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LEGAL NOTICE

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 respect to the accu-
racy, completenesas, or usefulness 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 rights; or

B. Assumes any liabilities with respect to the use of, or for damages resuiting from the
use of any information, apparatus, method, or process disclosed in this report.

As used in the above, ‘‘person acting on behalf of the Commission’ includes any em-
ployee or contractor of the Commission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee of such contractor prepares,
disseminates, or provides access to, any information purauant to his employment or contract
with the Commission, or his employment with such contractor.

This report expresses the opinions of the author or
authors and does not necessarily reflect the opinions
or views of the Los Alamos Scientific Laboratory.
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SUMMARY OF RECENT RESEARCH

AEC CONTRACT AT-(40-1)-2430
DEPARTMENT OF ELECTRICAL ENGINEERING
DUKE UNIVERSITY

Co-principal Investigators

John L. Artley and Herbert Hacker, Jr.

April 19, 1968

The following short summaries describe our activities in the several

topical areas covered by contract No. AT-(40-1)-2430 since April, 1967.

A. Magnetic Domain Switching of Superconducting Circuitry.

1.) The Ferromagnetic Cryotron (G. Buckley under J. L. Artley).
A Ferromagnetic Cryotron configuration, which has been described in

ORO-2430-28 and in Applied Physics Letters 9 (1966), has been tested at

3.3°K. The device consists of a superconducting lead drive and a super-
conducting tin gate deposited on top of a Permalloy thin film. The
switching of the gate circuit or "'sense line" indicates that the domain
wall within the magnetic film collapses on removal of the drive field, i.e.
the tin gate is restored to its superconducting phase. Thus, the principle
of reverse switching, which has been observed in our laboratory for Pemmalloy
films at room temperature, has now been established at cryogentic temperatures.
An important question that remains to be considered, and is of prime
concern in present studies, is how fast can this switching be achieved. Fast
pulsing techniques are currently being developed for measuring the switching
speed of a Ferromagnetic Cryotron at temperatures in the range 2.9° to 3.4%.
This information is basic to further development of the cryotron for device

applications.



B. Development of Optimum Materials for Thin-Film Devices.

1.) A Method of Producing Thin Nickel Foils (G. Rechten under J. L. Artley).
In proposal AT-(40-1)-2430 a method of producing continuous thin

nickel foil films was outlined. Thin nickel films formed by vacuum
deposition are continuously removed from the rim of a rotating cylindrical
glass substrate while the system is under continuous vacuum. The process
requires that the cylindrical substrate have a very smooth surface; hence,
a layer of Si0 is deposited on its surche prior to the nickel film.
Masking techniques normally used in the production of thin films do not
yield edges sufficiently smooth for continuous stripping; hence, two thin
wires (40 ga) are wrapped around the substrate to insure very smooth and
straight film edges. At present, this method can be used to produce films
SOOOR thick and up to 12 am in length at a rate of up to 2 mm per minute.
The limits of the process are being determined and the films are being
examined by electron microscopy. A complete report on the process is

anticipated before August, 1968.

2.) Dielectric Thin Films (J. Halford under H. Hacker).

Preliminary investigations of the dielectric and insulating properties
of IOOOK, ZOOOX and SOOOX Bi,0; dielectric films have been completed and a
complete report is in preparation. Bismuth trioxide films were evaporated
from a refractory platinum boat and found to be microcrystalline with an
average grain size of IOOX. Dielectric film surfaces were found to be
extremely smooth and the films exhibited excellent adhesion to the gold
underlayers. Two types of A.u-BiZO3 capacitors (area = .62cm2) were fab-
ricated Type I films have dielectric constants ranging from 34.5 to 38.0

. 2 . 2
with capacitance per unit area equal to 344nF/am (2.21 uF/in ) for a



3.)

thickness of 1000&. Dissipation factors range from .009 to .04 at 1000 Hz
with dc resistivity equal to lollohm-cm and dielectric strength equal to
104v/cm. Type II dielectric films have dielectric constants ranging from
90.0 to 98.8 with capacitance per unit area equal to 477nF/cm2 (3.08 uF/inz)
for 1000& films. Dissipation factors range from .04 to .25 at 1000 Hz with

11
dc resistivity equal to 10 R -cm and dielectric strength equal to 104v/cm.

Strain Effects in Thins Films (B. McDowell under T. C. Pilkington).

X-ray diffraction techniques have been reported in OR0-2430-38 for
determining the best linear approximation to the strain distribution in
thin films. It was found that freshly deposited gold films do not have
linear strain distributions, but these distributions become linear after
several days of aging. In order to examine the nonlinear strain charac-
teristics, the accuracy of our x-ray diffractometer facility was increased.
A solid-state circuit has been incorporated so that the output of the
GE XRD-5 x-ray unit is fed directly onto IBM cards. Thus, the accuracy
of the x-ray peaks has been increased by determining more points on the
peaks. A residual stress device has been installed to determine the
average variation of the displacement of atoms from the relaxed bulk lattice
spacings.

These improvements in the x-ray diffraction diffractometer system
result in sufficient data to study nonlinear strains. Having tried several
methods of fitting the x-ray data, a computer program has been written to
find the best piece-wise linear fit to the nonlinear distributions. The
nonlinear distributions can be approximated as accurately as the data permits
since the number of linear pieces is arbitrary. This program has been success-

fully used to solve several problems with known solutions and it has improved
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Rare

the analysis of some gold thin films data. The piecewise linearization

technique is presently being studied and extended.

Thin Films Filters (J. Hartwell under J. L. Artley).

For several months in the late summer and early fall of 1967 attention
was given to the design of a thin film transmission line for use as a filter.
An equivalent circuit representation for the device was formulated and its
electrical characteristics expressed in terms of the basic properties of
the film material, its spatial dimensions, and the magnitude of an applied
dc magnetic field intensity. Present techniques would permit the fabrica-
tion of such a device using Permalloy as the thin film material, although
the conduction losses would severely limit its performance. An impedance
on the order of 10 ohms and a "Q" of about 10 at a resonant frequency of
about 109 Hz would be expected for a resonably dimensioned device constructed
of Permalloy. Acceptable performance as a low pass filter should be attained
with such a configuration. More sophisticated filters could perhaps be
achieved by employing a material with smaller magnetic losses. Research
presently underway in this laboratory should determine the suitability of

rare earth thin films for this application.

