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ABSTRACT 

One o f t h e r e m a r k a b l e t h i n g s a b o u t 
human i n f o r m a t i o n p r o c e s s i n g i s t h e way w e 
s t o r e and r e t r i e v e i n f o r m a t i o n . The human 
a s s o c i a t i v e memory i s a d e v i c e t h a t has 
been o n l y r a t h e r c r u d e l y a p p r o x i m a t e d w i t h 
c o m p u t e r s i n f l e x i b i l i t y , s e l f -
m o d i f i a b i l i t y , and c o m p l e x i t y o f 
a s s o c i a t i o n s . 

KJ.Y WORDS AND PiiPASI s 

A s s o c i a t i v e menory, p a r a l l e l 
p r o c e s s i n g , symbol m a n i p u l a t i o n , l i s t 
p r o c e s s i n a , ex tens i on o f a l g e b r a i c 
lanuuages, i n f o r m a t i o n s t r u c t u r e s . 

CR CATLOORIES 

I n t h i s p a p e r , w e d e s c r i 
l a n g u a g e , A M P P L - I I , w h i c h 
m a c h i n e w i t h a n e x t e n s i v e , 
a s s o c i a t i v e memory and p a r a l l 
c a p a b i l i t y . I t was t o b e 
m a c h i n e - i n d e p e n d e n t and i s 
embedded i n a h i g h - l e v e 
l a n g u a g e . The v e r s i o n o u t 
b u i l t a s a n e x t e n s i o n o f S L I 
L i s t P r o c e s s i n g L a n g u a g e ) , 
embedded i n FORTRAN I V . 

be a c o m p u t e r 
s i m u l a t e s a 
v a r i a b l e s i z e 
e l p r o c e s s i n g 

made f a i r l y 
, t h e r e f o r e , 
1 a l g e b r a i c 
l i n e d h e r e i s 
P ( S y m m e t r i c 

i t s e l f b e i n q 

The e x p e c t e d r a n g e o f a p p l i c a b i l i t y 
o f A M P P L - I I c o v e r s a r a t h e r w i d e a r e a . 
C a n d i d a t e s i n t h e n o n - n u m e r i c a l f i e l d a r e 
game p l a y i n g , p i c t u r e p r o c e s s i n g and image 
i d e n t i f i c a t i o n , e n c o d i n g - d e c o d i n g , 
s i m u l a t i o n o f c o g n i t i v e b e h a v i o r , m u l t i k e y 
i n f o r m a t i o n r e t r i e v a l , l a n g u a g e a n a l y s i s , 
s o r t i n g , m e r g i n g , c o l l a t i n g , q u e r y 
s y s t e m s , and s o o n . N u m e r i c a l 
a p p l i c a t i o n s w o u l d b e m a t r i x c a l c u l a t i o n s , 
s o l u t i o n o f p a r t i a l d i f f e r e n t i a l 
e q u a t i o n s , c o m p u t a t i o n o f a u t o - and c r o s s -
c o r r e l a t i o n f u n c t i o n s , s i g n a l c o r r e c t i o n , 
e t c . 

S t i m u l a t e d b y t h i s l a n g u a a e , new 
c o m p u t a t i o n a l t e c h n i q u e s and a l g o r i t h m s 
may , h o p e f u l l y , b e d e v e l o p e d . T h e s e , o n 
one h a n d , and t e c h n o l o g i c a l a d v a n c e s , o n 
t h e o t h e r , may r e n d e r t h e h a r d w a r e 
i m p l e m e n t a t i o n o f a n A M P P L - l i k e m a c h i n e 
e c o n o m i c a l . 

* N . V . F . d e s i g n e d AMPPL and i s 
r e s p o n s i b l e f o r t h e m i s t a k e s c o n t a i n e d i n 
t h i s p a p e r . W. R . McK. i m p l e m e n t e d t h e 
l a n g u a g e on t h e CDC 6 4 0 0 . T e i j i 
F u r u g o r i ' s c o n t r i b u t i o n t o t h e l a t t e r i s 
a l s o a c k n o w l e d g e d . F u r t h e r , P e t e r M u l l o r 
and C h a r l e s B e r g e n s t o c k w o r k e d on an IBM 
7044 i m p l e m e n t a t i o n o f A M P P L - I . 

