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S W Y  OF RECENT RESEARCH 

- AEC CONTRACT AT- (40 -1) - 2430 

DEPARTMENT OF ELECTRICAL ENGTNEERING 

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, whichahas been described in 

0R0-2430-28 and in Applied Physics Letters -. 9 (1966), has been tested at 

3.3'~. The device consists of a superconducting lead drive and a super- 

conducting tin gate d.eposit.ed. on top of a Pennalloy 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 Pennalloy 

% 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 tem~eratures in the range 2.9' to 3 .4OK. 

This information is basic to further development of the cryotron for device 

applications. 



a. B . Developanent of 'Optimum 'Materials ' f o r  'Kin-Film 'Devices. 
. . 

r 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 th in  

nickel f o i l  films was outlined. Thin nickel films formed by vacuum 

deposition a re  continuously removed from the rim of a rotat ing cylindrical 

g lass  substrate while the system i s  under continuous vacuum. The process 

requires that  the cyl indrical  substrate have a very smooth surface; hence, 

a layer of SiO is deposited on i ts surface p r io r  t o  the nickel film. 

Masking techniques normally used i n  the productiorl of th in  films do not 

yield edges suf f ic ien t ly  smooth .for continuous stripping; hence, two th in  

wires (40 ga) a re  wrapped around the substrate to  insure very smooth and 

s t ra ight  film edges. A t  present, t h i s  method can be used t o  produce films 
0 

8000A thick and up to  1 2  m i n  length a t  a r a t e  of up t o  2 mm per minute. 
* 

The l imi ts  of the process a re  being determined and the films are  being 

examined by electron microscopy. A complete report  on the process i s  

anticipated before August, 1968. 

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

Preliminary investigations of the d i e l ec t r i c  and insulating properties 
0 0 0 

of 1000A, 2000A and 3000A Bi203 d ie l ec t r i c  films have been completed and a 

complete report  i s  i n  preparation. Bismuth t r ioxide films were evaporated 

from a refractory platinum boat and found t o  be microcrystalline with an 
0 

average - grain - s i ze  of 100A. .Dielectric fi lm surfaces were found t o  be 

extremely smooth and the films exhibited excellent adhesion t o  the gold 

2 underlayers. Two types of Au-Bi203 capacitors (area = . 6 2 m  ) were fab- 

r icated Type I films have d ie l ec t r i c  constants ranging from 34.5 t o  38.0 
2 2 

with capacitance per uni t  area equal to  344nF/cm (2.21 pF/in ) fo r  a 



thickness of 1000i. Dissipation fac tors  range f r m  .009 to  .04 a t  1000 Hz 
11 

with dc r e s i s t i v i t y  equal t o  10 ohm-an and d ie l ec t r i c  strength equal t o  

4 10 v/cm. Type I1 d ie l ec t r i c  films have d ie l ec t r i c  constants ranging from 

2 2 90.0 to  98.8 w i t h  capacitance per uni t  area equal t o  477nF/m (3.08 uF/in ) 

f o r  10001 films. Dissipation factors  range from .04 t o  .25 a t  1000 Hz with 
11 4 

dc r e s i s t i v i t y  equal to  10 a-an and d ie l ec t r i c  strength equal t o  10 v /m.  

3 .) Strain Effects i n  Thins Films (B. McDowell under T. C. Filkington) . 
X-ray d i f f rac t ion  techniques have been reported i n  0R0-24.30-38 f o r  

determining the best l inear  approximation to  the s t r a i n  d is t r ibut ion  i n  

th in  fi lms. I t  was found tha t  freshly deposited gold films do not have 

l inear  s t r a i n  d is t r ibut ions ,  but these dis t r ibut ions become l inear  a f t e r  

several days of aging. In order t o  examine the nonlinear s t r a i n  charac- 

t e r i s t i c s ,  the accuracy of our x-ray diffractometer f a c i l i t y  was increased. 

A so l id-s ta te  c i r c u i t  has been incorporated so tha t  the output of the 

GE XRD-5 x-ray uni t  is fed d i rec t ly  onto IBM cards. Thus, , the accuracy 

of the x-ray peaks ha.s been increased by determining more points on the 

peaks. A residual s t r e s s  device has been ins ta l led  t o  detennine the 

average variat ion of the displacement of atoms from the relaxed bulk l a t t i c e  

spacings. 

These improvements i n  the x-ray d i f f rac t ion  diffractorneter system 

resul t  i n  suff ic ient  data t o  study nonlinear s t r a ins .  Having t r i e d  several 

methods of f i t t i n g  the x-ray data, a computer program has been written t o  

f ind  the best.piece-wise l inear  f i t  t o  the nonlinear dis t r ibut ions.  The 

nonlinear dis t r ibut ions can be approximated as accurately as  the data permits 

since the number of l inear  pieces is  arbi t rary.  This program has been success- 

fu l ly  used to  solve several problems with known solutions and it has improved 



the analysis of some gold th in  films data. The piecewise l inearizat ion 

technique i s  presently being studied and extended. 

4.)  Thin Films F i l t e r s  (J. Hartwell under J. L.  Artley) . 
For several months i n  the l a t e  summer and ear ly f a l l  of 1967 at tent ion 

was given t o  the design of a th in  film transmission l i n e  fo r  use as a f i l t e r .  

An equivalent c i r c u i t  representation fo r  the device was- formulated and i ts 

e l ec t r i ca l  character is t ics  expressed i n  terms of the basic properties of 

the fi lm material ,  i ts  spa t i a l  dimensions, and the magnitude of an applied 

dc magnetic f i e l d  intensi ty .  Present techniques would permit the  fabrica- 

t ion  of such a device using Permalloy as the th in  film material ,  although 

the conduction losses would severely limit i ts  performance. An impedance 

on the order of 10 ohms and a "Q" of about 10 a t  a resonant frequency of 

9 about 10 Hz would be expected fbr  a resonably dimensioned device constructed 

of Permalloy. Acceptable performance as a low pass f i l t e r  should be at ta ined 

with such a configuration. More sophisticated f i l t e r s  could perhaps be 

achieved by employing a material with smaller magnetic losses. Research 

presently underway i n  t h i s  laboratory should determine the su i t ab i l i t y  of 

rare  ear th th in  fllms for  t h i s  application. 

C .  Rare Earth Thin Films 

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

Work is i n  progress t o  determine the physical characteris t i c s  of select  - 

ed rare  ear th films which influence the i r  spin wave spectra independently of 

the material properties.  Surface topology vs de?osition temperature and age 

of gadolinium films have been recorded and studied by surface repl icat ion and 

electron microscopy. A sui table  technique f o r  preparing transmission specimens 



fo r  electron d i f f rac t ion  studies is s t i l l  being sought. X-ray diffract ion 

studies are  t o  be employed t o  determine the s t r a i n  dis t r ibut ions and 

c r y s t a l l i t e  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 t o  acquire a superconducting magnet fac i l i ty .capable  of 55 KG 

operation. This magnet w i l l  be incorporated in to  a spin-'wave spectrometer 

and a high f i e l d  vibrating sample magnetometer. l'his instrument will make 

it possible for  us  t o  investigate additional properties of rare  earth films 

i n  sp i t e  of the i r  unusually high magnetic anisotropy. Most of the components 

a re  now available and construction i s  i n  progress on a K-band (24 Kmc/sec) 

spin wave spectrometer. 

D. Exploratory Research 

1.)  Spin Wave Studies (J. Hartwell under J. I,, Artley). 

Since the l a t e  f a l l  of 1967 a theoret ical  investigation of the loss  

mechanisms a t  work i n  ferromagnetic thin fi lm resonarice experiments has been 

pursued. Exchange-enhanced eddy current damping has been considered i n  

de ta i l ,  and i t s  influence on th in  fi lm spin wave spectra i s  thought to  be 

understood. 

Several forces tha t  couple the electro-magnetic and accoustic f i e lds  

have also been considered i n  a naive attempt t o  r e l a t e  spin wave losses and 

mechanical anelast ic i ty .  Further work i n  t h i s  area is anticipated. 

The present research i s  centered on t h e ' d i ~ ~ e r s i v e  e f fec ts  of in- 

homogeneous dc f i e lds .  Scattering t o  long wavelength s t a t e s  and other two 

magnon interactions are  enhanced by the inhomogeneties which a r i s e  from thin 



k, fi lm surface topology. I t  is f e l t  t ha t  dispersion due t o  the observed 

bumpy surface s t ructure is suff ic ient  t o  account f o r  the linewidths 

measured i n  spin wave experiments. The present research aims a t  giving a 

quantitative description of these processes. 

2 . )  Electron Beam-Thin Film Interaction Processes (J. L.  Artley and H. Hacker). 

Some preliminary thought and study has been dev0te.d t o  a quantum 

mechanical description of the interact ion process tha t  takes place when 

an electron (or stream of electrons) i s  impinged on a th in  fi lm of magne- 

t ized material. A model of the electron 's  motion i n  terms of a wave packet 

including i ts  spin coordinate is  contemplated. In passing through a region 

of the film with a given direct ion of magnetization, an interact ion of the 

electron spin and the internal  f i e l d  of the films takes place. Our f i r s t  

aim is  t o  describe the interact ion process t o  determine i f  information 

storage and r e t r i eva l  is  possible. If so, the small s ize  of the beam and 

the ease of "scanning" the film may of fer  improved memory devices. 
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Summary of Computer A c t i v i t i e s  f o r  t h e  
AEC Computer Inf  ormation Meeting a t  

Los Alamos Laboratory 
May 20-21, 1968 

Cont ro l  F a c i l i t i e s  

T h i s  r e p o r t  cove r s  t h e  per iod  s i n c e  t h e  l a s t  meet ing i n  November a t  

Brookhaven Laboratory.  S ince  t h a t  t i m e  a  DATEX 4 -ax i s  neut ron  d i f f r a c t -  

ometer has  been added t o  t he  p rev ious ly  r epo r t ed  experiment f a c i l i t i e s  

a v a i l a b l e  i n  t h e  r e a l  t ime c o n t r o l  system loca t ed  a t  t h e  r e a c t o r .  A 

parameter  s tudy i n  r e a l  t ime c o n t r o l  of t h e  cont inuous  i so tope  s e p a r a t o r  

i s  i n  progress  p repa ra to ry  t o  i nc lud ing  t h i s  dev ice  i n  t h e  system. 

A r e sea rch  program. i n  adap t ive  and s e l f  -o rganiz ing  l o g i c  systems i s  

being c a r r i e d  o u t  under t h e  d i r e c L i o ~ i  of Dr. R. M. S tewar t .  A l o g i c a l  

system wi th  adap t ive  p r o p e r t i e s  i s  p o t e n t i a l l y  p o s s i b l e  i n  terms of a  

m a j o r i t y  l o g i c  implementations.  Ma jo r i t y  l o g i c  dev ices  e x i s t  which 

behave i n  a  Boolean con junc t ive  o r  d i s j u n c t i v e  sense depending upon t h e  

s t a t e  of a  c o n t r o l  i npu t .  The m a j o r i t y  formula t ions  t o  t h e  p re sen t  have 

involved a  n e t  odd i n t e g e r  weighing of t h e  i n p u t s  so t h a t  t h e  ou tpu t  i s  

Boolean i n  n a t u r e .  Other  dev ices  can be formulated which a r e  m a j o r i t y  

l v g i c  d e v i c ~ s  LJUL wl~ich  have a t h r e e  s t a t e  ou tpu t .  The t h r c c  o t a t c  

ou tpu t  c a p a b i l i t y  of t h e s e  dev ices  means t h a t  non i n t e g e r  weighing of 

m a j o r i t y  i n p u t s  can be used e f f e c t i v e l y ,  and t h e  o u t p u t  c o r r e c t l y  

repre.se.nt.s t h e  1,ogical s t a t e  of the i npu t .  

Another a r e a  of r e sea rch  i s  concerned wi th  t h e  concept  of adap t ive  

c o n t r o l  theory  a s  app l i ed  t o  d i g i t a l  computer p rocess  c o n t r o l .  

&I i11Le~Iace  wllicl~ accep t s  a wide range of ana log  inpuko hao bccn 

des igned ,  b u i l t  and appended t o  t h e  Research Reactor  Computer System. 

Th i s  i n t e r f a c e  a c c e p t s  e i g h t  channels  of analog d a t a  and, under  computer 

c o n t r o l ,  a  s p e c i f i c '  channel  may be converted t o  d i g i t a l  form and suppl ied  

t o  t h e  computer. The i n t e r f a c e  i s  c u r r e n t l y  being used t o  monitor t h e  

i s o t o p e  s e p a r a t o r  experiment.  Data from t h e  experiment is  be ing  analyzed 



-L - 
t o  r e f i n e  a  mathematical model of t h e  i s o t o p e  s e p a r a t o r .  Th i s  model 

w i l l  s e rve  a s  t h e  b a s i s  f o r  a  sampled-data adap t ive -con t ro l  system f o r  

t h e  i so tope  s epa ra to r .  

Programming Languages 

A t e x t  e d i t i n g  language was implemented f o r  u s e  on t h e  t e l e t y p e  

i n t e r f a c e d  t o  t h e  r e a l  time computer system a t  t h e  A m e s  Labora tory  

Research Reactor .  Study of t h e  a p p l i c a t i o n s  of t h e  language t o  t h e  a r e a  

of r e a l  t i m e  c o n t r o l  of experiments  preceded t h e  work on t h e  mod i f i ca t i on  

of t h e  language t o  a l l ow  the  u s e r s  t o  manipula te  i n t e r n a l  information 

from t h e i r  t e l e t y p e s  i n  a  r e a l  t i m e  environment. 

A d e t a i l e d  s tudy was made on t h e  s t a t e  of t h e  a r t  of concept  l e a rn ing .  

Some of t h e  a p p l i c a t i o n s  of concept  l e a r n e r s  were s t u d i e d  wi th  p a r t i c u l a r  

emphasis placed nn t he  r o l e  of concept  l e a r n e r s  i n  computer l e a rn ing .  

Mathematics Research 

C a l c u l a t i o n s  of Eigenvalues  of Matr ices  

A new a lgor i thm f o r  f i n d i n g  e igenvec to r s  of a  m a t r i x  wi thout  l o s s  of 

accuracy has  p rev ious ly  been r epo r t ed .  The convergence of t h e  a lgor i thm 

has  been e s t a b l i s h e d  bu t  t h e  r a t e  of convergence was r a t h e r  slow. 

