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CAKDIDE: OVERALL PLAN FOR POSSIBLE DEVELOPMENTS OF 
LINKAGE OF THE CETIS ANALOG AND DIGITAL C m B S  

flTMMARY 
d a 4 g /  ,k .,.a,. 

The s t u d i e s  required f o r  development of linkages* 4*ck.*+%z 

between t h e  CETIS analog and d i g i t a l  computers are 
described. Two types  of  l inkage a r e  distinguished: 

1. One-directional s t a t i c  or s t r u c t u r a l  l inkage 
by which t h e  analog computer i s  placed under t h e  d i -  
r e c t  or i n d i r e c t  con t ro l  of t h e  d i g i t a l  computer f o r  
t h e  set-up phase. The problem i s  furnished t o  t h e  
computer i n  t h e  form of  a d i g i t a l  program i n  APACHE 
code, and 

computer after ana log-d ig i ta l  conversion processes 
t h e  analog values and r e s t o r e s  o the r s  by d i g i t a l -  
analog conversion, thus ac t ing  as a func t ion  genera- 
t o r .  

2. Dynamic two-directional linkage. The d i g i t a l  

A study p lan  t o  d iv ide  t h e  t h e o r e t i c a l  and prac- 
t i c a l  work i n t o  s t ages  i s  presented, wi th  t i m e  es t i -  
mates. ?9- 

, 
Since t h e  assoc ia t ion  of teams spec ia l i z ing  i n  t h e  two types  of corn 

puters a t  CETIS has a l ready  born f r u i t  i n  t h e  form of t h e  &ACRE code, 
t h e  need arises f o r  establishment of an o v e r a l l  plan f o r  development of 
a d i r e c t  ana log-d ig i ta l  linkage. 

For several years, t h e  bringing toge ther  of t h e  two d i s c i p l i n e s  has 
been attempted i n  various ways, e i t h e r  by considering t h e  ord ina tor  as a 
p i g i t a l  computer i n  real  t i m e ,  simulating t h e  p a r t  of t h e  problem proc- 
kssed d i g i t a l l y  i n  r e a l i t y  ( con t ro l  of machinery, f o r  example, Ref. l), 
or  by s p l i t t i n g  up t h e  problem i n t o  sequences of  successive analog sche- 
mas, a d i g i t a l  memory connecting t h e  preceding with t h a t  which follows 

e f .  5 ) .  one of them which i s  
11 known cons i s t s  i n  organizing a d i g i t a l  computer as an analog com- 

Other methods have been inves t iga ted :  

u te r  with a view t o  p a r a l l e l  functioning of t h e  c i r c u i t s  (D ig i t a l  D i f -  
e r e n t i a l  Analyzer). 

f o r e  analog set-up ( R e f s .  4, 8). F ina l ly ,  i n  t h e  course of preliminary 
study from which t h e  present r e p o r t  der ives ,  t h e r e  has been an opportu- 
n i t y  t o  become acquainted wi th  a p ro jec t  (Ref. 9 )  whose goals and ap- 

C so 

_*-_ I- 

Attempts have been made a t  d i g i t a l  programing be- 
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The following study p lan  w a s  e s t a b l i  d p r imar i ly  t o  e x p l o i t  wi th  
maximum e f fec t iveness  t h e  analog complex e x i s t i n g  a t  CETIS and t o  in-  
crease i t s  p o t e n t i a l i t i e s  and t h e  r e l i a b i l i t y  of i t s  use by means of 

inkage wi th  t h e  powerful neighboring d i g i t a l  i n s t a l l a t i o n .  

3 . Present Pos i t i on  of t h e  APACHE Code 

APACHE 1 i s  being used. It permits preparation of t h e  setup and 
s t a t i c  check of a problem on an analog computer by means of IBM 1620 
( R e f .  7). It must be regarded as a code f o r  intra-CETIS use, permitt ing 
those who apply it t o  draw from it experience t h a t  i s  r e q u i s i t e  f o r  con- 
s t r u c t i o n  of t h e  d e f i n i t i v e  APACHE 2 code. Indeed, although it funct ions  
adequately within i n i t i a l l y  f ixed  l i m i t s ,  it i s  t o  be wished t h a t  two 
d i f f e r e n t  types of codes w i l l  not be s t a r t e d  which r e f e r  t o  two stages of 
t h e  same problem. Moreover APACHE 2 i n  t h e  course of d e f i n i t i o n  a t  t h e  
Computer Center w i l l  respond t o  requirements c l e a r l y  more ambitious than  
those imposed upon APACHE 1. Intended t o  be used on IBM 7090, it w i l l  
allow: 

1. Direc t  processing of high order d i f f e r e n t i a l  equations without 
breakdown i n t o  equations of t h e  f irst  order, 

2. Writing wi th  marked var iab les ,  and 
3. In t roduct ion  of subroutines corresponding t o  l i b r a r y  block d i a -  

grams. 