INTRODUCTION 

T h e r e i s a n o b v i o u s i n t e r r e l a t i o n 
b e t w e e n t h e l e v e l o f c o m p l e x i t y o f t h e 
p r o b l e m s t h a t a r e o o t e n t i a l l y s o l v a b l e o n 
c o m p u t e r s , and t h e power o f a v a i l a b l e 
s o f t w a r e and h a r d w a r e . F u r t h e r 
d c v c l o n m e n t i n p r o a r a m m i n g s y s t e m s and 
l a n g u a g e s e n a b l e s u s t o a t t a c k p r o b l e m s 
t h a t have s o f a r b e e n beyond t h e s p h e r e o f 
p r a c t i c a b i l i t y . L i s t p r o c e s s i n g and 
s t r i n g m a n i p u l a t i n g l a n g u a g e s , f o r 
e x a m n l e , have opener1 u n new v i s t a s i n many 
r e s e a r c h f i e l d s , p r o b a b l y mos t 
s i g n i f i c a n t l y i n A r t i f i c a l I n t e l l i g e n c e . 

W e d e s c r i b e i n t h i s p a p e r a n a p p r o a c h 
t o memory and i n f o r m a t i o n p r o c e s s i n g , 
r a d i c a l l y d i f f e r e n t f r o m t h o s e o f t h e 
t r a d i t i o n a l von N e u m a n n - t y p e c o m p u t e r s . 
A n A s s o c i a t i v e Memory , P a r a l l e l P r o c e s s i n g 
L a n g u a g e , A M P P L - I I * , i s i n t r o d u c e d , w h i c h 
s i m u l a t e s a c o m p u t e r b u i l t i n 
h a r d w a r e . (We p o i n t o u t t h a t some o f t h e 
f a c i l i t i e s a v a i l a b l e i n A M P P L - I I w o u l d 
n o t b e p r e s e n t i n t h e e n g i n e e r ' s 
i m p l e m e n t a t i o n . H o w e v e r , t h e y d o n o t 
" c o s t " much i n p r o g r a m m i n a e f f o r t and 
i n c o m p u t i n g t i m e , and t h e y may a l s o b e 
handy t o h a v e . W e h a v e , t h e r e f o r e , 
d e c i d e d t o i n c l u d e a f e w " n o n - g e n e r i c " 
f e a t u r e s . ) 

* The f i r s t v e r s i o n , A M P P L - I , was 
r e p o r t e d o n i n [ 1 , 2 ] and was i m p l e m e n t e d 
b u t n o t c o m p l e t e l y debugqed f o r t h e IBM 
7 0 4 4 . The p r e s e n t l y d e s c r i b e d l a n g u a g e , 
r u n n i n g on t h e CDC 6 4 0 0 , has i m p r o v e d 
d y n a m i c memory a l l o c a t i o n f a c i l i t i e s and 
more p o w e r f u l i n s t r u c t i o n s c o n c e r n i n g 
R e l a t i o n s ( c f . S e c t i o n I I / C ) . 
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I t shou ld be no ted here t h a t t he re 
are many re fe rences i n the l i t e r a t u r e to 
hardware and so f twa re e f f o r t s t h a t are 
aimed a t o b j e c t i v e s s i m i l a r t o ours h e r e . 
The e n g i n e e r i n g a c t i v i t y can be d i v i d e d 
i n t o two , r a t h e r d i s t i n c t c a t e g o r i e s , 
r i r s t , very expens ive "b lack boxer," have 
been c o n s t r u c t e d and a t t ached to s n e c i a l 
o r gene ra l purpose computers to pe r fo rm 
some of the f u n c t i o n s v/e s h a l l d i scuss 
l a t e r . Second, s m a l l a s s o c i a t i v e memory 
u n i t s have been i n c l u d e d in computer 
systems f o r s p e c i f i c purposes , such as the 
paging o p e r a t i o n w i t h l a r g e - s c a l e t i m e -
shared machines. 