Earth Thin Films

1.)

Properties of Rare Earth Films (D. Miller under H. Hacker).

Work is in progress to determine the physical characteristics of select-
ed rare earth films which influence their spin wave spectra independently of
the material properties. Surface topology vs deposition temperature and age
of gadolinium films have been recorded and studied by surface replication and

electron microscopy. A suitable technique for preparing transmission specimens




for electron diffraction studies is still being sought. X-ray diffraction
studies are to be employed to determine the strain distributions and

crystallite orientations of the films.

2.) High Field Capability (R. Gupta under H. Hacker).

A recent grant from Duke Endowment funds has made it possible for our
laboratory to acquire a superconducting magnet facility capable of 55 KG
operation. This magnet will be incorporated into a spin-wave spectrometer
and a high field vibrating sample magnetometer. This instrument will make
it possible for us to investigate additional properties of rare earth films
in spite of their unusually high magnetic anisotropy. Most of the components
are now available and construction is in progress on a K-band (24 Kmc/sec)

spin wave spectrometer.

D. Exploratory Research

1.) Spin Wave Studies (J. Hartwell under J. L. Artley).

Since the late fall of 1967 a theoretical investigation of the loss
mechanisms at work in ferromagnetic thin film resonance experiments has been
pursued. Exchange-enhanced eddy current damping has been considered in
detail, and its influence on thin film spin wave spectra is thought to be
understood.

Several forces that couple the electro-magnetic and accoustic fields
have also been considered in a naive attempt to relate spin wave losses and
mechanical anelasticity. Further work in this area is anticipated.

The present research is centered on the dispersive effects of in-
homogeneous dc fields. Scattering to long wavelength states and other two

magnon interactions are enhanced by the inhomogeneties which arise from thin




2.)

film surface topology. It is felt that dispersion due to the observed
bumpy surface structure is sufficient to account for the linewidths
measured in spin wave experiments. The present research aims at giving a

quantitative description of these processes.

Electron Beam-Thin Film Interaction Processes (J. L. Artley and H. Hacker).
Some preliminary thought and study has been devoted to a quantum

mechanical description of the interaction process that takes place when

an electron (or stream of electrons) is impinged on a thin film of magne-
tized material. A model of the electron's motion in terms of a wave packet
including its spin coordinate is contemplated. In passing through a region
of the film with a given direction of magnetization, an interaction of the
electron spin and the internal field of the films takes place. Our first
aim is to describe the interaction process to determine if information
storage and retrieval is possible. If so, the small size of the beam and

‘the ease of "'scanning'" the film may offer improved memory devices.



AMES LABORATORY OF AEC
IOWA STATE UNIVERSITY
AMES, IOWA

Summary of Computer Activities for the
AEC Computer Information Meeting at
Los Alamos Laboratory
May 20-21, 1968

Control Facilities

This report covers the period since the last meeting in November at
Brookhaven Laboratory. Since that time a DATEX 4-axis neutron diffract-
ometer has been added to the previously reported experiment facilities
available in the real time control system located at the reactor. A
parameter study in real time control of the continuous isotope separator
is 1in progress preparatory to including this device in the system.

A research program in adaptive and self-organizing logic systems is
being carried out under the direction of Dr. R. M. Stewart. A logical
system with adaptive properties is potentially possible in terms of a
majority logic implementations. Majority logic devices exist which
behave in a Boolean conjunctive or disjunctive sense depending upon the
state of a control input. The majority formulations to the present have
involved a net odd integer weighing of the inputs so that the output is
Boolean in nature. Other devices can be formulated which are majority
logic devices but which have a three state output. The three state
output capability of these devices means that non integer weighing of
ma jority inputs can be used effectively, and the output correctly
represents the logical state of the input.

Another area of research is concerned with the concept of adaptive
control theory as applied to digital computer process control.

An interface which accepts a wide range of analog inputs has been
designed, built and appended to the Research Reactor Computer System.
This interface accepts eight channels of analog data and, under computer
control, a specific channel may be converted to digital form and supplied
to the computer. The interface is currently being used to monitor the

isotope separator experiment. Data from the experiment is being analyzed
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to refine a mathematical model of the isotope separator. This model
will serve as the basis for a sampled-data adaptive-control system for

the isotope separator.

Programming Languages

A text editing language was implemented for use on the teletype
interfaced to the real time computer system at the Ames Laboratory
Research Reactor. Study of the appliéations of the language to the area
of real time control of experiments preceded the work on the modification
of the language to allow the users to manipulate internal information
from their teletypes in a real time environment.

A detailed study was made on the state of the art of concept learning.
Some of the applications of concept learners were studied with particular

emphasis placed on the role of concept learners in computer learning.

Mathematics Research

Calculations of Eigenvalues of Matrices

A new algorithm for finding eigenvectors of a matrix without loss of
accuracy has previously been reported. The convergence of the algorithm
has been established but the rate of convergence was rather slow.

Recently acceleration schemes have been developed which give striking
improvements in the rate of convergence. In two instances in which 500
and 18,000 iterations were previously required for satisfactory results,
the acceleration scheme has reduced these to 18 and 72 iterations respect-

ively to obtain the same degree of accuracy.

Special Functions

From any analytic function f of one complex variable, an analogous
function F of several complex variables can be constructed by an averaging
process. A basic theorem about the analytic continuation of F has been
proved by using an integral representation which is a generalization of
Cauchy's integral formula. It has been shown that various cases of F
are related to axially symmetric potentials, repeated integrals, fract-

ional integrals, mean values, and divided differences.
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Integral transforms have analogues in several variables which can be
constructed by the averaging process mentioned above. Two theorems have
been proved about the analogues of Laplaces and Stieltjes transforms.