The f irst  condition w i l l  r a d i c a l l y  ease t h e  wr i t i ng  of t h e  program. 
E t  w i l l  a l s o  allow: 

1. I n  addi t ion  t o  processing of d a t a  furnishing setup c o e f f i c i e n t s  
of t h e  potentiometers and the s t a t i c  check ( these  already provided by 
APACHE I), an automatic addressing of t h e  elements of t h e  analog compute 
amplifiers,  potentiometers, l o g i c a l  fbnctions,  nonlinearit ies, .  

2. An optimizing of t h e  be t a  f ac to r ,  represent ing  t h e  r e l a t i o n s h i p  
of machine t i m e  t o  t h e  independent variable of t h e  problem, and 

3. A prepara t ion  of s tages  of computation by p a r t i a l  modifications 
of t h e  program. 

F i n a l l y  an adaptation of t h i s  d e f i n i t i v e  code for i t s  use on IBM 
1620 with punched card inputs  and outputs, i n d i r e c t  addressing system an 
40,000 memory pos i t i ons  i s  envisioned as of now, i n  order  t o  permit a 
poss ib le  spread t o  analog computer centers.  Indeed, t hese  cen te r s  can 
contemplate acqu i s i t i on  of such a machine t h a t  would j u s t i f y  i tsel f  by 
t h e  s u b s t a n t i a l  increase  of power, r e l i a b i l i t y  and speed of t h e  i n s t a l l a  
t i on .  

A l l  t h a t  precedes c o n s t i t u t e s  t h e  language permitt ing d i g i t a l  proc- 
essing of information b i t s  contained i n  t h e  da t a .  The r e s u l t  determines 

.............................................. ................................ 1 .................. ...................................................................... 
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t h e  choice of spec ia l  s t r u c t u r e  t h a t  t h e  analog computer assumes upon 
r e so lu t ion  of t h e  problem. It i s  access ib le  t o  t h e  user  i n  form of a 
con t ro l  r e g i s t e r  which picks up t h e  da ta ,  assoc ia t ing  t o  them a l l  t h e  
r e q u i s i t e  information (such as choice of sca les ,  i n i t i a l  values, s t a t i c  
check, d i s t r i b u t i o n  by address of t h e  operation t o  t h e  computers, e t c . ) .  

There remain t o  be spec i f ied  t h e  various e x i s t i n g  and nonexistent 
rgans t h a t  w i l l  support t h e  p r a c t i c a l  embodiment of t h i s  s t ruc tu re ,  and, 

t o  state p rec i se ly  what stages can reasonably be provided before t h e  
achieving of a two-way dynamic linkage. 

2. Review of Numerical Inputs  and Outputs Available 
on t h e  Two Types of Computers 

The present computer materiel comprises analog and d i g i t a l  computerg, 
of which t h e  former have p o s s i b i l i t i e s  of numerical command for c e r t a i n  
elements . 

2.1 Analog computer 

The Analog Section i n s t a l l a t i o n  comprises Elec t ronic  Associates 
231 R with ADIOS console (Automatic D i g i t a l  Input Output System). 
a problem i s  put on t h e  machine, t h e  d a t a  inpu t s  are of various types.  

When 

2.1.1 Setup or pre-computation d a t a  

e.1.1.1 Value of t h e  numerical c o e f f i c i e n t s  

The table of numerical coe f f i c i en t s  corresponds t o  t h e  furn ish ing  
of parameter d a t a  and i n i t i a l  conditions. 
fo ra t ed  tape  (FRIDEN per fo ra to r  and reader ) ,  t h e  code used being a 7- 
channel code (Ref. 10). 

It can be introduced by per- 

2.1.1.2 Setup of t h e  block diagram 

It corresponds t o  topologica l  connection between u n i t s  of  computa- ~ 

t i o n  and it i s  achieved manually by in t roduct ion  of pins  i n  t h e  hubs of 
t h e  pa tch  board. Since t h e  coordinates of t h e  poin ts  t o  be connected are 
itssumed t o  be furnished by t h e  program, t h e  operation can be regarded a s (  
8 purely manual one. 

