIX BSD is
able to run 400,000 3-D vectors/
second and 60,000 3-D polygons/
second. It has a screen refresh rate
of 10 milliseconds, whereas the
Sun rate is 135 milliseconds.
Assuming nothing is being drawn
on the screen, the Sun can put up
7 frames/second and the IRIS can
put up 100 frames/second.
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Visualization laboratory

The purpose of the laboratory is to
evaluate the best visualization
tools and make them available to
NCAR users in the atmospheric
and related sciences. Emphasis is
on high-powered visualization
workstations (at a cost of under
$80K), which will give the option
of doing 4-D graphics (3-D graph-
ics where time is the 4th dimen-
sion). SCD intends to integrate
these tools into the SCD environ-
ment for very high performance.
Other possible equipment for the
laboratory are mini-super worksta-
tions to perform the graphics
processing. SCD is particularly
interested in evaluating some of
the larger, more powerful mini-
super workstations that have been
announced. SCD has limited staff
for this project.

In summary, SCD is continuing to
make enhancements to the NCAR
Graphics package and to provide
support to users. SCD will also be
adding color capabilities to current
packages and various utilities.
SCD is moving into the area of
low-cost visualization and has
identified and is now working with
two workstations. The visualiza-
tion laboratory project is underway
and will examine very high-
powered visualization workstations
that are on a par with mini-super
front-end machines.

Ouestions

Bovet - Are the two new C version
CGM translators the ones being
done at CU and at Unidata by
Glen Davis?

Choy - The CU effort is coopera-
tive work that NCAR is conduct-

ing with the Computer Science De-
partment at the University of
Colorado. There are three work-
study students working on the
GRAPHCAP-based one as a
special project for credit.

Buzbee - Where do we stand on
the Ames software?

Choy - We have it in-house and are
becoming familiar with it before
we go to NASA/Ames to get more
in-depth knowledge of the system.

Carl Mohr (ATD) - Is this in the
public domain?

Choy - Yes. We're trying to adapt
it to this environment with a
common user interface based on X
Windows.

Bovet - What is the name of the
software?

Choy - There are several packages
from NASA/Ames. There is a
package called "Plot 3-D" and one
called "RIP," which is the particle
tracing routine. "C-plane" is where
planes are cut out of a 3-D image
and examined. There is an anima-
tion system at NASA/Ames called
"GAS," which is tied to some
output devices for editing, vide-
otaping, and shooting film, and is
very expensive at over $200K.

Paul Bailey (ACD) - Have you
planned how the visualization
facilities will be made available,
managed, and accessed after the
visualization lab work is done?

Choy - The laboratory is on a
cooperative basis, depending on the
applications that are applied to it as
well as the number of staff in-
volved. Other interested divisions

will probably have to become
involved with us a little bit to learn
how to use it. As with the NCAR
Graphics, there will be support for
low-cost visualization tools. The
standard package and some distri-
bution will probably go with it as
well as consulting support. SCD is
just getting started with this and
may need help from CGD or ACD
in identifying science that may be
used in these projects on an
individual and developmental
basis.

Bailey - As far as the scientists are
concerned, NCAR may have to be
pretty far down the road in con-
verting to UNIX in order to
achieve the full benefits from this
laboratory.

Buzbee - We are still looking for
the best pathway to UNIX. One
possibility is to find four to five
peer organizations who have
similar needs and are willing to
jointly fund such a project. Within
SCD, there is a very steady and
even rapidly-paced transition to
UNIX.

Bailey - Then I think it would be
fair to characterize our progress by
saying that we are still making
progress, but developing from the
outside in instead of from the
inside out.

Buzbee - That is a good way to
put it. The path to UNIX will
have to deal with the Mass Storage
System and MASnet before we can
really entertain UNIX on a super-
computer. It is not clear that
UNIX on the supercomputer is all
that big a deal for our users.
However, if that is the only

continued on next page.
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continued from previous page

operating system that comes with
the machine, it gets to be a big
deal for SCD.

Bovet - Regarding the graphics
package, will we see easier access
to the full ASCII character set and
publication quality coming out of
the various routines as has been
suggested in the past?

Choy - That is being worked on
and will be released in this next
version. It is going through beta
testing right now.

Bailey - Does that include a
variety of fonts as well as upper-
case and lowercase capabilities?

Choy - Currently, only the Her-
shey font is available.

Bailey - There are a few fonts that
are fairly standard for publications
and we should support those.

Bovet - It seems that the GKS
Graphics package is still really
internally based on the NCAR
System Plot Package, which is
then hooked up to the GKS
translator. This must introduce
some inefficiency into the whole
system and will probably produce
errors. Is there an ongoing effort
to convert the high level utilities to
the GKS system?