Recent ly  a c c e l e r a t i o n  schemes have been developed which g ive  s t r i k i n g  

improvements i n  t h e  r a t e  of convergence. I n  two i n s t a n c e s  i n  which 500 

and 18,000 i t e r a t i o n s  were p rev ious ly  r equ i r ed  f o r  s a t i s f a c t o r y  r e s u l t s ,  

t h e  a c c e l e r a t i o n  scheme has  reduced t h e s e  t o  18 and 7 2  i t e r a t i o n s  r e s p e c t -  

i v e l y  t o  o b t a i n  t h e  same degree of accuracy.  

S p e c i a l  Funct ions  

From any a n a l y t i c  f u n c t i o n  f of one complex v a r i a b l e ,  an analogous 

f u n c t i o n  F of s e v e r a l  complex v a r i a b l e s  can be cons t ruc t ed  by an averag ing  

process .  A bas i c  theorem about  t h e  a n a l y t i c  con t inua t ion  of F has  been 

proved by u s i n g  an i n t e g r a l  r e p r e s e n t a t i o n  which i s  a g e n e r a l i z a t i o n  of 

Cauchy's i n t e g r a l  formula.  It has  been shown t h a t  v a r i o u s  c a s e s  of F 

a r e  r e l a t e d  t o  a x i a l l y  symmetric p o t e n t i a l s ,  repea ted  i n t e g r a l s ,  f r a c t -  

i o n a l  i n t e g r a l s ,  mean va l l ies ,  and d iv ided  d i f f  erenccc.  



I n t e g r a l  t ransforms  have analogues i n  s e v e r a l  v a r i a b l e s  which can be 

cons t ruc t ed  by t h e  averag ing  p roces s  mentioned above. Two theorems have 

been proved about  t h e  analogues of Laplaces  and S t i e l t j e s  t ransforms .  

The p r o p e r t i e s  of inhomogeneous mean v a l u e s  and gene ra l i zed  i n t e g r a l  

t ransforms  a r e  c u r r e n t l y  being s tud i ed  i n  an e f f o r t  t o  understand why 

t h e  h ighe r  t r anscenden ta l  f u n c t i o n s  t h a t  occur  most commonly i n  p r a c t i c e  

a r e  a s s o c i a t e d  wi th  a  s p e c i a l  type of weight  f u n c t i o n  i n  the.  averag ing  

func t ion .  

S e l e c t i v e  Disseminat ion of In£ ormation 

The A m e s  S e l e c t i v e  Dissemination of Information (SDI) system i s  

c u r r e n t l y  scanning an average of 6500 a r t i c l e s  pe r  week f o r  seventy- f ive  

i n d i v i d u a l  s c i e n t i s t s  w i th in  t h e  A m e s  Labora tory  i n  an average t i m e  of 

26 minutes  of computer t i m e  on an IBM Model 65. Each i n d i v i d u a l  r e c e i v e s  

n o t i c e s  of a r t i c l e s  which may be of i n t e r e s t  t o  him. The SDI system 

au toma t i ca l l y  gene ra t e s  a  persona l ized  KWOC index  based on a l l  a r t i c l e s  

which w e r e  of i n t e r e s t  t o  him du r ing  t h e  p a s t  q u a r t e r .  The gene ra t i on  

of t h i s  KWOC index r e q u i r e s  approximately 1 minute of computer t i m e  p e r  

yea r  pe r  i n d i v i d u a l  w i t h  a  t y p i c a l  number of 60 t o  70 i t e m s  pe r  q u a r t e r  

pe r  i n d i v i d u a l .  Samples of t h e s e  KWOC i n d i c e s  a r e  now i n  t h e  hands of 

t h e  i n d i v i d u a l  s c i e n t i s t s  and we expec t  t o  be g e t t i n g  t h e  u s e r  r e a c t i o n s  

i l l  Llie Llear f u t u r e .  

Research i s  being done i n  t.he a r e a  of automatic  p r o f i l e  en r i ch ing .  

Curren t  i n d i c a t i o n s  show t h a t  it may be p o s s i b l e  t o  i n c r e a s e  t h e  percentage 

nf d e s i r e d  r e f e r e n c e s  s i g n i f i c a n t l y  by e n r i c h i n g  t h e  i n d i v i d u a l  p r o f i l e  by 

i n c r e a s i n g  t h e  number of e n t r i e s  i n  t h e  p r o f i l e  by u s i n g  words i n  t i t l e s  

n o t  a l r e a d y  i n  t h e  p r o f i l e  and u t i l i z i n g  t h e s e  w i th  p o s i t i v e  o r  nega t ive  

weLgllLs clepe~lcl iug upuil Llie u s e r '  s rtspcnse t o  thc documcnto . 
I n v e s t i g a t i o n  i s  going forward t o  s tudy  t h e  e f f e c t  of o rde r ing  t h e  

documents by c a l c u l a t i o n  of weights  a s s o c i a t e d  w i th  each a r t i c l e  and 

d i s semina t ing  o n l y ' t h e  t o p  n based on a v a r i a b l e  cu t -of f  weight.  

P re l imina ry  i n v e s t i g a t i n n s  show t h a t  documents of i n t e r e s t  tend t o  mig ra t e  

t o  t h e  top  of t h e  l i s t  and g ive  a  h igh  o r d e r  of p r e c i s i o n  t o  t h e  process .  



Thi s  imp l i e s  t h a t  t h e  u s e r  may have t o  examine only  a  small  number of 

t i t l e s  and t h a t  a  h igh  percentage  of them w i l l  .be of i n t e r e s t .  t o  him. 

Management Opera t ing  Systems 

For t h e  p a s t  s e v e r a l  months t h e  Management Opera t ing  Systems group 

have been des ign ing  and implementing a  new computer o r i e n t e d  system. 

T h i s ' s y s t e m  i s  designed t o  be compatible  w i t h  c u r r e n t  AEC requirements  

a s  w e l l  a s  t h e  needs of t h e  A m e s  Laboratory.  The accounting., personnel  

and budget programming i s  complete and be ing  run c u r r e n t l y .  Curren t  

developmental work inc ludes  a  follow-up system f o r  purchasing,  maint-  

enance r e c o r d s  systems f o r  eng inee r ing  s e r v i c e s  and a  comprehensive 

commitment r e p o r t  f o r  budget purposes ,  The o v e r a l l  o b j e c t i v e  of MOS 

i s  t o  provide the Labora to ry ' s  t o p  management w i th  a s t rong  d a t a  base. 

and a  r e t r i e v a l  system t h a t  w i l l  permit  an a c c u r a t e  a p p r a i s a l  of a l t e r -  

n a t i v e s  i n  d e c i s i o n  processes ,  and a l s o  c a l l  a t t e n t i o n  t o  a s  many a l t e r -  

n a t i v e s  a s  pos s ib l e .  
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Equipment 

No changes i n  equipment have taken place s ince  t h e  second CDC 6600 
was i n s t a l l e d  l a s t  July .  The basic  6600 configuration is: 

2 - Disc pacs 
I B M  Data Cell  

2 - 6603's 
250 Vis ta  
10 - tapes 
IBM Chip Store 
Paper tape R/P 

2 - 6603's 
8 - tapes 
Remote data  

2 tapes 
2 - 6603's 
9 - pr in t e r s  
3 - card readers 

12 - TTYfs 
5 - 210 consoles 
4 - C a l  Comp' s 
1 - card punch 

Operations 

O u r  computing machines have been operating around t h e  clock with a 
high l e v e l  of r e l i a b i l i t y .  Darn time due t o  hardware f a u l t  run on t he  
order of 3% f o r  6 6 0 0 ~  and 1 1/29 f o r  6600A ( i . e . ,  around 2 1  hours and 
10 hours per month respect ively) .  Preventive maintenance time has been 
reduced t o  4 hours per week, per machine with no noticeable ill e f f ec t s .  
Extra maintenance.time i s  a l l o t t e d  on occasion f o r  i n s t a l l a t i o n  of a time 
consumming hardware modification. 

l i n k  

The operating system i n  use a t  LRL Berkeley on t he  6600's includes 
memory and functional  un i t  diagnostics which a r e  run automatically every 
30 minutes. These diagnostic rout ines  have been over 85% e f f ec t i ve  i n  
detect ing marginal hardware f a u l t s  t h a t  develop i n  t he  memory and funct ional  
un i t s .  



A few job p r o f i l e  s t a t i s t i c s  might be i n t e r e s t i ng .  

# of input cards/job of jobs 

l e s s  than 150 25 
150 - 600 30 
600 - 2000 . 35 
more than 2000 10 

# pages of pr in tout / job q& of jobs 

6 5 l e s s  t h ~ n  50 
50 - 200 20 

200 - 500 10 
500 - 1500 5 
more than 1500 lI2 

# of ' cards punched/ j ob 

l e s s  than 150 
150 - 1000 

1000 - 2000 
more than 2000 

0 
I. 
2 
3 

4 o r  more 

$ jobs. 

Our users a r e  d i s t r i bu t ed  a s  follows: 

Bubble Chamber Physics - 57% 
Spark Chamber Physics - '  1% 
Chemistry - 10% 
Miscellaneous ( ~ i o - ~ e d ,  
Theo. Physics, Magnet Design, 
Engineering Support, Administrative 
work) 14% 

Systems Programming 

An operating.system f o r  t h e  CDC 6600 based, on the  SCOPE 3 system 
Was t r i e d  and subsequently abandoned as  unacceptable t o  meet the  computing 
requirements of the  laboratory.  Some of the  SCOPE f a c i l i t i e s  were made 



a v a i l a b l e  under t h e  LRL Berkeley vers ion of t h e  Chippewa Operating 
System (BKY) . Included were the  For t ran  2.3 Compiler, For t ran  Extended 
Compiler, COMPAS Assembler, and t h e  SCOPE UPDATE system. I n  add i t ion  
a new operator  console d i sp lay  d r ive r  was w r i t t e n  which provided 
improved displays .  

The IBM photo-digi ta l  chip storage device was i n s t a l l e d  a t  t h e  
labora tory .  Prel iminary t e s t i n g  i s  under way and t h e  formal acceptance 
t e s t  period w i l l  follow. 

Data Link t o  t h e  6600 

Some time ago a design was f i n a l i z e d  f o r  providing a remote da ta  
l i n k  t o  the'CDC 6600. The motivation f o r  t h e  l i n k  was prompted by t h e  
need f o r  monitoring experiments and providing t h e  experimentor with 
in fo rna t ion  which could be valuable t o  him while t h e  experiment i s  i n  
progress.  

One of the  ground r u l e s  was t o  provide "nearly" on-line processing by 
t h e  6600 t o  f a c i l i t a t e  control  of experiments without s i g n i f i c a n t l y  
degrading the  t o t a l  6600 performance. 

The i n i t i a l  design  provide^ f o r  a PDP-5 computer, used a s  a da ta  
c o l l e c t i o n  device a t  , t h e  experimental s i t e ,  an i n t e r f a c e  mechanism 
between the  PDP-5 and the  CDC 6600 aild a s igna l  l i g h t .  a t  t h e  6600 
console. When t h e  experimentor wants t o  have a sample of h i s  da ta  
analyzed by a program i n  the  6600 t h e  following sequence of events takes  
p lace .  He pushes a but ton which l i g h t s a l i g h t  a t  t h e  6600. The 6600 
operator  causes a program t o  be loaded i n t o  t h e  6600, t h i s  program then 
makes contact  with t h e  PDP-5, and data  i s  t ransmit ted  from a d i s c  on the  
PDP-5 t o  a d i s c  on t h e  6600, t h e  data  i s  analyzed by the  6600 program 
and some r e s u l t s  a re  passed back t o  t h e  PDP-5. It i s  expected t h a t  t h i s  
might take  place about once an hour and t h e  time spent per  t r ansac t ion  
on the  6600 would be 'of the  order of 2-5 minutes. 

A t  present  t h e  hardware i n t e r f a c e  and software (on t h e  6600 s i d e )  
a r e  being debugged. The hope i s  t h a t  t h i s  f a c i l i t y  w i l l  be operat ional  
by mid May. 

A s imi la r  ' f a c i l i t y  w i l l  be provided f o r  a remote PDP-9. 

Applications 
COBWEB 

The COBWEB Pro jec t ,  a computer-controlled bubble chamber f i l m  
measuring system, containues expanding. Present ly  connected t o  t h e  I B M  
7044 system a r e  th ree  Franckensteins, a measuring microscope, and a scan 
t a b l e .  A number of improvements have been made i n  t h e  programming 
a r e a  dealing with Physics data  checks and system operat ions.  Current 
e f f o r t s  r e l a t i n g  t o  t h e  COBWEB program include decreasing i t s  memory 
requirements, improving segmentation, replacement of IBM's l i b r a r y  
subroutj.nc:s and i n t e r r u p t  system, and t o  provide t h e  f a c i l i t y  %'or t h e  



Phys ic i s t s  t o  more e a s i l y  i n t e r a c t  wi th  t h e  system i n  t h e  a reas  of 
experiment dependent parameters and spec ia l i zed  physics computations. 

Software design work has s t a r t e d  on a t e l e t y p e  mult iplexor which 
w i l l  communicate wi th  t e n  scan t a b l e s .  A small d i s c  f i l e  i s  being 
considered a s  a t o o l  t o  enable t h e  COBWEB system t o  expand func t iona l ly  
without s a c r i f i c i n g  speed. P a r t i c u l a r  a reas  of t h e  program a r e  being 
modified i n  order  t o  e f f e c t i v e l y  u t i l i z e  t h i s  d i s c  f i l e .  

Magnet De sigri 

The genera l  purpose, two dimensional, magnetostat ic  program LINDA 
i s  p r e s e n t l y  being revised  t o  include t h e  c a l c u l a t i o n  of magnetic f i e l d s  
possesing a x i a l  symmetry. 

The design of a  beta-ray spectrometer has been proposed by t h i s  
labora tory .  and extensive computational work i s  being done i n  designing 
t h e  c o i l s .  

The design of  an  e l e c t r o s t a t i c  spectrometer i s  a l s o  being proposed, 
u t i l i z i n g  a novel technique. The f e a s i b i l i t y  of such a spectrometer i s  
being inves t iga ted  and various parameters a r e  being ca lcula ted .  

