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'The Computc r1 .- . ---

On pages  1 2  and 1 3  dre information flow and det,iil djatirarns of 

(>BAG, the  fou r  c ornponents  c ) f  u h i ~h a r e  the re'id - o n l y  Ine:nt>ry,  dec oding 

.tnd c-ontrol unit. d a t a  i i i e r t i o ry .  and the  icrithrnetic unl t ,  The bulk oi t h e  

following rein'drks a r e  c on( -c rncdw i t 1 1  t he  i i r i thinet ic  u n i t ,  'WC n u s e  i t  i s  

the l e a s t  convent iondl  of the ,+hove group ,  

The dr i tht t ie t ic  uni t  is d is t inguished  b y  i t s  v e r y  noii-r orriplex 

o rgan iza t ion  and  i t s  s r r i a l l  nlunber of elec t ronic- e lc*nents  A convention;il  

single -b i t ,  "full" a d d e r  i s  the riuclcus a r o u n d  wJhich c ont rol c i r (  u i t r y  

&rid t h r e e  fu l l  word  s h i f t  r eg i s t e r s  a r e  a r r a n g e d .  The l o w  \>i , t  of each  of 

these th ree  r e g i s t e r s  is connec.tcd t o  the inpiit and  output pos i t ions  of t h e  

one -b i t  adder .  T h e r e f o r e  a11 a r i t h  n e t l c  operations tilke p l . ~ c eby u s e  of 

one adde r ,  a n d  one bi t  ,it a tir-iie Conventional f u l l - w o r d  o p e r a t i o n s  a r e  

, t c  h ieved  by suitiihle sequences of one -bit o p e r a t i o n s ,  w h i c h  o r ig ina t e  

s e r i a l l y  i n  the  i n s t r u c  tinri r n e : i i a r y .  Since the nlunber of i n s t r u c  t ion 

cxe( .u t ions  nee'ded is h i g h ,  re,cd-only rnernory, u h i c h  is c onipara t ive ly  

v e r y  inexpensive,  is exc lusivelv used fo r  instrcic t ion  s torage ,  

Tile a r i t h i n e t i t  u n i t ,  t l i en .  is con t ro l l ed  Ly these itistrii( t l o n s ,  Iriost 

o f  wh ich  a r e  non-dddrcssed ' t r i t h n e t i c  i n s t r u c t i o n s ,  hut  son>* of whic 11 

<ire load and  s to re  : n s t  ruc t ions ,  whit 11  c ant rol the p;ir<i\leli i i fo r inc+ t i (3n  



E-tlturc s t u d i e s  m a y  takc: u p  t h i s  s u b j e c t .  

Some Changes and Unresolved Ques t ions  
-_II ---I)- - - -- -- --_ 

S e v e r a l  miljor c h a n g e s  were rirade durii ig the genefii.3 alf tllis 

o rgan iza t ion ,  They  a re :  

1 )  Inc. lusion of t h r e e  sh i f t  r e g i s t e r s  r;Ither than one ,  t d i e r e l l y  n e a r l y  

r emov ing  the  expensive and h i n d e r i n g  p r o p e r t y  of an e x c e s g  of datn n i e m o r y  

refe relic-es ,  

2 )  The change  f rom norm;il to r ing-sh i f t  r e g i s t e r s ,  ag,tin t o  r educe  

data m e m o r y  referenc e s .  

3 )  The r e a l i z a t i o n  t l ld t  .in &iss e i n b l y  p r o g r a m  rniiklng ek tans ive  

use of: m i i c  ro- instr l ic  t 1 o n s  woiild be h i g h l y  desirdble, bec a ’ ise  rriariual 

p r o g r a : r i r n i n p  oi t h i s  c-oinp iter- is l e n g t h y  and  t ed ious  
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L , i d  a l sa  s u g g e s t s  sIjrn(.p r a c t i c a l  c o n s i d c r a t i o n s  which an Of3;,2F;-;would  h a v e  t.u mee t  

t h e  added  i n s t r u c t i o n s  i n  t he  stat, and the indexing mt‘chanism i t s t . l f .  

