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P A C T  P R I M E R  

I n  t h e  f o l l o w i n g  d i s c u s s i o n ,  w e  a r e  g o i n g  t o  t r e a t  P A C T  I  

n o t  a s  a  s y s t e m  f o r  u s e  o n  a  m a c h i n e ,  b u t  r a t h e r  a s  t h e  m a c h i n e  

i t s e l f .  W e  a r e ,  i n  a  c e r t a i n  s e n s e ,  g o i n g  t o  d e s i g n  a  m a c h i n e  

w h i c h  w i l l  e n a b l e  u s  t o  d o  t h e  p r o b l e m s  w h i c h  a r i s e  i n  t h e  c o u r s e  

o f  o u r  w o r k .  O u r  m a c h i n e ,  l i k e  a l l  m a c h i n e s ,  w i l l  n o t  i n c l u d e  

a l l  o f  t h e  d e s i r a b l e  f e a t u r e s  t h a t  o n e  m i g h t  a s k  f o r .  W e  t h i n k ,  

h o w e v e r ,  t h a t  i t  w i l l  b e  b e t t e r  t h a n  m o s t .  

I n  o r d e r  t o  d e s i g n  a  m a c h i n e  t o  d o  o u r  p r o b l e m s ,  w e  m u s t  

s e e  w h a t  k i n d  o f  p r o b l e m s  w e  h a v e .  L e t ' s  b e g i n  w i t h  a  s i m p l e  

o n e :  

E G - 1  C o m p u t e  y  a a z ^  +  b z  +  d  f o r  o n e  v a l u e  o f  z  
c z  -  e  

W h a t  d o  w e  n e e d  i n  o u r  m a c h i n e  t o  d o  t h i s  c o m p u t a t i o n ?  

F i r s t ,  w e  n e e d  r e g i s t e r s  t o  h o l d  t h e  q u a n t i t i e s  i n v o l v e d  a n d  t h e  

f i n a l  a n s w e r .  W e  s h a l l  c a l l  t h e s e  r e g i s t e r s  " F A C T O R S " ,  W e  m u s t  

h a v e  a n  i n s t r u c t i o n  ( " O P E R A T I O N " )  w h i c h  a l l o w s  u s  t o  " T A K E "  

q u a n t i t i e s  f r o m  t h e  F a c t o r s .  W e  m u s t  h a v e  t h e  a b i l i t y  t o  " A D D " ,  

" S U B T R A C T " ,  " M U L T I P L Y " ,  a n d  " D I V I D E " ,  W e  s h o u l d  b e  a b l e  t o  p u t  

o u r  f i n a l  a n s w e r  i n t o  o n e  o f  t h e  F a c t o r s  ( i . e .  w e  w a n t  t o  m a k e  

a  F a c t o r  " E Q U A L "  t o  s o m e t h i n g ) .  W e  m u s t  b e  a b l e  t o  " H A L T "  w h e n  

o u r  p r o b l e m  i s  c o m p l e t e d .  W e  m u s t  h a v e  t h e  a b i l i t y  t o  d o  t h e  

" S T E P S "  i n v o l v e d  i n  t h e  c o m p u t a t i o n  i n  a  p a r t i c u l a r  o r d e r .  

N o w ,  l e t  u s  w r i t e  d o w n  t h e  " C O D E "  t o  c a r r y  o u t  t h e  c o m p u t a 

t i o n  w e  w i s h  t o  d o :  



- 2 -

S t e p  *  O p e r a t i o n  F a c t o r  

1  T A K E  Z  
2  M U L T I P L Y  ( b y )  C  
3  S U B T R A C T  e  
4  E Q U A L S  D E M O N I N A T O R  
5  T A K E  Z  
6  M U L T I P L Y  ( b y )  a  
7  A D D  b  
8  M U L T I P L Y  ( b y )  Z  
9  A D D  d  

1 0  D I V I D E  ( b y )  D E M O N I N A T O R  
1 1  E Q U A L S  y 
1 2  H A L T  

N o t e  t h a t  i n  o u r  C o d e ,  t h e  r e s u l t  o f  o n e  S t e p  i s  a v a i l a b l e  

f o r  u s e  a s  a n  o p e r a n d  f o r  t h e  s u c c e e d i n g  S t e p  o n l y ,  a n d  t h a t  w e  

t h e r e f o r e  h a d  t o  c r e a t e  t h e  a d d i t i o n a l  F a c t o r  " D e n o m i n a t o r " .  I n  

g e n e r a l ,  w e  w i l l  h a v e  m a n y  s u c h  " i n t e r m e d i a t e "  q u a n t i t i e s .  L e t  

u s ,  t h e r e f o r e ,  c r e a t e  a n  a d d i t i o n a l  c o n v e n i e n c e  o n  o u r  m a c h i n e ;  

n a m e l y ,  t h a t  t h e  r e s u l t  o f  s t e p  n  ( R  n )  s h a l l  b e  a v a i l a b l e  o n  a l l  

s u c c e e d i n g  s t e p s .  I n  o r d e r  t o  d i f f e r e n t i a t e  b e t w e e n  o r d i n a r y  

F a c t o r s  a n d  t h e s e  n e w  o n e s  w e  w i l l  " C L U E "  t h e  m a c h i n e  b y  p l a c i n g  

t h e  R  i n  a  s p e c i a l  p l a c e .  