\ number of programming systems have 
a l s o been deve loped , most of them d i r e c t e d 
towards s p e c i f i c , some of them towards 
more g e n e r a l a p p l i c a t i o n s . V.'e o n l y w ish 
to s i n g l e ou t here the work of Feldman and 
Rovner [ 3 , 4 , 5 ] , and of Dodd, Beach and 
Rossol [ 6 ] . T h e i r o b j e c t i v e s are very 
s i m i l a r t o o u r s , a l t hough the r e s p e c t i v e 
techn iques are d i f f e r e n t . Exper ience w i l l 
show wh ich of these languages is more 
p o w e r f u l , e a s i e r t o program and debug i n . 

E x c e l l e n t s u r v e y s , c o v e r i n g the f i e l d 
in q u e s t i o n up to the m idd le o f 1966, can 
be found in [ 7 , 8 ] . For the sake of 
comple teness , we ment ion a few more, some 
l e f t ou t o f the above s u r v e y s , some of 
more recen t v i n t a g e [ 9 , 10, 1 1 , 12, 13, 
14, 15, 16, 17, 18, 19, 2 0 ] . 

I. SOME BASIC CONCEPTS 

I n c o n t r a s t w i t h c o n v e n t i o n a l , wo rd -
o r i e n t e d machines, computers w i t h 
a s s o c i a t i v e memories are c o n t e n t -
add ressab le . These terms r e f e r to the 
i n t e r r e l a t i o n s h i p between da ta as w e l l as 
to the f a c t t h a t a memory word or words 
can be accessed by match ing w i t h a 
s e l e c t a b l e f i e l d o f a s p e c i a l w o r d , r a t h e r 
than by an address . P a r a l l e l p r o c e s s i n g , 
a r e l a t e d idea and d i s t i n c t f rom 
m u l t i p r o c e s s i n g , a l l ows command sequences 
to be executed s i m u l t a n e o u s l y over l a r g e 
numbers o f da ta s e t s . 

I t was i n t e n d e d to deve lop a language 
which i n c o r p o r a t e s , f rom the programmer 's 
v i e w p o i n t , these f a c i l i t i e s i n a d d i t i o n t o 
the p r e v i o u s l y a v a i l a b l e a l g e b r a i c , l i s t 
p r o c e s s i n g and s t r i n g m a n i p u l a t i n g 
f a c i l i t i e s . 

For unders tandab le reasons , embedding 
seemed to be an economica l and f a i r l y 
e f f i c i e n t approach , wh ich a l s o ach ieves a 
reasonab ly h i g h l e v e l o f machine 
independence. The p r e s e n t l y desc r i bed 
v e r s i o n i s a n e x t e n s i o n o f SLIP, i t s e l f 
be ing embedded in FORTRAN I V . (The 

i n t e r n a l mechanism of SLIP had to be 
m o d i f i e d to a sma l l e x t e n t bu t the user 
need no t be aware of t h i s f a c t . ) There 
are on l y two AMPPL subprograms w r i t t e n in 
assembly lanquage now. Conve r t i ng o f t e n 
used sub rou t i nes and f u n c t i o n s , c u r r e n t l y 
coded in FORTRAN, i n t o assembly language 
wou ld , o f cou rse , save cons i de rab le 
machine t ime w i t h l a r g e programs. 

Un l i ke the expens ive and i n f l e x i b l e 
a s s o c i a t i v e memories o r e s e n t l y b u i l t i n 
hardware, the s i z e o f the S imula ted 
A s s o c i a t i v e Memory (SaM) in de te rmined by 
the programmer acco rd ing to h i s needs. In 
f a c t , he has to s p e c i f y the r a t i o between 
the s i zes of SAM and of the A v a i l a b l e 
Space L i s t (AVSL) of SLIP at the beg inn ing 
of h i s program. The sum of SAM and AVSL 
equals the s to rage area l e f t unused a f t e r 
the c o m p i l a t i o n of the FOPTPAN program. 