The properties of inhomogeneous mean values and generalized integral
transforms are currently being studied in an effort to understand why
the higher transcendental functions that occur most commonly in practice
are associated with a special type of weight function in the averaging

function.

Selective Dissemination of Information

The Ames Selective Dissemination of Information (SDI) system is
currently scanning an average of 6500 articles per week for seventy-five
individual scientists within the Ames Laboratory in an average time of
26 minutes of computer time on an IBM Model 65. Each individual receives
notices of articles which may be of interest to him. The SDI system
automatically generates a personalized KWOC index based on all articles
which were of interest to him during the past quarter. The generation
of this KWOC index requires approximately 1 minute of computer time per
year per individual with a typical number of 60 to 70 items per quarter
per individual. Samples of these KWOC indices are now in the hands of
the individual scientists and we expect to be getting the user reactions
in the near future.

Research is being done in the area of automatic profile enriching.
Current indications show that it may be possible to increase the percentage
of desired references significantly by enriching the individual profile by
increasing the number of entries in the profile by using words in titles
not already in the profile and utilizing these with positive or negative
weights depending upon the user's response to the documents.

Investigation is going forward to study the effect of ordering the
documents by calculation of weights associated with each article and
disseminating only the top n based on a variable cut-off weight.
Preliminary investigations show that documents of interest tend to migrate

to the top of the list and give a high order of precision to the process.
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This implies that the user may have to examine only a small number of

titles and that a high percentage of them will be of interest to him.

Management Operating Systems

For the past several months the Management Operating Systems group
have been designing and implementing a new computer oriented system.
This system is designed to be compatible with current AEC requirements
as well as the needs of the Ames Laboratory. The accounting, personnel
and budget programming is complete and being run currently. GCurrent
developmental work includes a follow-up system for purchasing, maint-
enance records systems for engineering services and a comprehensive
commitment report for budget purposes. The overall objective of MOS
is to provide the Laboratory's top management with a strong data base
and a retrieval system that will permit an accurate appraisal of alter-
natives in decision processes, and also call attention to as many alter-

natives as possible.



Lawrence Radiation Laboratory, Berkeley
Mathematics & Computing Depertment

Report for A.E.C. Computer Information Meeting
May 20, 21, 1968

Equipment

No changes in equipment have taken place since the second CDC 6600
was installed last July. The basic 6600 configuration is:

2 - 6603's
250 Vista
10 - tapes

IBM Chip Store
Paper tape R/P

2 - Disc pacs
IBM Data Cell

\ 2 - 6603'8
| 8 - tapes

6600A 6600B Remote data link
6411
2 tapes 12 - TTY's
2 - 6603's 5 - 210 consoles
9 - printers L4 - Cal Comp's
3 - card readers 1 - card punch

Operations

Our computing machines have been operating around the clock with a
high level of reliability. Down time due to hardware fault run on the
order of 3% for 6600B and 1 1/2% for 6600A (i.e., around 21 hours and
10 hours per month respectively). Preventive maintenance time has been
reduced to 4 hours per week, per machine with no noticeable ill effects.
Extra maintenance time is allotted on occasion for installation of a time
consumming hardware modification.

The operating system in use at IRL Berkeley on the 6600's includes
memory and functional unit diagnostics which are run automatically every
30 minutes. These diagnostic routines have been over 85% effective in

detecting marginal hardwaere faults that develop in the memory and functional

units.
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A few job profile statistics might be interesting.

# of input cards/job

less than 150
150 - 600
600 - 2000
more than 2000

# pages of printout/job

less than 50

50 - 200
200 ~ 500
500 - 1500

more than 1500

# of cards punched/job

less than 150
150 - 1000
1000 - 2000
more than 2000

# tapes/job

0
1
2
3
4 o

r more

Our users are distributed as follows:

ﬁ of Jobs

25
30
35
10

% of jobs

65
20
10

p
1/2
obs

60

33
6
1/2

?o ,'!Obs

23
35
25

Bubble Chamber Physics - 57%

Spark Chamber Physics

Chemistry

- 19%
- 10%

Miscellaneous (Bio-Med,
Theo. Physics, Magnet Design,

Engineering Support, Administrative

Work)

Systems Programming

An operating system for the CDC 6600 based on the SCOPE 3 system
was tried and subsequently abandoned as unacceptable to meet the computing
requirements of the laboratory. Some of the SCOPE facilities were made

144,




available under the IRL Berkeley version of the Chippewa Operating
System (BKY). Included were the Fortran 2.3 Compiler, Fortran Extended
Compiler, COMPAS Assembler, and the SCOPE UPDATE system. In addition
a new operator console display driver was written which provided
improved displays.

The IBM photo-digital chip storage device was installed at the

laboratory. Preliminary testing is under way and the formsl acceptance
test period will follow. '

Date Link to the 6600

Some time ago a design was finalized for providing a remote data
link to the CDC 6600. The motivation for the link was prompted by the
need for monitoring experiments and providing the experimentor with
information which could be valuable to him while the experiment is in
progress.

One of the ground rules was to provide "nearly” on-line processing by
the 6600 to facilitate control of experiments without significantly
degrading the total 6600 performance.

The initial design provides for a PDP-5 computer, used as a data
collection device at the experimental site, an interface mechanism
between the PDP-5 and the CDC 6600 and a signal light at the 6600
console. When the experimentor wants to have a sample of his data
analyzed by a program in the 6600 the following sequence of events takes
place. He pushes a button which lights a light at the 6600. The 6600
operator causes a program to be loaded into the 6600, this program then
makes contact with the PDP-5, and data is transmitted from a disc on the
PDP-5 to a disc on the 6600, the data is analyzed by the 6600 program
and some results are passed back to the PDP-5. It 1s expected that this
might take place about once an hour and the time spent per transaction
on the 6600 would be of the order of 2-5 minutes.

At present the hardware interface and software (on the 6600 side)
are being debugged. The hope is that this facility will be operational
by mid May.

A similar facility will be provided for a remote PDP-Q.