N o t e  a l s o  t h a t  w e  w r i t e  m a n y  c h a r a c t e r s  t o  s p e c i f y  o u r  o p e r a 

t i o n s .  L e t  u s  t h e r e f o r e ,  a g a i n  f o r  c o n v e n i e n c e ,  m a k e  o u r  m a c h i n e  

a c c e p t  " S Y M B O L S "  i n  p l a c e  o f  " s p e l l e d  o u t "  o p e r a t i o n s :  

O P E R A T I O N  S Y M B O L  

T A K E  ( n o  s y m b o l )  
A D D  • f  
S U B T R A C T  a» 

M U L T I P L Y  X 
D I V I D E  / 
E Q U A L S  E Q  
H A L T  H A L T  



W e  s h a l l  n o w  r e w r i t e  t h e  C o d e  o f  o u r  p r e c e d i n g  e x a m p l e :  

S T E P  O P E R A T I O N  C L U E  F A C T O R  

1  z  
2  X c  
3  - e  
4  z  
5  X a  
6  + b  
7  X z  
8  «• d  
9  / R  3  

1 0  E Q  y  
1 1  H A L T  J 

L e t  u s  n o w  c h a n g e  o u r  p r o b l e m  s o m e w h a t  a n d  s e e  w h a t  a d d i 

t i o n a l  f e a t u r e s  w e  s h o u l d  l i k e  t o  h a v e  o n  o u r  m a c h i n e .  

E G - 2  C o m p u t e  •  a z ^  4- b z $  »  d  •  f ( z j )  
c z  j  —  e  

f o r  i  s  1  t o  1 0  i n  s t e p s  o f  1  [ i  «  1 ( 1 ) 1 0 ]  

F i r s t  w e  s h a l l  w r i t e  a  " F L O W  D I A G R A M "  t o  i n d i c a t e  h o w  w e  

a r e  g o i n g  t o  d o  o u r  p r o b l e m :  



W e  n e e d  t o  a d d  t o  o u r  m a c h i n e ,  t o  d o  t h i s  p r o b l e m ,  t h e  

a b i l i t y  t o  s p e c i f y  s u b s c r i p t s  a n d  t o  " S E T "  a n d  " T E S T "  t h e m .  A s  

a  p a r t  o f  o u r  t e s t i n g ,  w e  a l s o  n e e d  t h e  a b i l i t y  t o  g o  b a c k  t o  a  

p a r t i c u l a r  s t e p  i n  o u r  c o d e .  W e  s h a l l  p u t  o u r  s u b s c r i p t s  i n  a  

s p e c i a l  p l a c e  a n d  a l s o  a l l o w  e a c h  o f  o u r  F a c t o r s  t o  h a v e  t w o  

s u b s c r i p t s .  ( E v e n t u a l l y ,  w e  s h o u l d  l i k e  t o  d e a l  w i t h  m a t r i c e s . )  

S T E P  O P  C L U E  F A C T O R  s i  S 2  

1  S E T  i  1  
2  z  i  
3  X  c  
4 - e  
5  z  i  
6  X a  
7  + b  
8  X z  1  
9  f  d  

1 0  / R  4 
1 1  E Q  y 1  
1 2  T E S T  *2  i  1 0  
1 3  H A L T  

E X P L A N A T I O N :  
<L 

S t e p  ( 1 ) :  S e t  i  e q u a l  t o  1  w h e r e v e r  i t  a p p e a r s  a s A s u b s c r i p t  

b e t w e e n  t h e  S e t  a n d  T e s t  O p e r a t i o n s  ( s t e p s  2 ,  5 ,  8 ,  1 1 ) .  

S t e p s  ( 2 )  t h r o u g h  ( 1 1 ) :  T h e s e  s t e p s  a r e  e s s e n t i a l l y  t h e  s a m e  a s  

s t e p s  ( 1 )  t h r o u g h  ( 1 0 )  o f  ( I B ) .  

S t e p  ( 1 2 ) :  I n c r e a s e  i  b y  1  w h e r e v e r  I t  a p p e a r s  a s  a  s u b s c r i p t  

b e t w e e n  t h e  S e t  a n d  T e s t  o p e r a t i o n s  ( s t e p s  2 ,  5 ,  8 ,  1 1 ) .  

I f  t h e  n e w  i  i s  g r e a t e r  t h a n  1 0 ,  p r o c e e d  t o  t h e  n e x t  

s t e p  j s t e p  ( 1 3 ) J  ;  i f  i t  i s  l e s s  t h a n  o r  e q u a l  t o  1 0 ,  

g o  ( " T R A N S F E R " )  t o  t h e  s t e p  s p e c i f i e d  a s  t h e  F a c t o r  

s t e p  ( 2 )  .  