2.1.1.3 Setup of func t ion  generators 

- - - - - I - ~ - -  

The cons t i t u t ion  of present func t ion  generators (DFG, pot padders) 
provides only manual setup on t h e  potentiometer of po in t s  determined by 
an ana lys i s  of t h e  furnished curves: 
tTons. x ~ 

mathematical or experimental func- 
I 

- -_ -_ I I ._ _ _  I -- --.I __ 
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ns of two or more va r i ab le s  can be car r ied  by 
various procedures, depending upon t h e  required precision, t o  a fragment 
of t h e  block diagram t h a t  uses t h e  e x i s t i n g  u n i t s  including func t ion  gen- 
e r a t o r s ,  wi th in  t h e  range of t h e  ava i l ab le  materiel. 

2.1.1.4 Regis te r  of various cases of computation 
. ,  
: i  . ,  

j i  

It can be  characterized by modifications of parameters, of i n i t i a l  
conditions, of block diagram, of setup of func t ion  generators.  The f i rs t  
two cases occur wi th  t h e  in t roduct ion  of a new perforated t ape  i n  t h e  
ADIOS console, while t h e  l as t  two necess i t a t e  a manual in te rvent ion .  

2.1.2 Resul t s  i n  s t a t i c  output 

When t h e  23 lR’s  a r e  stopped i n  t h e  course of computation, e i t h e r  a t  
t h e  end of a predetermined period or by comparison of a va r i ab le  wi th  a 
preset value, t h e  ADIOS console allows numerical readout, p r in ted  by a 
typewriter,  of values taken by a l l  t h e  variables i n  play a t  t h e  moment of  
ha l t ing ,  and t h e i r  t r a n s f e r  on perforated tape  according t o  a reading 
program t h a t  states t h e  u n i t s  of  which t h e  output value i s  desired.  

2.1.3 Resul t s  i n  dynamic output 
I 

They are obtained i n  a purely analog form: output voltage of t h e  
computer ampl i f ie rs  developing between + and - 100 V wi th  an  opera t iona l  I 
frequency range l imi ted  t o  100 cycles. 

< 

2.2 Arithmetical  computers 

The customary input  and output supports are: 

1. Perf orated t apes  (1620), 
2. Punched cards (7090 and 1620 with extension),  and 
3. P r i n t e r  or typewriter.  

2.2.1 S t a t i c  l inkage 
t 

The use of punched cards for intermediate phases where t h e  informa- 
t i o n  support makes manual t r a n s p o r t  poss ib le  w i l l  be generalized. 

.. To e l imina te  t h i s  support, t h e  d e f i n i t i v e  stage w i l l  n e c e s s i t a t e  t h  
e rea t ion  of d i r e c t  transcoding apparatus, using e l e c t r i c  s igna l s  before ~ 

card punching, b u t  t h e  communication path w i l l  be a t  t h e  l eve l  of t h e  
punch and reader.  
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2.2.2 Dynamic linkage 

The solutions heretofore adopted of which we are cognizant all had 
he disadvantage of blocking the digital item for the benefit of the an 

item, in consequence of the direct access of the transcoders to the 
ory. To avoid this immobilization, communication ought to be effect 
the channel level, but with the possibility of calling from the analo ' 

side. It will thus be necessary to design a special channel system com- 
prising a certain number of registers associated with analog-digital and 
digital-analog transcoders, and an operations coordinator (Figure 1). 

By this means, communication with the memory will not imraobilize the ' 

,entire 7090 computer assembly but will enter into the sequence of pro- 
grams in progress. 
t I 1 

i 
E 

Figure 1. Junction between Analog Installation and IBM 7090 

3. Definition of Contemplated Technical Stages 

In order to retain a constant check on the scope of obtained result 
and a clear view of the volume of research and of budgetary requirements 

~ I - - ^ - - - 1 - x X X  I - -x x --I - 1 1 _ 1 1 1 1 -  - ~ --_ --11----- - 
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involved by t h e  development of t h e  linkage, it 
a succession of wel l  defined stages.  

preferable t o  e s t a b l i &  

A s  has been seen, two l inkage  types are presented, bound t o  t h e  com- 
puter  concept : $ 

1 I 

[ :  
1. A one-way d ig i ta l -ana log  l inkage permitt ing automatic setup of 

t h e  problem, which could be  described as an "analog s t r u c t u r e  l inkage," 
2. A two-directional l inkage i n  which analog variables can be 

t r e a t e d  by t h e  d i g i t a l  computer, which after processing of t hese  d a t a  can: 

a. E i the r  a c t  v i a  t h e  s t r u c t u r a l  linkage, or 
b. Reintroduce new variables a t  t h e  leve l  of t h e  analog items. 