The programmer can a l s o b u i l d i n t o 
the program t r a p p o i n t s , a t which a p a r t 
of SAM or AVSL is d y n a m i c a l l y reass igned 
t o the o the r p a r t i f t h e r e i s a need f o r 
i t , i . e . i f the s i z e o f one memory type 
decreases below a c e r t a i n p r e s p e c i f i e d 
t h r e s h o l d v a l u e . Memory c o n t r a c t i o n , 
coupled w i t h a s p e c i f i c form of garbage 
c o l l e c t i o n , takes place in SAM at t h i s 
i n s t a n c e . 

There i s an e f f i c i e n t and f a s t f l ow 
of i n f o r m a t i o n between any two of the SAM, 
AVSL and FOPTrAN memory. 

I t w i l l b e h e l p f u l i n unders tand ing 
the o r g a n i z a t i o n o f AMPPL-II i f we 
cons ide r the d iagram i n F i gu re 1 . 

INSERT FIGURE 1 ABOUT HERE 

The main b lock is the Memory M a t r i x , 
which c o n s i s t s of £ SA.M-words*, each 
having 2n b i t p o s i t i o n s . There are f o u r 
s p e c i a l words , the s h o r t r e g i s t e r s , each 
n b i t s l o n g . (On the CDC 6 400, t h e r e are 
n=60 b i t s in a word . ) Two of these serve 
as Argument Reg i s t e r s 1 and 2. The o t h e r 
two r e p r e s e n t Mask R e g i s t e r s 1 and 2. 
There are a l s o t h r e e long r e g i s t e r s , 
v e r t i c a l columns £ b i t s in l e n g t h and 1 
b i t i n w i d t h . Two ""of these are c a l l e d 
response Reg i s t e r 1 and Response Reg i s te r 
2 . The t h i r d one i s the A v a i l a b i l i t y 
R e g i s t e r . (The r o l e of the words FIRST 
and LAST in F igu re 1 is e x p l a i n e d l a t e r ) . 

I n the f o l l o w i n g , w e s h a l l b r i e f l y 
desc r i be some of t he o p e r a t i o n s used in 
AMPPL-II and d i scuss o n l y two , the 'Search 
and F lag ' and ' S e t R e l a t i o n 1 , i n d e t a i l . 

♦As w i l l be seen l a t e r , every SAM-
word c o n s i s t s of two a c t u a l memory words . 
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I I . OPERATIONS IN AMPPL-II 

(1) Memory A l l o c a t i o n : 

As ment ioned above, the i n i t i a l 
s u b d i v i s i o n of f r e e core i n t o SAM and AVSL 
can be d y n a m i c a l l y m o d i f i e d d u r i n g the 
e x e c u t i o n o f the program. I n s t r u c t i o n s 
are a v a i l a b l e to count the number o f 
c u r r e n t l y a v a i l a b l e SAM and AVSL c e l l s , 
and to accompl ish the t r a n s f e r o f f r e e 
c e l l s f rom one memory ca tegory to the 
o t h e r . A t these p o i n t s , and a l s o a t the 
t i n e of mass i n p u t i n t o SAM (see b e l o w ) , 
memory c o n t r a c t i o n and garbage c o l l e c t i o n 
in SAM takes p l a c e . 

(2) I n p u t - O u t p u t : 

Mass i n p u t - o u t p u t is ob ta i ned when 
FORTRAN a r rays or SLIP l i s t s are read i n t o 
SAM, and when des igna ted SAM-words are 
loaded i n t o FORTRAN a r rays or SLIP l i s t s . 
A l s o , who lesa le c l e a r i n g o p e r a t i o n s can be 
executed between any two s p e c i f i e d S/vM-
addresses. (A SAM-address can be 
conce ived of as the index of a one-
d imens iona l a r r a y . ) 

I n d i v i d u a l words can be t r a n s f e r r e d 
between any two of the SAM, SLIP and 
FORTRAN memories. Designated p a r t s of SAM 
can be p r i n t e d in d i f f e r e n t modes. 