N o t e :  O u r  m a c h i n e  s h a l l  h a v e  t h e  f o l l o w i n g  r e s t r i c t i o n :  w h e n e v e r  
a n  o p e r a t i o n  ( s u c h  a s  T e s t )  r e q u i r e s  t h a t  t h e  n e x t  s t e p  t o  b e  c a r r i e d  
o u t  i s  n o t  t h e  n e x t  s t e p  a s  n u m b e r e d ,  t h e n  t h e  s t e p  t o  b e  c a r r i e d  o u t  
m u s t  b e  w i t h i n  a  c e r t a i n  c l a s s  w h i c h  w e  d e f i n e  a s  " t h e  f i r s t  s t e p  i n  
a  s e q u e n c e  o f  s t e p s "  a n d  w h i c h  w i l l  b e  m o r e  f u l l y  e x p l a i n e d  l a t e r .  
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A s  a  f u r t h e r  e x t e n s i o n  o f  t h e  p r o b l e m  w e  h a v e  b e e n  d o i n g ,  

s u p p o s e  w e  w a n t e d  t o  d o  t h e  f o l l o w i n g :  

2  E G - 3  C o m p u t e :  y .  -  a  Z j  +  b  z t  +  d  =  f ( z £ )  

i f  

c  z .  -1  

>  d  i  =  1 ( 1 ) 1 0  

y <  =  2 <  

1 1  |  Z j  <  d  

A g a i n ,  w e  s h a l l  b e g i n  b y  m a k i n g  a  F l o w  D i a g r a m  

S t a r t  S e t  X Q  1  

C o m p u t e  t h e  q u a n t i t y  

| * j l  -  d  

I s  t h i s  q u a n t i t y  
g r e a t e r  t h a n  z e r o ?  

y e s  n o  

y ,  =  f  ( z i )  y j  r  Z i  

I n c r e m e n t  i  b y  
1  a n d  t e s t  t o  
s e e  i f  i t  i s  

g r e a t e r  t h a n  1 0  

y e s  N o  
H a l t  

T h i s  p o s e s  t w o  a d d i t i o n a l  p r o b l e m s ;  w e  s h o u l d  l i k e  t o  b e  

a b l e  t o  w o r k  e a s i l y  w i t h  t h e  a b s o l u t e  v a l u e  o f  n u m b e r s ;  w e  m u s t  

b e  a b l e  t o  m a k e  c o m p a r i s o n s  a n d  a s  a  r e s u l t  o f  t h e s e  c o m p a r i s o n s  

" T R A N S F E R "  t o  a  g i v e n  S t e p .  



[ O p e r a t i o n  S y m b o l  D e s c r i p t i o n  

A B S O L U T E  

T r a n s f e r  o n  
P o s i t i v e  

T R A N S F E R  

A B S  

T P  

T  

" T a k e "  t h e  a b s o l u t e  v a l u e  
o f  t h e  F a c t o r .  
I f  t h e  r e s u l t  o f  t h e  p r e 
v i o u s  S t e p  i s  g r e a t e r  t h a n  
z e r o ,  g o  t o  t h e  S t e p  n o t e d  
a s  t h e  F a c t o r ;  o t h e r  w i s e ,  
p r o c e e d i n g s  e q u e n c e .  
G o  t o  t h e  s t e p  n o t e d  a s  
t h e  F a c t o r ,  

C o d e  f o r  E G - 3  

STEP OP CLUE FACTOR S1 S2 
1 SET i 1 
2  ABS z  i 
3 - d 
4 TP 8  
5  z  i 
6 EQ y i 
7 T 18 
8  z  i 
9 X c  

10 - e 
11 z  i 
12 X a 
13 f  b  
14 X z  i 
15 4 d 
16 / R 10 
17 EQ y i 
18 TEST 2  i 10 
19 HALT 

N o t e  t h a t  i t  i s  e s s e n t i a l  t h a t  a l l  s t e p s  w h i c h  u s e  t h e  s u b s c r i p t  

i  m u s t  o c c u r  b e t w e e n  t h e  S e t  a n d  T e s t .  

E G - 4  L e t  u s  r e f e r  b a c k  t o  E G - 1 ,  r e p l a c i n g  y  b y  f ( z )  :  

f  ( z )  •  a  4  b  z  4 -  d  
c  z  -  e  

N o w  s u p p o s e  w e  w i s h e d  t o  c o m p u t e :  

w  s  p  •  f  ( q )  t  •  f  ( r )  



N o t e  t h a t  w i t h  o u r  m a c h i n e  a s  i t  n o w  s t a n d s ,  w e  w o u l d  b e  o b l i g e d  

t o  w r i t e  t h e  c o d e  o f  ( I B )  t w i c e  i n  o r d e r  t o  a c c o m p l i s h  o u r  p u r p o s e  

( u n l e s s  w e  w i s h e d  t o  u s e  a  t r i c k  w h i c h  i s  l e f t  a s  a n  e x e r c i s e  f o r  

t h e  r e a d e r ) .  B u t  w e  d o n ' t  l i k e  t r i c k s  a n d  w e  a r e  t o o  l a z y  t o  w r i t e  

e x c e s s i v e l y ,  s o  w e ' 1 1  i m p r o v e  o u r  m a c h i n e .  W e  w i l l  c a l l  t h e  S t e p s  

a s s o c i a t e d  w i t h  a  g i v e n  c o m p u t a t i o n  a  " R E G I O N " ,  a n d  w e  s h a l l  h a v e  

o u r  m a c h i n e  a b l e  t o  " D O "  a  R e g i o n  a n d  t h e n  r e t u r n  t o  t h e  S t e p  

f o l i o w i n g  t h e  D o .  T h e  c o d e  o f  ( I B )  t h e n  b e c o m e s  

R e g i o n  S t e p  O P  C L U E  F A C T O R  s i  i 

CM 
A

 

1  1  z  
1  2  X c  
1  3  - e  
1  4  z  
1  5  X a  
1  6  + b  
1  7  X z  
1  0  + d  
1  9  / R  3  
1  1 0  E Q  y 

T h e  H a l t  i s  o m i t t e d  b e c a u s e  w e  n o  l o n g e r  w i s h  t o  s t o p  a t  t h e  

e n d  o f  t h i s  p a r t i c u l a r  c o m p u t a t i o n .  