Applications
COBWEB

The COBWEB Project, & computer-controlled bubble chamber film
measuring system, continues expanding. Presently connected to the IBM
7044 system are three Franckensteins, a measuring microscope, and a scan
table. A number of improvements have been made in the programming
area dealing with Physics date checks and system operations. Current
efforts relating to the COBWEB program include decreasing its memory
requirements, improving segmentation, replacement of IBM's library

subroutines and interrupt system, and to provide the facility for the



Physicists to more easily interact with the system in the areas of
experiment dependent parameters and speciallized physics computations.

Software design work has started on a teletype multiplexor which
will communicate with ten scan tables. A small disc file is being
considered as & tool to enable the COBWEB system to expand functionally
without sacrificing speed. Particular areas of the program are being
modified in order to effectively utilize this disc file.

Megnet Design

The general purpose, two dimensional, magnetostatic program LINDA
is presently being revised to include the calculation of magnetic fields
possesing axial symmetry.

The design of & beta-ray spectrometer has been proposed by this
laboratory and extensive computational work is being done in designing
the coils.

The desigh of an electrostatic spectrometer is also being proposed,
utilizing a novel technique. The feasibility of such a spectrometer is
being investigated and various parameters are being calculated.

The optimization of electron focussing devices such as spectrometers
has been investigated by a joint effort with the University of Uppsala,
Sweden. The results of this investigation are being published.

Orbit Studies

Various programs for the calculation of orbits in an electric or
magnetic field have been prepared and are being used extensively by the
184" cyclotron and Nuclear Chemistry Groups.

A CRT version of the program Transport is being prepared which will
include on-line interactions using the CDC 250 consoles.

Bio-Medical Research

A PDP8 computer with disc, CRT and magnetic tape has been programmed
for use with NMR spectrometers. Programs which store on disc, average
and display data were written and are being tested. Programs have been
written for the CDC 6600 to carry out Fourier transforms and spectral
decomposition of NMR data. PDP8 programs which process 2 channel counter
data input via paper tape, have been written and are in routine use.

Radiation dosage calculations were improved. Program KALNAES was
completed and the calculations carried out by program DOSMAP were gen-
eralized. A program SPRAY was written to compute beam profiles at varying
distances from a collimator. Programs BRSEC and TVSECS were written to
compute and display the contribution of secondary particles to the energy



spectrum of a particle beam at a chosen depth in a target.

IRK, GASP, FINDR, DIFEQS and other previously coded programs were
used to process large amounts of human tracer kinetics data. Computed
parameters were compared with clinical findings in order to establish
the diagnostic value of these programs.

Donner Pavillion data on pituitery irradiation of diabetics has
been coded and placed on a master data tape for use with programs TIPS
and MEDPIC. Analysis of this data has started. A boolean filter section
was added to the MEDPIC program to permit more general selection criteria
to be applied to the medical records.

A program was written to process data from a wire spark chamber used
as & medical Gamma-ray camera.

Math & Computing Research

Approximately five man-years of effort is currently being devoted to
these projects during FY 1968. It is planned that the effort will continue
at approximately the same level through FY 1969, and it is anticipated that
the level of effort will increase to approximately seven man-years in
FY 1970.

Work was completed on a paper entitled, "Transient Diffusion in a
Composite Slab" (UCRL-17607), where the solution of the diffusion
equation for two slabs of different materials of finite thickness in
contact at a plane interface was obtained numerically using a truncated
eigenfunction series technique. The paper will appear later in the
International Journal of Heat and Mass Transfer, Supplementary tables
required for the solution were also prepared in the report, "Table of the
Solutions of a -tan(wx) = -b.tan{amx)" (UCRL-17608).

The approximate periodic, steady-state temperature of a rotating
nuclear target system was found by solving the equations for a one-
dimensional model of the system by a method similar to the one above.

Work has begun on formulating a non-linear block successive over-
relaxation method to solve two-dimensional elliptic, quasi-linear partial
differential equations. Preliminary results for the magnetostatic-field
equation have indicated the method to be a promising one.

Mathematical analysis shows that stable control of stochastic pro-
liferation of stem-cells may be based on the probability distribution
governing their differentiation and on a desired or optimal size of the
stem-cell population. Such control has a simple biological interpretation
that includes the assumption of stem-cell avidity for a mediating sub-
stance.




A study of information in biological systems resulted in the
conclusion that transmitted genetic information cannot include an
explicit description of an organism, but may include data with in-
structions defining how physical law is to operate on the data. A
parallel with stored-progrem computers was suggested, as well as the
connection between the development of an organism and the internal
modification of instructions.

Design specifications for an inexpensive, small-scale, general-
purpose interactive time-sharing system were formulated and implementation
was begun. Hardware to be delivered in FY 68 includes a PDP-8T Computer
with hardware multiply/divide and 8K of memory, a 500 K-word disk, and
one console (teletype-plus 5" storage scope). In FY 1969, another
PDP-8I, disk, and four consoles will be added; one of the design criteria
is sufficient modularity to facilitate the addition of this, and possibly
other, hardware. Somewhat analogously, the basic structure of the soft-
ware 1s sufficiently modular to provide simultaneous (time-shared) support
of several different applications. At present, only one application, a
modified Culler-Fried System, is in the final design state.

The hardware has been selected with extreme reliability in mind.
An attempt is being made to provide software which is equally reliable
by providing individual users with a powerful common language (which is
interpreted by the system), instead of direct access to the computer.

The programming language BLIMP (Bit and LIst Manipulating Processor),
user-designed data structures such as text, list-structures, numerica
data, and, in particular, sub-words or fields, was designed and implemented.
This language is a variant of 16. It has been used for writing a compiler,
assembly language translator, and an inventory report generator. BLIMP
programs are compatible with FORTRAN routines on the subroutine level,
thereby providing access to the resources of FORTRAN without the burdening
overhead of an embedded algebraic translator.

A study was made of the numericsl solution of the Laplace equation in
a two-dimensional, simply-connected, bounded domain subJect to boundary
conditions of the first, second, or third king. A program was developed
which obtains the solution by approximating the given boundary values in
the least-squares sense with a linear combination of harmonic polynomials.

