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This report was prepared as an account of Government sponsored work. Neither the United
States, nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with keapect to the accu-
racy, completeness, or uaefulnese of the information contained in this report, or that the use
of any information, apparatus, method, or process disclosed in this report may not infringe
privately owned righte; or
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use of any information, apparatua, method, or process dieclosed in t.bls report.

As used in the above, “person acting on behalf of the Commission” includes any em-
ployee or contractor of the Commission, or empioyee of such contractor, to the extent that
such employee or contractor of the Commission, or employee of such contractor preparea,
disseminates, or provides access to, any information pmauant to his employment or contract
with the Commission, or his employment with such contractor.
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Meeting held at Brookhaven National

we reported on the development plans

and memory and not amenable to rapid interactions

be available in this mode of use. Plans call for the

operate initially in a second IBM 360 priority partition

CONVERSATIONAL TIME SHARING

At the AEC Computer Information

Laboratory November”l and 2 of 1967,

for a fundamentally conversational time sharing system. In summary, input

to the system is through a typewriter-type device, and computing requiring

large segments of time

with the user will not

time sharing system to

of the Model 50 while the first priority partition is occupied by ASP. Time

sharing will thus operate in the background to batch processing. Our studies

of CPU usage by ASP assuming normally running jobs on the Model 75 support a

prediction that at least 15 active users with at most 2-second response times

are possible with a full ASP load.

Time nharing facilities to be avaiJable to the users may be described

in five classes: 1) information management; 2) preprocessing; 3) batch job

entry; 4) interpretive computing; 5) computer as a desk calculator.

The heart of the time sharing system is the time sharing monitor, which

maintains the communication links with the user consoles, allocates the soft-

ware and hardware resources to the user, and controls the time slicing. The

first version of the monitor is complete, has been checked out, and is

operational. More complete and efficient versions of the monitor are in progress.

It is anticipated that a nearly final version of the sophisticated control

program will be operational by mid-summer, 1968.
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The first of several user languages is in advanced stages of checkout
.

and is operational on a restricted basis. This language is noted by the

mnemonic DISCOM and is described as

Technical Memorandum No. 149, dated

of the DISCOM Interpretive System,”

a user resource in

November 17, 1967.

available from the

Applied Mathematics

(“Purpose and Scope

author, Charles J.

Smith.) PL/1 and FORTRAN preprocessors are under construction.

The remaining facilities, including information management and remote

job entry, are in various stages of design and component testing. The design

concepts have been

skeletal systems.

operability of the

verified either through simulation or through operation of

The feasibility of the concepts has been proved and the

major elements has been demonstrated.

COMPUTER UTILIZATION AND SYSTEMS DESIGN STUDIES

The Dynamic Status Recorder (DSR) system has been implemented by staff

of the Applied Mathematics Division to serve as a tool for gathering data

about the operation of a computing system. It is imbedded in the software

monitor that contyols the scheduling and peripheral input-output functions

of the system. The output of DSR is a tape which contains elements

senting the various events that have occurred. This tape allows us

repre-

to simulate

the operation of the monitor so that another program may analyze the functions

of the system in detail at a more leisurely pace.

Such a simulator has been written. It is structured so that each event

that may occur is processed by a separate subroutine. In addition a user’s

routine may also be executed for those events that describe the operation of

a particular subsystem of the support processor monitor. The group of user’s

routines may tally events or produce averages, standard deviations, and other

statistical measures of activity; these are formatted and printed at the end

of the analysis,
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An analysis was performed on two hourst worth of data to determine the
.

amount of time that was available to another system residing in the other

half of the support processor. The results showed that a total of

minutes was available to the second system. Out of that time, 57%

intervals allotted were longer than 85.3 milliseconds; this leaves

time to run a graphics system or a conversational computing system

other half of the support processor.

63.5

of the

enough

in the

The DSR work is reported thus far in three Applied Mathematics Division

Technical Memoranda (available

158 - I?AspDynamic Status

and A. R. Hirsch.

,

from their authors):

Recorder Operatorts Guide,lfby A. F’.Joseph

159 - “Dynamic Status Specifications and Maintenance Manual,”

by A. R. Hirsch.

160 - ‘tTheASP Dynamic Status Recorder Analysis Guide,” by A. F. Joseph

and R. Krupp.

A very low level of effort is being applied to the development of a
v,

similar monitor for the main processor. The level of effort reflects only

a difficulty in allocating technical resources.