O u r  n e w  o p e r a t i o n  i s  " D O " .  D o  t h e  R e g i o n  s p e c i f i e d  a s  t h e  

F a c t o r  a n d  r e t u r n  t o  t h e  S t e p  f o l l o w i n g  t h e  D o .  

T h e  C o d e  f o r  c o m p u t i n g  w  

R e g i o n  S t e p  O P  CLUE FACTOR S 1  S 2  
2  1  q 
2  2  E Q  z  
2  3  D O  1  
2  4  y 
2  5  X p  
2  6  E Q  w  
2  7  r  
2  0  E Q  z  
2  9  D O  1  
2  1 0  y 
2  1 1  X -t -

2  1 2  <• w  
2  1 3  E Q  w  
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N o t e :  S t e p  ( 6 )  w a s  n e e d e d  f o r  t h e  r e a s o n  d e s c r i b e d  b e l o w ;  w  w a s  

c h o s e n  a s  t h e  f a c t o r  i n  o r d e r  t o  s a v e  f a c t o r  s p a c e .  

O u r  m a c h i n e  s h a l l  h a v e  t h e  f o l l o w i n g  r e s t r i c t i o n :  

T h e  r e s u l t s  o f  a  s t e p  i n  o n e  r e g i o n  s h a l l  n o t  b e  a v a i l a b l e  

a s  a  f a c t o r  i n  a n y  o t h e r  r e g i o n ;  i n  a d d i t i o n ,  t h e y  w i l l  n o t  b e  

a v a i l a b l e  t o  a n y  s t e p s  i n  t h e  g i v e n  r e g i o n  i f  a  " D O "  h a s  o c c u r r e d  

b e t w e e n  t h e  s t e p  w h o s e  r e s u l t  i s  w a n t e d  a n d  t h e  s t e p  w h i c h  u s e s  

t h i s  r e s u l t .  
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S C A L I N G  

I n  a l l  o f  o u r  p r e c e d i n g  e x a m p l e s ,  w e  h a v e  b e e n  w o r k i n g  w i t h  

n u m b e r s  w h o s e  m a g n i t u d e  h a s  b e e n  i g n o r e d ,  D n f o r t u n a t e l y ,  t h e  

m a g n i t u d e  o f  n u m b e r s  c a n  n o t  b e  o v e r l o o k e d  w h e n  o n e  i s  d o i n g  

c o m p u t a t i o n a l  w o r k .  T h e r e f o r e ,  w e  s h a l l  b e  r e q u i r e d  t o  s p e c i f y  

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

o f  t h e  p o i n t  r e s u l t i n g  f r o m  t h e  c o m p u t a t i o n  b e i n g  d o n e  o n  t h a t  

s t e p  ( o r ,  i f  t h e  r e s u l t  i s  l e s s  t h a n  1 . 0 ,  t h e  n u m b e r  o f  l e a d  

z e r o s  i n  t h e  r e s u l t ) .  W e  s h a l l  d i f f e r e n t i a t e  b e t w e e n  w h o l e  n u m b e r s  

a n d  l e a d  z e r o s  b y  p u t t i n g  a  m i n u s  s i g n  o n  t h e  " Q "  t h a t  w e  u s e  t o  

s p e c i f y  t h e  l a t t e r .  

F o r  e x a m p l e :  

1 2 * 3 4 5  w o u l d  h a v e  Q  =  2  t o  i n d i c a t e  2  w h o l e  n u m b e r s  

* 0 1 2 3 4  w o u l d  h a v e  Q  = 4  t o  i n d i c a t e  1  l e a d  z e r o .  

T h e r e  i s  o n e  a d d i t i o n a l  c o m p l i c a t i o n  w e  m u s t  m e n t i o n  b e f o r e  

w e  p r o c e e d  t o  m a k e  l i f e  s o m e w h a t  e a s i e r :  o u r  m a c h i n e  i s  a  B I N A R Y  

c o m p u t e r  s o  t h a t  t h e  w h o l e  n u m b e r s  o r  l e a d  z e r o s  m u s t  b e  e x p r e s s e d  

i n  t e r m s  o f  p o w e r s  o f  2 .  ( A  t a b l e  o f  p o w e r s  o f  2  i s  i n c l u d e d  i n  

t h e  a p p e n d i x . )  T h u s  f o r  t h e  n u m b e r s  i n  t h e  p r e c e d i n g  e x a m p l e :  

1 2 * 3 4 5  h a s  Q  =  4  ( 2 3  <  1 2  *  3 4 5  <  2 4 )  

• 0 1 2 3 4  h a s  Q  «  - 6  ( 2 - 7 < * 0 1 2 3 4 <  2 * 6 )  

Now to make l ife somewhat easier:  we f irst  note that every 

F a c t o r  a n d  t h e  r e s u l t  o f  e v e r y  s t e p  h a s  a  Q  a s s o c i a t e d  w i t h  i t .  