Up t o  a c e r t a i n  poin t  t hese  problems are independent. I n  f a c t ,  w i th  
t h e  r e s t r i c t i o n  of abandoning t h e  s t r u c t u r a l  l inkage  i n  t h e  second poss i -  
b l e  arrangement, and of not contemplating d i g i t a l  p a r t i c i p a t i o n  except as 
a sophis t ica ted  organ of analog computation, t h e  l a t t e r  could be devel- 
oped before t h e  former. 

We w i l l  however keep t h e  order i n  t h i s  d i scuss ion  t h a t  corresponds 
t o  t h e  growing closeness of t h e  likkage, even i f  i t s  order m u s t  be modi- 
Tied i n  t h e  course of a c t u a l  embodiment. 

1 

' I  

3 .1 Linkages i n  t h e  d ig i ta l - to-ana log  d i r e c t i o n  

3.1. l SATMAS pro jec t  (Semi AuTomatic ANalog Se t t i ng )  1 

A f i r s t  r ap id ly  access ib le  embodiment i s  t h e  exp lo i t a t ion  of i n fo r -  
mation of address of elements furnished by APACHE 2, reducing t h e  setup 
@f patchboards t o  a purely manual operation. 

A panel wi th  luminous po in t s  w i l l  be cont ro l led  by a r e l a y  decoder 
s t a r t i n g  from punched cards furnished by t h e  program and ind ica t ing  t h e  
(start and t h e  completion of each connection t o  be es tab l i shed .  
appl ica t ion  f o r  t h i s  w i l l  be f i l e d  immediately. The inexpensive assem- 
b l ing  has t h e  advantage of development wi th in  a reasonable time. 

A pa t en t  

Thou 
he automation thusobtained i s  only a semi-automation i n  which manipul 
ion  s t i l l  occurs a t  t h e  levels of: Transfer of punched cards, and Se 
f t h e  patchboard and i t s  i n s t a l l a t i o n  on t h e  machine; it does a l read  

permit t e s t i n g  of t h e  operation of t h e  "address" p a r t  of APACHE 2, and 
t h e  a c q u i s i t i o n  of experience for t h e  succeeding phase. 
t h e  addressing cons i s t s  simply i n  t h e  assignment of analog items accord- 
ing  t o  a v a i l a b i l i t y ,  after preliminary s e l e c t i o n  of types of nonl inear i -  
t i e s  upon reduction of t h e  program. 
w i l l  permit r a t i o n a l  organiza t ion  of a panel. 

I n  t h i s  stage, 

A l imi ted  number of simple rules  

_. . . _. . . .. . . -~ . 
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The r e l i a b i l i t y  of setup w i l l  be very much enhanced a 
t i m e  saving w i l l  r e su l t  from elimination of  e r r o r s  i n  t h i s  phase of t h e  
work. 

t a n t  

On t h e  o the r  hand, t h e  transcoder f o r  perforated cards t o  t apes  t o  
t r a n s l a t e  t h e  d i g i t a l  information coming from t h e  APACHE 2 processing has ; 
a l ready  been ef fec ted  i n  t h e  form of an i n t e r n a l  modification of t h e  
ADIOS console (Ref. 10) and of an IBM 026 card punch used i n  reading. f 

3.1.2 ATANME p ro jec t  (AuTomatic ANAlog SEtting) 

t 

This s tage  develops n a t u r a l l y  i n  p r i n c i p l e  from t h e  preceding one. 
This time without ex te rna l  intervention, it i s  a question of e f f e c t i n g  
complete setup of a problem wi th  command o r ig ina t ing  i n  exp lo i t a t ion  of a 
d i g i t a l  program. Figure 2 shows c l e a r l y  t h e  poin ts  a t  which it i s  s u i t -  
able t o  introduce an automatic arrangement: patchboard and func t ion  gen- 
e r a t o r  s. 

For these  l a t te r  a version designed by Elec t ronic  Associates should 
allow d i r e c t  setup of t h e  potentiometer slopes controlled by t h e  more 
expensive ADIOS system (D.D.F.G. ) and occupying more space than  present 
func t ion  generators.  They have t h e  advantage of being s u b s t a n t i a l l y  au t  
matic. I n  f a c t  t h e  present v e r i f i c a t i o n  by s t a t i c  check only takes  in t c  
account one poin t  on t h e  curve and manual setup requi res  a rigorous chec 
independent of t h e  s t a t i c  check. 

