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A large-scale computer is one of the primary tools in the 

meteorological sciences. All phases of meteorological research 

use some computing and for certain important disciplines, such 

as dynamic meteorology, it is practically the only tool. Modern 

high-speed weather prediction techniques could not have been 

devised without a computer.

The primary purpose of the NCAR Computing Facility is to 

provide computing to all phases of meteorological research.

A computer large and fast enough to solve all the important 

meteorological problems which could be formulated today would 

stagger the imagination. Therefore it is up to the Computing 

Facility to provide the very best computing service possible 

consistent with budgetary limitations, computer availability, 

and programmer availability. There is one other aspect which 

inhibits growth. This is the large amount of time and effort 

required on the part of the scientist to correctly formulate some 

of the large problems. At times, even if programmers and machine 

time were available, no further use could be made of the machine 

due to this limitation. So far we have maintained a successful 

balance between programmers, budget and available computing time. 

Coupled with the aim of bringing the best possible computing 

facilities to bear on important meteorological problems is the 

responsibility to develop new techniques when the need arises and 

to improve existing computing techniques.

Although the Computing Facility is available to the scientific 

community at large, the greatest single portion of computer use has 

been for scientific projects developed within NCAR itself. This is 

partially due to the history of the computing group. Before it 

became a Facility (and hence available to the outside u s e r ) , it was

I. SUMMARY
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within the Laboratory of Atmospheric Sciences (LAS) and only 

serviced NCAR projects.

The primary tool of the Computing Facility is the CDC 3600 

computer. (A complete listing of the Facility's equipment will 

be found in Appendix A.) The Facility maintained and operated 

all of the equipment which it used during the year with the 

exception of plotting equipment. The great majority of graphical 

plots were obtained from the Calcomp located in the Graduate 

School of the University of Colorado. Others were also obtained 

from the EAI plotter at the National Bureau of Standards.

Almost all of the activity in which we engaged during the 

year can be placed in two categories: the maintenance and 

development of the 3600 and all of the support features which 

relate to this; and, second, the evaluation and choice of a new 

computer to replace the 3600 in 1965. The computing load on the 

3600 grew from 51 hours in January to 294 hours in December.

A total of approximately 18,500 jobs were run, stabilizing to 

about 1,800 per month toward the end of the year. As for the 

new computer, after evaluating all possible replacements for the 

CDC 3600, a contract was signed in July with Control Data 

Corporation for their 6600. Subsequent to that, much work was 

devoted to becoming more familiar with the CDC 6600 and to 

following its software development.

This report will deal primarily with the technical problems 

of operating a computing facility. Although it is not stressed 

in the report, it is impossible to overemphasize the need for 

large-scale computing in the meteorological sciences.
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Since the 3600 was delivered November 24, 1963 and didn't 

really become operational until January of 1964, almost all of 

the activities during the year could be termed "developmental."

This was our first large-scale computer; hence, all operational 

procedures had to be worked out. These included accounting 

techniques, scheduling techniques, sources for obtaining magnetic 

tapes, paper, cards and printer ribbons, etc.

A. 3600 Development

1. 3600 Systems Development

The systems group (i.e., Paul Rotar and David Kitts) 

spent the first months of 1964 improving the coding in the monitor. 

The monitor had been hastily put together in the few months 

preceding the installation of the machine and therefore had some 

serious limitations as well as operational faults and programming 

errors. The improvements included speeding up the input/output 

scheme, printing more debugging information on the output listings, 

and, in general, cleaning up the loose ends. In particular, the 

input/output scheme was built around some misconceptions about 

the tapes which resulted in excessive start/stop times. The 

routine was reworked and improved enough to yield respectable 

tape movement rates. With the development of a SAVE routine and 

some minor reorganizations of the resident monitor, our ability to 

manage long-running jobs, when error conditions occurred, was 

improved. A subroutine called TRAP was added which allowed us to 

locate machine and program faults with a minimum of effort.

In mid-January, a double precision subroutine arrived 

from Control Data. This was added to our system tape. Some errors 

were found in these routines and corrected; for example, rounding

II. DEVELOPMENT
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errors were corrected in the output conversion program, IOH.

About this time the output was blocked into reasonable length 

tape records also.

From January to March, most of the systems work was 

devoted to locating machine problems. Errors were found in the 

transmit instruction, the double precision floating operations, 

instruction sequences following return jumps, and arithmetic 

interrupts. During this time, Control Data improved both the 

machine and their diagnostic routines with the result that the 

intermittent problems disappeared and the system software 

received a clean bill of health.