COMPUTER OPERATIONS

Since the November 1967

operations for Argonne’s two

AEC Computer Information Meeting, computer

major computing systems may be described as

follows: the CONTROL DATA 3600 continues to furnish a relatively stable

and trouble-free flo~iof work, as it has since its major developmental work

was completed. The IBM System/360 computing system, which was installed

in its almost-final form in September 1967, is producing in excess

hours per week of useful computations. The hardware is relatively

but software still cause”sdifficulties.

of 100

reliable,
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In February, the Applied

1401 was replaced by transfer

4-magnetic-tape 1401 system.

Mathematics Divisionvs 4K, 3-magnetic-tape

from the Accounting Department of a 16K,

This is used for routine peripheral processing.

REMOTE ACCESS DATA SYSTEM (RADS)
.

Initial software for”RADS has been written and is now being debugged.

The system is intended to provide means both for entering jobs into the batch

stream of the IBM System/360 computer and for receiving output at remote

locations, but may be expanded to include direct coupling to experimental

devices for data collection.

RADS consists of (1) a

direct wiring to the IBM 360

to the MSC through telephone

between the remote terminals

message switching computer (MSC) interfaced by

Model 50, and (2) remote terminals interfaced

lines. The MSC will manage the data flow

and the’Model 50. To the

will appear as additional card readers$ line printers,

remote terminal will consist of a small computer, card

Model 50, the MSC

and tape units. Each

reader, line printer,

and, optionally, ,otherdevices such as

tape equipment.

The Message Switching Computer, a

plotters, laboratory devices, and paper

Varian Data !4achines6201, is connected

to the IBM 360 via an IBM 2701 data adapter unit. Job entry to the 360 system

has been run using test programs from the MSC, and further testing of the data

output capabilities are being completed. The first remote station, now under

construction and evaluation, has a Varian 6201 control computer, plus a card

reader and a line printer.

Basic software for the remote station is now being debugged.

Not only have test programs

been run, but total system tests

between the MSC and the first remote station

of remote entry of jobs from the remote
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.

station to the 360 should start soon with initial operation of version I

.
of the system by the end of the summer..

The initial array will consist of six stations at various remote

locations. The first such station is scheduled for completion by the end

of 1968.

Some divisions are requesting other devices at their locations: a card

reader-punch combination, Calcomp plotter, magnetic tape, a faster printer.

The engineering and programming for these devices will start after the basic

system is in operation.

Other potential optional devices are a low-cost ink-jet serial printer

and an incremental magnetic tape transport. These units would allow extension

of the RADS facility to low-volume users.

PAULETTE EMULSION SCANNER

The goal of this project is to provide a computer-controlled scanner

that will automatically count the tracks of nuclear particles on fine-grain

emulsion plates exposed in a magnetic spectrograph. This scanner, utilizing
.:

a comme~cial image dissector as the scaq tube, has been refined to the

resolution limits of the image dissector.

The scanner &s it Iiu% exists is ctinsiaeredoperational 10Z’uzrefuily

prepared plates which are properly developed and on which the track densities

are not too great. For plates of this type the scanner yields excellent

quantitative data, and the scanner is being used for this type of production.

For plates with high track densities, however, the scan tube resolution limits

results to a more qualitative nature: the exact peak positions are given but

the peak magnitudes are in error.

Initial evaluation of a new type of image dissector made by a different

manufacturer indisa~cs that the desired resolution mi.~htbe achieved. ln view
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of this and the fact that the present tube is no longer”in production, it is
.

deemed advisable to proceed with development of a scan station utilizing

the new tube. Fortunately, utilization of a new scan station will require no

changes in the existing control logic, interface, and data collection programs,

During this development period, the existing scanner will be used on

production basis.

MOSSBAUER-EFFECT DATA COLLECTION SYSTEM

This system, utilizing a small digital computer with interface,

installed in the Physics Division. It was developed for the purpose

collecting data from

display feature, and

stands is performing

replacing up to four

four Mossbauer-effect experiments, of providing

of outputting data onto paper tape. The system

very well and is considered fully operational in

time-store-mode analyzers.

a

has been

of

a

as it

One function which periodically requires an analyzer is that of experi-

mental apparatus calibration. The computer system as installed was not

intended to perform this function, but subsequent discussions have brought

to light the possibility of performing the calibration in addition to data

collection. This possibility will be evaluated.