The optimizat ion of e l e c t r o n  focussing devices such a s  spectrometers 
has  been inves t iga ted  by a j o i n t ' e f f o r t  wi th  t h e  Univers i ty  of Uppsala, 
Sweden. The r e s u l t s  of  t h i s  i n v e s t i g a t i o n  a r e  being published. 

Orbit  S tudies  

Various programs f o r  t h e  ca lcu la t ion  of o r b i t s  i n  an e l e c t r i c  o r  
magnetic f i e l d  have been prepared and a r e  being used extens ively  by the  
184" cyclotron and Nuclear Chemistry Groups. 

A CRT ve r s ion  of t h e  program Transport i s  being prepared which w i l l  
inc lude  on-l ine i n t e r a c t i o n s  using the  CDC 250 consoles. 

Bio-Medical Research 

A P D P ~  computer with d i sc ,  CRT and magnetic tape  has been programmed 
f o r  use wi th  NMR spectrometers.  Programs which s t o r e  on d i s c ,  average 
and d i sp lay  d a t a  were w r i t t e n  and a r e  being t e s t e d .  Programs have been 
w r i t t e n  f o r  t h e  'CDC 6600 t o  ca r ry  out  Fourier  transforms and s p e c t r a l  
decomposition of NMR data .  P D P ~  programs which process 2 channel counter 
da ta  input  v i a  paper t a p e ,  have been w r i t t e n  and a r e  i n  rou t ine  use. 

Radiat ion dosage ca lcu la t ions  were improved. Program KALNAES was 
completed and t h e  ca lcu la t ions  c a r r i e d  out  by program DOSMAP were gen- 
e r a l i z e d .  A program SPRAY was w r i t t e n  t o  compute beam p r o f i l e s  a t  varying 
d i s t ances  from a col l imator .  Programs BRSEC and TVSECS were w r i t t e n  t o  
compute and d i sp lay  t h e  cont r ibut ion  of secondary p a r t i c l e s  t o  t h e  energy 



spectrum of a p a r t i c l e  beam a t  a chosen depth i n  a t a rge t .  

IRK, GASP, F m R ,  DIFEQ,S and other  previously coded programs were 
used t o  process l a rge  amounts of human t r a c e r  k ine t i c s  data.  Computed 
parameters were compared with c l i n i c a l  f indings i n  order t o  es tab l i sh  . 

t h e  diagnostic value of these  programs. 

Donner Pav i l l ion  data on p i t u i t a r y  i r r a d i a t i o n  of d iabe t ics  has 
been coded and placed on a master da t a . t ape  f o r  use with program TIPS 
and MEDPIC. Analysis of t h i s  data  has s t a r t ed .  A boolean f i l t e r  sect ion 
was added t o  the  MEDPIC program t o  permit more general  se lec t ion  c r i t e r i a  
t o  be applied t o  t he  medical records. 

A program was wr i t t en  t o  process data  from a wire spark chamber used 
a s  a medical Gamma-ray camera. . 

Math. & Computing Research 

Approximately f i v e  man-years of e f f o r t  i s  current ly  being devoted t o  
these  p ro jec t s  during FY 1968. It i s  planned t h a t  the  e f f o r t  w i l l  continue 
a t  approximately the' same l e v e l  through FY 1969, and it i s  an t ic ipa ted  t h a t  
t h e  l eve l  of e f f o r t  w i l l  increase t o  approximately seven man-years i n  
FY 1970. 

Work was completed on a paper e n t i t l e d ,  "Transient Diffusion i n  a 
Composite Slab" (UCRL-17607), where t h e  solut ion o f - t h e  d i f fus ion  
equation f o r  two s labs  of d i f f e r en t  materials  of f i n i t e  thickness i n  
contact a t  a plane in te r face  was obtained numerically using a truncated 
eigenfunction s e r i e s  technique. The paper w i l l  appear l a t e r  i n  t he  
In te rna t iona l  Journal of Heat and Mass Transfer. Supplementary t ab l e s  
required f o r  the  solut ion were a l s o  prepared i n  the  repor t ,  "Table of the  
Solutions of a .tan(nx) = -b. tan(arrx)" (UCRL-17608). 

The approximate periodic,  s teady-state temperature of a ro t a t i ng  
nuclear t a r g e t  system was found by solving the  equations f o r  a one- 
dimensional model of the  system by a method s imi la r  t o  t he  one above. 

Work has begun on formulating a non-linear block successive over- 
relaxat.i.on method t o  solve two-dimensional e l l i p t i c ,  quasi - l inear  p a r t i a l  
d i f f e r e n t i a l  equations. Preliminary r e s u l t s  f o r  the  magnetostat ic-field 
equation have indicated the  method t o  be a promising one. 

Mathematical analys is  shows t h a t  s t ab le  control  of s tochas t ic  pro- 
l i f e r a t i o n  of stem-cells may be based on the  probabi l i ty  d i s t r i bu t i on  . 
governing t h e i r  d i f f e r en t i a t i on  and on a desired o r  optimal s i z e  of the  
stem-cell population. Such control  has a simple biological  i n t e rp re t a t i on  
t h a t  includes the  assumption of stem-cell av id i t y  f o r  a mediating sub- 
stance.  



A study of information i n  b io log ica l  systems resu l ted  i n  t he  
conclusion t h a t  transmitted genet ic  information cannot include an 
e x p l i c i t  descr ipt ion of an organism, but may include data with in -  
s t ruc t ions  defining how physical l a w  i s  t o  operate on t he  data. A 
p a r a l l e l  with stored-program computers was suggested, a s  wel l  a s  the  
connection between the  development of an organism and the  i n t e r n a l  
modification of ins t ruct ions .  

Design specif icat ions  f o r  an inexpensive, small-scale, general- 
purpose in te rac t ive  time-sharing system were formulated and implementation 
was begun, Hardware t o  be delivered i n  FY 68 includes a PDP-81 Computer 
with hardware multiply/divide and 8~ of memory, a 500 K-word- disk ,  and 
one console ( teletype-plus 5" storage scope). I n  FY 1969, another 
PDP-81, disk,  and four consoles w i l l  be added; one of the  design c r i t e r i a  
i s  su f f i c i en t  modularity t o  f a c i l i t a t e  the  addi t ion of t h i s ,  and possibly 
other ,  hardware. Somewhat analogously, t h e  basic  s t ruc ture  of the  so f t -  
ware i s  s u f f i c i e n t l y  modular t o  provide simultaneous (time-shared) support 
of several  d i f fe ren t  applications.  A t  present ,  only one appl icat ion,  a 
modified Culler-Fried System, i s  i n  the  f i n a l  design s t a t e .  

The hardware has been se lected with extreme r e l i a b i l i t y  i n  mind. 
An attempt i s  being made t o  provide software which i s  equally r e l i a b l e  
by providing individual  users with a powerful common language (which i s  
in te rpre ted  by the  system), ins tead of d i r ec t  access t o  the  computer. 

The programming language BLIMP  i it and LIs t  Manipulating ~ r o c e s s o r  ) , 
user-designed data  s t ruc tures  such as  t e x t ,  l i s t - s t r uc tu r e s ,  numerica 
data,  and, i n  pa r t i cu l a r ,  sub-words or  f i e l d s ,  was designed and implemented. 
This language i s  a var iant  of ~ 6 .  It has been used f o r  wri t ing a compiler, 
assembly language t r ans l a to r ,  and an inventory report  generator. BLIMP 
programs a r e  compatible with FORTRAN rout ines  on t he  subroutine l eve l ,  
thereby g r ~ v i d i n g  access t o  t he  resources of FORTRAN without t h e  burdening 
overhead of an embedded a lgebraic  t r ans l a to r .  

A study was made of the  numerical solut ion of t he  Laplace equation i n  
a two-dimensional, simply-connected, bounded domain subject  t o  boundary 
conditions of t he  f i r s t ,  second, o r  t h i r d  king. A program w a s  developed 
which obtains t he  solut ion by approximating the  given boundary values i n  
t h e  least-squares sense with a l i n e a r  combination of harmonic polynomials. 

For a computation which consis ts  of a simple a lgebraic  transformation 
on two var iables ,  i t e r a t e d  many thousands of times, a method was developed 
f o r  analyzing t he  propagation of e r ro rs ,  including perturbations of t h e  
i n i t i a l  values of the  var iables ,  a s  wel l  a s  round-off e r ro r s  which occur 
during the  i t e r a t i on .  

The f i r s t  phase i n  t h i s  development was t he  programming of a s e t  of 
mult iple-precision floating-point  i n t e r v a l  ar i thmet ic  rout ines .  



When these multiple-precision routines were applied to the iteration, 
it was found that the interval 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 ~itting" (UCRL-17659) was written to describe the process in more 
detail. The report "~umerical 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 O F  COMPUTER ACTIVITIES 

AEC COMPUTER INFORMATION MEETING 

LOS ALAMOS SCIENTIFIC LABORATORY 

MAY 20-21, 1968 

STATUS O F  EQUIPMENT 

Since the November 1967 meeting a t  Brookhaven, a fou+th CDC 6600 computer 
has  +been installed. The sys t em i s  s imi l a r  in configuration to  the f i r s t  t h ree  
and i s  now operating a t  a high effective use  r a t e  along with the others .  The 
i i r s t  of two CDC 7600's is scheduled for  delivery in  the f i r s t  qua r t e r  of 
F. Y. 1969. 

The Librascope Disk F i l e  and the IBM Photo-digital Store a r e  being integrated 
into our OCTOPUS equipment configuration. ' Prac t i ca l  usage should occur  a t  
any t ime now. 

The SDS Sigma 7 and Sigma 2 computers  siated for  graphics  work were  del ivered 
in January  and the equipment complement is now complete. The graphics  t e r -  
minals being built by Information International Incorporated a r e  on schedule 
and should be delivered by the end of F. Y, '  1968. 

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

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

PROGRAMMING 

The new 6600 t ime-shar ing  sys t em called FROST h a s  proven t o  be considerably.  
bet ter  than the older  program.  The programming fo r  the PDP-6  portion of 
OCTOPUS i s  being used for  per iods which a r e  increasing daily. Good p r o g r e s s  
i s  being made on the diagnostic p r o g r a m  which will be  an  integral  pa r t  of the  
final OCTOPUS system. 

The t ime-shar ing  graphic programming i s  proceeding quite well and i s  coded 
and in the check-out s tages.  Final check-out can  only be completed when the 
graphic t e rmina l s  a r r i v e .  

LRLTRAN, a modified and updated vers ion  of FORTRAN 63, has  been imple-  
mented in itself. This i s  generally r e f e r r e d  to a s  a FORTRANED-FORTRAN. 
It i s  now working and in  constant use.  A s imi l a r  effort i s  being made to 
wri te  P L /  1 in P L /  1. In addition, COBOL i s  being written in LRLTRAN and 
a conversational LRLTRAN i s  being developed for  use  on the OCTOPUS t ime-  
sharing sys t em part icular ly oriented to  the teletype station. 

rii~rnerically controlled machine tool. group 'is implementing A P T  IV on 
t h s  6600. In the nea r  future,  we intend to  have a conversational APT and a 
graphical APT. 

Apri l  24, 1968. 



Computer Activity Report 

Los Alamos Scient if ic  Laboratory 

Mw 1, 1968 

Central Computer Fac i l i t z  

The Central Computer Faci l i ty  (CCF) now uperates 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 FoUcner, 

group leader. C-3  CCF Plant and Hardware Support - Chester Kazek, Jr., group 

leader. C-4 Scient if ic  Applications Services- Roger Lazarus, acting group leader. 

C-5 S t a t i s t i c a l  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, al ternate & CADP off ice  with Edward Voorhees and,Jack Worlton camprise this 

new division. The following computing systems are operated i n  the CCF building: 

1 )  Two IBM Model 7094-1 

2) One IEMModel 7030 (s t re tch)  

3) Three CDC Model 6600 

4) Two IBM Model 1401 

5 )  One GE Model 225 

I n  addition, the CCF contains an off-line Stromberg-Carlson Model 4020, a CDC 

Model D280 ( f i lm recorder and griqhics termind) on-line t o  one of the 6600 systems, 

and a CDC Model 3691 (paper tape reader and punch) on-line t o  another 6600 system. 

The three 6600's will be coupled through a 500K ECS (scheduled t o  arr ive in M a y ,  

1968) and naw share 22-607 tape drives and three 6638 disk f i l e s .  

The following items of additional hardware are being obtained with procurement 

s tatus as indicated: 

1) A fourth 6600 with 128K memory on ren ta l  basis  with option t o  buy. 

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



2) 128 channel multiplexor (project MUX) t o  interface d i rec t ly  with one of the 

6600 ' s in  the CCF. The multiplexor i s  being b u i l t  by Group P-1 i n  LASL' s 

Physics Division and i s  expected t o  be completed i n  June, 1968. Designed 

for  great f l ex ib i l i ty ,  the  multiplexor w i l l  allow te rminas  from TTY's 

t o  smal l  computers with a maximum transfer  r a t e  of 2400 bits/sec. The 

software i s  being done by LASL. 

3) A CDC XX) User Terminal t o  be placed i n  the new physics building is 

scheduled t o  arrive in  November, 1968. This terminal w i l l  consist of 

an en t ry /d i sp lv  s tat ion ( a  CRT display and keyboard), a card reader, 

and a printer .  This w i n  interface w i t h  one of the 6600 systems using 

the IMPORT/EXPORT remote batch sofiware. . 

The CCF operation i s  on a 24-hour, 7-daysa week basis  and involves about 75 

employees i n  Group C-1. The operation of the major computers i s  s p l i t  between three 

independent s tat ions with the I/@ gear for  the 6600's organized t o  operate as a 

single station. This decentralized operation has proved t o  be quite satisfactory, 

The software used i s  i n  aJ.l cases the manufacturers' with many l o c a l  modifications 

and extensions, The f irst  phase of the MUX software, which is being developed by 

Group C-2, i s  expected t o  be ccmpleted i n  June, 1968. 

The three 660o's w e  operating t o  general sat isfact ion and running a t  about 

qD$ of capacity with an average efficiency of about 9N. If one excludes scheduled 

maintenance the averqe  efficiency figure goes t o  9%. Oriented toward processing 

short jobs during prime s h i f t  and long production jobs during the l a t e  sh i f t s  and 

weekends, the three 6600's are currently processing approximately 1000 jobs per day. 

The other three systems together process about 300 jobs per da~r. 