During February and March, programs were developed to 

analyze our time accounting cards for both administrative and 

internal statistical uses. Our time cards contain information 

about each job's tape times, core usage, print-out and reason 

for termination. We have found that a listing of the reasons for 

termination is an interesting tool; it yields information about 

the machine's operation as well as system and programmer efficiency.

Time was also spent in developing a sampling technique 

to find out how programs were actually using the 3600. This 

sampling program was run as a subroutine which was loaded with 

the program to be sampled. This subroutine would cause the 

computer to interrupt on the clock after a prescribed amount of 

time had elapsed. It computed the percentage of multiplications, 

additions, etc., as well as the percentage of time spent in the 

named subroutines listed in the program. This sampling technique 

was used to good effect in reducing the running time of some 

existing programs by indicating how to reorganize them.

From April to July, the complex subroutines library 

received from Control Data was added to the system. We also 

added the capability of interrupting and restarting any job.
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This permitted running a production job and breaking in to obtain 

checkout shots during the day shift. After a two month trial this 

was abandoned as it tied up the tapes on the 160-A system and 

interfered with turnaround.

Through August and September, the FORTRAN input/output 

routines were modified to pass data without the intervention of 

the interrupt system. This reduced the transfer time from the 

programmer's storage area to the input/output buffers by 90 ms 

per word -- a substantial saving.

2. 3600 Operations Development

The method used in 1963 of numbering new projects was 

found inadequate once the 3600 was installed. A completely new 

project numbering system was devised by Glenn Lewis and Ed Germann 

and in May it was instituted. It gave a breakdown of NCAR projects 

as to division, department, and individual project. In order to 

obtain a project number, a scientist was requested to submit a 

project description, outlining the project as a whole, the 

equations, etc. The project number, coupled with the project 

description, has proven an effective accounting scheme and -- at 

least so far -- all questions which have arisen concerning the 

accounting have been easily answered using it.

3. 3 6 0 0 iTurnaround Time

One of the goals of any computing center is to achieve 

rapid turnaround. This is the time it takes a job, once it enters 

the computer room, to be processed and returned to the programmer. 

When the machine was first installed until November 1964, we used 

primarily a first-come, first-served scheduling procedure, except 

for very long runs. After some careful study, this was improved 

with the help of a scheduler, Suzanne Hedgecock. The work is first



gathered together by the scheduler and transmitted to the 

computer room every hour on the hour. Only jobs which will 

run under twenty minutes and have a relatively small amount 

of in/out are accepted. With this procedure, the turnaround 

was reduced from three and a half hours to approximately 

forty-five minutes.

4. Training Procedures

A  complete manual of step-by-step operations regarding 

all functions of the operators was compiled by Ed Germann and 

Ben Klepac. A training program was devised for new computer 

operators using this manual. It has allowed us to hire 

untrained personnel and produce a well-trained operator in a 

relatively short time with little inconvenience. A manual and 

training program were also worked out for the keypunch personnel.

5. Purchasing and Inventory

A monthly inventory was devised by Ed Germann so as to 

keep track of the three major supply items: magnetic tape, printer 

paper and IBM cards. It has also proven useful in future budgeting. 

A tape catalog was instituted and maintained, listing what tapes are 

assigned to which people. A series of tests were instigated to 

determine which manufacturer produced the best magnetic tape for 

our use. Because of these tests, we signed a long-term contract 

with Memorex Corporation; due to the long-term contract, a 

substantial saving was realized.

B. 6600

As was done in 1963, letters were sent on March 13, 1964 

to major manufacturers (fourteen, to be exact) to see if they 

could furnish us with a machine of the power and speed we felt
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desirable. Major proposals were submitted by Control Data 

Corporation, IBM, the Burroughs Corporation, Philco and RCA.

The most important new addition to the previous year's 

submittals was the introduction of IBM's System 360. Although 

the System 360 seemed very powerful, its late delivery date 

dictated against it and the choice again went to CDC for the 

6600.

When the CDC 6600 proposal was submitted, the price seemed 

rather high. Later, however, the price for most of C D C 's 

equipment was lowered to such an extent that the anticipated 

rental on the 3600 before the price cut approximately equalled 

the rental on the 6600 after the price cut. Because of this, 

we were allowed to enter into negotiations for the 6600 and on 

July 30, 1964, a tentative contract was signed.

Although the system is a small one (65K and one disc file 

-- see page 13) we feel it is still a significant improvement 

over the 3600. The only additional equipment we hope to add 

is a graphical output device called the d d 8 0 .

Once the contract was signed, we started preparing for its 

eventual installation. Dr. John Gary, while visiting the 

Lawrence Radiation Laboratory during the autumn, made timing 

estimates of the FORTRAN compilers on the CDC 6600 and compared 

these with similar estimates for the 3600.