OPTO-ELECTRONIC INFORMATION STORAGE

The goal of this project is to store some 16 million binary digits of

information on z plate of glass six inches

photographic development of a single plate

intended that this be a rapid access fixed

square. Since the writing and

will take several hours, it is

store.

prepared it is estimated that access to any group

accomplished in 2 microseconds, with all.the bits

Once the plate is

of 4096 bits can be

being read out in parallel..
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Most of the work done to date has been with regard to holographic
.

preparation and in particular to the ve~’ificationof theory. This will

continue during the current initial stages of preparing for the construction

of the electro-optic crystal array for read-out light bepm deflection, At the

same time holographic storage crystals that employ Bragg-Angle storage will.

be evaluated. The crystals could provide a storage medium much closer to

conventional read-write times.

PATTERN RECOGNITION STUDIES

Current fingerprint identification work has centered around a program

to extract ridge-endings from a fingerprint in the presence of a considerable

amount of noise. These ridge-endings are to become a set of descriptors to

be used in

It is

endings in

a fingerprint classification and identification system.

believed that the set of descriptors used for locating ridge-

the fingerprint work can also be used for other pattern recognition

problems and possibly for graphical problems. These possibilities will be

further explored.&

BRAILLE READER SYSTEM

Interest in a portable Braille reader for the blind has recently developed.

This unit would “read” a low-density magnetic tape containing the Braille

translation of some written document such as a book, and would “write” what

had been read onto a reusable plastic belt for presentation of the actual

Braille characters to the user. There would be”appropriate controls for speed

variation, skipping, indexing, and backing up in the text.

The need for such a device arises from the systematic limitations of

other approaches presently in use. Examples of these are the tremendous bulk

of Braille books,

voice recordings.

and the inflexible speed and passive role of the user of
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The two apparent areas of interest in this system are:
.

(1) The development of the actual reader.

(2) The development of a computer conversion system to translate

text to Grade II Braille and to prepare compatible magnetic

tapes.

There will be reader development costs hut no

system will most certainly require the use of

the purchase of a specific machine into which

large items. The translation

a small computer and may require

special hardware may be

incorporated. Development time for the reader and the translator should

be about one year each, not necessarily running concurrently.

COMPUTER-CONTROLLED FILM MEASURING SYSTEMS

A. POLLY

The POLLY I bubble chamber film measuring system, built in conjunction

with the High Energy Physics Division as a prototype model, is now doing

production film processing. Recent engineering and programming improvements
e

are expected to result in an average measuring rate of 60 events per hours

with a peak rate of 80, as opposed to the original 30 events per hour and

peak ??Zte& 50, ilc2suz2mnt is e~n~ii~~~~ to L.eas py~ci~e ~~ [;latOf

conventional manual measuring tables. ~~iththe transfer of both POLLY I and

the PDP 7 controlling computer to Building 362 in September 1967, the focus

of responsibility for the project shifted to the High Ener~ Physics Division.

An improved production version, POLLY II, is nearing completion in the

High Energy Physics Division. It features a more sophisticated operators

position with a true optical display capability, and utilizes a Scientific

Data Systems Sigma 7 as the control computer. Applied Mathematics staff have

continued to participate in developments and improvements,
— —

h
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B. ALICE

It is proposed that a general purpose film scanning device (ALICE) be

built to take advantage of improvements in cathode ray tube technology and

of the much faster control computers now available. Such a device would be

more accurate, more versatile, and five to ten times as fast as the present

CHLOE system. Its two major elements would be a commercial digital computer

with

by a

magnetic tape and an Argonne-built cathode ray tube scanner.

CHLOE has proved useful in a wide variety of applications, as evidenced

recent compilation of some 84 references to it. Potential improvements

to CHLOE that could be implemented in ALICE, however, include:

1) Input facility for varied types of film material.

2) Increased resolution.

3) More accurate discrimination among shades of gray.

4) ‘Rotational capability for input.

5) Color discrimination.

6) Flexibility in man-machine interaction.
.!

7) Higher level programming language.

8) Several input stations, including perhaps a reflected light

sc2nnc”1.”,

It.is planned to pay significant care to the light measuring capabilities

of the equipment so that stable, reliable optical film density measurements

can be made. Furthermore, some use

to allow for less accurate but very

digitized.

would be made of analog deflection systems

fast searching for inforinationto be
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NUMERICAL METHODS

‘9 A. Approximation of Functions

Over the past few years much work has gone into methods for generating
.

approximations to functions, and into the generation of rational Chebyshev

approximations for some of the special functions of mathematical physics.