To the AMMPL programmer, SAM appears 
to c o n t a i n i n f o r m a t i o n in a manner t h a t 
p e r m i t s c e r t a i n bas i c p rocesses , 
i n c l u d i n g read ing and w r i t i n g , to be 
c a r r i e d ou t s i m u l t a n e o u s l y i n p a r t i c u l a r 
c e l l s . These des igna ted c e l l s c o n t a i n 
respond ing p ieces o f i n f o r m a t i o n and were 
s e l e c t e d by a p rev i ous 'Search and F lag ' 
o p e r a t i o n o r were d e l i b e r a t e l y f l a g g e d by 
a s p e c i a l f l a g g i n g i n s t r u c t i o n . The 
•Search and F l a g ' o p e r a t i o n s l o c a t e and 
mark SAM-words acco rd ing to v a r i o u s 
c r i t e r i a . Subsequent processes may then 
be per formed on these aga in and the 
r e s u l t s can r e p r e s e n t Boolean 
c o m b i n a t i o n s , AND's, OR's and NOT's of 
c o n s e c u t i v e sea rches . 

The bas i s o f comparison i s u s u a l l y * 
pu t i n t o one of the Argument R e g i s t e r s . 
The search is c a r r i e d ou t on l y over those 
f i e l d s of SAM-words t h a t are marked by 
b i t s • V i n the r e l e v a n t Mask R e g i s t e r . 
The success of a search is i n d i c a t e d by 
f l a g s ( b i t s • ! • ) a t t he l e v e l o f the 
co r respond ing SAM-vord in the r e l e v a n t 
Response R e g i s t e r . Those SAM-words t h a t 
have not been used or are no longer 
necessary are denoted by a tag ( b i t ' 1 ' ) 
i n the A v a i l a b i l i t y R e g i s t e r . 

Two p o i n t s shou ld be ment ioned h e re . 
In o rder to speed un the search processes 
i n SAM, o n e - d i r e c t i o n a l p o i n t e r s l i n k 
f l agged SAM-v;ords (see F igu re 2) ana, 
a l s o , end markers i n d i c a t e the addresses 
o f the SAM-words f i r s t and l a s t f l a g g e d in 
the two Response R e g i s t e r s ( the con ten ts 
of the FORTRAN v a r i a b l e s FIRST and LAST on 
F igu re 1 ) . 

Two o the r FORTRAN v a r i a b l e s , P0INT1 
and P0INT2 c o n t a i n the SAM-addresses of 
the l a s t SAM-word searched , whether 
s u c c e s s f u l l y o r o t h e r w i s e , w i t h r e f e r e n c e 
to Response Reg i s te r 1 and Response 
Reg i s te r 2 , r e s p e c t i v e l y . (Cf . the 
p o s s i b l e va lues of the argument WhlCH of 
the s u b r o u t i n e SLRELS. ) 

The a c t u a l form of the major 
i n s t r u c t i o n p e r f o r m i n g the above d e s c r i b e d 
processes i s 

F u l l words o r s p e c i f i e d b i t 
c o n f i g u r a t i o n s can be pu t i n t o the """" " 
Argument and Mask R e g i s t e r s , and the * I f , f o r example, those numbers are 
con ten t s o f the l a t t e r can a l s o be read searched f o r t h a t are g r e a t e r than a g i v e n 
i n t o the FORTRAN memory. o n e . However, i f t h e " c r i t e r i o n o f search 

i s , f o r example, •maximum*, the Argument 
(3) Opera t ions Concerning the Response Reg i s te rs are i q n o r e d . 
R e g i s t e r s : 
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SERFLG (B00LE, WHICH, CRITER, IARG, IMASK, IRESP) 

w h e r e 

r e g a r d l e s s o f p r e v i o u s s t a t u s 
o f t h e Response R e g i s t e r , 