MANIAC Faci l i ty  

Since last reported, MANIAC I1 memory has grown t o  t)OK with ins ta l la t ion  of 

the second half of the Fabritek memory and incorporation of the  old 1 6 ~  core memory. 

A f'ull-word ( 48 b i t )  instruction format i s  now used. Recent improvements include 

ins ta l la t ion  of a 240 chmacter/second punch and a new 1500 lines/minutes pr in ter .  

Software experiments are currently underway concerning use of the 1 6 ~  memory (and 

the disk) i n  a "resident" 1-0 and service system. 



AEC COMPUTING AND APPLIED MATHEMATICS CENTER 
Courant I n s t i t u t e  of Mathematical Sciences 

New York Universi ty 
New York, New York 10012 

AEC COMPUTER INFORMATION MEETING 

Los Alamos, New Mexico 

May 20-21, 1968 

I. Computer Operations and Ac t iv i t i e s  

A.  New Features Added t o  the  Operating System 

During the  pas t  s i x  months, 14 ed i t ions  of t h e  

system tape were released; these  ed i t ions  contained new 

fea tu re s  as  wel l  a s  improvements and correct ions  t o  the  

operat ing system. The new fea tu re s  include: 

Null f i l e s ,  MTR r e l ea se  equipment func-t;ion, 

DSD* and typeins,  con t ro l  po in t  I D  r e s t r i c t i o n s ,  t rapping 

of program s top  in s t ruc t ion ,  a new X J D  program, new EXIT, 

C X I T  and FIN cont ro l  cards, CDC 3637A and 863 drum incor- 

porated, new u t i l i t y  rout ines  READ CM and READ CP and 

toggle  c e n t r a l  processor ( t o  f a c i l i t a t e  t e s t i n g ) .  

The rout ine  X J D  warrants some f u r t h e r  commentary. 

The system was modified t o  allow a program t o  request t h a t  

an exchange jump be executed t o  a smaller  program within 

i t s  f i e l d  length.  This i s  p r imar i ly  f o r  use by the  SHARER 

time-sharing system, but  may be used by any program. The 

request ing program provides an exchange jump package and 

ind ica tes  a time l i m i t  f o r  t he  subprogram t o  which the  exchange 

jump i s  made. MTR checks t he  f i e l d  length  f o r  v a l i d i t y  and 

re loca tes  the  reference address of the  exchange jump package. 

MTH executes.  t he  jump i n s t r u c t i o n  and then monitors RA-t-1 of 

the  subprogram. If an e r r o r  occurs i n  t he  subprogram o r  i t s  

RA+1 becomes non-zero, MTR exchange jumps back t o  the  main 

program. 

B. Improvements and Corrections t o  the Operating System 

Chippewa compiler re leases  were maintained. 

Version 63 of RUNJUN was made the  nominal compiler. 



It exhib i t s  g r e a t l y  improved object  code e f f i c i ency  

p a r t i c u l a r l y  i n  DO-loop processing. Other improvements 
include improvements to: 

OUTPTC, NUMBER ( p l o t  package numerical ou tpu t ) ,  

DMP, REL, l B J ,  lFT, lRT, 1SJ and o ther  rou t ines .  

C. Projects  Currently Being Developed 

1) S N O B O L ~ .  We have been experimenting with and working 

on various versions of t he  "SNOBOL~" system supplied by 

Stockton Gaines of I D A .  We have succeeded i n  i n t e g r a t i n g  

''SNOBOL~" i n t o  our cur ren t  SCOPE 3.1 system and have reported.  

various e r r o r s  t o  I D A .  

2 )  CDC 6676. We have been concerned with t e s t i n g  our 

CDC 6676 te le type  mult iplexer.  A t e s t  program was wr i t t en  
which has revealed some d i f f i c u l t i e s  i n  using t h e  multi-  

p lexer  i n  t he  manner which we were exploring. 

31 SCOPE 3.1. We a r e  planning t o  switch over t o  the  

SCOPE 3.1 operat ing system a s  our s tandard production system 

sometime i n  the  F a l l  of 1968. For t h i s  reason an increas ing 

amount of a t t e n t i o n  has been given t o  SCOPE 3.1. We a r e  

cu r r en t ly  running the  SCOPE 3.1 system f o r  about one hour each 

day. (After  l ea rn ing  of Berkeley's problems, we a r e  reviewing 

the  S COPE probls111. ) 
D. Programming Research A c t i v i t i e s  

1) SIIARER - Time Shai-ing Systern. 

Debugging of the  time shar ing system seems t o  be 

near ly  a t  an end. The system i s  cu r r en t ly  running o n a  

regu la r  production bas i s .  No f a t a l  e r ro r s  have been 

encountered f o r  severa l  weeks. Several  of the  u t i l i t y  

rout ines  s t i l l  have problems, bu t  these  a r e  minor and loca l .  

2)  Remote Batch Processing. 

~ommunication has been success fu l ly  es tab l i shed  with 

four  remote terminals:  

(a )  IBM 1130 i n  Troy, ~ e w  York, f o r  R.P.I. 

(b)  Univac DCT 2000 i n  Weston, I l l i n o i s ,  f o r  National 

Accelerator  Lab. 



( c )  Univac DCT 2000 i n  Texas f o r  Southwest Center f o r  

Advanced Studies.  

(d )  CDC 3100 i n  Idaho F a l l s  f o r  P h i l l i p s  Atomic Energy 
Division. 

I n  each case, job input  has been received from the  terminals ,  
processed i n  the  CDC-6600 and output has been returned t o  

the  terminals ,  The in t e r f aces  ,of each of these  terminals  

has been matched by subroutines running on our DDP-116 

computer as  was i n i t i a l l y  intended. The present  scheme can 

only handle one terminal  a t  a time. A next s t e p  a l ready 
i n  progress i s  t o  provide se rv ice  simultaneously t o  severa l  

terminals.  

3) Syntax Directed Compiling ' 

( a )  Syntax-directed For t ran  statement 'checker has been 

completed and i s  being pu t  i n t o  the  time sharing system. 

This work i s  described i n  a repor t  NYO-1480-85. 

(b )  A Fortran syntax d i rec ted  compiler i s  being developed 

ca l l ed  P F ~ T R A N .  Several  ' s t r a t e g i e s  have been invest igated 

including cont ro l  macros and automatic syntax analys is .  

4) Algebraic Manipulation 

Symb66, the  a lgebraic  manipulator, has been extended 

and revised.  A r epor t  has been w r i t t e n  and w i l l  be issued 

a s  NYO-1480-88. The package of rout ines  t o  do tedious 

a lgebra  i s  now being put  i n t o  the  time-sharing system. 

5) Sharer - SCOPE 3.1 Version. 

Sharer  i s  being converted t o  run under SCOPE 3.1. 
Coding t o  implement X J D  and the  6676 mult iplexor d r ive r s  

has been wr i t t en  and appears t o  be working. Coding t o  

modify LOD and LDR t o  accept  a dummy RA and FL has been 

w r i t t e n  and i s  i n  good shape. Sharer 2 has been modified 

t o  compile under For t ran  2.3, t o  use t he  overlay f e a t u r e  

r a t h e r  than t h e  chain fea ture ,  and t o  use LOD and LDR 

ins tead  of CLL and C I S .  The extended CIO c a l l i n g  sequence 

w i l l  a l s o  be accepted. 



6 )  Lisp 66 - Scope 3.1 Version 

A number of modifications have been made t o  ~ 1 ~ ~ 6 6  
t o  enable i t  t o  run under Scope 3.1. It has been rewr i t t en  

i n  Compass, and bas ic  subroutines have been replaced by 
macros. This, together  with some streamlining of the  

i n t e r p r e t e r ,  has given a f ive- fo ld  increase  i n  execution 

speed, making it c.omparable with Texas LISP. Certain 

o ther  improvements i n  t igh ten ing  up the  code i n  the  a rea  
of I/O, s torage a l l oca t ion ,  and the  evaluat ion of arguments 
could y i e ld  a f u r t h e r  two-fold o r  three-fold  increase  in 
speed. 

11. Applied Mathematics and Mechanics 

A.  Fluid Mechanics 

1) In one space and two space var iab les  s t a b i l i t y  was proved 
when the  analogolls mesh refinement i s  performed along a 

coordinate l i n e  .along which the  da ta  i s  generated by i n t e r -  

polat ion.  Calculations i nd i ca t e  t h a t  t h i s  technique i s  an 

e f f i c i e n t  method f o r  Lmproving accuracy i n  regions of s p e c i a l  
i n t e r e s t  while preventing new inaccuracies of the  in te r face .  

2 )  A c l a s s  of e f f i c i e n t  methods was found f o r  so lu t ion  of 

the  Navier-Stokes equations. Applications were made t o  
problel~ls of f in i 'be  arr~plitude i n s t a b i l i t y  and wave number 
s e l ec t ion  i n  thermal convection. 

3) A c l a s s  of geophysical dynamos which can be s tudied 

numerically was s t a r t e d  i n  connection with the  problem of 
t h e  o r ig in  of t he  e a r t h ' s  magnetic f i e l d  and motion i n  the  
e a r t h  s core. 

4 )  A paper on the  r e s u l t s  obtained concerning the  so lu t ion  

of the  flow i n  t h e  t ransonic  region occurring i n  the  two- 
dimensional detached shock problem was accepted f o r  publ ica t ion 

i n  the  CPAM. Further  app l ica t ion  of the  method t o  smooth 
a i r f o i l  flow and t o  models from plasma physics a r e  being 
pursued. 



5) The method of complex characteristics is used to 

compute the flow past an axially symmetric blunt body behind 

an analytic bow shock wave in supersonic flow. From the 

theory we know that locally we can expect a solution when 

the shock is non-characteristic. Our problem is to compute 

flows at low Mach numbers and to study the effect of the 

shape of the shock on the flow. 

6) Numerical solutions to the time-dependent equations 

of hydrodynamics have been obtained for a system undergoing 

period motion with finite amplitude. 

7) The determination of finite difference solutions to two 
distinct classical free boundary problems, Riabouchinsky flow 

and the vena contracts model, are being studied for both 
plane and axially symmetric geometries. 

B. Numerical Analysis. 

1) A new characterization of the standard relaxation 

method for solving elliptic ,problems was found and applied 

to fluid flow problems. Work also was begun on the problem 

of the influence of round-off error on the stability of 

nonlinear hyperbolic difference equations. 

2) A study of the solutions to a two-point boundary value 
problem for a set of ordinary differential equations has 

been started. 

3 )  Work continued on IMPROVE, a small fluid dynamics 
code Cum- LIle iiuiiierical solution of a, cylindrically 

symmetric implosion problem with initial conditions. 

4 )  Convergence of a variable metric minimization method 

in which the metric is changed by a matrix of rank one at 

each iteration was proven for a wider class of functions 

than quadratics. 

5) A general theory for stable difference approximations 
was developed for the initial-boundary value problem for a 

hyperbolic system with constant coefficients Fn the quarter 

space x z 0, t 3 0. 



6 )  Work was continued on a l t e r n a t i n g  d i r e c t i o n  methods. 
C. Other Applications. 

1) St resses  have been obtained i n  can t i l eve r  p l a t e s  subjected 
t o  surface  pressures and shear  fo rces  along the  edges. 

2)  Additional numerical r e s u l t s  have been obtained f o r  t h e  

buckling of sphe r i ca l  s h e l l s  subjected t o  uniform ex te rna l  

pressure.  

3)  A study of wave d i f fu s ion  was s t a r t e d  using methods 

previously developed f o r  wave propagation i n  s o l i d s  and f o r  
long i tud ina l  impact of a  Maxwell v i s o e l a s t i c  rod. 

4 )  A computational s tudy t o  obta in  numerical evidence of 

the  ex$s%*n&&!,of per iodic  so lu t ions~was  made of Duffing's 

equation' -which describes t he  motion of v ib ra t i ng  systems. 

5) Monte Carlo so lu t ion  of t he  many-body Schrodinger 
equation was appl ied  t o  t e s t  systems of ( a )  t h r ee  p a r t i c l e s  with 

gaussian in t e r ac t ion ,  and (b )  one-dimensional bosons with 
per iodic  p o t e n t i a . 1 ~ .  Using a  s t a t i ona ry  energy p r inc ip l e  g r e a t l y  
decreased computation t i m e f o r  the  former. F o r  the  l a t t e r ,  with 

a  band of frequencies,  s i g n i f i c a n t  but  su rp r i s ing ly  small 

devia t ions  from Bogoliubov theory were found, 

6 )  The methods used f o r  t he  above problems have been adapted 

t o  t r e a t  an ' in te rac t ing  Bose f l u i d  wi th  Lennard-Jones po ten t ia l s .  
It was concluded t h a t  per iodic  boundary condit ions a r e  more 
r e l i a b l e  f o r  infini te-body simulat ion than an equivalent-f luid 
boundary po ten t i a l .  
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PROGRESS REPORT 

Engineering Research Laboratory - CIMS 

D~~r iny ;  t11:Ls repol-tint; perlod t h e  I3nf:ineerin.g Research 
Laboratory has continued i t  s research i n i o  computer systems 
and added two pleces  of per iphera l  equipment t o  the inventory - 
.a Motorola 200 l i n e  per  minute p r i n t e r  and a Soroban Engineering 
1000 card per  mi i~ute  reader.  I n t e r f a c e s  using Honeywell S-Pac 
l.ogic were assembled and a nwnber of programa were w r i t t e n  t o  
i n t e g r a t e  the  p r i n t e r  and reader  i n t o  the  e x i s t i n g  system. The 
i n t e r f a c e  u n i t s  f o r  the  P o t t e r  Line P r i n t e r  and the . two 201 data 
s e t s  have been r e b u i l t  on a modular bas i s .  

Another i n t e r f a c e  was designed and b u i l t  t o  enable the  
DDP-516 computer$' I/O t o  opera te  on the  same vol tage  l e v e l s  a s  
the  DDP-116 computer. This work w i l l  enable the  Laboratory t o  
have ava i l ab l e  two racks  o f d i n t e r r a c e  equipment t o  which a DDP- 
516, o r  DDP-116 o r  both can be connected v i a  the  I/O bus of e i t h e r  
computer. 

Time has been spent  i n  software experimentation wi th  the 
d i sp lay  u n i t  on the  516. A program displaying memory i n  r e a l  time 
was w r i t t e n  and has proven t o  be a very u s e f u l  t o o l  i n  debugging 
o ther  software . 