Recent effort has centered on Fermi-Dirac integrals, Fresnel integrals,

exponential integrals, and rational Chebyshev approximations using’linear

equations.

Current work is concerned with approximations for the exponential

integral Ei(x) and for the Coulomb phase shift, and with the proper treatment

of the nearly degenerate case in rational approximation. The project is a

continuing one.

B. Matrix Codes

The necessity

the IB14System 360

for providing basic programs for matrix calculations on

machines has initiated and continued development of a set

of routines refined to make full use of recent research.
.,.

A fully adequate matrix package should include efficient and foolproof

codes for various types of matrices (dense, sparse, triangular, band, symmetric

~~ ~Ae~~.itj-~~A,~~ss~nb?i-g,etc.) iii iit lzas~ real and cvmplex al’iii,i,leiicand

with the possibility of electing improved accuracy for 1) solving linear

equations (with various possible relations between numbers of equations and

. unknowns), 2) calculating inverses~ and 3) obtaining eigensystems (eigenvalues

only or also eigenvectors),
.

The package of matrix codes being developed have compatible calling

sequences and storage requirements to facilitate the interchange of subroutines,

and hence methods, among programs involving a sequence of matrix computations.

It is intended that the more fundamental routines be stored internally (as in

the scientific subroutine package) for convenience and to encourage use of
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accurate, fully tested algorithms.
.

The present effort is directed toward bringing Argonne~s matrix subroutine

library to the level of algorithms in the current literature, e.g., usc of

more-precise norms as error bounds, application of Rayleigh corrections in

eigenvalue computations, and judicious use of multi-precision arithmetic.

c. NUMERICAL METHODS IN FUNCTIONAL ANALYSIS

The application of the theory of complex variables to the construction

of numerical methods and algorithms is continuing.

Methods for finding zeros of analytic functions, for numerical differentia-

tions and for numerical quadrature based on complex function evaluation have

been developed and found to compare favorably with corresponding classical

methods and algorithms. It is hoped that the application of the same theory

may lead to computational methods for integral and differential equations;

an extended investigation along these lines is envisioned.

Other

quadrature

research projects have been in the areas of multidimensional

and various special aspects of numerical quadrature.
<.

THEOREM PROVING ON COMPUTERS

A theorem called the Maximal

in itself$ has been proved, and a

the aid of this theorem a certain

Model Theorem, which

valuable application

appears of interest

has been found, With

procedure based on the inference rule

paramodulation has been sho~into be a semidecision procedure for first-order

predicate calculus with equality. A theorem-proving program based on this

procedure is in the process of being developed, and abstracts covering these

results will be published in the Journal of Symbolic Logic.
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RESEARCH IN PROGRA14MINGAPPLICA~IONS

A. Fluid Flow Problems

Work on convective flow continues, with a report on some comparison of

the methods available to appear shortly (June 1968). The application of these

methods has now reached a point at which

dimensional heat exchanger with vertical

The extension to two-dimensiona.lsystems

convective flow through a t\io-

and horizontal walls can be computed.

having curved walls

A paper describing a computing procedure which has been

the past four years to obtain steady supersonic gas flows in

is in progress.

developed over

ducts has been

submitted for publication, and a more detailed report will appear shortly.

B. Deformation of Fuel Plates

The safety of reactors using fuel plates of evolute cross section is

the object of a study

temperature stresses.

techniques using thin

c. Biological Image,:.

of the deformation of such plates by pressure and

The immediate

shell theory.

Processing

Work on this project continues.

Division is beginning a rather large

. -.timlaillmpu~’tantpart 04 this effo~t

analysis. During the next year, the

object is the development of computing

The Biological and Medical Research

project involving Chinese Hamsters,

will be devvted to auiamated elli<vijlosome

image analysis programs will be moved

to the IBM 360/50-75 from the CONTROL DATA 3600.

D. Microscope Design

a) The systems design for a computer-controlled electron microscope

will be largely completed in June, 1968, but construction will depend on the

availability of funds. The microscope system

incorporation as part of the scanning machine

system ALICE (see above)i

could be considered

in the planned film

for

measuring



b) A program is being written to calculate the magnetic field in a
.

saturated microscope lens by a method involving Maxwell’s equations in

integral form. The field H (not B) is represented as the sum of a curl and

gradient component and the integral equation is essentially derived from

the condition that the divergence of B is zero. The (non-linear) integral

equatioi]is solved by a “source iteration!!procedure similar to that used

in reactor computations.