For a computation which consists of a simple algebraic transformation
on two variables, iterated many thousands of times, & method was developed
for analyzing the propagation of errors, including perturbations of the
initial values of the variables, as well as round-off errors which occur
during the iteration.

The first phase in this development was the programming of a set of
multiple-precision floating-point interval arithmetic routines.



When these multiple-precision routines were applied to the iteration,
it was found that the intervel width did not provide a suitably close
error estimate., The second phase was initiated which consisted of the im-
Plementation and testing of a method of error propagation analysis based on
the matrix representation of an affine transformation (that is, a linear
transformation combined with a translation).

A study has been made of methods of numerical differentiation by the
use of spline functions. The report "Approximate Differentiation by Cubic
Spline Fitting" (UCRL-17659) was written to describe the process in more
detail. The report "Numerical Applications of Cubic Spline Functions"
(UCRL-17742) discusses higher order differentiation, numerical integration,
and interpolation by means of the cubic spline fit. An article also
entitled "Numerical Application of Cubic Spline Functions", combining and
condensing the material of the two reports was published in the December,
1967, issue of the Logistics Review.
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LAWRENCE RADIATION LABORATORY - LIVERMORE
SUMMARY OF COMPUTER ACTIVITIES
AEC COMPUTER INFORMATION MEETING
1.OS ALAMOS SCIENTIFIC LABORATORY
MAY 20-21, 1968

STATUS OF EQUIPMENT

Since the November 1967 meeting at Brookhaven, a fourth CDC 6600 computer
has been installed. The system is similar in configuration to the first three
and is now operating at a high effective use rate along with the others. The
first of two CDC 7600's is scheduled for delivery in the first quarter of

F.Y. 1969.

The Librascope Disk File and the IBM Photo-digital Store are being integrated
into our OCTOPUS equipment configuration. Practical usage should occur at
any time now.

The SDS Sigma 7 and Sigma 2 computers slated for graphics work were delivered
in January and the equipment complement is now complete, The graphics ter-
minals being built by Information International Incorporated are on schedule

and should be delivered by the end of F. Y, 1968.

The OCTOPUS equipment is moving along quite well, with 2 - PDP-6's now
controlling the 4 - 6600's along with the Mass Storage Devices.

Bids have been received for a series of remote TV console display devices
to be used in connection with the OCTOPUS system. An evaluation has been
made, and procurement action is pending a final decision.

PROGRAMMING

The new 6600 time-sharing system called FROST has proven to be considerably
better than the older program. The programming for the PDP-6 portion of
OCTOPUS is being used for periods which are increasing daily. Good progress
is being made on the d1agnost1c program which will be an integral part of the
final OCTOPUS system.

The time-sharing graphic programming is proceeding quite well and is coded
and in the check-out stages. Final check-out can only be completed when the
graphic terminals arrive,

LRLTRAN, a modified and updated version of FORTRAN 63, has been imple-
mented in itself, This is generally referred to as a FORTRANED-FORTRAN,
It is now working and in constant use. A similar effort is being made to
write PL/1 in PL/1. In addition, COBOL is being written in LRLTRAN and

a conversational LRLTRAN is being developed for use on the OCTOPUS time-
sharing system particularly oriented to the teletype station,

Our numerically controlled machine tool hroup is implementing APT IV on
the 6600, In the near future, we intend to have a conversational APT and a
graphical APT,

April 24, 1968.



Computer Activity Report
Los Alamos Scientific Laboratory

May 1, 1968

Central Computer Facility

The Central Computer Facility (CCF) now operates under the newly formed Com-
puter Science and Services Division., Division Leader Roger Lazarus, Alternate
Division Leader Tom Jordan, Assistant Division Leaders Paul Harper and William
Spack, Nicholas C. Metropolis Advisor. C-1 CCF Operations Support - Don Smith,
group leader, William Hudgins, alternate. C-2 CCF Systems Support - Charles Folkner,
group leader., C-3 CCF Plant and Hardware Support - Chester Kazek, Jr., group
leader, C-lb Scientific Applications Services - Roger Lazarus, acting group leader,
C-~5 Statistical Services and Management Applications - Keith Zeigler, group leader,
Roger Moore, alternate. C-6 Numerical Methods and Consultation - Tom Jordan, acting
group leader. C~7 Computer Science Research - Mark Wells, group leader, William
Spack, alternate & CADP office with Edward Voorhees and Jack Worlton comprise this
new division. The following computing systems are operated in the CCF building:

1) Two IBM Model 7094-I

2) One IBM Model 7030 (Stretch)

3) Three CDC Model 6600

4)  Two IBM Model 1401

5) One GE Model 225

In addition, the CCF contains an off-line Stromberg-Carlson Model 4020, a CDC
Model D280 (film recorder and graphics terminal) on-line to one of the 6600 systems,
and a CDC Model 3691 (paper tape reader and punch) on-line to another 6600 system.
The three 6600's will be coupled through a 500K ECS (scheduled to arrive in May,
1968) and now share 22-607 tape drives and three 6638 disk files.

The following items of additional hardware are being obtained with procurement
status as indicated:

1) A fourth 6600 with 128K memory on rentel basis with option to buy.

Washington approval has been obtained and negotiations with CDC have begun.




ITTI.

List of Publications

NY0-1480-80 High Order Accurate Difference Methods in
Hydrodynamics, by S. Z. Burstein, Academic Press
(Nonlinear Partial Differential Equations), 1967.

NYO-1480-81 Melting Transition of Lennard-Jones Molecules,
by V. Nardi and J. K. Percus, Physical Review, 8/5/57.

NYO-1480-82 The Numerical Solution of the Navier Stokes
Equations for an Incompressible Fluid, by A. J. Chorin,
Nov., 1967.

NYO-1480-84 Upper Bounds for Errors of Expectations in the
Few-Body Problem, by S. Aranoff and J. K. Percus,
Physical Review, Oct. 20, 1967.

NYO-1480-86 SHARER, A Time Sharing System for the CBG 6600
by M. C. Harrison, J. T. Schwartz, Comm. ACM, Oct, 1967.

