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1. O I1YBRID IA.B

1-.1 ORGANIZATION

The CMU Hybrid Conputation Labol:atory provides analog and hybrid

(  and,  to  a l ia i ted extent ,  d ig i tar )  conputat ion.and s imulat ion serv ices

to the university. Adrninis trative 1y, the hybrid 1aboraLory is an integral

par t  o f  the CMU Conputat ion Center ;  a l l  funds,  empl"oyees,  and user  serv ices

are prov ided by the Couputat ion Center .  The d i rector  of  the Laboratory,

Dr .  J .  C. .Strauss,  is  Assis tant  Di rector  for  Hybr id  Computat ion of  the CMU

computation center. Physically, the hybrid 1ab is l.cated in Rooms 2 and

24 of Harnerschlag Ha1l (l,eve.l" 38, one floor below the parking lot l"evel).

In  addi t ion to the adminis t rat ive t ies,  the hybr id  1ab mainta ins a

datb phone connection to the computation center. This connection mav be

enployed in  a var ie ty  of  waysl  these inc lude:

1)  Use of  the 1 i .08 as a h igh-speed d ig i ta l  processor  for  hybr id

the 1108.

4) Use of the DCT 2000 (data coarnunieations terminal) for

.  card reading and card punching by the hybr id  computer .

L.2 PERSONNET

Strauss,  the personnel  of  the hybr id  lab

-  Assis tanl  Hybr id  Computer  Engineer ,

o p e r a t i o n s ,

2)  Use of  the 1108 for  h igh-speed

f i le  s  torage.

3) Use of the hybrid computer as

In addi t ion to Dr .

Joseph A. Johns ton

Idrgl ta  I  input /output  and user

an analog input /output  device by

pr in t ing,

inc lude :
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Chr is topher  L.  Cross -  Hybr id  Computer  Programmer,

and a par t - t ime user  consul tanl  s taf f  o f  undergraduate 'and SraduaLe

s tudents .

A member of the hybrid Lab staff wil"1 always be availabl,e when the hybrid

Lab is  open to answer quest ions,  ass is t  wi th  computer  operat ions,  and to be

of  genera l  serv ice to the user .

1.3 OPEMTION

The hybr id  1ab is  operated in  an open shop mode;  i .e . '  in  addi t ion

to perforning his own progi.an$ing Lhe user is also expected to oPerate the

computer(s). A thorough understanding of this manual and the referenced

manuals of  the appropr ia te computers const iLutes min imal  preparat ion for

using the equipnent. The hybrid lab reserves the right to restrict usage

of the hybrid computer to persons able to demonstrate a faniliarity with

th is  documentaLion.  In  addi t ion,  as usage pat terns develop,  i t  may

beeome necessary Lo develop a user  Pr ior i ty  system for  aecess to the

equipment .  This  pr ior i ty  systern wi l l  take in to account  the fo l lowing

factors:

1. Dernand for the individual comPuters and/or the total system.

2. Appropriateness of the pl-anned prograrn fot anal-og andfor
hybr id  so lu t  ion.

3.  Prof ic iency of  the user  in  empl-oy ing the equipment .

4.  Importance of  the problem solut ion.

For the present, computer time on the GPS Analog, EAI 680, ?DP-9, or any

combinat ion is  reserved in  one-hour  b locks by s igning (wi th both user

number and account  nunrbdr)  the schedule sheets Posted on the bul le t j .n

I
l
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board outs ide Lhe laboratory.  The computers are avai lab le for  s tudent  and

facul ty  use f rom 9:30 a.m.  to  5 p.n. ,  Monday through Saturday.  0ther  hours

may be schedul -ed by exper ienced users by appointnent .  I f  demand warrants,

a second shi f t  operat ion (5 p.m.  to  12 p.m.)  wi l l  be in i t ia ted.  Funded

research pro jects  wi l l  be g iven f i rs t  choice of  the scheduled hours.  In

a l l  c a s e s ,  s c h e d u l e d  t i n e  i s  s u b j e c t  t o  p r e - e m p t i o n  f o r  n e c e s s a r y  h a r d -

ware and/or software maintenance.