AND-ed w i t h f l a g s i n t h e 
o t h e r Response R e g i s t e r , 

OR-ed w i t h f l a g s i n t h e 
o t h e r Response R e g i s t e r , 

NOT-ed and l e f t i n t h e 
same Response R e g i s t e r ; 

a c e r t a i n S A M - a d d r e s s e d w o r d , 

t h e f i r s t S A M - w o r d , 

t h e n e x t - a f t e r - P 0 I N T w o r d , 

t h e l a s t S A M - w o r d , 

a l l SAM-words , 

any s i n g l e SAM-word ; 
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nex t h i g h e r than the one 
i n Argument R e g i s t e r , 

nex t l o v e r than the one 
i n Argument R e g i s t e r , 

neares t i n abso lu te va lue t o the 
one in Argument R e g i s t e r , 

o f l a r g e s t v a l u e , 

o f lowest v a l u e , 

g r e a t e r than o r equa l t o the 
one in Argument R e g i s t e r , 

equa l t o the one i n 
Argument R e g i s t e r , 

l e ss than o r equa l t o 
the one in Argument R e g i s t e r , 

w i t h the h i a h e s t number o f b i t s match-
e d w i t h s t r i n g i n Argument R e g i s t e r , 

w i t h the lowest number o f b i t s match
ed w i t h s t r i n g Argument R e g i s t e r , 

w i t h the h i a h e s t number o f match ing 
groups o f M(=2-8) b i t s r e g a r d l e s s o f 
group p o s i t i o n , s t a r t i n g from the l e f t ; 
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A few w o r d s o f comment a r e needed 
h e r e . Two s u b s e q u e n t ' S e a r c h and F l a g ' 
o p e r a t i o n s w i t h CRITER=GTEQ and LTEQ y i e l d 
r e s p o n s i v e w o r d s o f v a l u e s b e t w e e n g i v e n 
l i m i t s . NEXTHI can b e p e r f o r m e d b y t w o 
s u b s e q u e n t s e a r c h e s w i t h c r i t e r i a GTEQ and 
M I N , s i m i l a r l y i s done w i t h 
c r i t e r i a LTEQ and MAX. The v a l u e o f one 
o f NEXTHI and t h a t i s n e a r e r t o 
t h e v a l u e i n t h e A rgumen t R e g i s t e r , y i e l d s 
NEXT. The c r i t e r i a B I T S H I and B ITSL0 a r e 
u s e f u l i n c o m p a r i n g n o n - n u m e r i c a l d a t a and 
s e l e c t i n g t h e " m o s t s i m i l a r - o r " l e a s t 
s i m i l a r " p i e c e s o f i n f o r m a t i o n , 
r e s p e c t i v e l y . The number o f m a t c h i n g b i t s 
can b e f o u n d a s t h e v a l u e s o f s p e c i a l 
FORTRAN v a r i a b l e s . GRP0FM f i n d s , f o r 
e x a m p l e , m i s p r i n t s c a u s e d b y 
t r a n s p o s i t i o n , m i s s i n g and added 
c h a r a c t e r s . The c h a r a c t e r s e t can b e 
r e p r e s e n t e d b y g r o u p s o f 2 - 8 b i t s . S i n c e 
t h e m a t c h i n g p r o c e s s i g n o r e s t h e p o s i t i o n 
o f t h e g r o u p s b e i n g m a t c h e d , t h e r e a r e 
e x t r a f a c i l i t i e s t o i d e n t i f y t r a n s p o s i t i o n 
e r r o r s . A l s o , t h e number o f t h e m a t c h i n g 
g r o u p s i s a c c e s s i b l e . 

T h e r e a r e s a f e g u a r d s t o p r e v e n t a 
SAM-word o f t h e w rong i n f o r m a t i o n mode 
( e . g . f l o a t i n g p o i n t number i n s t e a d o f 
a l p h a b e t i c i n f o r m a t i o n ) f r o m b e c o m i n g 
r e s p o n d e n t i f i t s c o n t e n t s happens t o b e 
t h e r i g h t b i t c o n f i g u r a t i o n . A d e t a i l e d 
d e s c r i p t i o n o f t h i s i s t o b e f o u n d i n 
122] . 

F i n a l l y , i t s h o u l d b e n o t e d t h a t 
t h e r e e x i s t i n s t r u c t i o n s t o f l a g and 
u n f l a g s p e c i f i e d SAM-words , t o c o u n t t h e 
number o f f l a g g e d SAM-words , and t o p u t 
t h e SAM-add resses o f f l a g g e d w o r d s i n a 
FORTRAN a r r a y o r a SLIP l i s t . 