NYO-1480-89 Lower Bounds to the Many-Body Problem Using
Density Matrices, by L. J. Kijewski and J. K. Percus,
Physical Review, Dec. 5, 1967.

NYO-1480-90 Difference Methods for the Inviscid and Viscous
Equations of a Compressible Gas, E. L. Rubin,

S. Z. Burstein, Jour. Computational Physics, Nov. 1967,

NYO-1480-91 A Detached Shock Calculation by Second-Order
Finite Differences, by A. Lapidus, Jour. Comp. Physics,
Nov. 1967

Accepted for Publication:

Stability Theory for Difference Approximations of Mixed
Initial Boundary Value Problems, by Heinz-Otto Kreiss,
Math., of Comp.,

Comments on a Paper by J. Hellums and K. Aziz, by Alexandre
Chorin, Physics of Fluilds




PROGRESS REPORT

Englneering Research Laboratory - CIMS

1. I/0 PERIPHERAL EQUIPMENT

During Ghis reporting period the IEnplneerinpg Research
Laboratory has contlnued 1t's research Into computer systems
and added two pleces of perlpheral equipment to the lnventory -
-a Motorola 200 lilne per mlnute printer and a Soroban Engineering
1000 card per minute reader. Interfaces using Honeywell S-Pac
loglce were assembled and a number of programs were written to
integrate the printer and reader into the existing system. The
interface units for the Potter Line Printer and the two 201 data
sets have been rebullt on a modular basis.

Another interface was designed and built to enable the
DDP-516 computers' I/O to operate on the same voltage levels as
the DDP-116 computer. This work will enable the Laboratory to
have available two racks of interface equipment to which a DDP-
516, or DDP-116 or both can be connected via the I/0 bus of eilther
computer.

Time has been spent in software experimentation with the
display unit on the 516. A program displaying memory in real time
was wrltten and has proven to be a very useful tool in debugging
other software.

In November a course on the theory and maintenance of the
Cal-Comp 565 Plotting System was attended. The information and
techniques obtained from this course are proving quite valuable
in keeplng the system owned by the Computer Center operating with
almost no down time. A '

2. REMOTE ACCESS

The following remote terminals have been successfully
made operational as I/0O devices of our CDC~6600 computer:

1. IBM-1130, at Rensselaer Polytechnic Institute,
‘Troy, New York.

2. DCT-2000, at National Accelerator Laboratory,
Weston, Illinoils.

5. DCT=2000, at Southwest Center for Advanced Studles,
Dallas, Texas.

4, CDC-3100, at Phillips Petroleum, Idaho Falls, Idaho.

1P-1



The Soroban Card Reader, Potter Printer, 201 data set
and DDP-516 have been integrated into a system to be used
as an experimental remote. Through the use of such a system
effleient data transfers can be developed to utilized the
speed of the data communicatlions networks. Experience gained
by the system should provide specilfications for future systems.

A Western Unlon GSA teletype terminal and computer data
set for our 116/6600 ''Sharer'' System has been dellvered and
cohnected. 'This system will permit users of the GSA Advanced
Record System (ARS) network to interact in a real time mode
with our 6600.

3. 516 - 6600 INTERFACE

Construction of the DDP=516/CDC 6600 interface has been
completed and debugging begun. The interface will permit
computer communications under conditions of A) program control
by the Peripheral Processor aof the 6600 and B) either program
control by the 516 or .via the Direct Memory Access feature of
the 516. In the latter mode communication can proceed at speeds
up to 6 mega bits/sec.

The interface employs both standard integrated cilrcuit
logic boards purchased from Honeywell and speclal boards design-
ed and constructed at the Engineering Research Laboratory.

The standard boards used are the U-Pac 5 mec family, as contrasted
with the S-Pac series employed on the existing DDP-116/CDC 6600
interface. The use of integrated rather than discrete circuitry
results in a much higher packaging density and consequently a
smaller and neater interface. Our experience has been that the
decrease 1in size makes debugging a longer and more laborious

task than with the more amply spaced discrete circuitry. One
objectionable feature of the U-Pac line 1ls the marked asymmetry
in positive (0 --> + 6 volt, slow) and negative ( + 6 --> volt,
fast) risetime. This necessitated special design on the level
changers used to A) terminate 100 ns pulses from an open-circuit-
ed collector over 15 feet of twisted-palr cable and B) drive

the pulse amplifiers required to present the 6600 with a trans-
former coupled input. 'The flnal design utilized the stored charge
in a back~-blased zener.dlode operating below the zener voltage

to malntain the constant input lmpedance required for proper
+tarmination of these signals.




: Our experience wlth remote users connected to the
| DDP-116 via 201 data sets (over volcegrade telephone lines)
. has indicated the need for bulk storage at the 516 in order
' o lower the rate at'which the 6600 will be required to

1 Service this machine. Therefore an investigation has been
" undertaken into the relative characteristics of ilnexpensive
i disk and drum systems sultablé for use with the 516.

|

' 4. GRAPHIGCS I/0

With the object of expanding computer input and output
 methods, we have made a study of graphlc input devices and
i have concluded that the acquisition of a Rho-Theta transducer
and a Track Ball would enhace our man-machine interaction.

The Rho-Theta transducer ls an analog device conslst-
ing of a ball-point pen linked to two potentiometers with
electrical outputs proportional to the polar coordinates of -
a point that can be used to lnput information from a drawing.
The devlice 1s of medium resolution, 0.040 inches over a sector
of 100 degrees by 10 inches, costs under $1200.00 excluding
A/D converters.

The Track Ball is a cursor positioning device on a
CRT screen., Blaxial rotation of the ball is resolved by
shaft encoders and the analog or digital output 1s used for
positlioning a cursor on a computer-generated display.
Resolution 1s one pulse per 0.03% inches with 350 pulses per
v rotation, and the cost under $1800.00 including the count
logic.