A11 necessary suppl ies wi th the except ion of  personal  copi_es of

the documentat ion,  personal  DECtapes,  and pr ivate analog patch boards

prov ided cost  f ree by the hybr id  1ab.  Docunentat ion and DECtapes mav

lurchased f rom the CMU bookstore.  Pr ivate analog patch boarc ls  wi l l  be

ordered (at  cost )  f rom EAL Funded research pro jects  are encouraged to

purchase thei r  o i /n  DECtape and analog patch boards i f  the pro jected

computer  usage warrants,  P lans for  long and shor t  terur  leas ing of  analog

patching equipment  are under  considerat ion.

be
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I.4 DOCTJMENTATION

This user  manual  consLi tu tes the pr imary documentat ion fac i l i ty  for

t h e  C M U  h y b r i d  l a b ,  I t  i s  o r g a n i z e d  i n  a  l o o s e  l e a f  s t r u c t u r e  t o

fac i l i ta te correct ions and addi t ions.  Correct ions and addi t ions,  as they

become avai lab l -e,  wi l l  be announced in  the data f lag and may be p icked up

in the hybr id  1ab (at  no cost)  .

In  addi t ion,  the fo l lowing equipnent  manufacturer  publ . icat ions wi l l

be very usefu l ,  for  hybr id  1ab users and are s t rongly  recommen<led:

EAI  680 Reference Handbook,  EAI  publ icat ion S00800.2048- l  ,  Ju ly ,  1967.

Handbook of  Anatog Computat ion,  EAI  publ icat ion #O0800.0001 -3,  Ju ly ,  1967.

.  For txan IV Manual ,  DEC-9A-AF4B-D,  Dig i ta l  Equipment  Corporat ion,  196B.

Ut i l i ty  Program Manual ,  DEC-9A-GUAB-D, Dig i ta l  Equipment  Corporat ion,  1958.

\ . .  The fo l lov ing are recommended as supplementary.manuals:

i  
The fo lLowing manuals are necessary for  assembly language users:

B a s i c s  o f  ? a r a l l e 1  H y b r i d  C o m p u t e r s ,  E A I  p u b l i c a t i o n  # O 0 8 0 0 . 3 0 3 9 - 0 ,  J u n e ,  I 9 6 8 .

.  Keyboard in loni tor  Guide,  DEC-9A-NGBA-D, Dig i ta l  Equipment  Corporat ion,  1968.

PDP-9 U"-eg_ rle_q4!-goh, F-95, Digital Equipment  Corporat ion,  January,  1968.

MACRD-9 Manual . ,  DEC-9A-AM9A-D, Dig i ta l  Equipment  Corporat ion,  1 967 .

KeyboarC Mor: r i tor  ManuaL,  DEC-9A-I"1ABO-D, Dig i ta l  E{u ipment  Corporat ion,  I968,

A11 of  the above-1 is ted manuals and the hybr id  lab userrs  manual

are for  sa le in  the CMU bookstore and avai lab le for  reference in  the hybr id

rab .
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2.0 }IYBRID COMPUTATION

A br ie f  d iscussion of  hybr id  computat ion in  genera1 fac i l " i ta tes la ter

presentation of the CMU hybrid computer. A hybrid computer is a conrbination

of  a h igh speed e lect ronic  analog computer  and a smal l ,  fast ,  d ig i ta l

computer linked together through a cornmunication interface system. The

hybr id in ter face conta ins analog-  to-  d ig i ta l  and d ig i ta l -  to-  analog conver ters,

contro l  funct ions,  and in terrupt  1 ines.  This  combined system is  used to

solve problems amenabl-e to  a comt inat ion of  both analog and d ig i ta l

so lut ion techni (ues.

An analog computer  is  a para l "LeJ.  computat ional  device that  is

hardware expandable;  i ,e . ,  problem s ize capabi l i ty  is  increased by adding

new hardware devices.  Speed capabi l - i ty  is  increased by increasing the

frequencv bandwidth of  each ind iv idual  device.  These devices inc lude

surmers,  in tegrators,  muLt ip l - ierq,  funct ion generators,  and log ic  e lements.