E. Perturbation Collapse in an Infinite Ocean

In the past year a computer program for solving the hydrodynamic

equations of two-dimensional, incompressible flow has been written and

thoroughly tested. The numerical method used is

finite difference methods of Harlo\iand Fromm at

centered in the situation where a submerged body

basically the same as the

Los Alamos. Interest has

moves in a horizontal line

through a liquid with a density gradient depending on$y on

behind it a wake of mixed fluid which then collapses, The

turbance can be approximately treated as a two-dimensional

photographs

cathode ray

J)u,rin~

.?
of images produced directly by the computer on

depth, leaving

resulting Gis-

problem.

the screen of a

tube have proved of much value in the study.

more realistic problems such as: (a) collapse of a wake in fluids having

a more realistic density gradient, including a thermocline; (b) collapse of

a buoyant h’ake(paralleling experimental work done at Hydronautics, Inc.);

(c) collapse of an incompletely mixed wake. A study of the long-time behavior

of a collapsing perturbation by means of a numerical Fourier Transform

13.

solution of the linearized hydrodynamic equations has also been proposed.
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It is also planned to study convective overturn due to surface cooling
.

by applying the numerical methods developed so far to an ocean with a free
,

surface undergoing a heat loss. There is interest in the onset and development

.
of the doyn~iardcmvection which arises from the cooling of the ocean surface

by conduction, radiation, and evaporation. If successful this approach

should make it possible to observe numerically such effects as the development

of the plunging sheets of cooled water reported by Spangenberg and Rowand

(Physics of Fluids ~, page 743, ).961)and the development of the well-defined

convection cells

If do~inward

o

reported by other investigators.

convection can be successfully treated by numerical solution

of the Navier-Stokes equations it is planned to study the effect of the

collapse of a perturbation in the underwater density gradient on the

development of this phenomenon.

}!0?s, ‘l’his

of selected portions only of the more complete account of the ~iorkof the

Applied 14athematicsDivision \ihichwas distributed at the November 1-2, 1967

AEC Computer Information Meeting. While copies of the more complete report

remain available, they may be obtained on request.

Wallace Givens, Director

Applied Mathematics Division

Argonne National Laboratory

Argonne, Illinois 60439
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COMPUTER INSTAIJ.ATIONKEPORT

Major activity at tb Knolls Laboratory computing facility since the last progress
. report in September has revolved around the installation of tie second CDC 660o computer.

The second machine is essentially a duplicate of the ftist but will be installed in a
. “loosely coupled” configuration, i.e., peripheral gear such as tapes, printers, card

readers and microfilm will be shared via dual channel controllers. This arrangement
provides better utilization of the peripheral hardware by making possible easy re-
assignment to the mainframe with the immediate need. The loosely coupled configuration:
also is attractive from a backup point of view particularly under situations of partial

outage, e.g., if one central processor is down virtually all peripheral gear is avail-
able to the other machine thereby increasing its normal throughput. There is also the
necessity of having commn access to permanent files. This is accomplished via the
dual channel controllers of the eight (logical) 808 disk units shared between the two
machines thus avoiding the need for duplicate copies of large files or the execution
of a job on only the machine where the pertinent files sre located.

The installation of the second machine was complicated by the need to build an
annex to the existing computer building. Unfortunately constructions was started after
the first snowfall and sufficient delays were encountered so that the 66OO was ready for
delivery.three months before completion of the building was scheduled. The overall
Laboratory computing load was well in excess of one 664)0so that the decision was made
to accept delivery of the second 6600 minus the &)8’s and the dual channel controllers.
Installation of this interim configuration was accomplished in December by closely
packing the additional equipment in the area originally inlx?r.’-4.for one computer. Sub-
sequently, during March the need for full capacity on the second machine caused us to
ship and install the 808!s in a temporary location formerly used as the CDC maintenance
area. Finally, on April 1, the new annex was finished and equipment was moved - largely
without interrupting regular operation. The new area is devoted to input-output and
console operations and the older area contains the mainframes, disks and controllers.

The result is a vastly improved setup for day-to-day operation although mai..tenancehas
to be done via headsets between the consoles and mainframes.

After enjoying the luxury of two full machines for two nrmths, the original main-
frame was shut down early in May for four to six weeks so that the necessary “hooks” for
extended core storage (ECS) cmld be installed. It is anticipated that the first ,wOK
words of ECS will be installed early in June with the second ~OK arriving in November.
The’present plans for ECS call for access to one million words by both computers through

. a 6640 controller although consideration is also being given to dedicating ~OK b each
machine through sepsrati controllers. The former configuration provides the most pro-
gramming flexibility - the later provides the better operational backup. Reliability.
experience during the first few months is expected to determine which configuration is
finally selected.