W e  m a y  t h e n  d e f i n e  a  " n o r m a l "  s p e c i f i c a t i o n  o f  Q  a s  f o l l o w s :  

1 .  I n  a d d i t i o n  a n d  s u b t r a c t i o n ,  t h e  Q  o f  t h e  r e s u l t  i s  t h e  

Q  o f  t h e  l a r g e r  o f  t h e  t w o  o p e r a n d s ,  

2 .  I n  m u l t i p l i c a t i o n ,  t h e  Q  o f  t h e  r e s u l t  i s  t h e  s u m  o f  t h e  

Q ' s  o f  t h e  t w o  o p e r a n d s ,  
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3 .  I n  d i v i s i o n ,  t h e  Q  o f  t h e  r e s u l t  i s  t h e  d i f f e r e n c e  o f  

t h e  Q  o f  t h e  D i v i d e n d  a n d  t h a t  o f  t h e  D i v i s o r .  

( N o t e  t h a t  2  a n d  3  a r e  m e r e l y  e x p o n e n t i a l  a r i t h m e t i c )  

W e  s h a l l  n o w  g i v e  o u r  m a c h i n e  a n  a d d i t i o n a l  c a p a b i l i t y :  

W i t h  b u t  o n e  e x c e p t i o n ,  w h e r e  Q  i s  n o t  s p e c i f i e d ,  o u r  m a c h i n e  s h a l l  
f o n  Q f i t r y i e t ' C  o y e r ' a . t t o n 5  

a s s u m e  a  " n o r m a l "  Q . ^  The ex c e p t i o n  i s  t h a t  e v e r y  E Q U A L S  s h a l l  

h a v e  a  Q  s p e c i f i e d .  

S i n c e  i t  i s  n o t  i m p o s s i b l e  t o  m a k e  e r r o r s  i n  s c a l i n g ,  w e  

s h a l l  a l s o  p u t  s o m e  c h e c k s  i n t o  o u r  m a c h i n e :  

1 . )  I f  t h e  Q  ( " n o r m a l "  o r  s p e c i f i e d )  f o r  a  d i v i s i o n  i s  n o t  

l a r g e  e n o u g h  t o  a c c o m m o d a t e  t h e  q u o t i e n t ,  t h e  m a c h i n e  

w i l l  h a l t  a n d  t u r n  a  s p e c i a l  ( D I V I D E  C H E C K )  l i g h t  o n .  

2 . )  I f  t h e  Q  ( " n o r m a l "  o r  s p e c i f i e d )  f o r  a n y  o t h e r  o p e r a 

t i o n  i s  n o t  l a r g e  e n o u g h  t o  a c c o m m o d a t e  t h e  r e s u l t  o f  

t h a t  o p e r a t i o n ,  a  s p e c i a l  " o v e r f l o w  i n d i c a t o r "  s h a l l  

b e  t u r n e d  o n .  ( N o t e  t h a t  i n  m u l t i p l i c a t i o n  t h i s  m a y  o n l y  

o c c u r  f r o m  t h e  s p e c i f i e d  Q  b e i n g  w r o n g . )  W e  s h a l l  a l s o  

s u p p l y  a n  o p e r a t i o n  t o  " t e s t "  t h e  o v e r f l o w  i n d i c a t o r .  

T r a n s f e r  o n  O v e r f l o w  ( T F )  I f  t h e  o v e r f l o w  i n d i c a t o r  i s  o n ,  t u r n  

i t  o f f  a n d  t h e n  g o  t o  t h e  S t e p  n o t e d  a s  

t h e  F a c t o r ;  o t h e r w i s e ,  p r o c e e d  i n  S e q u e n c e .  

L e t  u s  n o w  r e t u r n  t o  e x a m p l e  2 ,  g i v i n g  v a l u e s  t o  o u r  l e t t e r s ;  

C o m p u t e  
yj[ -  aZj + bZj + d i  = 1(1)10 

C Z |  -  e  

w h e r e  a  s  2  
b  s  3  
C m •  5 6  
d  *  7 . 5  
e  =  1 6  

•  6  <  z i  <  3 . 5  
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ai*s 
L e t  u s  a s s u m e  t h a t  t h e  n u m b e r s . i n  t h e  m a c h i n e  w i t h  Q ' s  a s  

A 

n o t e d  b e l o w  ( t h e  m e t h o d  o f  e n t e r i n g  n u m b e r s  i n t o  t h e  m a c h i n e  a n d  

g e t t i n g  a n s w e r s  o u t  o f  i t ,  " I n p u t - O u t p u t " ,  w i l l  b e  d i s c u s s e d  l a t e r ) .  

F a c t o r  Q  
a  2  
b  2  
c  0  
d  3  
e  5  
2 i  ^  

N o t e s  1 .  T h e  v a r i a b l e  z .  m u s t  b e  s c a l e d  f o r  t h e  m a x i m u m  v a l u e  t h a t  

i t  w i l l  t a k e  o n ,  
2 .  A l t h o u g h  2 ^  =  1 6 ,  t h e r e  a r e  5  d i g i t s  i n  t h e  b i n a r y  r e p r e 

s e n t a t i o n  o f  1 6  ( 1 0 0 0 0 ) ;  t h u s  t h e  s c a l i n g  f o r  e .  