2)  In the p r o g r a m s  mri t ten  t h u s  far the i n s t r u c t i o n  n i t * n i o r y  is ausur-rih.d 

to  be randorn nr c -ess  .fi comple t e ly  seriitl.  and  t l w r e f o r c  n1uc.h <.!leaper, 

instri ic t ion rnernory c-ould he used, i f  c e r t a i n  c onditions were rn t t ,  Bat kv.,ard 

t rtirisfers would l u v e  to  he e l i - r i ina ted ,  and  f o r w a r d  t r a n s f e r s  w o u l d  have  to’ 

i n t e r r u p t  the ope ra t ion  of the r e s t  of the oniputer  until  t h e - p r o p e r  i n s t r u c t i o n  

is  reiiched, 

It  is thought t h n t  s u c h  d e c i s i o n s  should be made a t  <i trine %.hen the 

e f f e c t s  of the unusudl ( h a r . i c t e r i s t i c s  a r e  more f u l l y  unders tood .  IIowever 

the ev idence ,  some of which i s  n o t  included h e r e ,  points to  t h e  c.onclasion 

tha t  t h e  t ime spent s o  f a r  has  not been wxasted, and  thdt t5is *.ark w i l l  ledd 

t.0 a cornputer  of signiiic.ant uti l i ty,  riot i n sp i t e  of, but becatlait” of, i t s  


iiniis ual o rganiza t ion  
L1 

http:itst.lf
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Ten ta t ive  s ize  of Re'td-Only Memory .  i o b  - 108 ] , i t  s 

r c n t a t i v e  s ize  of Data  h len iory :  - 5 x 10 1 b1ts 

'Tentative speed of OBAZ ( ' 'maChinc c y c  le") 0 3 - 3, 0 11s 

Ten ta t ive  s p e e d  of d.itci memory  (I1mciiiory 

1 Y C  le") 2 - l o p s  

Assurned data memory  Xvord length 35 bits .ind s i g n  

Assunled instruc.t ion word  length 5 bits 

(exc .luding add r e s sed i n s t r  .LCt ions)  


The Ar i thme t i c  U n i t : 
-.---

The "adde r"  i s  a s o - c a l l e d  " fu l l  a d d e r ,  ' I  w*ith input connec t ions  "A" 

is the low bit, r e su l t i ng  from the add i t ion  of " A .  " R ,  I '  hind ' #C .  TheI t  

a r r y  l lC,  I '  t hen ,  i s  an  input t o  the a d d e r  ' !E, ' I  "E'. 'ind I'C'' are theI '  

r ight l r lost  b i ts  r e spec t ive ly  of the ring s h i f t  r e g i s t e r s  "X,  " "Y, and " Z ,' I  

Shif ts  a r e  one place left o r  r igh t .  and the  shi i t  r eg i s t e r s  art .  Ioiided f r o m  

Lind s t o r e d  into data r n e m o r v  i n  par i i l l e lL  

N u~mbe r of non -addre s s e  d i n s t 1- i i c t i on s 2 3  

Nutnbe r  of instruc- t ions t v i t h  d a h  memory  

kjd d r e s ses 6 

Trans fe r  ins t ruc  t ions  5 
- .  

5 ' 1  ( I17 ;i x",'17 I 1M ) 



N u m b e r  of i n s t r u c t i o n s  i n  ADD program:  

Instruct ions escctited in minirnuin t - a s c :  

N u m b e r  of d:ita memory  re ferences :  

Approximate t ime for  7 0 4  s i rnul<it ‘1on: 

I4ULTIPL Y  --- I_I_ 

N u m b e r  of i n s t r u c t i o n s  i n  h4PY p r o g r a r n :  7 6 6 0  

N u m b e r  of i n s t r u c t i o n s  no r rna l lv  executed: 2200 ( a p p r o x i m a t e )  

N u m b e r  of da td  niernory re ferences :  4 



r 
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were logical ly  c o r r e c t  and  eff ic ient ,  This  w a s  done by sirnTLrl,itionof the  

programs using an  existing corriputer,  name ly  the IUM 704,  The f i r s t  

s t e p  was to compi l e  t h e  tCibleof in s t ruc t ion  equival(ents whit-h appea r s  on 

pages  8 and  9 E a c h  OEAC ins t ruc t ion  w a s  assigned a s e t  of 704 

i n s t ruc t ions  s u c h  that it would simiLlate t h e  OBAC instruct i . )n  n o  mat te r  

w h e r e  i t  appeared i n  the p rogra rn ,  'X'his condi t ion c a u s e s  t ime inef f ic iency  

in the  s i m u l a t i o n  progra in .  but  also a s s u r e s  gene ra l i t y .  Sec: md, the 

OBAC p r o g r a m s  for "ADD" and  I ' M P Y ' '  were t r a n s l a t e d  rnto ,704 programs 

by d i r e c t  app l i ca t ion  of the table ,  and  t h e  r e s u l t i n g  p rogran ig  w e r e  then  

assc:nbled and  debugged. The (-orriyleted p r o g r a m s  \\*e re the11 rim with 

s e v e r a l  sets of data, i n  o r d e r  to t e s t  t h c  f i n a l  c o r r e c t n e s s  of t he  p r o g r a m s .  