The problem of t h e  automatic patchboard i s  t echn ica l ly  much more 
d i f f i c u l t :  
pu t s  and inputs  of i t e m s  whose number, taken without any r e s t r i c t i o n ,  
approximates 3,OOO,OOO. 

a board represents  a p o s s i b i l i t y  of connections between out- 

Taken i n  t h i s  form, a commutation system i s  p r a c t i c a l l y  impossible 
but a more systematic study of t h e  organization of a board t o  achieve: 

makes apparent: exclusions, preferred s t ruc tu res ,  a breakdown of t h e  
block diagrams i n t o  subunits connected by a small number of variables 
corresponding i n  genera l  e i t h e r  t o  a physical l o c a l i z a t i o n  due t o  t h e  
s t r u c t u r e  proper of t h e  u n i t  t o  be designed, or t o  a l o c a l i z a t i o n  due t c  
t h e  mathematical processing (passage t o  f i n i t e  d i f f e rences  i n  a p a r t i a l  
d i f f e r e n t i a l  equation system). 

I n  advancing t h i s  idea  and tak ing  i n t o  account a c e r t a i n  number of 
r e s t r i c t i o n s  stemming from s t a t i s t i c a l  s tud ies ,  t h e r e  should emerge an 
automatic d i s t r i b u t o r  of about 10,000 contacts,  according t o  preliminarg 
estimates.  There is  a r e t u r n  t o  poss ib le  orders  of magnitude; t h e  use c 
r e l ays  or of a step-by-step arrangement i s  imposed by t h e  q u a l i t y  of the 
connections t h a t  i s  t o  assume t h e  i n t e g r a l  charac te r  of t h e  transmissior 
of analog voltages.  
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- _ -  .._. . _. 
Figure 2. "SATANAS" Pro je& I - 

I n  p a r a l l e l ,  t h e  organization of t h e  address code w i l l  be completed 
t o  t ake  i n t o  account r e s t r i c t i o n s ,  exclusions and a re la t ive optimization 
of t h e  appl ica t ion  of t h e  computer elements. The f i rs t  s tage  of t h i s  
study w i l l  cons i s t  i n  simulating on t h e  IBM 7090 t h e  various poss ib l e  
arrangements of automatic patchboards and comparing t h e i r  e f f i c i ency  and! 
s impl i c i ty  of p r inc ip l e .  A bas i c  redesign of t h e  present computer s t ruc -  
t u re  required by t h e  exigencies of technology i s  not ruled out.  

, ~ 

A t  t h e  conclusion of t b i s  study a setup system w i l l  be ava i l ab le  L 

t h a t  i s  completely f reed  from t h e  manual i n t e rven t ion  of t h e  operator.  
Only t h e  t r a n s f e r  of punched cards w i l l  be necessary (Figure 3).  

Figure 3. "AWNASE'' P ro jec t .  AuTomatic ANAlog S a t i n g  _--_ ~ - -  - ~ ~ - ~ ~ .  x - - -- -1- 
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B u t  it i s  w e l l  t o  s t r e s s  t h e  t echn ica l  d i f f i c u l t i e s  presenting a 
m u l t i p l i c i t y  of problems i n  t h e  development of t h e  setup panel: 
qna l i ty ,  command systems, quant i ty  of materiel, organization of t h e  ad- 
dress system, poss ib le  p a r a l l e l  manual in te rvent ion ,  method of cont ro l ,  ( 

contact 

3.2 Two-way linkage 

: ,  
j t  . .  
, .  

3.2.1 CRESSIDA pro jec t  (Couplage REverSible S ta t Ique  D i g i t a l  Analog) 
(Two -way s t a t i c  d i g i t a l - ana log  l inkage) 

I n  t h e  two preceding p r o j e c t s  t h e  t r a n s f e r  of information from t h e  
d i g i t a l  computer t o  t h e  analog input elements i s  e f fec ted  by means of t w  
successive supports, punched cards, perforated tape .  