Upon completion of ECS installation and full availability of the dual 6600, the
Philco 212 computer will at long last be retired. This computer passed its eighth
birthday (actually, there have been a succession of upgrades over the years) on

April 1. Even though the 212 outperforms most so called ~~thirdgeneration?tsystems and
performs at a high level of reliability (typically 98~band better) it cannot compete on
a cost-performance basis with the 6@0-ECS combination and hence an era ends.
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During the crowded interim operation and the moves KAPL made tie switch from the
SCOPE 2.0 to SCOPE 3.1 operating system on the 6600. Due to extensive pre-testing and
specially written conversion aids by the systems group the transition was made with a

.
minimum of interruption to the production work load. The availability of two machines
simplified the conversion but the complexities of a mixed system Operattin will not

. soon be forgotten by our operations staff. The 2.1 operating system has resulted in an
overall improvement in throughput of roughly 10~o. Some further improvements in compute
bound problems (typically 3070) is expected with the 2.4 version of FORTRAN which i.snow
undergoing testing. With the advent of ECS,rather major systems and applications nmdi..
fication are anticipated in order to achieve further throughput improvements. KAPL,ex-
pects to utilize the interim ECS operating system being written at Brookhaven and
recently adopted by CDC to be the basis of a supported ECS software package.

During the past five months remote time-sharing utilizing a locally available service
has been available at the Laboratory. This service will be replaced late in June when
the CDC RESFOND system is installed on the 66oo. As expected, the remote time-sharing
service has significantly expedited methods development and short engineering problems
and has consequently created a demand for additional terminals.

Over the paSt Iwo years a Physics oriented language known as DATATRAN has been
under development at KAPL and is now in regular production use. DATATRAN is an ex-
tension to IQRTRAN providing rather extensive file manipulation capabilities and
flexible commands for controlling the execution of modular programs. File manipula-
tion includes the ability to reference files through a hierarchal naming structure
and to create, merge, store and retrieve all or selected port~-ns of data or program
files. The KALL statement provides an ability b execute and pass data to and from a
program or module in a sequence of FORTRAN statements within a IX)loop and other
FtlRTRANlogic. The primary applications of DATATRAN have been in the physics methods
development area and in the processing and retrieval of cross-section data. An addi-

tional application has been in the reduction in the physical volum of input data and
consequent reduction in jnput errors for large production runs of the NOVA reactor
physics system. Currently DATATRAN has been implemented as a FORTRAN written pre-
processor which translates DA’lATRANstatemnts into FORTRAN statements, subroutine
calls, and sets up list structures required to pass file names during execution. Al-
though some overhead penalty in computer time must be acceplxsdwhen usi.ngDATATRAN,
results to date indicate very significant reductions in manpower and elapsed time to
complete methods development end cross-section evaluation work.

.
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1. SCC-SLAC Group

The principal activity during this period was the mouldin~ of the IBM 360

Model 75 system into a batch product,im sycLem. T.n.f,cin l;lJfic period there was

also a major peripheral expansion installation, and software development for

future systems continued. In the last three months of this period we have yro-

vided a limited mlllti-pro&memcapability.

A. operatims

During this period the operations staff gained experience with hardware

acquisition and installation of an existing system and increase(iawareness of

the development of procedures in the area of property control and hardware

maintenance. The hardware acquisition included the second IBM 2SOI storage

&um,two IBM 2250 scopes, an IBM 2701 external world irll,cr(~accunit, and eight

IBM 2260display consoles plus a new printer with an alternate print train which

will match the 2741 character set. This new equipment was installed on an exist-

ing system, while we continued production. It was installed by December and

the Acceptance Testing continued through the end of the year.

B. Performance

The general schedule throughout this perid consisted of a five-day two

shift operation which has been in effect since Auwst. ~ the weekend we sched-

uled one 8-hour shift of production work and.provi(lndavo,.i:l:hl.nl;5meduring the

graveyard shift. The following we tables of the allocation of time for the

six months covered by this report. See also Figure 1.
.

July Aug.
~ept{l)

Ott.

Down Time none* 10.0

Maintenance none* 73.0

Systems 15.0 195.0

Users 48.o 196.0

Percentage of “
time available 76.2 }~1.3
to user

Total Hours 63.0 474.0

40.0 3.0

80.0 86.0

252.0 203.0

165.0 225.0

30.7 43.5

537~o 5L7. O

~ov$2)
Dec.—.