( 4 ) O p e r a t i o n s C o n c e r n i n g t h e A v a i l a b i l i t y 
R e g i s t e r : 

A s m e n t i o n e d b e f o r e , a b i t 1 i n t h e 
A v a i l a b i l i t y R e g i s t e r i n d i c a t e s t h a t t h e 
c o r r e s p o n d i n g SAM-word i s f r e e . W e c a l l 
t h i s mark a ' t a g ' , a s d i s t i n c t f r o m t h e 
• f l a g ' i n t h e Response R e g i s t e r s . 

T h e r e a r e i n s t r u c t i o n s w h i c h t a g and 
u n t a g SAM-wo rds , c o u n t t h e number o f 
a v a i l a b l e SAM-words , and w h i c h p u t t h e 
S A M - a d d r e s s e s o f t a g g e d w o r d s in a FORTRAN 
a r r a y o r a SLIP l i s t . 

(5) I n t e r - R e g i s t e r O p e r a t i o n s : 

A l l t h e 1 6 l o g i c a l o p e r a t i o n s 
p o s s i b l e a r e e x e c u t a b l e b e t w e e n any t w o o f 
t h e s h o r t (A rgumen t and Mask) R e g i s t e r s o r 
b e t w e e n any t w o o f t h e l o n g (Response and 
A v a i l a b i l i t y ) R e g i s t e r s . Here t h e 
o p e r a n d s a r e t h e b i t s t r i n g s o c c u p y i n g t h e 
r e s p e c t i v e r e g i s t e r s . 

(6) P r o c e s s e s R e g a r d i n g R e l a t i o n s : 

B e s i d e s t h e ' S e a r c h and F l a g ' 
o p e r a t i o n , t h e s e p r o c e s s e s a r e t h e m o s t 
s i g n i f i c a n t i n A M r P L - I I . W e s h a l l , 
t h e r e f o r e , d i s c u s s t h e m , a l s o , i n some 
d e t a i l . 

L e t u s g e n e r a l i z e t h e c o n c e p t o f a n 
a l g e b r a i c f u n c t i o n and d e f i n e a R e l a t i o n 
(REL) b e t w e e n an O b j e c t and a V a l u e 
(VAL) 

Each o f t h e above t h r e e e n t i t i e s can 
b e s i n q l e i t e m s o r t h r e e k i n d s o f l i s t s . 
The f i r s t k i n d s i m p l y c o n t a i n s v a r i o u s 
e q u i v a l e n t names o f t h e same i t e m . (One 
can t h i n k o f synonyms w i t h i n t h e g i v e n 
c o n t e x t . ) T h i s i s c a l l e d t h e EQUIVALENT 
L I S T . The s e c o n d k i n d o f l i s t b e a r s t h e 
names o f a number o f s u b u n i t s any 
p r o c e s s i n g o n w h i c h i s a l w a y s u n i f o r m . A n 
e x a m p l e o f t h e s e l i s t s nay b e t h e s t u d e n t s 
o f a c l a s s , who a l w a y s have t h e same 
t e a c h e r , a l w a y s s t a y i n t h e same 
c l a s s r o o m , e t c . D i s t i n g u i s h i n g . p r o c e s s e s , 
s u c h a s g r a d i n g o f i n d i v i d u a l exams, a r e 
n o t t o b e c a r r i e d o u t o n t h e e l e m e n t s o f 
s o d e s i g n a t e d l i s t s . F i n a l l y , t h e t h i r d 
k i n d o f l i s t has d i s t i n c t a n d , i n some 
r e s p e c t , i n d e p e n d e n t e l e m e n t s . A n e x a m p l e 
o f t h i s c o u l d b e t h e p i e c e s o f f u r n i t u r e 
i n a c e r t a i n room i f one w o u l d l i k e t o , 
s a y , p a i n t them t o d i f f e r e n t c o l o r s . 