Another p o s s i b i l i t y  ought t o  be t h e  e l imina t ion  of t h i s  double t r a n s -  
l a t i o n  which can be considered as p r a c t i c a l l y  independent. Indeed, a 
minimal modification of t h e  ADIOS system m&es it poss ib le  f o r  word-for- 
word acceptance of coded information. This information can be  furnished 
d i r e c t l y  without t h e  perforated t ape  phase, s t a r t i n g  from a pe r fo ra to r  
assembly adjacent t o  t h e  reader; t h e  furnished e l e c t r i c  s igna l s  would be 
subs t i t u t ed  f o r  t h e  s igna l s  furnished by t h e  ADIOS reader.  S imi la r ly ,  
output d a t a  from ADIOS would be taken ahead of i t s  pe r fo ra to r  system and 
r e fe r r ed  t o  t h e  card punch. Human in te rvent ion  would be confined t o  t h e  
carrying of cards between 1401 and t h e  per fora tor .  I > 

F i n a l l y  a d e t a i l e d  study of t h e  e l e c t r i c  s igna l s  should make it pos- 
s ible  t o  develop an adapter t o  assure d i r e c t  s t a t i c  connection wi th  chanl , 

ne1 7090 as indicated i n  Figure 1. 

2 

3.2.2 ClWDIDE p r o j e c t  (Couplage ANalog D I g i t a l  DynamiquE) 
(Dynamic ana log-d ig i ta l  l inkage) 

$ 

The problem is  t o  cause a l l  or p a r t  of t h e  analog values simultane- 
ously i n  play t o  be communicated t o  t h e  d i g i t a l  computer e i t h e r  as a 
d i s c r e t e  sample o r  continuously. Several types of high speed converters 
already exist, f o r  example, ADDALINK converters b u i l t  by Elec t ronic  Asso- 

i 

Ei the r  a number of converters equal t o  t h e  analog channels t o  b e  

ciates and ADDAVERTEB (EPSCO), e t c .  Thus t h e r e  could be used: I ’  

1. 

2. Multichannel e l e c t r o n i c  commutation devices each followed by a I 
I !  t r a n s l a t e d  t o  d i g i t a l  and v i ce  versa (continuous l inkage) ,  or 

j . -  s ing le  converter (sampling l inkage) .  I $  

A problem of opera t ions  s p c h r o n i z a t i o n  i s  added t o  t h e  problem of 
apparatus : 

1. . - r i n g  t h e  memories of t h e  7090, 



-I I_ -_- - _I - I ------I I--- I- - I _- - - - -- - - 
2. Se t t ing  i n t o  operation t h e  program t h a t  answers t h e  d i g i t a l  par 

of t h e  analog problem, and 
1 3. Orders f o r  i n i t i a t i o n  and ending computation t r ans fe r r ed  t o  t h e  

/7090 
I 

I 
]synchronization, compatibil i ty of s igna ls ,  study of s p e c i f i c  programs, 
letc.) which should be examined i n  d e t a i l .  

A l l  t h e  above c o n s t i t u t e s  only a bare o u t l i n e  of t h e  problem (speed 

f I n  f a c t  t h i s  dynamic l inkage has already been used i n  spec ia l  cases 
I 
/ ( R e f .  5 )  b u t  no t  wi th  poss ib le  d i g i t a l  processing of t h e  results and r e -  
' ac t ions  on t h e  block diagram s t ruc tu re .  The d e f i n i t i v e  stage would con- 
isist i n  pu t t ing  simultaneously i n t o  play t h i s  dynamic l inkage  using t h e  
/ d i g i t a l  computer as a "super-generator of functions' '  with extensive pos- 
js ibi l i t ies  during t h e  computer phase and hence a dependence upon t h e  ana 
J o g  i n s t a l l a t i o n ,  and as a " s t ruc tu re  cor rec tor"  tak ing  i n t o  account a 
icongeries of r e s u l t s  t o  prepare a new setup i n  t h e  s t a t i c  phase, under 
, the d i r e c t  con t ro l  of t h e  d i g i t a l  i n s t a l l a t i o n .  

8 The synoptic schema of t h e  i n s t a l l a t i o n  would then be as appears i n  
P igure  4. 
$ 

14. Anci l la ry  Studies 
1 

1 
/ t echnica l  s t u d i e s  of linkage. 
I 

A whole s e r i e s  of problems could be attacked i n  p a r a l l e l  with t h e  
Among o the r s  they  relate to: 

1. Automatic v e r i f i c a t i o n  of functioning of t h e  analog materiel, 
2. .Cons t i tu t ion  of a l i b r a r y  of subroutines i n  APACHE 2, 
3. Spec ia l  programs r e l a t e d  t o  problems t o  be solved, 
4. A mathematical ana lys i s  of t h e  new t o o l  thus  cons t i tu ted  i n  i t s  

bwo aspects,  s t r u c t u r a l  linkage, dynamic linkage, and t h e i r  appl ica t ion ,  
land 

5.  Specia l  app l i ca t ion  of t h e  l inkage of p ro jec t  CARN. 

i 
i 
h.1 
b.1.1 Automatic maintenance 

Automatic v e r i f i c a t i o n  of analog func t ion  

To save t i m e  i n  t h e  e f f e c t i v e  u t i l i z a t i o n  of analog machines, it i s  
This could b o s s i b l e  t o  br ing  up t h e  problem of automatic maintenance. 

by: 

1. 