47.0 12. o

114● o 122. o

123.0 146.0

246.0 291.0

46.4 50.9

530.0 571.0
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--continued

il

(1)

(2)

jobs

No time logged.

In September we suffered the consequences of ine~erience on the ~0 System.

Due to a lack of proper operations and maintenance procedures, the disk

packs and drives mutually destroyed themselves.

The month of November saw both a major installation of new peripherals and

a 250 hour backlog of Engineering changes which comes under Maintenance.

Also undertaken at this juncture was a major Softwsre Systems change.

During this period on the third shift, we averaged 3.5 hours. Most of the

run during the graveyard were production type runs with longer average run

times. In November, we found it neceGsary to scbedul.ean add.itfonalSaturday

shift for P.M. The Engineering Changes for the 75 turned out to be more numerous

than we had initially anticipated. Preventive maintenance thus consisted of three

hours each day during Monday through Friday and 16 hours on Saturday.

:

c. Software Development

Improvements to the

tion with future systems

scheduled HASP OS 360 system continued, and exyerimenta-

began in December. In order to improve job control in

.the operations of the 75, we proceeded to an external sequence number whereby

the operations staff provided the sequence number of the job and HASP subsequently

recognized this for accounting purposes, The many errors in OS and HASP were

resolved t,hrnuchout,this period. A move from Release 11 to Release 13 helped

in this respect, and the average number of systems failures went from approxi-

mately six per day to one and one-half. During December the standard MVT system,

which is

version.

borrowed

the first official system for the 91, became available

Many new routines to facilitate the systems work were

and instituted in our facility.

in a pre-released

developed or

D. Other Projects

Development work proceeded in several areas. In particular, in the area

of TORTCS, the principal effort was continued work in the area of the DSM text

editor which is now at a wnrkinflstaCe and is undergoing debugging. The first

user documentation was written late in the year. The 18OO project which consisted

of a standard IBM link between the Model 75 and the 1800 failed. Essentially,

the reason for this was that the channel was extended to the 1800 and as a
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consequence in going nearly 2000 feet, data rates were impossibly slow and ~

maintenance had to be effected all the way to the 18oo. An alternate scheme

was initiated during this period and consisted of a generalization of van der

Lans’ scheme for connecting the Hummingbird scanners to the Model 75.

E. User Services

Soon after production began on the Model 75, a need was recognized for a

group to act as a liaison between the general user community and the system

programming group. This group, User Services, was created and provides for user

education as well as organizing the courses which the systems people take. A

PL/1 course was given to the user community during this pericxl. In order to

facilitate this liaison a log of user complaints and difficulties is kept and

a summary is made which enables the systems group to concentrate their efforts

where they are most needed. User Services also handles the documentation which

includes the Newsletter and the User Handbook. The User Handbook is not yet

available and indeed

with the users, User

unless it included a

was delayed simply because, as a consequence of dealing

Services found that a handbook would be relatively useless

whole spectrum of simple examples.

II. SLAC Computation Group

A. Program Library and Applications

1. ProPam J,ibrary

The major effort of the reporting period has been the program libraries.

There are now about forty programs in the SCC program Library and sixty in

the SLAC Progrsm Library. There are still important routines,missing from

the former library which must be written soon. There will be a slow

conversion of the routines to PL/1 as they sxe requested. New additions

to the library include: Fortran error-trace routine; random-number

generator; macro instruction and 1/0 routine for simple line-image output

from Assembler Language programs.

The multiple-precision arithmetic package was released for testing;

on the basis of results set by four different users, the division and com-

parison routines were rewritten and the entire package will be submitted

to SHARE soon. Research continues in the area of numerical integration with
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emphasis on the automatic generation of quadrature rules. New rules derived

from Tchebycheff systems of functions sre being explored.

A number of matters relating the activities of the SHARE Fortran Project

were discussed by correspondence with the project Manager, as a result of

discussions during the August SHARE meeting. There is little hope of

further hsrdwsre improvements on the IBM System/360, but maybe the next
.

generation will be better.

A paper on logical arithmetic was rewritten and resubmitted to the

Communications of the ACM; an algorithm by W. Gantschi was refereed for the

Algorithm section of the Communications.

Work continues on the System/s60 Assembler Language lecture notes.