During August and September, a 6600 CPU simulator was written. 

This was done with the additional help of Robert Working, who had 

joined the systems group. By December we had a set of 6600 

routines that would assemble ASCENT and ASPER (the official 

assembly languages for the 6600) on the 3600 and load and 

simulate the resulting instructions.



C. Research

Dr. John Gary had a paper published entitled, "On certain 

finite difference schemes for hyperbolic systems," in the 

January 1964 issue of Mathematics of C o m p u tation. This paper 

was written primarily while Dr. Gary was still at NYU. He also 

submitted two additional papers which should be published in 1965 

and published an NCAR preprint memo, number 6413, titled, "A 

computer survey of linear atmospheric instability." This was 

based on extensive computation on the 3600 carried out during 

the first half of 1964.

Dr. Gary spent three months during the fall at the Lawrence 

Radiation Laboratory, visiting Dr. Leith. Because of the contact 

with Dr. Leith, Dr. Warren Washington, and others working on 

general circulation models, he has become interested in difference 

schemes for dissipative differential equations such as the heat 

equation. He hopes to be able to characterize difference schemes 

which can be run for arbitrarily many time steps without destructive 

accumulation of round-off error. This probably can only be done for 

dissipative differential equations.

Dr. Lewis submitted a chapter to Methods in Computational 

Physics, Volume I V , entitled "Analytic continuation using 

numerical methods." It was anticipated that this would be 

released in 1964 but the date has slipped into 1965.

D . Proposed Joint Operation with NBS

In the fall of 1964, some scientists within the NBS Boulder 

laboratories suggested that there would be mutual advantages to 

NBS and NCAR if all of the Bureau's computing could be done on the 

NCAR m a c h i n e .



Complying with a suggestion from within NBS, Dr. Lewis and 

the systems programmers undertook an investigation to determine the 

feasibility of such a proposal. In October, a memo was sent to 

Dr. Daniel F. Rex describing their findings. They felt that the 

CDC 3600 was not sufficiently powerful to service both organizations 

and that under the best of circumstances the two operations were not 

very compatible.

After the Facility's views were conveyed to NBS, no further 

action was taken in the direction of joint usage. At the time of 

writing this report, NBS is successfully operating a SASY system 

on a CDC 3600.

III. OPERATIONS

At first the machine was used relatively little -- in January 

only 51 hours - but there has been a steady growth and in December 

the machine was used for 294 hours. This timing comes from the 

clock in the central computer, which means that the operators were 

in actual fact operating the machine well into the third shift.

It has been NCAR's policy for some time to give free usage of 

the computer to people with unsponsored important meteorological 

problems. Somewhat to our surprise, the free use has not grown a 

great deal but has oscillated around 10 hours per month. On the 

other hand, purchased time has grown to 25 hours per month and has 

given every indication it will continue to grow. This use comes 

primarily from the University of Colorado and the National Bureau
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of Standards, who have found their own computers inadequate for 

some problems.

Along with actually operating the machine, the Facility 

furnishes programmers for those within NCAR who need professional 

help. These scientific programmers comprise approximately half of 

the computing staff. With few exceptions, almost every program 

which is submitted to the machine has been handled in some way by 

them. The titles of the programs which have been actually coded 

by the computing staff would reflect virtually every major project 

now in work at NCAR.

Some programs are even generated by people who are in the 

Computing Facility but not designated as programmers. For example,

Dr. Gary coded a subroutine to solve Poisson's equation on a 

rectangle by Fourier analysis. The method used was due to 

Dr. Hockney at Stanford University. Since the method is 

considerably faster than any other, this subroutine was 

immediately incorporated into Dr. James Deardorff's numerical 

method for convection.

On the other hand, Ed Germann devised a program for evaluating 

the long-distance telephone calls at NCAR for Selden Johnson in 

Administration. It is reported that the results of this program 

have saved NCAR a substantial amount of money.

IV. ADMINISTRATION

A. New Employees

The NCAR Computing Facility has continued to grow rapidly. We 

have continued with the attitude of hiring experienced programmers 

with a degree in mathematics or related science. On the whole, we 

have had very good success with this policy and will probably continue 

it in the future. During 1964, Richard Korts, Bernard O'Lear,
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David Robertson and Larry Williams were hired as scientific 

programmers. Robert Working joined the systems programming 

staff. Edward Germann became the machine room supervisor and 

under him were hired Donald Austin and Wendell Franks as 3600 

operators and Evelyn Andrus as k e y p u n c h e r . Roy Jenne was 

offered the job of collecting meteorological data for computer 

use. (It is expected that he will arrive early in 1965.)