2. 

A scheme f o r  pu t t i ng  t h e  whole of t h e  materiel i n t o  play by 

An ADIOS t ape  s e t t i n g  up a l l  t h e  potentiometers from a spec ia l  

I 
I 
heans of a setup panel with s p e c i a l  f ixed  wiring, ' 
~ A ~ ~ - p r o - p r ~ - ~ ~ - ~ ~ ~ x . ~ ~ g ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - i n g  ope ra t  15 ,---u 
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Figure 4. Scheme of t h e  Pr inc ip le  of Pro jec t  CANDIDE 
Black l i n e s :  orders  of s t a t i c  l inkage 



I 
I 

..... ,........ '12 

. ~ .__ ._ 
I 3. Spec ia l  elements as noise  de tec tor ,  and 
< 4. A series of s t a t i c  tests processed d i g i t a l l y  (p ro jec t  CRESSIDA) 
and furn ish ing  t h e  l i s t  of de fec t ive  un i t s .  
i 
1 
spec ia l  method could be developed f o r  func t ion  generators wi th  manual 
setup. 

This  embodiment can extend t o  various kinds of mul t ip l i e r s :  a 

14.1.2 S t a t i c  check processing 

I n  p r inc ip l e  a l l  t h e  information b i t s  of t h e  s t a t i c  check can be 1 
processed d i g i t a l l y .  A comparison of obtained a c t u a l  values and desired 
Values f o r  d i f f e r e n t  de r iva t ives  could be done automatically. 

1 
bethod could be developed t h a t  would provide a means f o r  determining the 
jexact po in t s  of sources of e r ro r .  
i 

1 

I n  any case t h i s  operation would be of i n t e r e s t  only in so fa r  as a 

1 
k.2 
I 
1 

kuced: k i n e t i c s  of nuclear reac tors ,  per turba t ion  func t ions  i n  mathemat 
pea l  form (Bessel function, attenuated or divergent sinusoids,  exponen- 
rtial superpositions, e t c .  ), t r a n s f e r  func t ions  i n  general, could be  t h e  
jsub j e c t  matter of l i b r a r y  programs. S imi la r ly  a mathematical processin6 
pf d a t a  such t h a t  t h e  breakup of f i n i t e  d i f f e rences  of equations t o  par- 
b i a l  de r iva t ives  i n  c l a s s i c  form could e n t e r  i n t o  t h i s  framework. 

Cons t i tu t ion  of a l i b r a r y  of subroutines i n  APACHE 2 

The block diagrams corresponding t o  c l a s s i c  problems o f t en  repro- 

1 

i 
4.3 Spec ia l  programs connected wi th  problems t o  be solved t 

1 The present subjec t  i s  too enormous t o  be attacked wi th in  t h e  l imi t  
pf t h i s  repor t .  A preliminary study of each problem w i l l  be necessary 1 
bequire t h e  des i red  experience. A spec ia l  appl ica t ion  of g r e a t  importar 
bould be t h e  operation of t h e  f l o a t i n g  decimal analog computer, i.e., a 
preliminary setup tak ing  i n t o  account m a x i m a l  known values of va r i ab le s  

ould automatically be corrected by t h e  d i g i t a l  computer after t h e  i n i t j  
a l c u l a t i o n  phase wi th in  a l imi ted  period t o  reset t h e  va r i ab le s  wi th  ur 

known l i m i t s .  On the o the r  hand a lower l i m i t  being es tab l i shed  f o r  thc 
r i n c i p a l  var iab les ,  any passing beyond t h i s  l i m i t  would give rise t o  a 
ew s e t t i n g  of t h e  l i m i t s .  

I 

! 
--- ~ 

.4 Mathematical ana lys i s  of t h e  new t o o l  

A new d i s c i p l i n e  r e l a t e d  t o  t h e  hybrid i n s t a l l a t i o n  should be devel 
i ' 
I 
@ped. 
L- ____--I.-__. -.. 