2. TRANSPORT

A production version of TRANSPORT was put on the disk as a load module

in emly July when the 360/75 became available for SLAC use. The Iinksge

editor time is eliminated, and the user needs only a small “cald.deck” in

front of his data in order to run TRANSPORT.

Another version of TRANSPORT was written so that the program can be

run in the 100K-byte partition which is allotted to the 2250. The program

does not solve the second-order equations, but does allow fitting; it has

about 53 overlay segments in three regions. The 1/0 for the scope is currently

being written.

PROFILE was reprogrammed to run frcm the 2250. This version is most

uscfulLbecause very few people have the instant insiEht into six-dimensional

space needed to know the proper range of input parameters. Cne can now

zero in on this range in a very few minutes by watching the chsmge in the

display. The use”of this pro~rsm reduced the elapsed time needed to design

one

3.

particular spectrometer “fromseveral weeks to a few hours.

SUMX

An on-line data retrieval project was begun in September, 1967, in

collaboration with the IBM Scientific Center, Palo Alto. The objective of

this effort is to let physicists create, maniptiate and display abstracts of

large quantities of elementary particle event data that is produced by the

various physics data-reduction codes (e.g., TVGP). The first step is to
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has been temporarily moved to the office of the President of the Nuclear

Division of Union Carbide Corp. for an evaluation as a management tool.

An additional five terminals are now on order for installation over a

several month period starting the end of June.

In the area of peripheral support to the IRKI7090’s, our leased RCA 70/25

system which was under study for possible expansion appeared unable to

fully meet the expanded requirements. Impending availability of a surplus

IBM 360/30 has resulted in a recommendation to release the 70/25 and ac-

quire the necessary support equipment to go with the 360/30. This will

enable immediate release of the oldest of the three 1401’s, and eventual

enlargement of the 30 configuration would allow release of the next

oldest 1401. Studies are currently underway for replacement for the sub-

stantial EAM equipment at CTC and is expected to result in a request for

approval of perhaps two modest 360/20’s or their equivalent.

The most persistent hardware troubles encountered during the last six

months have been intermittent power kick-offs on the 360/S0 and general

complaints on the data cells. At the time this report was prepared IBM

was working diligently on both these problems. The 7090’s continue to

perform well,with the

as usual. Increasing

equipment complaints.

principal source of trouble being mag tape troubles

age is the underlying cause of the 1401 and EAN

Planning has been initiated on the next expansion step at CTC in large

computing equipment. At the present time a major obstacle is t}leabsence

of any further machine room space in the existing building. Attempts to

obtain funds for a major building expansion have so far proven fruitless.
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AEC Progress

MODELS OF COMPUTATIONS AND SYSTEMS

D. Eovet has completed design of an

Report

a priori rmmry allocation algorithm

which uses as input information an acyclic graph corresporxlingto a program.

The algorithm, designed for nmltiprocessor systems, seeks to obtainan efficient

packing of +ace-_~ingl&tities (program segments) by automatically recog-

nizing those STE’S whose periods of activity are non-overlapping snd those

which are mutually exclusive. In FORTRAN-likememory allocators such reco-

gnitionis left to programmers to carry out explicitly. A secoti feature of

the proposed allocator is the a priori detection of main memory overflows

with the consequent application of a transferring algorithm. The transferring

algorithm inserts transfer instructions into the program seeking to re?mve the

overflow condition by temporarily transferring to secondary memory STE’s whose

period of main mmory activity does not overlapwith the periodof timeduring

whichtheymust residein secondarymenxmy. Inputinformationrequiredfor

execution of the memory allocation algorithm is: an acyclic graph; a given

assignment and sequencing of a computational graph on the P processors of a

computer system and; the capacity of the main memory. Output information

produced by the algorithm consists of: a base address in nnin ~mory for each

S’IEassociatedwith the graphand; automaticallyinsertedtransferinstructions

in thosecaseswherememoryoverflowcan be detectedand corrected. Tne

memoryallocationalgorithmhas been programed in FORTRANIV and i; in the

finalphase of debuggingon our Signs7 computer. A simple,examplegraph

has been used to test the program.
-.

Evaluationof the algorithm will be made

as scmn as inputs are derivable from E. Russell’s FOKTRAN analysis program.

J. Baer has continued work cn the a priori model of computations. Two

new algorithms calculating the mean path length associated with allocated

~rected ~cyclic b_ilogic(d.a.b.) graphs have been implemented.’ Studies of

mean path length measures for array processors (e.g., Illiac IV and pipeline)

have been done and it has been observed that the model should have constraints