Once activated, the devices operate continuously and sinru.ltaneous ly in

t ime unt i l  deact ivated.  bevice prec is ion is  l imi ted because a1-1 operat ions

involve cont inuous s ignals  (vo l tages) ;  th is  prec is ion decreases wi th

increasing f requency of  the s ignals ,  but  in  modern e lect ronic  analog

computers it remains fairly high (> SS$) for signal frequencies in Lhe

ki l -oher tz  rar ige.  An analog computer  program compr ises a co l lect ion of

devices interconnected to perform the operations necessary to sol,ve

al -gebra ic  and d i f ferent ia l  equat ions.  In  genera l ,  an analog computer  is

b e s t  s u i t e d  f o r  t h e  s o l u t i o n  o f  o r d i n a r y  d i f t e r e n t i a l  e q u a t i o n s .
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The d ig i ta l  corputer  is  a ser ia l  computat ional  device that  is  t ime

expandable;  i .e . ,  probLem s ize capabi l i ty  is  increased by speci fy ing a

longer  l is t  o f  sequent ia l  inst ruct ions which take a correspondingly

longer  t ime to be executed.  A11 computat ion is  per formed in  a centra l_

set  of  regis ters on numi: r ica l  representat ions of  var iab les (or  s ignals)  .

A d ig i ta l  conputer  progran compr ises the set  of  inst ruct lons speci fy ing the

order  in  which var ious ar i thmet ic  and log ica l  operat ions are to be per formed

in the regis ters.  Through proper  progranming,  problem s ize and accuracy

of  so lut ions may be made arb i t rar i ly  large,  but  only  at  the expense of

increased solut ion t ime.

By naking opt imal-  use of  the best  features of  the two types

c o m p u t e r s  ( i . e . ,  p a r a l l e 1  a n d  s e r i a l  r e s p e c t i v e l y ) ,  o n e  c a n  e x p e c t EO

solve cer ta in c lasses of  dynamic systen opt imizat ion and s imulat ion

problens at any^rhere fron one to three orders of magnitude faster than is

possibLe wi !h e i ther  analog or  d ig i ta l  conputers a1one.  The hypothesis

is  advanced that  for  many s igni f icant  problens of  curreni  research in teracr

speed of  so lut ion is  tantamount  to  e i ther  so lv ing or  nol  so lv ing the

problem. The fo l lowing examples i l lust rate th is  point .

Consider  a space vehic le reentry  s imul ,at ion where the object

is  to  s tudy the human engineer ing and psychologica l  factors

involved in  a par t icu lar  contro l  console design.  In  th is  s imula-

.  r i^n r  c , ,h ia^r  /^r  lo t )  f l ies the s imulated vehic le through the

sinulated n iss ion ernploy ing,  peihaps,  a durnmy cockpi t  conta in ing

the contro l  console under  s tudy.  I f  i t  were not  possib le for  the

'  computer  to  update the s inulat ion in  real  t ime the stuc ly  would be

c o n p l e t e l y  i m p r a c t i c a l ;  i . e . ,  a  p i l o t  r e s p o n d i n g  t o  a  s i t u a t i o n
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deve lop ing  aE less  thar l  i t s  normal  speed wou ld  employ  a  conp le te ly

d i f fe ren t  s t ra tegy  than one opera t ing  in  rea l  t iue .

Cons ider  the  prob leor  o f  de termin ing  the  reac t ion  ra te

coef f i c ien ts  in  a  dynamic  mode l  o f  a  chemica l  reac tor .  The goa l

is  an  op t i f la l  na tch  be tween the  response o f  the  mode l  and the

neasured response o f  the  ac tua l  sys tem.  By  ernp loy ing  a  s teepes t

.  
descent  search  techn ique w i th  au tomat ic  ad jus tment  fo r  re la t i ve

min in ra ,  i t  n igh t  be  poss ib le  to  de termine a  sa t is fac to ry  se t  o f

I  
coe f f i c ien ts  in  less  than ten  hours  on  a  modern  hybr id  computer .

.  For  p rob lems o f  th is  type  i t  i s  en t i re ly  poss ib le  tha t  the  hybr id

conputer  i s  th ree  or  s1ore  orders  o f  magn i tude fas te r  than the

fas tes t  rnodern  d ig i ta l  computer .  Us ing  a  very  conserva t ive  two

orders  o f  magn i tude fac to r ,  such a  prob lem might  invo lve  one

thousand hours (rnore than one month) on a digital computer;

.  i t  i s  very  1 ike1y  tha t  the  cos t  wou ld  p roh ib i t  the  so lv ing  o f

th is  p rob len  by  a l l -d ig i ta l  techn iques .