During the past few summers we have evolved a policy of hiring 

temporary summer programming trainees. We have hired these people 

more with the thought of introducing them to programming and 

meteorological applications than with the expectation of obtaining 

a great deal of work from them. Often we have been pleasantly 

surprised. During the summer of 1964 we hired Kenneth Miller,

Eric Regener and John Sopka in this category. (See Appendix C 

for organization chart.)

There had been increasing pressure to obtain someone with a 

statistical background to help with statistical computations on 

the machine as well as statistical aspects of lab experiments.

In the fall of 1964, Irving Weiss, a professor in the Applied 

Mathematics Department of the University of Colorado, was hired 

as a part-time consultant to fill this need.

B ... Advisory Panel

During the early part of 1964, the computing group was changed 

from an in-house facility to an NCAR Facility with the implication 

that it could be used by the scientific community at large. As with 

all Facilities, an Advisory Panel was formed. Drs. Arthur Cox, 

Eugene Isaacson, Cecil Leith, Yale M i n t z , Norman Phillips, and 

Aksel Wiin-Nielsen accepted the offer to serve on the Panel.

On April 29th and 30th, the Panel held its first meeting.

Much of this meeting was devoted to trying to determine exactly
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what the Panel's most useful function would be. It was asked to 

look at the operation as a whole to determine its present 

efficiency and possible improvement and also to try to anticipate 

growth in the future. In particular, it had the responsibility of 

approving cost-free use of the computer. The Panel approved a 

"Request for Computing Services," compiled by the Computing 

Facility staff and also a user's guide, which was written by 

Fred Nagle. It was the opinion of the Panel that not only should 

free time be given to worthy computing projects but that NCAR should 

seek permission to charge a low price for available time not used 

by NCAR, so as to encourage the solution of large problems in the 

atmospheric sciences. The Panel also approved of the policy not 

to give extensive programming aid to the outside user but only to 

give advice and help with the debugging when necessary.

After the first meeting, NSF gave NCAR permission to charge 

$160.00 per hour for time which was not used, provided that we 

accepted only scientific research projects and preferably those 

related to NCAR's mission. Under the Panel's direction, announcements 

of NCAR's new policy were sent to various periodicals.

The Panel also approved a number of requests for free 

computing service.

In the second meeting, on August 1, 1964, one of the Panel's 

most important actions was to submit a statement to Dr. Roberts, 

endorsing NCAR's obtaining a 6600. Some requests were reviewed 

and finally it was agreed that all requests for free time less 

than ten hours in length could be approved by Dr. Lewis without 

further Panel review.
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The most important development which is expected to occur 

in 1965 will be the installation of the 6600. Almost all of our 

energy, plans, alterations, etc., will be directed toward the end 

of successfully operating the 6600. The original intent was to 

install it on the 1st of July. However, at the time this report 

was completed, the installation date had been set back to 

September 15, 1965. The original contract called for the 

following configuration:

1 6604 central computer: with 65,536 words of magnetic 
core storage, 10 peripheral processors with storage, 

power and cooling apparatus

1 6602 console display; with associated controller

1 6603 disc system; with associated controller

1 405-B card reader; with associated controller, 1200 cpm

1 415-B card punch; with associated controller, 250 cpm

1 501-B printer; with associated controller, 1000 1pm

4 607-B magnetic tape transports; with associated 

controller, 150 ips, 200, 556, 800 bpi

4 626-B magnetic tape transports; with associated 

controller, 1 inch tape used.

At the present time, the configuration has been altered to 

include only 1/2 inch magnetic tapes.

The staff, in order to operate the 6600, will be increased 

to over forty. We will also install a graphical output device 

called a d d 8 0 . The dd80 consists of a high speed camera attached 

to a cathode ray tube producing 35 m m  film as output. It should 

allow us to produce rapidly not only many graphs but should allow 

us also to produce movies of the meteorological models.

Our plans for 1965 at one time included a large data storage 

file of some sort, such as the RACE or MARS file. Although we did 

not obtain adequate funding to undertake this, we still plan to

V . PLANNING
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set up a project under which we will eventually make large masses 

of data available for computer input. In addition to some 

geographical and climatological information, such as land 

elevation and normal surface temperatures, these data will 

include grid analyses from operational weather controls, 

satellite data, SM data, raob data, pibal data, aircraft data, 

etc., for land and sea areas. Within areas of continental size 

the data will be organized in a synoptic manner.

We plan also to continue to analyze the cost, reliability 

and timing characteristics of large-scale random access computer 

storage devices to see if they are warranted for this application.

