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1.0 INTRODUCTION

The Carnegie-Me1lon Univers i ty  l lybr id  Computat ion Laboratory

mainta ins a sophis t icated hybr id  conputer  as i ts  pr i rnary conputer  systen.

Tbis  hybr id  computex consis ts  of  a  pDp-9 d ig i ta l  conputer  (Dig i ta l

Equipment  Corporat ion) ,  an EAI  6g0 analog/ log ic  computer  (Elect ronic

Associates,  Inc. ) ,  and an EAI  693 hybr id  in ter face (Elect ronic  Associates,

rnc. ) .  The cMU hybr id  lab arso has avai rable for  use a west inghouse Gps

analog computer  (vacuum- tube type repet i t ive operat ion analog computer) .

The r'est of this write-up presents an overa]l view of the hardware

configuration and software complement of the hybrid conputer.
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2.0 HARDWARE

2.! PDP-9 (DrGrrAr/

The CMU hybr id  computat ion laboratory PDP-9 d ig i ta l  comPuter

conf igurat ion current ly  consis ts  of  the fo l lowing equiPment :

a. )  PDP-9 d ig i ta l  computer  \ , r i th  1 usec memory cyc le t i rne,  real - t i rne
'  (60 -gps)  c1ock,  16K of  18-b i t  rnord core memory,  and an extended

ar i thnet ic  e lement .

'  b . )  A?I  opt ion:  8 levels  of  automat ic  Pr ior i ty . in terrupts (4
hardware and 4 sof tware levels) .

c . )  KSR35 te letype (console typervr i ter ) :  10 charac ters/  second.

'  d . )  High-speed paper  . tape I /0 :  300 charac ters/  second input  and
50 charac tery '  second outPut .

e . )  B u l k  s t o r a g e  I / o :  1  D E c t a p e  c o n t r o l l e r  w i L h  4  D E C t a p e  u n i t s - -
f ixed posi t ion reading and wr i t ing,  576 b locks of  256 18-b i t
words each per  tape,  200 psec/18-b i t  r , rord t ransfer  rate '
53 msec/b lo;k  t ransier  r { te  (2.6 mi l l ion b i ts / tape) .

f . )  Dataphone:  in  process of  insta l l -a t ion.

Deta i led in format ion concern ing PDP-9 hardrvare is  conta ined in  DEC

. publ" icat ion F-95,  PDP-9 Userrs l tandbook,  January,  i .968.

2.2 EAI 680 (ANAT,OC)

The EAI  680 is  a 10 vol t  analog conPuter  capable of  computat ion !n

real  t ine and compressed t ime up to i0 ,000 t imes real  E ine.  The 680 a lso

has d ig i ta t  components for  log ic  operat ions and controf  inputs to  the analog

'  components,  and per iphera l  equipment  for  a wide range of  outPut  d isPlay.



The EAI 680 present l -y  consis ts  of  the fo l lor^ , ing equipnent :

I .  Analog comput ing e lemen ts
a. )  30 cornbinat ion ampr i f iers  (nay be used as in tegrators or  summers)
b. )  24 sunming ampl i f iers
c. )  24 inver  ters
d.)  12 t rack-store arnpl i f iers
e . )  1 2  q u a r t e r - s q u a r e  n u l t i p l i e r s
f . )  8  var iab le d iode funct ion generators
g.)  4  f ixed d iode funct ion generators (LOG)
h.)  4  f ixed d iode funcr ion generarors (SIN/COS)
i . )  1 0 0  s e r v o - s e t  p o t e n t i o m e f e r s
j . )  6  h a n d - s e t  p o t e n t i o r n e t e r s
k. )  16 comparators
1 . )  L 6  f u n c t i o n  r e l a y s
n.)  16 D/A swi tches

.  n . )  1 2  v a r i a b l e  l i n i t e r s
o . )  L 2  z e t o  l i m i t e r s
p . )  1  f i v e - p l a c e  d i g i t a l  v o l t n e t e r

I I .  Logic  e lernents
a . )  J b  a n d  g a t e s
b")  6 4-b iL genera l  purpose regis ters
c. )  6  monostable t i rners
d.)  3  two-p lace BCD counters
e.)  6  d i  f ferent ia  tors
f . )  contro l  inputs , for  in tegrator  t ime scales and modes,  t rack_

store modes,  D/A s\ , r i tches,  and funct ion re lays
g.)  conparator  o utputs

I I I .  Per iphera l  d isp lay equipment
a. )  TEKTRONIX R1664 storage osc i l losssps wi th a four_t race

ver t ica l  anpl i  f ier
b . )  E A I  1 L 1 0  X - y  p l o r r e r
c. )  8-channel  brush recorder  $/ i th  two event-marker  channels
d . )  d i s p l a y  s c o p e  w i t h  g r r x  L O ' r  d i s p l a y  a r e a  a n d  4  d i s t i n c t ,

s inu l taneous t race s

Deta i led in forrnat ion concern ing EAI  6g0 hardware is  conta ined in

E A I  p u b l i c a t i o n  f 0 0 8 0 0 . 2 0 4 8 - 1 ,  J u l y ,  1 9 6 7 .