The pr inc ip le  p rob le rn  in  hybr id  computer  p rogramrn ing  is  the  e l  fec t i ve

u t i l i za t ion  o f  the  combined conputer  complex .  The bas ic  idea is  to  p lace

.  the  h igh  speed (sca led  to  1  kher tz  o r  g rea ter )  ,  low prec is ion  ca lcu la t ions

on the  ana log  computer  and the  low speed ( l  kher tz  o r  less) ,  h igh  prec is ion

ca lcu la t ions  on  the  d ig i ta l  computer .

The linkage system of the hybrid interface permits comrnunication

of  da ta  be tween ana log  and d ig i ta l  conponents  a t  h igh  speed (up  to  30

thousand c  onvers  ions /s  ec  ond)  and reasonab le  p rec is ion  (4 .  d ig i ts ) .  The two

c o n p u t e r s  a r e  s y n c h r o n i z c d  t o  r e a l L i r n e  c l o c k s  c o n t a i n e d  i n  t h e  d i g i t a l  a n d

.  ana log  computers .  The syncron iza t ion  o f  the  d j .g i ta l  p rograms to  events  in
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the analog program is accornplished through an extensive priority interrupt

systen in  the d ig i ta l .  co lqputer .  A11 the contro l  funct ions of  the analog

conputer  ( i .e . ,  rnode contro l ,  potent ioneter  setup,  device output  readout ,

t ine scale changing,  etc . )  can be exerc ised f ron the d ig i ta l  eomputer  under

program contro l .  The s low speed contro l  communicat ion is  handl -ed bv a

separate urodule of  the in ter face system.

The features of  the hybr id  computer  that  d is t inguish i t  f rom the

dig i ta l  and make i t  par t icu lar ly  i . re l1  su i ted for  a wide c lass of  s imula-

t lon : ind computaEion problems are:

1.  Speed -  Ior  cer ta in probLems,  a severa l  hundred thousand dol lar

hybr id  wi l l  demonstrate a speed many orders of  nagniLude greater

than a severa l  mi l l ion dol1ar  d ig i ta l  computer .

2.  Man-rnachine in teract ion - .The user  of  a  hybr id  computer  mainta ins

an a lmost  symbiot ic  re lat ionship r r ' i th  the computer  and h is

problem through the extensive d isp lay and contro l  features

af forded by the analog computer .

Analog Display -  The anaLog computer  af fords excel lent  h igh

speed (d isp l -ay scope and moni tor  scope)  and low speed,  hard

copy (8 channel  s ta ipchar t  recorder  and X-Y p lot ter )  d isp lay

capabi l i t ies.



3.0 PROGRA]A4ING

3.1 HYBRID COMPUTER PROGRMMING

The hybr id  lab mainta ins the fo l lowing computers:

1)  EAI  680 Analog Computer ,
2)  PDP- 9 Dig i ta l  Conpurer ,
3) CMU Hybrid Computer (PDP-g ried ro EAI 680

.  through EAI  693 Inter face) ,
4)  CPS Repet i t ive Operat ion Analog Cornpucer .

The analog and hybr id  computers are h ighly  specia l ized devices best  su i ted

for  the sol .u t ion of  problems involv ing ord inary and/or  iar t ia l  d i f ferent ia l ,

equat ions.  3 'or  many problens in  th is  c lass,  the prof ic ient  prograruner

wi l l 'be able to  obta in speed improvernents of  f rom one to three orders of

magni tude as cornpared to a l l -d ig i taL solut ion,  The hybr id  cornputer  a lso

af fords a much nore usable in teract ive in ter face to the user .  Appropr ia te

combinaEion of  the potent ia l  speed and the in teract ive capabi l iL ies of  the

hybr id  computer  lead to the solut ion of  problems that  would be i rnpract ica l ,

. i f  
not  i rnpossib le,  to  so lve by a l "L-d ig i ta l  means.

The prospect ive user  is  caut ioned however ,  Lhat  thcse solut ion

speed and ef f ic iency gains do not  come easi ly .  Ef f ic ient  hybr id  conputer

programning . requi res a good ur iderstanding of  d i f ferent ia l  equat ion

theory,  sampl ing theory,  anaLog computer  operat ion and programrning,  and

dig i ta l  computer  prograrnming.  In  addi t ion,  the analog co$puter  requi rement

that  a1I  problem var iab les be scaled betv, /een p lus and rn inus one machine

uni t  (10 vol ts  on the EAI  680)  and the l imi ted prec is ion of  the analog

computer and the hybrid interface means that the problenr preparation

.  
t ime for  hybr id  cornputat ion is  l ike ly  to  far  exceed that  requi red for  a l l -

d ig i ta l .  so lut ion.  For  these reasons,  the prospect ive user  is  urged to



discuss h is  probLem wi th a member of  the hybr id  1ab staf f  pr ior  to  actual

progranming to ascer ta. in  i ts  su i tab i l i ty  for  hybr id  so lut ion.