I n  November a course o n ' t h e  theory and maintenance of the  
Cal-Comp 565 P l o t t i n g  System was at tended.  The information and 
techniques obtained from t h i s  course a r e  proving q u i t e  valuable 
i n  keeping the  system owned by the  Computer Center opera t ing with  
almost no down t i n e .  . 

2. REMOTE ACCESS 

The fol lowing remote terminals  have been success fu l ly  
made opera t iona l  a s  I/O devices of our CDC-6600 computer: 

1. IBM-1130, a t  Rensselaer Polytechnic I n s t i t u t e ,  
Troy, New York. 

2. DCT-2000, a t  National  Accelera tor  Laboratory, 
Weston, I l l i n o i s .  

3. DCTd2000, a t  Southwest Center f o r  Advanced Studies ,  
Dallas, Texas. 

4. CDC-3100, a t  P h i l l i p s  Petroleum, Idaho F a l l s ,  Idaho. 



The Soroban Card Reader, Potter Printer, 201 data set 
and DDP-516 have been integrated into a system to be used 
as an experimental remol;e. Through the use of such a system 
efficient data transfers can be developed.t? utilLzed the 
speed of the data communications networks. Experience gained . 
by the system should provide specifications for future systems, 

. . . . . . 

A Western Union GSA teletype terminal and computer data 
set for our 1-16/6600 !Sharerw System has been delivered and 
connected. Thfg 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-~~~/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 of 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 circuit 
logic boards purchased from Honeywell and special boards design- 
ed and constructed at the Engineering Research Laboratory. 
The standard boards used are the U-Pac 5 mc family, as contrasted 
with the S-Pac series employed on the existing DDP-116/~~~ 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 in 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 is 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-pair cable and B) drive 
the pulse amplifiers.required to present the 6600 with a trans- 
former coupled input. .The final design utilized the stored charge 
in a back-biased zener.diode operating below the Zener voltage 
to maintain the constant input impedance required for proper 
+finnination of these signals. 



i Our experience with remote users connected to the 1 DDP-116 via 201 data sets (over lroicegrade telephone lines) 
; has indicated the need for bulk storage. at the 516 .in order 
i I to lower the rate at-which the 6600! wlll be required to 
I service this machine. Therefore an investigation has been 
! undertalcen into the relative characteristics of inexpensive 
i disk and drum systems suitable for use with the 516. 
1 .  . . 

.4. GRAPHICS I/O 
I 

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

The Rho-Theta transducer is an analog device consist- 
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 input information from a drawing. 
The device is of medium resolution, 0.040 inches over a sector 

' of 100 degreesSby 10 inches, costs under $1200.00 excluding 
A/D converters. 

The Track Ball is a .cursor positioning device on a 
CRT screen. Biaxial rotation of the ball is resolved by 
shaft encoders and the analog or digital output is used for 
positioning a cursor on a computer-generated display. 
Resolution is one pulse per 0.03 inches with 350 pulses per 
: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 
constwcted. The.device consists of a vertical plate with two 
!viewing apertures. One aperture is shut and the other is 
;opened alternately by a rotating disc. Two images which vary 
islightly in perspective are triggered alternately on a CRT 
jscreen. Successive views of one image with the left eye 
and the other image with the right eye will appear as one 

:image with.the dimension of depth. Teseing of this device 
iie still required. , .  . * 

I 
I 
1 
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Computer Operations 

The ORNL Computing Center continues t o  operate an IBM 360/75 

and Control Data 1604-A on a batch mode bas i s .  Both computer systems 

m e  e s sen t i a l l y  saturated,  the  360175 operat ing.  around t he  clock, seven 

days a week and t h e  1604-A around t he  clock, s i x  t o  seven days a week. 

Figure 1 shows the  work load on both computer systems a s  measured by the  

number of jobs submitted, while Figures 2 and 3 show t h e  productive hours 

and downtime experienced by t he  360/75 and 1604-A respect ively .  

No changes in  computing equipment have been made since the  

l a s t  Inforruation Meeting and complete descr ipt ions  of t he  computer con- 

figurat,j.ons have been made i n  e a r l i e r  s i t e  repor t s .  Some comments UII 

operating experience during t he  l a s t  s i x  months, however, seem t o  be i n  

order.  

The CIlC 1.604-A and 160-A computers completed t h e i r  f i f t h  year 

of service i n  February, 1968, and continue t o  give good, r e l i a b l e  performance 

D ~ r i n g  t h e  repor t  period, a l l  seventeen magnetic tape dr ives  (CDC 606's, 

fourteen of which a re  s e r i a l  number 50 o r  l e s s )  underwent an "overhauling" 

program which resu l ted  in  noticeable improvement i n  tape performance. 



Because of t h e  turnaround time (two t o  th ree  hours f o r  jobs running 5 

minutes or  l e s s )  on these  computers, they a re  u t i l i z e d  heavily by those . 

users  who have shor t  running.production codes or  who a re  making debugging 

runs on new programs. 

The IBM 360/75 completed i t s  second year of operation i n  March 1968 

and appears t o  have s e t t l e d  down t o  a r e l i a b l e  l e v e l  of performance.' The 

alarming increase i n  down time reported a t  t h e  l a s t  meeting has bee11 

reversed by revised preventive maintenance po l ic ies  on t he  par t  of IBM. 

The current  PM schedaile c a l l s  f o r  8 hours of maintenance every Saturday 

and 2 hours every Wednesday ( i f  needed). The ORNL machine i s  s e r i a l  number 

J'and., as one of t he  e a r l i e s t  75's ,  was t he  object  of much pioneering 

e f f o r t  i n  t he  area  of engineering changes. This a l so  contributed t o  t he  

down time mentioned i n  t he  l a s t  r epor t .  IBM has, however, a l t e r ed  t h e i r  

policy i n  t h i s  matter ( a t  our request )  so t h a t ,  as  f &  as  possible,  no 

engineering changes a re  made t o  t h i s  system t h a t  have not been f i r s t  

i n s t a l l e d  and checked elsewhere. These two changes i n  procedure have 

apparently been successrul  i n  reducing down time and i n  acheiving t he  

IBM goal  of making t he  machine avai lable  t o  OWL fo r  600 hours per month o r  

b e t t e r .  

The 360/75 i s  current ly  being operated with Version 13 of t he  

Operating System and the  FORTRAN Compiler from Version 14, with input/  

output ~md.er.  the  control  of t he  HASP  o oust on Automatic Spooling p r i o r i t y )  

System. The HASP system provides b e t t e r  control  over t he  computer operations 

and receives more extensive IBM programming support than .was received with 

the,SPOOL system. A t  t he  present time, t he  HASP system operates th ree  

p r in t e r s ,  two card punches and two card readers -overlapped with problem 



A program computation. The system a l so  allows p r i o r i t y  job scheduling and 

extensive operator communication with HASP v i a  t he  console typewri ter .  . 
Version 1 4  of t h e  Operating System included t he  re-.written version 

of Fortran I V ,  Level H. While t h i s  version of Fortran does correct  a s e t  

of known problems with t h e  e a r l i e r  compiler, a new s e t  of problems, some 

of them not as  wel l  known as  t he  e a r l i e r  s e t ,  .have been discovered i n  t h e  

newest version of t he  compiler. As a r e s u l t ,  some programs' which used t o  

run rout inely ,  are  now f a i l i ng ,  and it has been necessary i n  those instances 

t o  give t he  programmer access t o  the  Version 13 compiler. 

A l l  t he  equipment reported upon a t  t h e  l a s t  meeting has been 

checked out and accepted with t h e  exception of t h e  da ta  c e l l .  This device 

i s  at tached t o  the  360175 v i a  a se lec tor  subchannel on t h e  multiplexor 

channel. In  t h a t  configuration, with t h e  l e v e l  of programming support 

avai lable ,  t he  Data Cel l  has proved unusable fo r  t he  application planned 

fo r  it, i . e . ,  the  loading and executing of load modules from the  da t a  c e l l .  

The problem appears imique t o  da ta  c e l l s  attached t o  Model 75's on something 

other than a se lec tor  channel, but  t h i s  i s  not en t i r e ly  c l e a r .  In view of 

t h i s ,  ORNI: has proposed t o  the AEC t h a l  1l1e Data Ce l l  be returned t o  IBM 

and t ha t  other large  capacity storage devices, e .g . ,  a 2314 Direct  Access 

Fac i l i t y ,  be considered. 

During the  repor t  period, remote hook-up between the  363175 arld 

a SEL 840~ computer located a t  the  Isochronous Cyclotron F a c i l i t y  was com- 

ple ted.  Software fo r  both computers was checked out and the  l i nk  has been 

used success fu l ly - for  remote job submission, with the  option of p r i n t i ng  job 

output a t  the ORNL Computing Center or back a t  t he  O R I C  computer. Routine 

use of t h i s  capab i l i ty  has not yet  begun. 



Three new p lo t t i ng  systems were added t o  t he  Computing Center 

i n  January 1968. A l l  three  a re  made by California Computer Products 

(~a lcomp)  and a re  off - l ine ,  tape-driven systems. One i s  a 765 "Zip 

Mode" P l o t t e r  (11" maximum ordinate) ,  the  second i s  a 763 ,"Zip Mode" 

P lo t t e r  (29 1/2" maximum ordinate) ,  and t he  t h i r d  i s  an 835 Electronic 

D ig i t a l  P lo t t e r  (CRT P l o t t e r ) .  The two pen-and-ink p l o t t e r s  have been 

i n  productive use f o r  some tima while the  CRT p l o t t e r  w i l l  go i n t o  pro- 

duction i n  ea r ly  May. 

Future plans of t he  ORNL computing Center have t o  do primarily 

with a l l ev i a t i ng  t h e  sa turated condition on both computer systems as  wel l  

as  making possible solut ions  of a c l a s s  of problems as  ye t  unattempted. 

Evaluation of t he  s i t ua t i on  ind ica tes  t he  need f o r  the  l a rge s t ,  fastes.1; 

computer del iverable .wi thin  t he  year,  with an absolute minimum of 

reprogramming e f f o r t .  With t h i s  i n  mind, a proposal has been made t o  the  
' 

AEC f o r  the  acquis i t ion of an IBM system/360, Model glK Computer System t o  

be delivered i n  January 1969. 

Systems Pro~ramming 

Extensive changes were made t o  the  ORNL FORTRAN Compiler described 

i n  t he  l a s t  repor t ,  including t he  incorporation of features  of FORTRAN I V  

t h a t  had not been included i n  t h e  language. Known er rors  i n  t he  compiler 

were a l so  corrected.  

A new compiler has been designed fo r  ORNL FORTRAN using a d i f f e r en t  

approach from the  o r ig ina l  version.  The compilation process has been divided 

i n t o  th ree  pa r t s ;  syntax scanning, program optimization and generation of 

object  code. 



The'syntax scanner inputs t he  source program, scans it fo r  

syn tac t ica l  e r ro r s  and produces an i n t e r n a l  representation which can be 

processed e f f i c i e n t l y .  This i n t e r n a l  representation can be considered 

as  a basic  language. 

The program optimizer takes  t he  i n t e r n a l  representation of t h e  

source program and processes it t o  el iminate program inef f ic ienc ies .  The 

object  i n  t h i s  phase i s  t o  produce a code, using t h e  i n t e rna l  representation,  

t h a t  w i l l  have t h e  same e f f ec t  as  t he  o r ig ina l  program, but whose execution 

time w i l l  be reduced as  much a s  poss ible .  

The t h i r d  phase of t he  compiler w i l l  produce object  code from the  

optimized i n t e r n a l  representation.  

It i s  worth noting t h a t  t h e  i n t e rna l  representation i s  a language 

i n  i t s e l f  and t h a t  t he  second and. t h i r d  phases of t h e  compiler ac t  on t h a t  

language. This implies t ha t  languages other than ORNL FORTRAN can be 

processed by phases two and th ree  provided t he  source program can be converted 

i n t o  t he  i n t e r n a l  representa t ion.  

Other a c t i v i t i e s  of system programming personnel include system 

generatton of  new versions of t he  IBM- supplied O S / ~ ~ O  ( ~ p e r a t i n g  system), 

wr i t ing  of rout ines  f o r  system maintenance, al terxbion of some of t h e  

l ib raxy  rout ines  t o  make e r ror  messages more def in i t ive ,  and support of 

t he  following computer languages on t he  360175: F O R T R A N / ~ ~ O  (ORNL FORTRAN), 

FORTRAN I V  H-Level, FORTRAN I V  G-Level, COBOL F-Level and Assembly Language 

F- Level. 



Applications Programming 

In t he  l a s t  repor t ,  the re  was described t he  development of a 

simple programming'language t o  f a c i l i t a t e  t he  use of da t a  analysis  rout ines .  

The language i s .  c a l l ed  ORDEAL (gak Ridge Data - Evaluation and Analysis 

Language) and has now been released f o r  use by i n t e r e s t ed  personnel a t  - 
ORNL. A manual has been wr i t t en  which gives a general descr ipt ion of t he  

language and a cata log of avai lable  procedures f o r  .(;he 360/75. With time 

and knowledge gained from experience, t he  catalogs should be extended. 

csw : rw 
4/29/68 
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INSTITUTE FOR COMPUTER RESEARCH 

THE UNIVERSITY O F  CHICAGO 

Chicago, Illinois 60637 

Summary of Activit ies for  the AEC Computer Information Meeting 

* P a r t  I .  Current  Status of the Multi-Computer P r o j e c t  

Introduction: 

By the cnd of the previous report. period, the project t o  design and .  

build a multi-computer had reached the point where detailed logical design 

*.-:ork was  ,.,vel; advanced. During the cur rent  r epor t  per iod i t  h a s  been 

2os;iblc: tz  w9rk on other aspec ts  of the pro jec i .  We have successfully 

tes ted  a sirrL;llated sys tem,  trying out var iat ions on severa l  i deas ,  and 

vrc a r e  approaching the f inal  design of the new computer .  

h simulator has  been written to simulate the cur rent  revision of the 

new mlil t i-computer on Maniac 111. An assembly  language has  been defined, 

an al;sernbler wri t ten,  and a number of tes t  p rograms  have been written 

and run  on the simulated sys tem.  