Choy - There has been some work
done in that area, but not a lot.
We will look at that in the years to
come. In the past, the focus has
been on the usage of NCAR
Graphics at the supercomputer
center. Because of that, we have
not always looked as closely to
optimization and efficiency as we
could have.

Bovet - Some of the old packages
called POINT every time. With
GKS you can use one of these

polyvariants and get a dramatic
compression in the size of your
metacode file that you can't get as
long as you're still doing that
intermediate step.

Bailey - I thought that part of the
initial plan for the transition to
GKS was that there would be this
transition phase, and as soon as
that was in place, work would
begin at the lower levels on the
utilities to remove this ineffi-
ciency.

Bovet - I think the original plan
was a very clever one to get things
switched over to GKS as quickly
as possible, and we must push to
make sure that the conversion
continues.

Choy - It will happen, but not as
fast as we had hoped.

Mohr - One of the reasons I had
heard that you backed off is that
the idea of putting GKS into
utilities is to leave open the option
for interfacing to PHIGS down the
road, without having to rewrite
everything.

Choy - The current level we are
running, Level OA, and the PHIGS
interface are very similar right
now. All the calls are the same.
If we wanted to make that transi-
tion, we could without much
problem. As we move down the
line and commit ourselves to GKS
further, it becomes more difficult
to back off from it later. Also, if
we stay with the current utilities,
those could be modified without
having to change all the calls
everywhere in the utilities. One
option we looked at was changing
GKS to PHIGS, which is the
capability. It is not going very fast
and doesn't seem to be picking up
the support of the community as

much as the PHIGS standard. We
are currently looking at two things,
the first is whether we convert
NCAR Graphics to PHIGS, and
the second is to make our visuali-
zation project a separate effort
from our NCAR Graphics effort.
We have not yet come to a definite
conclusion.

Bovet - I don't think NCAR users
care whether it is considered a
separate product, but they do care

whether they can still use AUTO-
GRAPH in the same environment
they are going to use some fancy
3-D thing.

Suggestions and problems

Bovet announced that he will step
down as Chairman of SCDUG
since he has been in this role for
some time now. Any interested
persons should discuss it with their
supervisors. Bovet would like to
have a new chair designated at the
May meeting.

Future agenda

Basil Irwin (SCD) and Craig Ruff
(SCD) will give a demonstration of
their gateway system in the near
future.

Greg Woods (SCD) may give a
talk on electronic mail in the near
future.

Dick Sato (SCD) will give a
presentation on the Connection
Machine (a computer using mas-
sively parallel processing architec-
ture) proposed for DARPA and the
National Science Foundation
proposal.

Ray Bovet (HAO) chairs SCDUG.
Karen Hack and Betty Thompson
(SCD) prepare the minutes.
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April 1988

Scientist Project Title

Robert E. Schlesinger
University of Wisconsin - Madison

Tai-Hwa Hor
St. Louis University

Klaus M. Weickmann
NOAA

Mark Hadfield
Colorado State University

Mark A. Horrell
University of Chicago

Barbara N. Hale
University of Missouri - Rolla

W. T. Liu
California Institute of Technology

W. L. Patel
University of Denver

Robert J. Oglesby
Yale University

Harold D. Orville
South Dakota School of Mines

and Technology

Ian Geoffrey Watterson
NOAA Aeronomy Laboratory

Three-dimensional convective storm
simulation

Momentum transport in convection
bands in Summer Monsoon Experiment
(SMONEX, 1979)

Diagnostic studies of global
circulation patterns

Effect of mesoscale surface features
on the convective boundary layer

Using a general circulation model
to model Cretaceous climate

Ice formation in adsorbed water layers:
Comparison with bulk ice properties

TOGA data support activities

Low frequency plasma waves

Paleoclimatic sensitivity studies

Hailswath II cloud modeling

The effect of synoptic disturbances
on Antarctic polar stratospheric
clouds and ozone

Note: A request may be supported at a lower level than requested because: (a) It exceeds the 50 GAU limit
(roughly equivalent to 37.5 CPU hours in the CRAY Foreground 2 class) above which Panel review is required;
or (b) Reviewers consider the amount of time requested to be excessive.

JoAn Knudson (SCD) compiles the allocation information.
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An index of articles from the past 12 months appears in each issue.