W e  s h a l l  n o w  p r o c e e d  t o  a n a l y z e  o u r  c o m p u t a t i o n  t o  f i n d  t h e  

m a x i m u m  m a g n i t u d e  t h e  v a r i o u s  s t e p s  m a y  g i v e  u s ,  N o t e  t h a t  i n  

o r d e r  t o  e v a l u a t e  t h e  m a x i m u m  y ^ ,  w e  m u s t  a l s o  o b t a i n  t h e  m i n i m u m  

o f  t h e  d e n o m i n a t o r  
a z j  <  7 * 0  S p e c i f i e d  Q  =  3  " N o r m a l "  Q  *  4  

a z j + b ^ - l O *  Q  =  4  Q  •  4  

( a z j + b ) z j ^ = 3 5  Q  =  6  Q  =  6  

( a z j + b )  Z j + d  £  4 2 *  5  Q  =  6  Q  *  6  

• 3 3 6  5  C Z |  ^  1 . 9 6  Q  =  1  Q  *  2  

1 4 « 0 4 £  |  c  z  j  — e  j  £  1 5 * 6 6 4  Q  r  4  0  =  5  

| y j |  < 3 * 0 3  Q  s  2  0  =  1  

N o t e  t h a t  i n  t h e  c o m p u t a t i o n  o f  t h e  n u m e r a t o r ,  w e  g a i n  n o t h i n g  

b y  s p e c i f y i n g  Q ;  i n  t h a t  o f  t h e  d e n o m i n a t o r  w e  m a y  g a i n  s o m e  s i g n i 

f i c a n c e ;  i n  a d d i t i o n ,  i f  w e  s p e c i f y  Q  f o r  t h e  d e n o m i n a t o r ,  t h e  

" n o r m a l "  Q  f o r  t h e  Q u o t i e n t  w i l l  b e  c o r r e c t .  O n e  a d d i t i o n a l  p o i n t  

i s  t h a t  i t  d o e s n ' t  r e a l l y  p a y  t o  s p e c i f y  0  f o r  t h e  f i r s t  t e r m  o f  

t h e  d e n o m i n a t o r ,  s i n c e  t h i s  i s  c h a n g e d  i m m e d i a t e l y  b y  t h e  s u b t r a c t i o n ,  
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Region Step OP CI ue Factor S1 s2 0 

1 1 SET I  1 
1 2 z I  
1 3 X c 
1 4 - e 4 
1 5 z I  
1 6 X a 
1 7 + b 
1 8 X z I 
1 9 + d 
1 10 / R 4 
1 11 EQ y I 2 
1 12 TEST 2 I  10 
1 13 HALT 
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Numbers and the coding sheet: 

A. In our preceding example, a,  b, c,  d, and e were 

not really Factors in the sense of being variables. They 

were merely numbers which were needed to carry out the 

computation. To make l ife easier, we shall provide more 

convenient ways for using numbers. 

1) Any Integer, n, where -  999 < n  < 999 may 
be written in the space on The coding sheet 
called "Factor" (the minus sign is written 
in the "clue" space). In order to differ
entiate between integers and normal factors, 
we shall require the latter to contain at least 
one alphabetic character. 

2) Any number, Z, where \ z \  < 3^>359»733»368 
may be written in the space provided on 
the coding sheet and, provided the Factor 
space is blank, will be used as the Factor. 

B. Two additional conveniences will  be added: 

1) The negative of the result of a previous 

step may be obtained by putting an N in the 

clue column. 

2) The negative of any other factor may be ob

tained by placing a minus sign in the clue 

column. 

Explanation of the coding sheet 

l)  The numbers such as "9"» '11' written in the 

REQ space indicate card columns (Input to 

PACT is from cards). 

Cols. 9(1)11 -  Any mixture of alphabetic or numeric .  
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Cols. 12(1)15 -  All numeric (Col. 15 is usually 
left blank to allow corrections to 
be inserted). 

Cols. 16(1)19 -  (See operation l ist .)  It is essen
tial to start from the left;  thus 
Equals (EQ) \pfould be in Cols, lb 
and 1?• 

Col. 20 -  This is the Clue column R, N, or - .  

Cols. 2l(l)23 - Either a three digit integer or at 
least one alphabetic symbol. 
Important: the factor: 
—X (where -  means blank) is com
pletely different from -X- or X--. 
In other words, I t  is essential to 
be consistent as to where a symbol 
is placed, if that symbol is to 
have the same meaning in different 
steps. 

Col. 24 -  Used only when referring to a step 
which does not have Col. 15 blank. 

Cols. 25(1)27 -  Any combination of alphabetic and/or 
numeric. Same restriction as on 
Cols. 21(1)23. 

Cols. 28(1)30 -  Same as above. 

Cols. 31(1)32 -  2 digit Q; negative Q is indicated 
by placing a minus sign over the 
left-most digit.  

Col. 33 -  Sign of number in Cols. 34(1)44. 

Col. 34(1)44 -  10 digit number with decimal point 
or 11 digit integer (see A2 above). 

The sample coding sheet contains the example of page 12 

using numbers in place of a,  b, c, d, e.  
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At this point in the design of our machine, we have 

provided ourselves with a reasonable ability to do computa

tions but no way of getting numbers into or out of the 

machine. The latter point shall be discussed first (because 

i t 's easier i) .  

All output from our machine! shall be on printed "lists" 

with a maximum of six numbers printed across the page. We 

require an operation to "LIST" our Factors and a means of 

identifying the Factors (ID). For example: to print the 

6x6 matrix 

A = (a..  where each a^ .  has a Q •  3 we could code as 

follows: 

Reg Step OP 

20 1 Set 
20 2 LIST 

Clue Factor S^ Sg Q 

i  1 

20 3 ID 
20 4 ID 
20 5 ID 
20 6 ID 
20 7 ID 
20 8 ID 

a 
a 
a 
a 
a 
a 

1 1 
1 2 
i  3 
i  4 
1 5 
i  6 
i  6 20 9 TEST 

20 10 HALT 

The resulting output will  be: 

all  a12 
a21 

al6 

a6l a66 

Note that in step 9 we did not specify a factor on the 

TEST. Where a factor is not specified in a Test operation, 

the transfer will be to the step immediately following the 
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Set for the same subscript. 