S ince  the  p rograms  a r e  now known to y i e l d  c o r r e c t  ansv,-ers ;ind s i n c e  the 

in s t ruc t ion  equivalents  were c a r e f u l l y  c - h o s e n ,  i t  is f e l t  1 h t  $he OBAC 

prograrns  wi l l  a l s o  be found t o  be c o r r e c t  And 6 . i ~r ~ s f t ~ l ,c lf l thc m a c h i n e  
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{ h e  Z r c g i s t e r .  The  sigr: of  the < i n s w c r  is dctcririirtcd isiirnt. *iscarr-vrf r o m  

Z r c g i s t e r  ( a r s w t r )  i s  the? ,  s tored in  S. a r i d  :he prograin h a l t s .  

LOAD L D X  w 
LDY W 
LDZ W 

MAKE 



. '>  . 

STORE 

I 	K A T d S F E R  
icondi t ional)  

SI-IIFT 

P( E; 
PC,E 
PCG 
PElA 
PEE 
P F A  
€'I? B 
I-'GA 
l'G E3 
P R E  
P R F  
P R G  

S T X  W 
S I ' Y  TV 
S T Z  w 

TFA I 

?'C% I 
T R O  I 
T R Z  I 

X L S  
X R S  
E'LS 
YRS 
z LS 
Z RS 

ADD 



ADD 

L D X  W 

L D Y  W 

LDZ W 

MC0 

MC 2 

hIRO 

CLA A 
ADD I: 
ADD c 
L R S  I 
STO c 
P X D  
rJLs I 
S-1‘0 R 

C LA W 
STO X 

CLA W 
STO Y 

CLA W 
STO z 

CLA ONE 
STO C 

P X D  
s m  c 

C L A  ONE 
STO R 

M R Z  


P CE 


PCE’ 

P CG 

P E A  

PEB 
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P F A  CAI, E‘ 
ANA O N E  

T R A  I, ‘TKA 1, 

SLW A TRO L CI,A K 
I’NZ L 

PFB CAI,  Y 
ANA ONE T R %  1, C LA R 
SLW !i3 T Z E  L, 

PGA CAL Z X L S  LDQ X 
ANA ONE K Q L  I 
S L W  A 5TQ X 

PGB C A L  Z X H S  rADQX 
ANA O N E  KQI, 35 
S L W  B STQ X 

P R E  C A L  X Y LS LDQ Y 
ANA MlNZ 
ORA R 
SL” x 

R Q L  I 
STQ Y 

PRF CAI, I’ 
Y R S  IJDQ Y 

R Q L  35 
ANA MIN2 
ORA R 
S L W  Y zLS 

PRG C A L  Z STQ Z 
ANA MIN2 
ORA R Z R S  
S L W  z 

S T X  W CLA X 
STO W 

NOTE: 
STY W C L A  1-

STO w 
STZ W CLA Z 

STO W 

'rem L CLA C 
‘1”Z L 

TCZ L CLA C: 
‘I’ZE L 
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OBAC 704 
In s tru c 1 ior, Sirriirld tion 

M C  z P X D  YRS 
STO c 

LDX P CL14 P 
STO x 

P E A  LLXX3l C A L X  
LDY Q C L A  Q A N A  O N E  

STO Y S L W  A 

xLS LDQ X PFB C A L  Y 
H Q L  T ,/\NA ONE 
STQ X :iLw B 

YLS LDQ Y ADD C A L  A 
RQI, I ADD B 
STQ Y A D D  c 

1,RS I 
P E R  G A L  X :<TO C 

ANA O N E  P X D 
S L W  A 1.LS I 

;;Tu R 
PFB GAL Y 

ANA O N E  P K G  G A L  Z 
S L W  B ,,IN A  h11l’J 2 

ORA R 
ADD C L A  A S L W  z 

ADD B 
ADD C X R S  
L R S  I 
s‘ro c 
f’X D 
LLS I YRS 
s‘roR 

TRO A C L A  R 
m z LOCA Z RS LDQ 2, 

KUL 3 5  
MCZ P X D  STQ Z 

STO C ’L‘IX LOOP1, 1 ,  1 

X R S  LDQ X NOTE:  
R Q L  35 
STQ X 
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M C Z  P X D  
STO (1: 

PEA C A L  X 
ANA ONE 
S I-,W A 

P E R  C A L  X 
A N A  O N E  
S L W  I3 

ADD C L A  A 
A D D  €3 
ADD C 
LRS I 

P XI> 
LLS I 
STO R 

s r o  c 

ADD C L R  A 

ADD C 
LRS I 
STO C, 
P XD 
LLS 1 
STO R 

ADD 15 

PRG CAL z 
A N A  hlTI'J2 
ORA R 
S L W  z 

Z R S  LDQ Z 
NQL 3'; 
STQ Z 

STZ S 

A 

Q 
R 
S 

CLA I, 
STO s 
I I T R  
D E C O  
D E C O  
IJEC 0 
D E C O  
D E C O  
DEC 0 
D E C O  
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