Networking and Data Communications
1-800 service for Microcom 9600 BPS modem

users (Dec. 1987)
9600 BPS modems now available (Nov. 1987)
Changes to Telenet (Feb. 1988,)
Congestion on the NSFNET (Mar. 1988)
Contact your local representatives with Internet

problems (Apr. 1988)
Data communications package update (Dec.

1987)
EM4010 upgrade procedure (Apr. 1988)
Having problems using FTP to connect to the

IBM? (May 1988)
High-speed WATS access to NCAR now

available (Mar. 1988)
How to access the SCD Daily Bulletin on

different computers (Apr. 1988)
How to use "anonymous FTP accounts" (Mar.

1988)
IBM communications controller upgraded

(Oct. 1987)
Institute on Superconductivity (Apr. 1988)
An introduction to the Internet and USAN

(Nov. 1987)
Monitoring Ethernet networks (Nov. 1987)
NASA Science Network (Jan. 1988, SCDUG)
NCAR connection to SPAN (May 1988)
NSFNET management awarded to MERIT,

Inc. (Jan. 1988)
Networking (Apr. 1988)
New Telenet line-mode/Simware logon

procedure (Mar. 1988)
New Telenet logon procedure (June 1987)
New version of SPARTACUS/KNET installed

(Nov. 1987)
Networking and Supercomputers Fourth

Annual Workshop (Apr. 1988, SCDUG)
Remote Job Entry over the Internet now

available (Mar. 1988)
SPAN (Apr. 1988, SCDUG)
Telenet, TELNET, and FTP (May 1988,

Acronyms)
Telenet update (Oct. 1987)
Timeout function implemented for Telenet

access (Nov. 1987)
Using the EMAIL feature on the IBM 4381

front-end computer (June 1987)
Would you like a 9600 BPS asynchronous

connection to NCAR? (June 1987)
Version 2.6 of SPARTACUS/KNET installed

(May 1988)

Charging - GAUs
Charges for SCD computing resources (May

1988, Doc.)
Charging started for hardcopy graphic images

(Jan. 1988, Systems)
Correction to the DICOMED charging

algorithm (July 1987)
CRAY, C1 may go down on warm January

days (Jan. 1988, Systems)
DICOMED charges decreased in May (June

1987)
MP1 and MP2 job classes (Feb. 1988,

SCDUG)
Mono-processing 1 (MP1) job class added

(Jan. 1988, Systems)
Slight charge increase for DICOMED film

processing (Feb. 1988, Systems)
Trailer sheet with GAU charges added to

graphics output (May 1988)

CRAY Computers
Accessing memory on the CRAY X-MP (May

1988)
Changes to CRAY background classes (July

1987)
Chervin receives parallel computing award

(May 1988)
Correction to May DROPJQ article (June

1987)
CRAY job class changes (Nov. 1987)
CRAY job recovery (Nov. 1987)
CRAY, C1 may go down on warm January

days (Jan. 1988, Systems)
CRAY X-MP moving to COS 1.16 (May

1988)
FISHPAK documentation available (Mar.

1988, Doc.)
How to access the FISHPAK software library

(Mar. 1988)
How to use DN, PDN, and FLNM correctly

(Mar. 1988, Hints)
Importing data to the MSS from optical disks

(Mar. 1988)
MP1 and MP2 job classes (Feb. 1988,

SCDUG)
MSS ONLINE and OFFLINE parameters

implemented (Feb. 1988)
Mono-processing 1 (MP1) job class added

(Jan. 1988, Systems)
No tape access on CRAY, CX (Apr. 1988,

Systems)
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New CFT77 FORTRAN compiler now
available (Sept. 1987)

PERFMON: The CRAY Performance Monitor
Utility (Feb. 1988, Doc.)

Performance of CFT77 on vector loops (Oct.
1987)

Performance testing for the CRAY,CX
computer (Aug. 1987)

Remote Job Entry over the Internet now
available (Mar. 1988)

REMOVE: Deleting permanent datasets from
the CRAY disks (June 1987)

Report on the CFT77 FORTRAN compiler
(Aug. 1987)

SCD conducts performance and benchmarking
tests (Apr. 1988)

Scheduled maintenance time for CRAY, CX
decreases (May 1988, Systems)

Some performance measurements of SSDLIN
(Apr. 1987)

Software and documentation upgrades to
SSDLIN (Aug. 1987)

Techniques for restarting your CRAY job
(Nov. 1987)

Trouble/design reports (Mar., May, July, Oct.
1987)

UNICOS at Los Alamos (Apr. 1988, SCDUG)

Graphics
Change in NCAR Graphics distribution policy

(May 1988)
Charging started for hardcopy graphic images

(Jan. 1988, Systems)
Computer Output Committee releases

recommendations (Feb. 1988)
The four versions of NCAR Graphics (Mar.