The present-design scheme will be modified on the bas is  of our 

experience with the simulated systenl.  The simulator and a 'ssembler  will 
. ... . . .  . . . 

then be updated so  that testing can continue whileLconsiruci;ob:is going on. 
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The Maniac 111 computer lent itself well to  the ro le  of a simulation 

device,  enabling u s  to t e s t  severa l  novel ideas  without making a drastici 

p r io r  commitment to hardware .  

cL. 
" '  

Engineering 

The design of some typical instructions and important hardware  

routines has  been outlined in o rde r  to  determine desirable  control functions 

and  data paths within the interface.  computer.  

A testing p rogram which runs  on the PDP-8  computer has  been 

wri t ten in anticipation of a need for  rapid ' tes t ing of numbers  of identical 

printed circui t  boards.  This  p rogram i s  readily adaptable for  use  with a 

var ie ty  of different printed circui t  boards ,  including commerclal1.y available 

types ,  and can check the operation of d.1 circll i ts  on a 150-pin hoard in a 

few minutes .  An e r r o r  !isting can be produc-d and th- operation of any 

selected circui t  can be rrloritored on a n  asciliuscope . 
. .. 

The scratch-pad memory  regis te r  boards a r e  complete and will be  

tes ted using the PDP-8  p rogram.  The most  suitabls organiza.tion of the 

driving and data- t ransmission circui ts  for this unit has  not yet been deter - 

mined. 

Operating System 

\. 
Work i s  progressing on the operating sys tem.  The f i r s t  vers ion  of 

general  specifications for  t'he s y s t e m  i s  nearing completj.on. A sketch of 

a possible scheme for implementing this version of the operating sys ter t l  i s  



at a s imi lar  stage of development. Included in this  prel iminary design 

is a plan for  an a s s e m b l e r ,  a Basic F o r t r a n  compiler ,  a debugger, and 

an UNCLLL compiler .  

P a r t  11. Resea rch  Activities During the Report Pe r iod  

Research. activit ies within the Institute for  Ccmputer Research  

since the l a s t  p rogress  repor t  a r e  descr ibed in detail in ICR Quar ter ly  

Repor ts  Nos. 14, 15,  and 16. The Table of Contents of each a u a r t e r l y  

Report i s  given below and on the following pages.  Copies of these 

r e p o r t s  a r e  available a s  iong a s  they l a s t .  

Quarter ly Report No. 14 
August 1 ,  1967 

Section I  

A.  Maniac I11 Engineering Activity 

B. The  Man-Machine P ro jec t  (C .  C .  J .  Roothaan) 
. . .  

%. An I~ves t iga t ion  of a Graph Sir~lulattsr Csr i~putcr  (J', dounin 81 

C. Robinson) 

Section I1 

A .  A Bench Mark Cdculat ion f o r  Retr ieval  by C3nflaence of Binary 
Attributes in a Rai~dom-Access  Computer ( G . K .  hdanachcr) 

Section I11 -'. . 
A .  Numerical  Stability in N-  Body I i~ tegra t icns  (R. H .  Mil ler)  



Quarter ly Report No. 15 
November 1 ,  1967 

Section I 

A .  P r o j e c t  Support Activity 

B. The Man-Machine P r o j e c t  (C.  C .  J .  Roothaan) 

C. A U s e r ' s  View of Capabilities (R.  Fabry )  

Section I1 

A. On Simplified Implementations of the EOL Language ( L .  Luka szewicz j 

B. Symmetr ical  Stacks in EOL ( L .  Lukaszewicz) 

C. The UNCLLL Plex-Process ing  Language: P re l imina ry  Design 
Description 11, and Tentative P r o g r a m m e r ' s  Manual (R.  Dewar 
and G.  Manacher) 

Section I11 

A .  Signal-to-Noise Ratio in Fr inge  vis ibi l i ty  M s a ~ u r e r ~ ~ e q t s  with a 
Michelson Stellar IntLrferometer  (3. Miiler)  

. A Scheme for  Studying Astruriorrlical "Sewing" (R. Millcr! 



Quar te r ly  Report  No. 16 
F e b r u a r y  1 ,  1968 

Section I 

A .  P r o j e c t  Support Activity 

B. The Man-Machine P r o j e c t  (C.  C. J. Roothaan) 

C. P D P - 8  I/O Devices (J. Bcurlitl) 

D. P h a s e  Connter and Interface to the P D P - 8  for  an In te r fe rometer  
(J .  Bounin & L. Herzenberg)  

Section I1 

A .  The Linguistic Information Analysis and Retr ieval  Sys tem (S. Herbs t )  

A .  Essent ia l  F e a t u r e s  of Purpos ive  Movements (I?. ;--I. Cre.ellej 

B.  Cybernet ic  P r o b l e m s  of sensor imotor  S t r u c t ~ r t : :  I n l~cdv .c t c ry  
R e m a r k s  and Survey ;.f a Study (P. H. Creene )  

C. Seeking Mathematical  Models for  Skilled 4ct.i orls (I?. 11. Crccnc )  

D. An Aspect  of Robot Control  and Nervous Control  of Skilled Movements 
Coordi.nation of Two Effectors  and T r a ~ s f e :  cf Adaptati.cn . 
(P. H. Greene)  
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)lardwere Systems Research. 

Report on t he  a c t i v i t i e s  of Atomic Energy Commission 1469-~oppelbaum 

F a l l ,  1967 t o  Spring, 1968. 

The FARAMATRIX system received an addit ion i n  t he  form of a  f ly ing 

spot scanner which allows t he  display - a f t e r  t r ans l a t i on ,  ro ta t ion ,  and mag- 

n i f i c a t i on  - of a  quantized version (32 x 32 m a t r i ~ )  of t he  pa t te rn  on an input  

s l i de .  The ove ra l l  system posi t ions  t h e  spot of t h e  scanner within l e s s  than 

dne micros'econd under t he  control  of t he  PARAMATRIX computer and asks t h e  question 

"Is  t h e  transform of a  given output point  on t h e  s l i d e  o r  no t?"  Very s a t i s f ac to ry  

r e s u l t s  have been obtained with t h e  augmented system. 

The TRICOLOR CARTOGRAPH p ro jec t  has s t a r t e d  working on a  l imi ted s c a l e  

and i s  expected t o  be f u l l y  operational  by t h e  end of t h e  summer. It i s  e f f ec t i ve ly  

poss ible  t o  draw complicated outline's - even with mult iple connectivity - and t o  

color t h e  "inside" of t he  zones by indicat ing i n t e r i o r  points with a  l i g h t  pen. 

Besides t he  primary .colors, any combination thereof i s  acceptable. One of t h e  

p r inc ip le  ins igh ts  gained from t h e  project  i s  t h e  e f f i c i e n t  use of a  mult iple 

,track video d i s c  as a storage medium. 

The BANDWIDTH COMPRESSION SCHEME i n  which t he  in te r sec t ion  times of 

a  drawing with scanning l i n e s  a re  stored and then transmitted a t  equal time 

i n t e rva l s ,  i s  wel l  along t h e  way and t h e  reconst i tu t ion of l i n e s  from r e g i s t e r  

infurmation has been cucces s fd ly  demnnstrated, The bandwidth compression scheme, 

f o r  graphical  information has been supplemented with t h e  VISTA pro jec t  i n  which 

t h e  scan r a t e  of a  gray sca le  t e lev i s ion  system i s  determined by t h e  r a t e  of 

change of information content i n  successive frames. A vairiable IrlLegratian time 

display i s  used i n  order t o  g ive  a  steady output. 

The On-Line Fourier Transform pro jec t ,  OLFT, has now entered the  f i r s t  

s tages of experimentation. 1n pa r t i cu l a r ,  t he  Pockels Effect  Chamber has been 

rcceived from. .tohe Westinghouse Space Electronic; Division and has passed i t s  . . 

acceptance t e s t s .  Considerable problems w i l l  have t o  be solved, especia l ly  i n  

t he  area  of def in i t ion ,  con t ras t ,  and lreystoning of t he  charge dis t r ibu t ion  on 

the  KDP serving as a t r ans f e r  memory when i l luminated b y . p o l a i z e d  l i g h t .  The 

choice of adaptive conjugate f i l t e r s  produced by t h e  system i t s e l f  has not y e t  

been c l a r i f i ed :  both calcium bromide c e l l s  and purely e lect ronic  meals are being 

considered. 



Software Systems Research 

Report on A c t i v i t i e s  of AEC 1b69-~e . a r ,  Fa11 ,1967 t o  Spr ing  1968 

The Computer Aided Programming System has  been implemented on., 

t h e  ILLIAC II-DEC 338 system and i s  sow o p e r a t i o n a l .  It makes it p o s s i b l e  

f o r  f lowchar t s  t o  be 'drawn on t h e  DEC 338 and executed d i r e c t l y  w i th in  t h e  

ILLIAC 11. An improved vers ion  of t h e  ILLIAC I1 program i s  be ing  developed 

f o r  t h e  IBM 360 and we w i l l  s h o r t l y  be ready t o  begin t h e  sof tware  i n t e r -  

f ace  between t h e  DEC 338 and t h e  360. 

The PDP-7 t o  which. t h e  DEC 338 is  connected has been t r i te r faced  

t o  t h e  IBM 360 and has been checked out i n  a  hardware sense.  It is  now ... 

p o s s i b l e  t o  communicate between a program running i n  a  p a r t i t i o n  o f  t h e  

Model 50 and t h e  PDP-7. This connection w i l l  be used f o r  t h e  i n t e r a c t i v e  

compiling and edi . t ing software be ing  developed as w e l l  a s  f o r  t h e  remote 

graphics  developments . 
A low-cost remote graphic t e rmina l  i s  i n  a  design and construc-  

t i o n  phase. P a r t  of t h e  d i sp l ay  l o g i c  and D t o  A conver te rs  have been 

cons t ruc ted  and a r e  i n t e r f a c e d  t o  a. scope. A 4~ 1 6 . b i t  memory has been 

rece ived  f o r  t h e  t e rmina l  and has been coupled t o  some l o g i c  f o r  t h e  

purpose of  checking it and prepar ing  t o  , i n t e r f a c e  it t o  t h e  t e rmina l .  It 

has been tcmporar i ly  connected t o  t h e  d i sp l ay  l o g i c  t o  genera te  f i x e d  

p a t t e r n s  on t h e  scope. 

Thc automatic i n t e g r a t i n n  of s t i f f  o r d i n a q  d i f f e r e n t i a l  

equat ions has been improved t o  a  po in t  t h a t  t h e  automatic  i n t e r v a l  c o n t r o l  

and i n t e g r a l  c o n t r o l  work e f f e c t i v e l y  f o r  a l l  cases  considered.  It has 

been used t o  so lve  some problems a r i s i n g  i n  r a d i a t i o n  s t u d i e s  a t  t h e  

Chemistry Department of Argonne National  Laboratory. The input  compiler 

now handles t h e  symbolic input  of t h e  equat ions .  The syrr~bolic d i f f e r e n -  

t i a t i o n  s e c t i o n  i s  be ing  d ~ h i ~ g g e d  as i s  t h e  i n t e r f a c e  between it and t h e  

i n t e g r a t i o n  package. 



Computer Graphics Conference 

NSF. Grant No. GJ-2 

C.  W. Gear 

A succes s fu l  conference e n t i t l e d  "Emerging Concepts i n  Computer 

Graphics" was h e l d  .on t h e  campus of  t h e  u n i v e r s i t y ' o f  I l l i n o i s  a t  Urbana 

on November 6 ,  7 and 8, ,1967. There were 258 e n r o l l e e s  t o  l i s t e n .  t o  papers.  

p resented  by 19  speakers  of whom'6 were from t h e  Univers i ty  of I l l i n o i s .  

The proceedings from t h i s  conference w i l l  b e  publ i shed  by t h e  W. A. Benjamin 

Publ i sh ing  Company, and probably w i l l  be  a v a i l a b l e  i n  l a t e  Apr i l .  

A p roposa l  t o  hold a second conference i n  t h e  similar a r e a  some- 

t ime i n  s p r i n g  1969 i s  now under cons ide ra t ion ,  



NUMERICAL METHODS, COMPUTER ARITWTIC, AND ARTIFICIAL LANGUAGES 

Report on activities under NSF Grant No. GP-4636. 

' Resea.rch in theorem proving resulted in 'the masters thesis, 

"~ome New Results.on Resolution in Automa.ted Theorem Proving" by L. J. 

Henschen, and programming is under way to implement the new algorithms. 

For the use of finite field nodels in polynomial manipulation, 

a set of theorems establishing the validity of the models was proved. 

One subclass of models can be used to check addition and multiplication 

of polynomials, and provides a fast test of divisibility -- if the 
models donf t di.vl.de, neither do the original polynomials. 

The Avizienis symmetric ba.se 2 signed digit a.dder was studied 

stocha.stically to determine the ultimate probability distribution of 

combinations of digits, and the results were used to devise an optimum 
1 

nlgorithm fbr partial normalization (h to 1 in magnitude) of numbers in 
this representation. 

M)L-3 was code-checked' and added to the. PORTHOS system, and has 

been used, for instance, by honors section introductory programming 

students to write simple compilers. M)L-4 is being planned. 
. . 



ILLIAC 111 
Report of A c t i v i t i e s  of 1018 

B. H.  McCormick 

1. Descript ion of Computer System 

Three bas ic  manuals of t h e  I l l i a c  I11 Computer System have 

recen t ly  been issued.  These a r e :  

1) B. H .  McCormick, R .  M. Lansford ( ~ d i t o r s )  , ILLIAC I11 
. PROGRAMMING MANUAL, March 12,  1968. 

2 )  L. A.  Dunn, e t .  a l .  , SCANNER-MONITOR-VIDEO PROGRAMMING 
MANUAL, March 28, 1968. 

3 )  John C.  Schwebel, IBAL MANUAL: The I l l i a c  I11 Basic 
Assembler Language, March 8, 1968. 

These manuals a r e  now ava i l ab le  f o r  general  d i s t r i b u t i o n .  How- 

ever ,  we w i l l  provide update ma te r i a l  only t o  those  individuals  who 

e x p l i c i t l y  request  t h i s  se rv ice  i n  wr i t ing .  

2 . 1  I l l i a c  I11 Simulation 

The I l l i a c  I11 computer i s  being simulated on t h e  IBM 360 a t  two 

l e v e l s .  Most important a t  t h i s  s t age  i.s a s i g n a l  l e v e l  s imulat ion of t h e  

various hardware sub-assemblies. This l e v e l  of s imulat ion i s  necessary 

t o  insure  t h e  i n t e g r i t y  of t h e  I.ogical design and f o r  l a t e r  engineering 

use i n  t roubleshooting t h e  hardware. 