We are investigating mathematicians who are interested in 

numerical analysis and, if we find someone suitable, we plan to 

add him to the staff.

We hope also to investigate remote data links, possibly 

between ourselves and Colorado State University. If such links 

prove reasonable, this would be an excellent way to bring the 

use of the facility to a wider number of people throughout the 

scientific community. We hope, too, to investigate remote 

multiple consoles within our own facility. During 1966, after 

the computer is located on Table Mountain, we hope to set up a 

data link between the National Bureau of Standards and our 6600.

If this operation proves successful, we may establish links to 

other remote users such as Colorado State University.
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APPENDIX A

EQUIPMENT

CDC 3600

1 T1-T2 tape controller

1 S1-S2 magnetic core storage

1 C1-C2 computer module

1 C3-C4 computer module

1 D1-D2 data interchange

1 P1-P2 peripheral controller

10 606 tape transports

1 3600 console

CDC 160-A

1 403 reader

1 1612 printer

1 160-A computer

1 523 card punch

1 170 control unit
1 162 tape synchronizer

Electronic Accounting Machines

1 056 verifier

6 026 keypunches
1 407 printer
1 557 reproducer
1 554 interpreter
1 082 sorter
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APPENDIX B

COMPUTER USE -- 1964

Hours

Administration

Personnel 1

Control Data Corporation (reruns to correct

computer errors) 28

Facilities

Computer Group 236

Balloon Program 7

Aircraft Observational Facility 1

HAO

Vacuum Spectroscopy 191

Solar Atmosphere 21

Student Thesis Work 21

The Stratosphere 16

Interplanetary Space 14

Atmospheric Radiation 12

Stellar Interiors 8

Radio Astronomy 8

Geomagnetism and Ionosphere 5

LAS

Dynamical Aspects of Atmospheric Circulation 498

Interaction Atmosphere, Ground and Ocean 332

Atmospheric Optics and Radiation 213

Radiation Physics 28

Atmospheric Electricity 19

Aero Colloids 9

Synoptic Meteorology 4

Cloud Physics 4

Atmospheric Chemistry 1

Isotope Physics 1
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Non-NCAR -- Free

Colorado State University 48

University of Wisconsin 10
University of Michigan 2

Joint Institute for Laboratory Astrophysics 1

University of Colorado 1

Non-NCAR -- Paying

University of Colorado 12

National Bureau of Standards 9

Colorado State University 2

Colorado General Hospital 2

Colorado School of Mines 1
United States Public Health Service 1

APPENDIX B, continued

Advanced Study Program 10
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APPENDIX B, continued

HOURLY USAGE BY MONTH -- 1964

Total

Non-NCAR 

Usage

January 51.33

February 113.89

March 139.51 4.93

April 163.53 7.09

May 170.75 7.75

June 249.54 4.13

July 208.27 12.21

August 206.60 19.50

September 196.60 7.64

October 231.80 9.20

November 226.31 11.42

December 293.51 13.68

* figures not available
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Data Systems 

Analysis_____

Roy Jenne, head 

(S 1/20/65)

Alan Kay *

Summer Employees

Kenneth Miller 

(6/8 - 8/21/64)

Eric Regener 

(6/18 - 7/28/64)

John Sopka 

(6/10 - 9/8/64)

APPENDIX C

ORGANIZATION CHART -- 1964

Glenn E . L e w i s , Head

Cynthia Croft, Secretary (T 8/17/64)

Dorrit Pearson, Secretary (S 9/29/64)

I

Systems

Programming

Paul A. Rotar, 

head

David Kitts

Robert Working 

(S 8/31/64)

Mathematical

Programming

Jeanne Adams

Robert Biro

Margaret Drake

Chester Ellis

Sylvia Hargreaves

Charmian Jeffries 

(T 8/19/64)

Richard Korts*

(S 1/2/65)

Jack Miller

Fred Nagle 

(T 7/20/64)

Bernard O'Lear 

(S 4/13/64)

David Robertson 
(S 9/1/64)

Paul Swarztrauber

Loren Wagner

Hugh Walker

Larry Williams 
(S 5/4/64)

Machine Operations

Edward A. Germann, Manager

Operations

Donald Austin 

(S 4/6/64)

K eypunching

Wendell Franks 
(S 11/2/64)

Benjamin Klepac, 

head

Gary Meeker

Evelyn Andrus 

(S 7/27/64,

T 12/15/64)

Scheduling

Suzanne
Hedgecock

NOTE: * = part time. 
Starting (S) and termination 

(T) dates are shown for 

employees who were with 

the Computing Facility for 

less than the full 
calendar year 1964.