1988)
GKS version of EZMAP to be changed (July

1987)
Graphics output on the Xerox 4050 laser

printers (Jan. 1988, Hints)
NCAR Graphics - The two-year plan (Jan.

1988)
New release of NCAR Graphics for VAX/

VMS Systems (Jan. 1988)
New release of NCAR Graphics now available

(Nov. 1987)
Options to process CGM through the

DICOMED (Feb. 1988, SCDUG)
Short DICOMED queues (May 1988, Systems)
Slight charge increase for DICOMED film

processing (Feb. 1988, Systems)
Trailer sheet with GAU charges added to

graphics output (May 1988)
UCAR copyrights the NCAR Graphics

Package (July 1987)

IBM 4381 (IO) Front-end Computer
Additional security measures to be

implemented on the IBM 4381 (Apr. 1988)
Change on RDR spool files on the IBM 4381

(Feb. 1988, Systems)
Changing multiple MSS Files from the IBM

4381 (IO) computer (Dec. 1987)
Having problems using FTP to connect to the

IBM? (May 1988, Networking)
Using EMAIL feature on the IBM 4381 front-

end computer (June 1987)
New version of SAS available (Mar. 1988)
VMSECURE command imposes new security

(Feb. 1988)

Input/Output
Graphics output on the Xerox 4050 laser

printers (Jan. 1988, Hints)
Tape services provided by SCD (Dec. 1987)
What are MASnet, UCARnet, LDN, and TGS?

(Jan. 1988, Acronyms)
Xerox printers available for graphics metacode

files (Nov. 1987)

Macintosh Computers
Saving and printing screen dumps on the Mac

Mass Storage System
Change in MSS retention periods (Feb. 1988,

MSS)
Changing multiple MSS files from the IBM

4381 (IO) computer (Dec. 1987)
Checksum errors and MSS files (Apr. 1987)
Importing data to the MSS from optical disks

(Mar. 1988)
Experimental shared data facility (Nov. 1987)
MAQR speeds multiple ACQUIREs (Apr.

1988, Hints)
The MSS Advisory Committee: Issues and

recommendations (Dec. 1987)
MSS Advisory Committee minutes available

(Feb. 1988, MSS)
MSS ONLINE and OFFLINE parameters

implemented (Feb. 1988)
NCAR has new weather data accessing system

(Mar. 1988)
NCAR Mass Storage System Advisory

Committee created (Nov. 1987)
Problem with purge notices corrected (Mar.

1988)
SCD appoints Consulting Group Head (Mar.

1988)
continued on next page
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Should you store duplicate files? (Mar. 1988,
MSS)

Status report on MSS Advisory Committee
(Feb. 1988, SCDUG)

Tape Capability via Export/Import on the MSS
for UNIX systems (Apr. 1988, SCDUG)

Upgrade to Mass Storage control processor
(Oct. 1987)

NCAR News
Accessing the NCAR Library catalog on-line

(Dec. 1987)
Computational support in the Atmospheric

Chemistry Division (Apr. 1988, SCDUG)
NCAR has new weather data accessing system

(Mar. 1988)
Office support and the company store (Mar.

1988, SCDUG)
Status of Fortran 8x proposal (Jan. 1988,

SCDUG)
Summary of Fortran 8x draft revision available

(Aug. 1987)

Printers
Graphics output on the Xerox 4050 laser

printers (Jan. 1988, Hints)
Xerox printers available for graphics metacode

files (Nov. 1987)

SCD News
1987 Summer Supercomputing Institute

scheduled (June 1987)
Cicely Ridley leaves SCD (July 1987)
Computer Output Committee releases

recommendations (Feb. 1988)
Consulting staff adds new member (Jan. 1988)
Distributed computing - What does it mearn?

(May 1988)
Experimental shared data facility (Nov. 1987)
Introducing the SCD user support specialist

(Sept. 1987)
Joseph receives NCAR Technical Support

Award (Feb. 1988)
Keep in touch for better service from the

Consulting Office (Feb. 1988, Hints)
Lynne Andrade: New SCD consultant (Oct.