3.2 FORTRAN IV PROGRAMMING

The hybr id  sof tware system has been debigned to fac iL i ta te an a l l -

For t ran IV mode of  operat ion.  This  approach impl ies cer ta in inef f ic ienc ies:

1)  The For t ran Monpi ler  does not  produce as ef f ic ient

anr{a t'hnth €-om a core storage and execution time

. viewpoint) as that produced by an experienced assembly

language programner.

2) Fortran IV does not provide an efficient rnedium for

'  deal ing wi th s ingle b i ts  of  in format ion.

3) tr'ortran IV does not allow direct comnunication between

the user  program and the in ter face devices.

Considering the strong eaphasis that has been placed on execution

speed,  the perspicac ious reader  might  quest ion the wisdom of  the decis ion

to encourage tr'ortran IV hybrid programming. This decision is based on the

PAGE I 
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followine observations :

1)  In  many hybr id  appl , icat ions,  the speed of  the d ig i ta l

computer  wi1 l ,  wi th in cer ta in l in i ts ,  have re lat ive ly

l i t t l -e  ef fect  on the overa l l  so lut ion t i rne,  (The speed

of  the in ter face and sampl ing theory considerat ions

of ten l in i t  the overa l l  so lut ion speed.)

2) tr'or those cases where the digital- computer is the

Limi t ing factor ,  i t  is  a  re lat ive ly  s imple mat ter  to

scale down the speed of  the analog to match that  of
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3)

the d ig i ta l .  (The d ig i ta l  computer  can set  the

solut ion speed-of  a prev iously  programmed analog

program to mul t ip les of  L ,  10,  103 and 1.04 t i r . "

real  t ime.  Relat ive ly  s imple scal ing of  the anaLog

prograrn g ives a i .1  var ia t ions across th is  range)

The Fortran ca1lable hybrid linkage routines have

been carefu l ly  coded in  assembly language to prov ide

a rapid,  yet  thoroughly checked,  t ransmiss ion of  data

and contro l  in fornat ion bet \ , r 'een the anaLog and d ig i ta l

computers.  These rout ines prov ide For t ran IV access

to a l l  the hardware features of  the in ter face and yet

protect  the user  f rom the deta i l ,s  of  the in ter face

progranrming. The j"inkage routines are eurployed in all

the higher 1eve1 hybrid software and rnay be considered

to be thoroughly debugged.

Hybr id prograns wr i t ten in  For t ran IV are v i r tua l ly

t ransparent  to  the exper ienced consul tant  s taf f  o f  the

hybr ic l  tab.  Hence i t  is  possib le for  the staf f  to

prov ide valuable ass is tance in  a min imal  t ime wi thout

the necessi ty  of  becoming in t inate ly  farn i l iar  r , r i th  the

int r icac ies of  the user  program and/or  problem.

?robably the most important reason for progrannning

ln ! 'or t ran IV vhere at  a l l  poss ib le is  the st ra ight

forward prograruning, readdble docunentation, and

rapld debrrgging af forded by Lhis  medium. Programning

in For t ran IV wi l l -  a lso pernr i t  extensive a l l  d ig i ta l

checkout of large portions of the hybrid program on

the 1108.  ( I t  wi l l  be possib le to  t ransai t  user

(

4)

5 )

r l

I
I
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files frorn the 1108 to the PD?-9 via the data phone

connec c lon. ,

By supporting Fortran IV as the standard hybrid prograrmning

Language through the provision of useful prograrmring aids and suPPort

sof tware,  Ehe hybr id  Lab is  encouraging the user  to  d i rect  h is  ef for ts  to

the formuLation and solution mathematics of the problem, not to the

sol-ution mechanics. The foregoing discussion does not nean to inPly that

lhe knowledgeabl-e user  wi th su i tab le just i f icat ion wi l l  not  be perrn i t ted to

ernploy MACRO- 9, the PDP-9 assembly language, lrhere he deems it necessary.

Ho\nrever, the najority of the users wiLl be stronSly advised to program

complete ly  in  For t ran fV.