For use i n  software development, t h i s  l e v e l  of s imulat ion has 

F r 6 ~ ~ d  3.rtefficient: t h e  excessive d e t a i l  a t  t h i s  l e v e l  makes t h e  simulator  

unnecessari ly slow f o r  t h e  software development. Accordingly t h e  various 

simulat ion modules a r e  being designed such t h a t  they can be replaced on 

a one-by-one b a s i s  a s  t h e  need a r i s e s  f o r  .a l e s s  d e t a i l e d  simulated module - 
adequate f o r  software simulat ion -' thus  increas ing the  e f f i c i ency  of 

t h e  simulator .  



.Of more genera l  i n t e r e s t  t h e  s imu la to r  of  t h e  P a t t e r n  Ar t icu la-  

t i o n  Unit provides a u s e f u l  t o o l  f o r  t h e  simulatj.on o f  p a r a l l e l  image 

process ing  a lgor i thms.  This  p o r t i o n  of  t h e  s imula tor  c p  be considered 

a successor  t o  t h e  e a r l i e r  PAX i n t e r p r e t e r  developed h e r e  a t  I l l i n o i s  

and now widely used. 

2 .2 Operating System 

2 
2 .2 .1  Image process ing  Package (IP ) 

An Image Processing Package i s  being designed t o  g ive  t h e  u s e r  

in te rmedia te  l e v e l  c o n t r o l  over t h e  ex t ens ive  image process ing  f a c i l i t i e s  

of  I l l i a c  111. I n  a d d i t i o n  t h e  u s e r  w i l i  be given a s s i s t a n c e  i n  using"' 

extremely f l e x i b l e ,  bu t  a l s o  complex, image-processing 1 / 0  devices  of  

I l l i a c  111. 

A t  t h i s  s t a g e  t h e  primary emphasis i s  upon t h e  documentation 

of t h e  language s p e c i f i c a t i o n s .  It i s  a n t i c i p a t e d  t h a t  a pre l iminary  

r epor t  w i l l  be  a v a i l a b l e  d u r i n g ' t h e  second q u a r t e r  1968. 

2.2.2 Telecommunication Processing Package (T?) 

A manual desc r ib ing  t h e  low speed t e rmina l  n e t  o f  I l l i a c  I11 

i s  i n  progress .  This  manual w i l l  i n  format resemble t h e  S-M-V Manual 

r e c e n t l y  i s sued ,  bu t  w i l l  d e sc r ibe  t h e  low speed t e rmina l  devices  of  

I l l i a c  I11 (ASR 33 t e l e t y p e s ,  S e l e c t r i c  t y p e w r i t e r s ,  Linc magnetic t a p e  

u n i t s ,  e>c.) ;  t h e  low speed b u f f e r s  t h a t  provide d a t a  concent ra t ion  and 

t h e  system p rograming  a spec t s  most d i r e c t l y  a s s o c i a t e d  wi th  t h e  mul t ip lex  

operatio11 o r  t h e  low speed t e rmina l  devices .  

2 .2.3 Data Segmentation 

S p e c i f i c a t i o n  o f  t h e  Data Pool o rgan iza t ion  of  t h e  I l l i a c  I11 

ope ra t ing  system has centered  upon two problems: 

1) Development of a n . e f f i c i e n t  mechanism f o r  i n t e r -  

segment l i nkage ,  given t h e  c o n s t r a i n t s  .of m u l t i -  

.programming and mult i -processing.  



2 )  Development of an e f f i c i e n t  a lgor i thm f o r  base . 

r e g i s t e r  and p o i n t e r  r e g i s t e r  a l l o c a t i o n  f o r  a 

2- leve l  address ing  scheme used i n  I l l i a c  111. 

Solu t ions  t o  both problems a r e  a t  hand, and n e i t h e r  appear  t o  

be opt imal  y e t .  A t  p r e sen t  cons iderable  a t t e n t i o n  i s  being given t o  

spec i fy ing  t h e  IBAL-Operating System i n t e r f a c e .  A s  t h e  computer can 

execute micro- ins t ruc t ions  without  software i n t e r v e n t i o n  t h e  so-ca l led  

" imprimit ive i n s t r u c t i o n s "  of  I l l i a c  111-uniform segmentation procedures  

have t o  be s e t  up i f  t h e  assembler i~ t o  e x p l o i t  t h i s  c a p a b i l i t y .  

The PL/1 t r a n s l a t o r ,  l i k e  t h e  IBAL t r a n s l a t o r ,  produces both 

d a t a  segments and procedures segments. A d e c l a r c t i o n  pass  f o r  t h e  PL/1 

t r a n s l a t o r  has been designed t o  genera te  t a b l e s  c l o s e l y  p a r a l l e l l i n g  

those  genera ted  by t h e  IBAL t r a n s l a t o r .  Accordingly as it i s  a n t i c i p a t e d  

t h a t  t h e  PL/l ' t r a n s l a t o r  f o r  I l l i a c  I11 w i l l  bypass i n  t h i s  way apprec i ab le  

in te rmedia te  t r a n s l a t i o n  i n t o  t h e  IBAL language. 

2 .2 .4  Task Supervis ion 

The. d e t a i l e d  working paper i s  being d r a f t e d  by L. Katoh and 

R .  M. Lansford t o  examine t h e  problem of t a s k  superv is ion  f o r  t r a f f i c  

c o n t r o l  i n  t h e  multi-programmed, mult i -processor  system. P a r t i c u l a r  

a t t e n t i o n  has been a t t ached  t o  t hose  po r t ions  of  t h e  system, t h e  so-ca l led  

"firmware" which must be f a s t  and provide adequate i n t e r r u p t  s e rv i c ing .  

A t t en t ion  i s  be ing  given t o  t h e  design o f  a minimal "firmware" system 

which can be expanded wi th  convent ional  sof tware  i n  ou r  evolu t ionary  

manner at a l a t e r  da t e .  

2 .3  T rans l a to r s  

2.. 3.1 IBAL Assembler 

Work on t h e  implementation o f  t h e  IBAL $,ranslator dur ing  t h i s  

s p r i n g  has  centered  on t h e  d a t a  s e t  d e c l a r a t i o n  f a c i l i t i e s .  



The fol lowing f e a t u r e s  of t h e  d a t a  s e t  f a c i l i t i e s  i n  IBAL 

d i s t i n g u i s h  it from PL/1: 

1) A l l  nodes do not r e q u i r e  alphanumeric names. . . 

2 )  Subsc r ip t s ,  bes ides  providing r e fe rences  w i t h i n  a r r a y s ,  

m a y  a l s o  be used t o  r e f e rence  any node i n  t h e  s t r u c t u r e .  

3 )  Condit ional  n o t e s ,  eva lua ted  at execut ion  t ime,  a r e  

allowed. 

4 )  A node m a y  be dec l a red  a s  a v e c t o r  t o  speed up i t s  

access ing  of i t s  subnodes. 

... 

The f i r s t  e d i t i o n  of t h e  IBAL manual was completed and p r i n t e d  

t h i s  q u a r t e r  ( s e e  Sec t ion  1). 

2.3.2 FORTRAN I V  Productions 

Floyd product ions f o r  t h e  syntax  of FORTRAN I V  a r e  now e s s e n t i a l l y  

complete. Er ror  recovery r o u t i n e s  a r e  be ing  devised bu t  have not been 

completed y e t .  

2 .3 .3  PL/1 Trans l a to r  

I n t e r n a l  documents now e x i s t  o f  a d e c l a r a t i o n  pass  used t o  

e x t r a c t  a l l  information from a l l  d e c l a r a t i o n s  ( i m p l i c i t  o r  e x p l i c i t )  i n  

a PL/1 program t o  be t r a n s l a t e d .  I n  p a r t i c u l a r  some 400 Floyd product ions 

have been generated.  

Our success  i n  spec i fy ing  t h e  d e c l a r a t i o n  pass  has encouraged us 

t o  cons ider  s e r i o u s l y  cons t ruc t ion  of  a PL/1 t r a n s l a t o r  f o r  I l l i a c  111. 

This  t r a n s l a t o r  would provide f u l l  d a t a  d e c l a r a t i o n  c a p a b i l i t i e s  of  t h e  

language,  bu t  would i n i t i a l l y  implement only t h a t  r e s t r i c t e d  subse t  o f  t h e  

PL/1 s ta tements  t augh t  i n  our in t roductoqr  Computer Science 101  course.  

2 .4  Experimental Recognition Procedures 

2 .4 .1  Graph Transformation ~ r k a r s  f o r  Image Processing 

We s t rong ly  be l i eve  t h a t  image process ing  w i l l  f i n d  i t s  n a t u r a l  

mathematical express ion  i n  graph t ransformat ion  grammars. I n  p a r t i c u l a r  

-8- 



path-type grammars f o r  t h e  desc r ip t ion  of  images, a s  developed by Narasimham, 

Ledley , Breeding and more. r ecen t ly  and e legan t ly  by Allen Shaw ( s t a n f o r d )  

leave  many conceptional gaps. In  p a r t i c u l a r  t h e  n a t u r a l  language r e l a t i o n s  

of an ob jec t  being wi th in  b o t h e r  ob jec t ,  touching an o b j e c t ,  t o  t h e  l e f t  

o f ,  e t c  . can be formulated on ly  by very a r t i f i c i a l l y  and awkwardly wi th in  

t h e  path-type grammars. 

To t h i s  end John C .  Schwebel and B. H. McCormick a r e  i n v e s t i g a t i n g  

a c l a s s  of graph transformation grammars which would appear t o  be t h e  

minimal mathematical s t r u c t u r e s  which allow t h e s e  n a t u r a l  language concepts 

t o  be expressed in,  a na tu ra l  and elegant  way. I n  p a r t i c u l a r  t h i s  matheluatical 

model has suggested a mode of human experimentation - an image processing 

game - by which ,it may be poss ib le  t o  sys temat ica l ly  e x t r a c t  many of  the  

image processing algorithms used by t h e  human observer. 

James Fornango has a l s o  implemented a va r i an t  of  t h e  ASP 

( ~ s s o c i a t i v e  Stor ing  ~ r o c e s s o r )  language fo r  t h e  IBM 360 /50 .  This 

language can be 'considered a , f i r s t  approximation , t o  c l a s s  o f  t h e  graph 

transformations discussed above. 

2.4.2 Recognition and Reformatting of Text 

The LEFT ( ~ a n ~ u a ~ e  f o r  Edi t ing  and Reformatting ~ e x t  ) has 

been developed such t h a t  t h e  typographical  desc r ip t ion  of  a document 

can be accru-ately d . e s c r i h ~ d  I n  a LEFT desc r ip t ion .  The LEFT language 

accordingly i s  used i n  two contexts:  

1) Given an input document, typographical  recogni t ion  i s  

performed on t h e  document t o  convert it i n t o  an 

equivalent  LEFT desc r ip t ion .  

2 )  Given t h e  LEFT desc r ip t ion  of a document, machine language 

can be generated t o '  con t ro l  t h e  photocomposition o f  t h e  

output document. 



I). 

( 4  

previous languages for typographical description do not allow ' 

one to retain the description of a sentence, paragraph, page or picture 

as analog information (i. e. as a stored video signal). This deficiency 

has been corrected; text recognition can be controlled to any required 

depth and resolution of detail necessary. 

Secondly the description of text to categorize such entities 

as heading, footnote, illustration,.etc. seemingly requires not'just 

the character string description of the text, but also the typographical 

formats as standardized by the printer's style manual. Accordingly we 

view text recognition as first mapping the document into an equivalent 

LEFT description and then processing this string by means of Floyd 

productions in the now-standard procedure. That is, text recognition 

is conceived as proceeding from the full text description - including 
typographical information. 

A report on the LEFT language is now ready for printing. 

2.4.3 Classification Procedures 

We use the term classification procedures to refer to algorithms 

used in work which has been variously termed classification, mathematicall 

numerical taxonomy, cluster analysis, pattern separation, measurement . , 

testing, and even data analysis. 

Classification procedures are an integral part of many levels 

of pattern rccognition. For example we may envision a taxonomic scheme 

which transforms the picture into an abstract graph having symmetric 

relations between graphic elements, and then employs clustering techniques 

.to tr&sfol-m the graph into a hierarchy of syntactj.cally important 

constituents. A literature search has been done in the computer science, 

mathematics, electrical engineering, biology and psychology. Inter- 

disciplinary communication in this area appears very goor. A bibliography 

has been prepared and will be issued shortly. We solicit. those who have 

similar interests to review this bibliography such that revised documents 

caa be issued later. 
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3. DesignIFabrication of t h e  Computer 

3.1 Central  System 
4 

3.1.1 Taxicrinic '  Processors '  

The f i r s t  version of volume one of t h e  TP manual should be ready 

by next quar t e r .  The second volume of t h e  TP manual containing t h e  

con t ro l  sequencing, has been w r i t t e n  as  a f i r s t  rough d r a f t  but  w i l l  not 

be f i n a l i z e d  u n t i l  l a t e  summer. 

Physical  hardware i s  cur ren t ly  being readied f o r  t h e  rewir ing  

of those  sec t ions  of t h e  mainframe which were destroyed i n  t h e  f i r e  l a s t  

year .  These sec t ions  are  described i n  volume one of t h e  TP manual. 

3.1.2 Fast Core Storage Modules 

F i n a l  acceptance t e s t s  were run on our f i r s t  f a s t  (700 nano- 

second cycle t ime)  core memory February 1968. Since i t s  a r r i v a l ,  t h e  

core has completed severa l  e igh t  hour, o f f l i n e ,  e r ro r - f ree  t e s t  runs.  

A s imulator  i s  under construct ion t o  extend t h e  c l a s s  of t e x t  which can be  

performed. The second core module again w i l l  be de l ivered  i n  mid-May 

giv ing us a t o t a l  of 65,000 words of  f a s t  s torage .  

3.1.3 Arithmetic Units 

The d e t a i l e d  l o g i c  drawings of all r e g i s t e r s ,  da ta  t r a n s f e r  , 

paths and major fbnct ional  blocks of  the  AU s t r u c t u r e ,  d is t inguished 

from con t ro l ,  a r e  now l a r g e l y  complete. Wiring t a b l e s  f o r  t h i s  l o g i c  

w i l l  be completed short1.y. Although d e t a i l e d  l o g i c  drawings of t h e  AU 

cont ro l  has not ye t  been done, con t ro l  sequences have been spec i f i ed  

i n  th'e ar i thmet ic  u n i t  s imulator .  