A prototype device to permit viewing of three-dimensional
pictures generated by a computer on a CRT screen has been
~constructed. The device consists of a vertical plate with two
viewing apertures. One aperture is shut and the other 1is
opened alternately by a rotating disc. Two lmages which vary
slightly in perspective are triggered alternately on a CRT
screen. Successive views of one image with the left eye
and the other lmage wlth the right eye will appear as one
Image with the dimenslon of depth. Testing of this device
‘ds still required. ' . .

|
i



OAK RIDGE NATTIONAL LABORATORY

Report of Activities
A. E. C. Computer Information Meeting
Los Alamos Scientific Laboratory

May 20 and 21, 1968

Computer Operations

The ORNL Computing Center continues to operate an IBM 360/75
and Control Data 1604-A on a batch mode basis. Both computer systems
are essentially saturated, the 360/75 operating around the clock, seven
days a week and the 160L4-A around the clock, six to seven days a week.
Figure 1 shows the work load on both computer systems as measured by the
number of Jjobs submitted, while Figures 2 and 3 show the productive hours
and downtime experienced by the 360/75 and 1604-A respectively.

No changes in computing equipment have been made since the
last Information Meeting and complete descriptions of the computer con-
figurations have been made in earlier site reports. Some comments on
operating experience during the last six months, however, seem to be in
order.

The CDC 160L-A and 160-A computers completed their fifth year
of service in February, 1968, and continue to give good, reliable performance.
During the report period, all seventeen magnetic tape drives (CDC 606's,
fourteen of which are serial number 50 or less) underwent an "overhauling"

program which resulted in noticeable improvement in tape performance.
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Because of the turnaround time (two to three hours for jobs running 5
minutes or less) on these computers, they are utilized heavily by those
users who have short running production codes or who are making debugging
runs on new progreams.

The IBM 360/75 completed its second year of operation in March 1968
and appears to have settled down to a reliable level of performance. The
alarming increase in down time reported at the last meeting has been
reversed by revised preventive maintenance policies on the part of IBM.

The current PM schedule calls for 8 hours of maintenance every Saturday
and 2 hours every Wednesday (if needed). The ORNL machine is serial number
3 and, as one of the earliest 75's, was the object of much pioneering
effort in the area of engineering changes. This also contributed to the
down time mentioned in the last report. IBM has, however, altered their
policy in this matter (at our request) so that, as far as possible, no
engineering changes are made to this system that have not been first
installed and checked elsewhere. These two changes in procedure have
apparently been successful in reducing down time and in acheiving the

IBM goal of making the machine available to ORNL for 600 hours per month or
better.

The 360/75 is currently being operated with Version 13 of the
Operating System and the FORTRAN Compiler from Version 14, with input/
output under the control of the HASP (Houston Automatic Spooling Priority)
System. The HASP system provides better control over the computer operations
and receives more extensive IBM programming support than was received with
the SPOOL system. At the present time, the HASP system operates three

printers, two card punches and two card readers overlapped with problem
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program computation. The system also allows priority job scheduling and
extensive operator communication with HASP via the console typewriter.

Version 14 of the Operating System included the re-written version
of Fortran IV, Level H. While this version of Fortran does correct a set
of known problems with the earlier compiler, & new set of problems, some
of them not as well known as the earlier set, have been discovered in the
newest version of the compiler. As a result, some programs which used to
run routinely, are now failing, and it has been necessary in those instances
to give the programmer access to the Version 13 compiler.

All the equipment reported upon at the last meeting has been
checked out and accepted with the exception of the data cell. This device
is attached to the 560/75 via a selector subchannel on the multiplexor
channel. In that configuration, with the level of programming support
available, the Data Cell has proved unusable for the application planned
for it, i.e., the loading and executing of load modules from the data cell.
The problem appears unique to data cells attached to Model T75's on something
other than a selector channel, but this is not entirely clear. 1In view of
this, ORNL has proposed to the AEC that the Data Cell be returned to IBM
and that other large capacity storage devices, e.g., a 2314 Direct Access
Facility, be considered.

During the report period, remote hook-up between the 367/75 and
a SEL 840OA computer located at the Isochronous Cyclotron Facility was com-
pleted. Software for both computers was checked out and the link has been
used successfully for remote job submission, with the option of printing job
output at the ORNL Computing Center or back at the ORIC computer. Routine

use of this capability has not yet begun.
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Three new plotting systems were added to the Computing Center
in January 1968. All three are made by California Computer Products
(Calcomp) and are off-line, tape-driven systems. One is a 765 "Zip
Mode" Plotter (11" maximum ordinate), the second is a 763 "Zip Mode"
Plotter (29 1/2“ meximum ordinate), and the third is an 835 Electronic
Digital Plotter (CRT Plotter). The two pen-and-ink plotters have been
in productive use for some time while the CRT plotter will go into pro-
duction in early May.

Future plans of the ORNL Computing Center have to do primarily
with alleviating the saturated condition on both computer systems as well
as making possible solutions of a class of problems as yet unattempted.
Evaluation of the situation indicates the need for the largest, fastest
computer deliverable within the year, with an absolute minimum of
reprogramming effort. With this in mind, a proposal has been made to the
AFEC for the acquisition of an IBM System/360, Model 91K Computer System to

be delivered in January 1969.

Systems Programming

Extensive changes were made to the ORNL FORTRAN Compiler described’
in the last report, including the incorporation of features of FORTRAN IV
that had not been included in the language. Known errors in the compiler
were also corrected.

A new compiler has been designed for ORNL FORTRAN using a different
approach from the original version. The compilation process has been divided
into three parts; syntax scanning, program optimization and generation of

object code.
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The syntax scanner inputs the source program, scans it for
syntactical errors and produces an internal representation which can be
processed efficiently. This internal representation can be considered
as a basic language.

The program optimizer takes the internal representation of the
source program and processes it to eliminate program inefficiencies. The
object in this phase is to produce a code, using the internal representation,
that will have the same effect as the original program, but whose execution
time will be reduced as much as possible.

The third phase of the compiler will produce object code from the
optimized internal representation.

It is worth noting that the internal representation is a language
in itself and that the second and third phases of the compiler act on that
language. This implies that languages other than ORNL FORTRAN can be
processed by phases two and three provided the source program can be converted
into the internal representation.