An-additional rootriclluiH crum ^ ID ohall hau&.a-— 

specified. 

The same example could have been coded as follows: 

Q Reg Step OP Clue Factor S^ S2 
21 1 SET i  1 
21 2 SET J 1 
21 3 LIST 
21 4 ID a i  J 
21 5 TEST J 6 
21 6 TEST i  6 
21 7 HALT 

The resulting output would have been 

all 
a12 

al6 
a21 
a22 

a 
66 

Note that step 5 transfers to step 3; step 6 transfers 

to step 2. 

Input: 

Warning: This section is probably the most difficult 

one in the entire Primer. 

We shall begin by defining two terms: 

1) Array - any factor which has subscripts (one 

or two) 

2) Scalar - any factor which has no subscripts. 
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The variable definition sheet 

Any scalar for which we desire to enter (input) 

initial values must be defined on the variable defini

tion sheet. 

All arrays must be defined on the variable defini

tion sheet. 

Examples: In example (l), all the quantities involved (a, 

b, c, d, e, y, z) are scalars ; all but y are ones for 

which we want to input values. All but y must be 

defined on the variable definition sheet. 

In example (2), a, b, c, d, e are scalars; y i  

and z^ are arrays. All must be defined on the variable 

definition sheet. 

In the example on the sample coding sheet, y^ 

and z.. are arrays and must be defined. 

Layout of the Variable Definition Sheet 

Card Cols.9 - 11 12 - 14 15 - 17 18 - 20 21 - 23 24 - 26 
FACTOR S, S2  Q D£  

(3)  (3)  (3)  (3)  (3)  (3)  

The numbers in parentheses indicate the number of 

digits. Insofar as the PRIMER is concerned, and Sg 

will always be left blank. Q must always be specified 

on the Variable Definition Sheet (±XX). D^ contains 

the maximum value taken on by S-^ for the given Factor, 

similarly Dp  and Sp .  

The Variable Definition Sheet for the example of page 
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15 would be 

FACTOR Sx  S2  Q D1  Dg  

2 +02 010 
Y +02 010 

Assume for the moment that compiling has been done .  

The first page of output contains the "Variable List". For 

this example i t  might well be as follows: 

TAG REL LOC. VARIABLE 
1st LAST FACT. S, S5  ft  

V 2 20 Z 2 2 2 
V 22 40 Y 2 2 2 

XXXXX 

The only things of interest to us are: 1ST, LAST, 

FACT, S1 ,  S2 .  

We shall define "LOC" only as something that we have 

to know ana then write the equations: 

(Eft 1) LOC (of X^) -  1ST + (1-1) S1  + (j-l) Sg  

(EQ 2) LOC (of WA) =» 1ST + (i-l) 2 

We shall also define "P" as the number of digits to 

the left of the decimal point.  

We are now ready to fill  out the input sheet.  Assume 

for the preceding example that 

=> . 6  Zg »  1 .5  

Z2  « .7 Z?  = 2.0 
Z -  =  . 8  Z g = 2 . 5  
Zh  ™ »9 ^9 =» 3-0 

z5  * 1.0 zio=  ^• 5 

Then the are, in order: 0, 0, 0, 0, 1, 1, 1, 1, 1, 1 

The LOC are, in order, (according tc Eft 2): 2, 4, 6, 8, 

10, 12, 14, 16, 18, 20. 
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The following restrictions apply to the input sheet 

~ 5 < P < 15; - 18 < Q < 5% All minus signs (Factor, P, Q) 

are indicated by writing a minus over the left-most digit. 

A filled-out input sheet is on the next page. We now 

need an operation to "READ" input cards. 

READ: Input the Factors from cards. When a "12" punch 

in card col. 80 is encountered, go on to the 

next step. 
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Partlal Summary and some details 

The steps involved in doing a problem on our machine 

(assuming the analysis and flow diagram have been completed) 

are as follows: 

1. Do the coding and have the cards key-punched. 

a. The last code card must have a "12" punch in 

card column 80. 

2. Make up the variable definition sheet and have the 

cards key-punched. 

a. The last variable definition card must have 

a "12" punch in card column 80. 

b. There must be at least one variable defini

tion card (this card may contain only the 

"12" punch in card column 80). 

3. Arrange a deck as follows: 

a. PACT load card 

Variable Definition cards. 

Jp. Code cards 

c .  Two blank cards. 

4. Put the PACT Compiler Tape on unit 403 of the IBM 

type 701. 

5. Put the PACT Compiler board in the printer. 

6. Have tape units 400(1)^03 ready; have printer 

ready, have punch ready. 

7. Load the deck of (3) at zero. 
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8. The cards generated in the punch are the running 

deck; the order of this deck is critical. 

9. The first page(s) of printed matter is the 

"Variable List". Subsequent pages are the com

piled code. p ^ 
A '  10. By use of the Variable List and EQ 1 and 2 , prepare 

the input sheet and have the cards key-punched, 

a. The last input card of a block must have a 

"12" punch in card column 80. (See the 

READ operation.) 