Based upon research  undertaken i n  t h e  developments of t h c  

d iv i s ion  algorithm, a paper has been prepared during t h e  l a s t  qua r t e r  

fo r  submission t o  t h e  IEEE Transactions on Elec t ronic  Conputers. It i s  

e n t i t l e d  "Higher Radix SRT Division i n  t h e  ~ a l c u l a t i o n "  by D .  E. Atkins. 



3 .l. 5 Exchange Net 

Pin ca rd  and r a c k  numbers have been ass igned  t o  h a l f  of t h e  

drawings of t h e  exchange n e t  and t h e  o t h e r  h a l f  should be  a v a i l a b l e  

w i t h i n  t h i s  qua r t e r .  

3.2 110 System: Channel I n t e r f a c e  Uni t s  
. . 

Logical  design of t h e  channel i n t e r f a c e  u n i t  i s  almost done. 

Card arrangements have y e t  not  been s t a r t e d .  A pre l iminary  form of  t h e  

manual desc r ib ing  t h e  .channel i n t e r f a c e  u n i t  has  been w r i t t e n  and 

should be  i s sued  wi th in  t h e  next  q u a r t e r .  

3.3 Pe r iphe ra l  System 

3 .3 .1  Scanner-Monitor-Video Con t ro l l e r  

Control f lowchar t s  f o r  all modes of  ope ra t ion  hzve been drawn 

t h a t  r e f l e c t  t h e  s p e c i f i c a t i o n s  of t h e  r e c e n t l y  publ i shed  S-M-V Programming 

Manual. Work i s  p re sen t ly  being done on t h e  i n t e g r a t i n g  o f  t h e  d i f f e r e n t  

modes and s impl i fy ing  t h e  flow wherever poss ib l e .  Reg i s t e r s  and g a t e s ,  

bu t  not c o n t r o l ,  o f  t h e  S-M-V c o n t r o l l e r  have been wired - b u t  do not  

r e f l e c t  t h e  most r ecen t  design changes. This module on t h e  o t h e r  hand 

w i l l  be  used f o r  i n t e r i m  t e s t i n g  whi le  t h e  new d i g i t a l  l o g i c  i s  be ing  

cons t ruc ted .  

3.3.2 Scanners/Monitors Center 

Prot;otype new L i t ton  cathode tubes  have been i n s t a l l e d  i n  t h e  

scanner  and w i l l  be s h o r t l y  i n s t a l l e d  i n  t h e  monitors.  Def in i t i on  and 

s i g n a l / n o i s e  r a t i o s  i n  t h e  scanner  have been g r e a t l y  improved. 

3.3.3 Video Communication Net 

An ex tens ive  and f l e x i b l e  Video Communication Net i s  be ing  

developed f o r  I l l i s c  111. The n e t  couples t o  t h e  I / O  channels of  I l l i a c  I11 

t o  t h e  scanner-monitor-video c o n t r o l l e r s .  The network permi ts  t r ans -  

mission o f  video over c o a x i a l  cab le s  t o  remote consoles .  Video s i g n a l s  



a r e  t ransmit ted  e i t h e r  f a s t  scan 1536 l i n e ,  15  f i e l d s  per  second o r  

"slow scan 1536 l ine ' ,  1.'25 f i e l d s  per  second". 

Twelve (6  " fas t " ,  6 "slow") monitors have been ordered from 

Ampex as  we l l  a s  t h r e e  dual-rate high reso lu t ion  cameras. These items 

a re  due t o  a r r i v e  February 1969, i n  time t o  be i n s t a l l e d ' i n  s i x  remote 

consoles t o  be b u i l t .  

Videograph P r i n t e r  

Delivery was taken t h i s  pas t  quar ter  of a Videograph P r i n t e r  

giving 8-112 x 11 inch p r in tou t  of t e x t ,  graphs and p i c t u r e s  at 0.8 . 

seconds per  page from facs imi le  input .  A charac ter  generator  under t h e  

same contrac t  w i l l  be de l ivered  next quar t e r  from A. B. Dick. 

3.3.5 Low Speed Terminal Network 

A preliminary design of t h e  low speed buf fe r s  f o r  t h i s  system 

have been completed. This da ta  concentrat ion system provides 256 bytes 

b ins  f o r  t h e  f i v e  monitor  electric typewri ters ;  f i v e  monitor magnetic t a p e  

modules, t e n  ASR 33 t e l e type  s e t s  and associa ted  analog instruments of t h e .  

I l l i a c  I11 computer system. 

3.4 Power Dis t r ibut ion  

The design of t h i s  system i s  now complete and fabr i ca t ion ,  

assembly and wiring has been i n i t i a t e d .  The f i r s t  d r a f t  of t h e  power 

d i s t r i b u t i o n  manual should be completed by mid-sunmer. 

BHM: d j s  
4/22/68 



I L L I A C  I V  

Report On Ac t i v i t i e s  

D. L. Slotnick 

Burroughs has executed i t s  subcontract with Texas ~ns t ruments .  

The terms mirror p rec i se ly  t he  terms i n  t h e  contract  between t h e  Univers i ty  

of I l l i n o i s  and Burroughs. 

The PE design i s  complete. However, implementation w i l l  be delayed . 

by several  months due t o  noise problems t h a t  have emerged with t he  64 p i n  

packages. It i s  hoped t h a t  the 64 p in  packages ( ~ o s s i b l y  e'xpanded t o  84 

pins  t o  permit  providing a separate voltage supply t o  each gate group) w i l l  

prove acceptable f o r  the  PE. It may be necessary t o  r e t r e a t  t o  conventional 

I C ' s  (14 or  16  p in  dual  i n l i n e  packages) i n  the  CU and PE memory. These 

considerations impact schedule and performance and havemade i t  impossible 

t o  complete our rescheduling e f f o r t s  during t h i s  quarter .  It appears c e r t a i n  

now, however, t h a t  during the  next calendar quar ter ,  successful  progress can 

be made t o  p red ic t  accurately the.  impact on cost ,  schedule, and spec i f i ca t ions .  

The over.al1 system design i s  now complete with the  exception of 

t h e .  I O C .  This repor t  contains descr ip t ions  of configuration control ,  i n t e r -  

rup t  control ,  and the  degree of synchronism between quadrants. The diagnos- 

t i c  programming e f f o r t  has been i n i t i a t e d  during t h i s  quar ter ,  and it i s  . . 

expected Iha-t a preliminary de ta i l ed  schedule of t h i s  t a sk  w i l l  be avai lable  

a t  the  end of the  f i r s t  quar ter  of 1969. 

Work on the  t r an s l a to r  wr i t e r  system and source language system 

continue on schedule. A unif ied  approach t o  many problems i n  p a r t i a l  d i f -  

f e r e n t i a l  equations has been i n i t i a t e d  and i s  out l ined i n  t h i s  repor t .  It 

i s  f e l t  t h a t  t h i s  i s  a p a r t i c u l a r l y  important appl ica t ion e f f o r t  and fu tu re  

progreFs repor t s  w i l l  contain summaries of progress as  t he  work develops. 

I n  t h i s  e f f o r t ,  the  help of many people i n  the  community i n t e r e s t ed  i n  l a rge  

mesh calcula t ions  i s  being.enl is ted  t o  achieve a use fu l  de f i n i t i on  of t h i s  

system of programs. 



Service Fac i l i t i e s  

Report on Activi t ies  (Fiscal '  Year, 1967-68) 

H. G. Friedman, M. Foster 

The Service Area of the Department of Computer Science i s  

responsible for  providing the main interface with members of the 

. University of I l l i n o i s '  computer-using community. The area provides 

those services necessary t o  allow usage of the Department's f a c i l i t i e s  

with a m i n i m u m  of waste and a maximum of learning and efficiency. Duties 

of the members in  the area can be roughly divided in to  those tha t  
... 

maintain a continuing service t o  the user on equipment and machines 

presently available t o  the user, and those tha t  develop services 

for the future. Thus, the f i s c a l  'year 1967-68 saw advancement i n  

expanding services offered t o  users of the IBM 7094-1401 complex and 

in  in i t i a t ing  usage of the I B M  360150-75 complex. 

As of July 1, 1967, the Department of Computer science offered 

computing services on the D M  '1094-1401 complex. In August, 1967, 
the stand alone 360/50 became available. The 360/50-75 complex became 

available on January 2, 1968. The Department Consulting and Keypunch 

areas were f ree ly  available t o  users of both computers. Time-sharing 

on ILLUC 11, with the 12 consoles dispersed on the Urbana campus, 

has becn retained u n t i l  such time ac time-sharing becomes available 

on the 360150-75. 

SuP.t;ware ov 'e~r~e~~i;  : 

During the f i s c a l  year the FORTHOS system on the 7094 became 

stable. One major exception t o  t h i s  was the implementation of FORTRAN IV 

wi.t,l.~in PORTHOS. 

The major software e f for t  was on the I B M  360150-75. 

P ~ R T H ~ S  l ibrary routines were recoded for  the 360 library; 

PL$RTS, a time sharing system, i s  being coded; 

Accounting routines were imbedded in  O S / ~ ~ O ;  

A new monthly accounting report program was designed and coded; 

Continual updating of 0~1360 and ASP. was performed . 



Keypunching Service : 

By July 1, 1967, Service Keypunching was an' es tabl ished and. 

success f i l  service offered t o  users  of DCS f a c i l i t i e s .  Due t o  t he  

increased usage of t h i s  service it was necessary t o  expand t h e  service.  

Additional keypunch operators were hi red and an evening s h i f t  was 

added t o  the  day s h i f t .  

Consulting Service : 

In addit ion t o  providing answers t o  any questions involving 

the  7094, ILLIAC I1 timesharing, and the  IBM 360/50-75, the  Consulting 

area continually published documentation fo r  the  users i n  an attempt 

t o  simplify the  information needed by users and t o  expand the  l i n e s  

of communication with the  user. Service programming offered on t he  

7094 and t h e  360 for campus users increased the  a b i l i t y  of v j r i o u ~  

facu l ty  members t o  u t i l i z e  DCS service.  This service a l s o  enabled many 

7094 users  t o  make a smooth t r a n s i t i o n  t o  t he  360/50-75. Additional 

consultants were hired t o  a id  i n  service programming. Consul-tanks arld 

programmers were avai lable  t o  provide educational t a l k s  on the  use of 

t h e  computer. The consultant area offered a short  programming course 

i n  FORTRAN IV, JCL, and PL/I t o  oirer 150 facu l ty  members. Training of 

consultants i n  a l l  phases of t he  Service Area was in tensi f ied.  

Personnel : 

Service area  personnel increased i n  a l l  subdivisions of t he  

area  during the  year. 

Thirty persons supply 420 man hrs/week f o r  t he  consult ing area - 
a 17.2 p e ~ c e n t  increasc i n  houro fo r  t he  year. 

Fifteen persons work 600 man hrs/week i n  the  keypunch area  - 
a 15 percent increase i n  hours f o r  the  year. 

Thirty-eight persons supply 1080 man hrs/week i n  the  operating 
, area - a 15 percent increase in hours f o r  t he  year. 

Fi f teen programmers devote 490 man hrs/week f o r  development 
and maintenance of software - a 26.5 percent increase i n  
hours fo r  the  year. 

Miscellaneous : 

By February of 1968, 46 percent of jobs previously run on 

the  7094 were being processed on the 360 complex i n  approximately 

50 percerlt less time than Would havc been needed u11 Lhtr 7094. 



. . 
Approximately 230,000 jobs were processed under the PORTHOS 

system. This required approximately 6500 hours of' computer time. The 

highest number of jobs per .month processed (24,450) occurred i n  . . .  

July 1967, when 4,417 class  jobs and 20,033 research jobs were run. 

From August 1, 1967 on, approximately 130,000 jobs were processed on the 

IBM 360/50-75. This required approximately 3200 hours of computer 

time. The highest number of jobs per month processed (17,000) occurred 

in  May, 1968, when 13,000 c lass  jobs and 4,000 research jobs were run. 

The combined t o t a l s  fo r  both computer complexes are approximately 

360,000 jobs processed (5 percent increase)., requiring an approximate 
. .- 

t o t a l  of 9700 hours (60 percent increase). 

Work continued on the ILLINET complex. Work was in i t i a t ed  in 

preparation for  the July, 1968 a r r i v a l  of the IBM 1800. ILLINET 

became a physical r e a l i t y  with the ins ta l la t ion  of the IBM 360/30 in 

April, 1968. 



PROGRESS REPORT 

"Studies  of t h e  Numerical So lu t ion  of E l l i p t i c  and Parabol ic  Boundary 

Value Problems" 

Bruce Kellogg ( ac t ing  p r i n c i p a l  i n v e s t i g a t o r )  

I n s t i t u t e  f o r  F lu id  Dynamics and Applied Mathematics 

Univers i ty  of Maryland 

College Park,  Maryland AEC-AT (40-1) 344312 

Research was continued on ana lyz ing  t h e  d i s c r e t i z a t i o n  e r r o r  i n  

f i n i t e  d i f f e r e n c e  so. lut ions t o  p a r t i a l  d i f f e r e n t i a l  equat ions ,  e s p e c i a l l y  

i n  t h e  fol lowing a reas .  

1. A s tudy  was made of d i f f e r e n c e  approximations f o r  uniformly 

e l l i p t i c  equat ions  of t h e  form 

i n  an  N-dimensional domain R '  wi th a  smooth boundary B . The d i f f e r e n c e  

approximations s tud ied  a r e  not  of p o s i t i v e  type ,  but  t h e  d i s c r e t i z a t i o n  

2 
e r r o r  was bounded i n  a  d i s c r e t e  L norm, t h e  bounds depending only  on 

t h e  domain R , t h e  d a t a  F and f  , and t h e  mesh spac ing .  (Work done 

by J. Bramble, R . ' ~ e l l o g g  and V.  Thomge.) 



2. A study was made of difference approximations for the 

one group neutron transport equation in x-y geometry. The discretization 

error was studied for various difference schemes, especially the central 

difference scheme and the diamond difference scheme. (Work done by 

N. Madsen.) 

3 .  A study was made of the spectrum of various operators related 

with the one group neutron transport equation in x-y geometry, with the 

aim of understanding the convergence properties of some iterative methods 

for solving this equation. (Work done by B. Kellogg.) 