1987)
New form for SCD computing resource

applications (July 1987)
The path to UNIX (Jan. 1988, Director's Col.)
Paul Mulder: 1928-1987 (Aug. 1987)
Please update your user numbers (Aug. 1987)
Revised review process for small allocation

requests (Aug. 1987)

SCD Consulting Office open house scheduled
(Oct. 1987)

SCD redesigns monthly newsletter (Jan. 1988)
SCD reorganization results in new distributed

computing section (Aug. 1987)
The SCD Users Conference: January 11-14,

1988 (Aug. 1987)
Sixth Annual SCD Users Conference agenda

(Jan. 1988)
TBM shut down for the last time (Oct. 1987)
Users Conference examines future

supercomputing use and technology (Feb.
1988)

User Services Manager Dee Copelan leaves
NCAR (Sept. 1987)

What are MASnet, UCARnet, LDN, and TGS?
(Jan. 1988, Acronyms)

Software Libraries
ECMFFT: Multiple Fast Fourier Transform

routines (June 1987)
Automated scripts (May 1988, SCDUG)
FISHPAK documentation available (Mar.

1988, Doc.)
How to access the FISHPAK software library

(Mar. 1988)
Locating applications software on the NCAR

CRAY computers (Apr. 1987)
NAG chapter documentation files available

(May 1988)
NAG Fortran Library is updated (Feb. 1988)
New version of FITPACK software library

available (Oct. 1987)
New version of SAS available (Mar. 1988)
New version of SLATEC library available

(June 1987)
Proposed software services in distributed

computing (May 1988, SCDUG)
Some performance measurements of SSDLIN

(Apr. 1987)
Software and documentation upgrades to

SSDLIN (Aug. 1987)
SLATEC documentation files now available

(Nov. 1987)
STARPAC 2 now available (Jan. 1988)
Using NCAR's on-line software catalog (Apr.

1987)
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Trademarks: CRAY, CRAY-1, SSD, and UNICOS are registered trademarks, and CFT, CFT77, COS, and CRAY X-MP are trademarks of Cray
Research, Inc. DEC and VAX are registered trademarks of Digital Equipment Corp. HYPERchannel is a registered trademark of Network Systems
Corp. IBM is a trademark of International Business Machines Corp. Macintosh is a trademark of Apple Computers, Inc. Microsoft is a registered
trademark of Microsoft Corp.; PageMaker is a registered trademark of Aldus Corp.; PostScript is a registered trademark of Adobe Systems, Inc.; and
UNIX is a trademark of Bell Laboratories. Reference to a company or product name does not imply approval or recommendation of that company
or product to the exclusion of others.

SCD COMPUTER SCHEDULE
The SCD computers run continuously, except for scheduled maintenance times and unforeseen equipment or
power failures. The computers may be unavailable during the following maintenance periods:

Computers

All computers
CRAY, C1
CRAY, CX

Days

daily as needed
Monday, Wednesday
Tuesday, Thursday

Times
(Mountain Time Zone)
07:00 - 08:30
06:00 - 08:00
06:00 - 08:30

Read the on-line version of the Daily Bulletin for updated information on the status of all SCD equipment.

CHANGE OF ADDRESS FORM
[] Add to mailing list []Delete from mailing list O Change existing entry

Name:

New address:

User number Phone number

__.o



SERVICES DIRECTORY

CONTACT PHONE E-MAIL
_(303)

General Information
SCD Consulting Office Consultant on Duty 497-1278 CONSULT1
Visitor/User Information Frieda Garcia 497-1254 FRIEDA
Project & User Number Assignment Rosemary Mitchell 497-1235 ROSEMARY
Computing Resource Applications John Adams 497-1213 JOHNAD
NCAR Switchboard 497-1000

Remote Access Information
Data Communications (RSCS-RJE) Bill Ragin 497-1258 BILLR
US Telecom (Telenet) Marla Meehl 497-1301 MARLA
Internet Access (TCP/IP) Don Morris 497-1282 MORRIS

Operational Information
Computer Operations Bob Niffenegger 497-1240
Machine Room Oper. Supervisor 497-1200
Graphics Operations Andy Robertson 497-1241/42
Tape Librarian - 1/2" and MSS Sue Long 497-1245 SUELONG
Graphics Software Distribution General Information 497-1201
Documentation Orders/Output Mailing Mary Buck 497-1232 MARYB

SENDING ELECTRONIC MAIL: The electronic mail (e-mail) addresses above are for the IBM 4381 (IO)
front-end computer. The following examples show the addresses for sending e-mail to the SCD consultants.

From the IBM 4381 (IO) computer, enter: TO CONSULT1
OR

From a host computer connected to the Intemrnet, use a local mailing program with the Internet address:
consultl@scd4381.ucar.edu

If the Internet address does not work, note that the explicit Internet address is 128.117.8.7 and consult your local
system administrator.

SCD COMPUTING NEWS
Scientific Computing Division
National Center for Atmospheric Research
P. O. Box 3000, Boulder, CO 80307-3000
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