11. Make up a deck as follows: 

a. The running deck of (8) 

b. The input cards of (10) 

12. Put the PACT running board in the printer and 

have the printer ready. 

13. Load the deck of (11) at zero. 

14. Hope that the answers come out correctly. 
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Thus far, in designing our machine, we have been con

cerned with giving it the ability to do operations which 

are either necessary or extremely useful. However, there 

are many things we may add to the machine for nothing more 

than convenience or general usefulness. This we have done 

to a certain extent. Let us, therefore, enumerate and de

scribe the "complete" set of PACT operations. (The word 

"complete" is true only insofar as this Primer is concerned.) 

OPERATION SYMBOL TYPE 

Take (Blank) 1 

Add + 

Subtract 

Multiply X 

Divide /  

Equals EQ 

Absolute ABS 

Add 
Absolute + ABS 

Subtract 
Absolute - ABS 

DESCRIPflON 

Take the factor as the first operand 
of a sequence of operations. 

Add the factor to the result of the 
previous step. 

Subtract the factor from the result 
of the previous step. 

Multiply the result of the previous 
step by the factor. 

Divide the result of the previous 
step by the factor and get the 
quotient. 

Put the result of the previous step 
into the factor. 

Take the absolute value of the factor 
as the first operand in a sequence 
of operations. 

Add the absolute value of the factor 
to the result of the previous step. 

Subtract the absolute value of the 
factor from the result of the pre
vious step. 

Transfer Go to the step noted as the factor, 
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0 PER AT ION SYMBOL TYPE 

A? 
Transfer on 

Zero TZ 

Transfer 
on Plus TP 

Transfer on 
Negative TN 

Transfer on 
Overflow TP 

Halt HALT 

Do Region 
and Return DO 

Clear 

Set 

CL 1 

SET 1 

Test TEST 1 

DESCRIPTION 

Go to the step noted as the factor 
If the result of the previous step 
is zero. Otherwise, proceed in 
sequence. 

Go to the step noted as the factor 
if the result of the previous step 
is greater than zero. Otherwise, 
proceed in sequence. 

Go to the step noted as the factor 
if the result of the previous step 
is less than zero. Otherwise, pro
ceed in sequence. 

Test the overflow switch: if it is 
on, shut it  off and then go to the 
step noted as the factor; if It Is 
off, proceed In sequence. [The over
flow switch is turned on when a 4 Q 
is insufficient to accommodate the 
result of its associated step.] 

Halt; if the start button is pushed 
go to the step noted as the factor. 

Do the region noted as the factor 
and return to the step following 
the DO. 

Clear the factor to zero. 

Set the subscript in to the value 
noted or represented in tta S2  .  [Note 
a subscript may not be set to zero.] 

Increase the subscript noted in S-^ 
by one. If this results in a value 
which is greater than the value noted 
or represented In S2>  proceed in se
quence. Otherwise, go to the step 
noted as the factor or, if the factor 
is blank, to the step immediately 
following the SET for the same sub
script. 
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OPERATION 

Sine 

Cosine 

SYMBOL TYPE 

SIN 

COS 

Arctangent ARCT 

Square 
Root SQRT 

Logarithm LOG 

Exponential EXP 

Read READ 

Print LIST 
ID 

X 

2 

/ 

DESCRIPTION 

Compute the sine of the factor. The 
angle must be in radians, 

Compute the cosine of the factor. 
The angle must be in radians. Qfe-' 

Compute the Arctangent of the factor, 
The result is in radians. *< 

Compute the square root of the 
factor. 

Compute the natural logarithm of the 
factor. Qd 

Compute ex  where x is the factor. 

Input factors from cards until a 
"12" punch in card column 80 is en
countered. Then proceed to the next 
step. 

Print the factor(s) specified by the 
ID which occur immediately after the 
LIST operation. 

Type 1 operations are the ones to which a transfer may be 

m a d e .  ( S e e  t h e  N o t e  o n  t h e  b o t t o m  o f  p a g e  4 . )  

Type 2 operations are ones for which Q must be specified. 

Summary 

The essential aim of this PRIMER has been not only to 

explain PACT to the inexperienced (or non-experienced) coder, 

but also to make it a system which he could use with a 

minimum of extra explanation. To accomplish this end, we 

have, at various times: omitted information, oversimplified, 

uttered half-truths, and on occasion, have just plain lied. 

The experienced programmer has no doubt recognized many of 

these instances and we apologize if he has been confused 

by them. 
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Appendlx A 

Some pointers and additional restrictions 

1. Every SET operation must be followed by a TEST 

operation within the same region. 

2. If a DO operation is performed between a SET and 

TEST, the SET and TEST will have no effect in the 

region specified by the DO. 

3. A subscript need not be SET to a number; it may be 

SET to a variable. If so, the variable must have 

Q -_17» 

4. When doing a LIST operation, the last ID cannot be 

followed by a HALT. (If this is desired, put in a 

"phony" TAKE before the HALT.) 

5. The HALT operation cannot have a blank factor. 

!~This is because the Halt acts as a stop then 

"transfer" when the start button is depressed.] 

k J;f-ftE'stSkJT ̂  ̂ S T f e  p  c/vkt-fcQ o ^ 
BV hMOTHER STEPWiTdiW * -T-H* 
STt P fVVUST" HA(/t "j^'SPEC l^lto 