Other activities of system programming personnel include system
generation of new versions of the IBM-supplied OS/56O (Operating System),
writing of routines for system maintenance, alteration of some of the
library routines to make error messages more definitive, and support of
the following computer languages on the 360/75: FORTRAN/360 (ORNL FORTRAN),
FORTRAN IV H-Level, FORTRAN IV G-Level, COBOL F-Level and Assembly Language

F-Level.
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Applications Progremming

In the last report, there was described the development of a
simple programming language to facilitate the use of datsa analysis routines.
The language is called ORDEAL (Qak Ridge Data Evaluation and Analysis
Language) and has now been released for use by interested personnel at
ORNL. A manual has been written which gives a general description of the
language and a catealog of available procedures for the 560/75. With time

and knowledge gained from experience, the catalogs should be extended.

CSW:rw
L/29/68




9000 ////\
7500 \
A 60U~ & / \
CDC 1604-A ///~\\\A ///A\\\A o a
7 |

Lo

Q

pt

o A HA—

g \ o

= A

3 A \

@ 6000 - > /\ _O/

: AV, o—

"o.) \ A A E
D

g —0 -

e L4500 o _0 /O

E

i

Fe)

[o]

=

¥-H09T 0D PU8 $L/09¢ WAI 9U3 UO pPeoT IOM

3000 0) o—~’o \
/ N o—0—0"" /
@)
1500
0 " 1 i 2 a A i A
J A S 0 N D J F M A M J J A S 0 D Jd F M A




Total Hours

600

500

Loo

300

200

100

O
Productive Time / \
O O
/ o) \ O~
0—0 / \ / \)
O
AL
A A

4 A Down Time
P A/ \A/ \A . _—A A/ \
: N \A/ g I NN
1 " i Il i 1 1 1 L L 1 1 1 4‘/1

I\ 4 1

JASONDJFMAMJJASONDJFM
1966 1967 1968

SWLJ, UMOQ PUB SWIJ 3AT4oNPOId GL/09¢ WAT

¢ 9aNITg




Total Hours

600

500

Loo

500

200

100

< ./
o——o\ / \o/ d

O

o o)
O\ Productive Time / \ / \
O O
O0—po ' }7/// /( C{///‘\\\D:== <:O _ ]

A—_A Down Time

LA—n

/ ~a R
N A : \A\ A/ . ‘\
J A

Jd A S 0] N D J F M A M J S 0 N

1966 1967

SWLJ UMOJ PU® SWIJ SATIONPOIL Y~HO9T DD

¢ 2anITg




INSTITUTE FOR COMPUTER RESEARCH
THE UNIVERSITY OF CHICAGO

Chicago, Illinois 60637

Summary of Activities for the AEC Computer Information Meeting
May 20-21, 1968

Part I. Current Status of the Multi-Computer Project

Introduction:

By the end of the previous report period, the project to design and
build a multi-computer had reached the point where dectailed logical design
work was well advanced. Durvring the current report period it has been
possible tc work on other aspects of the projecc. We have successfully
tested a simulated system, trying out variations on several ideas, and

wec are approaching the final design of the new computer.

Simwlation

A simulator has been written to simulate the curient revision of the
new multi-computer on Maniac III. An assembly language has been defined,
an assembler written, and a number of test programs have been written
and run on the simwulated system.

The present design scheme will be modified on the basis of our
experience with the simulated system. The simulator and assembler will

then be updated so that testing can continue while constfucilon is going on.
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The Maniac III computer lent itself well to the role of a simulation
device, enabling us to test several novel ideas without making a drastic

prior commitment to hardware,

[Led

Engineering

The design of some typical instructions and important hardware
routines has been outlined in order to determine desirable control functions
and data paths within the interface computer.

A testing program which runs on the PDP-8 computer has been
written in anticipation of a need for rapid testing of numbers of identical
printed circuit boards. This program is readily adaptable for use with a
variety of different printed circuit boards, including commercially available
types, and can check the operation of &!l circnits on a 150-pin board in a
few minutes. An error listing can.be produc~d and the operation of any
selected circuit can be rnorritgred on an vscilivscope.

The scratch-pad memory register bo;rdq are complete and will be
tested using the PDP-8 program. The most suitabl= organization. of the
driving and data-transmission circuits for this unit has not yet been deter -

mined.

Operating System

Work is progressing on the operating system. The first version of
general specifications for the system is nearing completion. A sketch of

a possible scheme for implementing this version of the operating system is
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at a similar stage of development. Included in this preliminary design
is a plan for an assembler, a Basic Fortran compiler, a debugger, and

an UNCLLL compiler.

Part II. Research Activities During the Report Period

Research activities within the Institute for Computer Research
since the last progress report are described in detail in ICR Quarterly
Reports Nos. 14, 15, and 16. The Table of Contents of each Quarterly
Report is given below and on the following pages. Copies of these
reports are availéble as long as they last.

Quarterly Report No. 14
August 1, 1967
Sec@ion I
A. Maniac IIIl Engineering Activity
B. The Man-Machine Project (C.C.J. Ropthaan)

C. An Investigation of a Graph Simulator Computer (J. Bounin &
C. Robinson)

Section II

A. A Bench Mark Calculation for Retrieval by Confluence of Binary
Attributes in a Random-Access Computer (G.K. Manacher)

Section III
~

A. Numerical Stability in N-Body Integrations (R.H. Miller)
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Quarterly Report No. 15
November 1, 1967

Section I

Project Support Activity
The Man-Machine Project (C.C.J. Roothaan)

A User's View of Capabilities (R. Fabry)

Section II
On Simplified Implementations of the EOL Language (L. Lukaszewicz)}
Symmetrical‘Stacks in EOL (L. Lukaszewicz)
The UNCLLL Plex-Processing Language: Preliminary Design

Description II, and Tentative Programmer's Manual (R. Dewar
and G. Manacher)

Section III

Signal-to-Noise Ratio in Fringe Visibility Mzasureraents with a
Michelson Steliar Int.rferometer {R. Miiler)

A Scheme for Studying Astronomical "‘Seoing” (R. Miller)