2.3 EAI  693 (HYBRID INTERFACE)
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hybr id in ter face prov ides the data t ransfer  and conLro l

the EAI  680 and the PDP-9 necessary for  hybr id  compuEa-

the fo l loru j .ng capabi l i t ies :

The EAI 693

operat ions between

t ion.  I t  prov ides
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a.)  15 channel ,  3OKC analog-  to-  d ig i  ta  J"  conver ter  (ADC).
b. )  .4  d ig i ta l - to-analog conver ters (DAC),
c. )  8  d ig i  ta1-  to-  ana Log nul t iP l iers  (DAM).
d. )  analog component  se lect ion and readout .
e . )  p o t e n t i o r n e t e r  s e l e c t i o n  a n d  s e r v o - s e t t i n g .
f . )  analog and Logic  mode contro l .
g . )  in tegrator  t ime scale contro l .
h - )  f r r n c f i o n  r F l a v  c o n t r o l .

i . )  comparator  s tatus readout .
J . )  15 d ig i ta l - - to-analog contro l  1 ines.
k. )  8  anaLog-to-d ig i ta l  sense l ines.
1. )  8  anaLog- to-  d ig i ta  1 genera l  purpose in terruPts.
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3.0 SOFTWARi'

3.1 DEC- SUPPIIED (PDP-g STAND-AI,ONE)

A11 sof tware descr ibed below is  suppl ied and nainta ined by Dig i ta l

Equiprnent Corporatioo. This software comprises the basic operating system

for  the PDP-g,  s tand-a lone or  hybr id .

a. )  System Bootst rap:  used to in i t ia l -Load the Keyboard l " t ron i tor
frorn the system tape.

b. )  Keyboard Moni tor  (1049) :  prov ides automat ic  s tor ing,  ca l l - ing,

l33l'li;,il*" ;":::*l:"" j,i'it8""u
operat ions;  prov ides error  de tec t  ion,
error  messages,  and error  recovery;
ptovides for program pause and
saving of  the status of  a '1 .1 re levanl
regis  ters .

c . )  Syrnbol ic  Edi tor  (EDIT) :  prov ides the abiL i ry  to  creare new
synbolic text or to read o1d syrnbolic
text from any input device, to examine
and correct the text, and to lrrite it
on any output devic e.

d. )  L ibrary Update (UPDATE):  prov ides the
examine, or
DECtape.

e.) Peripheral- Interchange Prograrn (PIP):

x . )  . f  orEran rv  ( !41 :

g;) Macro-9 (I'IACRO- 9)

n. )  I l l nk rng  roader :

, h i  I  i  i . -  t ^  F t ^ a f a

al ter  L ibrary f i les on

fac i l i ta te the rnanipu la-
tion and transfer of data
files from any input
device to any output
device.

a trno-pass compil-er which accepts FORTMN IV
programs and produces re loiatai l b*ob- -i ec t
code acceptabLe to the Keyboard Monitor
s ys tem.

: a two-pass nrachine l-anguage macro assembler
which produces re locatabl -e object  code
acceptable to the Keyboard Monitor system,
or  absolute object  code acceptable for '
hardware read- in.

a re locatable loader  which loads user  programs
into core,  reLocat ing and packing as necessary
for  ef f ic ient  use of  core s toraqe.
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3.2 HYBRID COMPUTATION I-ABOMTORY

The software described below was developed and is naintained by the

hybr id  Lab.  Complete documentat ion of  th is  sof tware is  conta ined in  th is

user  rs  manual- .

a . )  Hybr id  s tat ic  Analog Test  Program (HYSAT) :  prov ides the user
wi th a s tandard

.  f .ac i l i ty  for
i n i f i . e l  n r n h l p n

< a f , t n  c l - a f  i ^

analog checkoul ,
and potentiometer
value save.

b. )  l inkage rout ines:  a package of  FORTRAN-cal lab le funct ions and
subroutines nhich provides the user .access
to a l l  o f  the capabi l i t ies of  the EAI  693
hybr id in tet face,  as wel l  as PDP-9 pr ior i ty

:xi"il:':"H:li;l'il3li: 
console facilities'

c.)  Cont inuous Systems Model ing Program (CSMP):  prov ides a d ig i ta l
ass is  t  in  the
accurate s imulat ion
of dynarnic sys tems
modeLed by ord inary
di f ferent ia l  and
di f ference equat ions.