It should i n t e g r a t e  t h e  p r inc ipa l  problems not ye t  resolved by 
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, c l a s s i c  methods: generation of va r i ab le  delays, opt on of coe f f i -  
b e n t s  of d i f f e r e n t i a l  equations from a known response, synthes is  of 
' t r ans fe r  func t ions  t ak ing  i n t o  account t h e  pulsed response of a system 
/ ( R e f s .  13, 14). 
i 

14.5 Application t o  t h e  CARN p ro jec t  
I 
I The most important app l i ca t ion  of t h e  l inkage technique i s  c l e a r l y  
,a cont r ibu t ion  t o  Calcul Automatique de Reacteurs Nucleaires (Automatic 
/Computation of Nuclear Reactors) towards which development a l l  t h e  par- 
$ ia l  s tud ie s  a l ready  described ought t o  be d i rec ted :  
Icoefficients,  equation system synthesis,  va r i ab le  delays, processing of 
par t ia l  de r iva t ive  equations. A poss ib le  study of addi t ive  l inkage  of a 
/ r e s i s t o r  network (Ref. 12)  t o  t h e  hybrid i n s t a l l a t i o n  a l ready  described 
bought t o  afford g r e a t e r  p o t e n t i a l i t i e s  f o r  t h i s  (simulation of r eac to r s  
/ in theory t o  two groups, heterogeneity of media, e t c . ) .  

optimization of 

Cer ta in  new techniques concerning a c t i v e  networks using a t i m e  quan 
k i f i c a t i o n  according t o  a p r inc ip l e  derived from d i g i t a l  methods (Ref .  1 
pould acquire f l e x i b i l i t y  and speed by l tnkage with a d i g i t a l  computer. 
t i s  indeed poss ib le  t o  a t t a c k  parabol ic  and hyperbolic equations with k hese techniques wi th  an assured loop s t a b i l i t y  from one s tage  t o  t h e  

tother, 

i 
t 

1 
i 

I 
b. Conclusions 

A s ing le  l i n e  of a t t a c k  emerges immediately from t h e  congeries of 
roblems posed by t h e  l inkage of t h e  two types of computers. I n  f a c t ,  
he d i s t i n c t i o n  between s t r u c t u r a l  l inkage and dynamic l inkage permits a 
aral le l  development: t h e  SATANAS pro jec t  being immediately obtainable,  

I h i l e  p ro jec t s  CRESSIDA and CANDIDE 1 can be  advanced independently of 
r o j e c t  ATANASE concerning which fundamental questions of cons t ruc t ion  

I n  any case, t h e  conjunction of CRESSIDA and CANDIDE 1 w i l l  already 
f fer  extensive p o s s i b i l i t i e s  i n  t h e  realm of automatic advance p ro jec t s  B nd t h e  study of i t s  appl ica t ion  t o  CARN w i l l  i nd ica t e  a l i n e  of procedu 

'n re ference  t o  s p e c i a l  e f f o r t s  t o  be car r ied  out  f o r  t h e  d e f i n i t i v e  rea  
' za t ion  of CANDIDE 2. 

P s t i l l  e x i s t .  

i 
1 I 

l.l Fina l ly ,  t h e  ana lys i s  of methods using passive and a c t i v e  impedance 
networks and inves t iga t ion  of t h e i r  poss ib le  l inkage wi th  t h e  two types  
bf computers envisioned i n  t h i s  r epor t  w i l l  be ab le  t o  provide a s t i l l  

r e a t e r  development of t h e  t o o l s  of a g r e a t  Computer Center. It i s  poss 
l e  indeed t o  imagine a meshed network represent ing  a heterogeneous me- 

&ium t o  which would be applied conditions a t  t h e  l i m i t s  and i n j e c t i o n s  a 
i.". --.--.--------- I_ 

-- 
f 
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t h e  nodes ("second member" terms) which would be variable as a func t ion  
of t i m e ,  furnished by an analog computer. 
( inventory of t h e  f i e l d  i n  s p e c i a l  areas, i n t e r p o l a t i o n  being assured by 
t h e  d i g i t a l  computer which could--on condition of t h e  compatibil i ty of 
computing time--furnish new d a t a  for t h e  l i m i t i n g  conditions to t h e  analog 
computer. 
be f eas ib l e .  

The exp lo i t a t ion  of t h e  resul ts  

A r e t r o a c t i o n  of t h e  f i e l d  on l i m i t i n g  conditions would then  

I n  any case, t h e  conjunction of t h e  two computer d i s c i p l i n e s  cannot 
bu t  be  f r u i t f u l  through t h e  changes of viewpoint t h a t  it requ i r e s  of t h e  
respec t ive  s p e c i a l i s t s .  
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