A l s o , t h e p r o g r a m m e r can d e f i n e a 
R e l a t i o n a s a n o r d e r e d s e t o f 
R e l a t i o n s . The c o m b i n i n g c o n n e c t i v e s a r e : 

L e t u s f u r t h e r d e f i n e a r e s e r v e d 
s y m b o l S E L F i n o r d e r t o b e a b l e t o e x c l u d e 
s e l f - r e f e r e n c i n g i n u n w a n t e d c a s e s . 
F i n a l l y , t h e t e r m o n t h e l e f t hand s i d e o f 
a ' c o n c a t e n a t e d ' s y m b o l i s c o n s i d e r e d t o 
b e i n ( T e u t o n i c ) g e n i t i v e . The f o l l o w i n g 
e x a m p l e s s h o u l d make t h i s c l e a r : 

( i ) PARENT FATHER MOTHER 

i . e . a p a r e n t i s d e f i n e d a f a t h e r o r 
m o t h e r ; 

( i i ) CHILD PARENT 

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

( i i i ) GFANDFATIIER (FATHERVMPTHER)i FATHER 

i . e . t h e g r a n d f a t h e r i s d e f i n e d a s t h e 
f a t h e r ' s o r m o t h e r ' s f a t h e r ; 
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(a ) Suppose i n Sam, w e have R e l a t i o n 
D e s c r i p t o r w o r d s s t a n d i n g f o r 

MOTHEP 

MOTHER TONGUE 

• • • • 
I f 

t he r e s u l t i n g w i l l be SPANISH s i n c e 
Jeanne 's r e l a t i o n - t o French is the same as 
t h a t o f J o s e ' s to Spanish — these are the 
mother tongues o f t he people i n q u e s t i o n . 

(b ) L e t SAM now c o n t a i n 

(7 ) P a r a l l e l O p e r a t i o n s o v e r SAM; 

H e r e , w e b r i e f l y l i s t some b a s i c b u t 
h i g h - l e v e l i n s t r u c t i o n s t h a t s h o u l d b e 
u s e f u l b o t h i n n u m e r i c a l and n o n - n u m e r i c a l 
a p p l i c a t i o n s 2 

A c o n s t a n t w o r d i n one o f t h e 
A r g u m e n t R e g i s t e r s can b e added t o , 
s u b t r a c t e d f r o m , m u l t i p l i e d b y , d i v i d e d 
i n t o . B o o l e a n AND-ed and OR-ed w i t h 
d e s i g n a t e d SAM-words t h r o u g h one o f t h e 
Mask R e g i s t e r s , 

The above o p e r a t i o n s can a l s o b e 
p e r f o r m e d b e t w e e n any t w o f i e l d s , and t h e 
B o o l e a n NOT o f any s i n g l e f i e l d , o f 
d e s i g n a t e d S A M - w o r d s . 

S p e c i f i e d f i e l d s 
w o r d s c a n b e c l e a r e d . 

o f d e s i g n a t e d SAM-

D e s i g n a t e d SAM-words can b e s h i f t e d 
t o t h e l e f t o r t o t h e r i g h t b y s p e c i f i e d 
number o f p l a c e s . 

S i n g l e e l e m e n t s , v e c t o r s , p l a n e s , 
c o f a c t o r s o r a l l e l e m e n t s o f a n a r r a y can 
b e f l a g g e d i f t h e a r r a y was r e a d i n t o SAM 
a c c o r d i n g t o t h e u s u a l m a p p i n g o r d e r . 

V e c t o r a d d i t i o n , s u b t r a c t i o n and 
s c a l a r m u l t i p l i c a t i o n a r e s i n g l e 
i n s t r u c t i o n s . 

A l s o , s i n g l e i n s t r u c t i o n s y i e l d t h e 
d e t e r m i n a n t and t h e i n v e r s e o f o n e , and 
t h e p r o d u c t o f t w o , m a t r i c e s . 

I I I . A N OVERVIEW 

W e h a v e t r i e d t o g i v e a s h o r t o u t l i n e 
o f a new c o m p u t e r l a n g u a g e . We, h o w e v e r , 
f e e l i t i s more t h a n " j u s t a n o t h e r 
l a n g u a g e " — i t r e p r e s e n t s a n o t h e r 
p h i l o s o p h y o f , a n o t h e r a p p r o a c h t o , 
p r o b l e m s o l v i n g . A f t e r a l l , i t i s o n l y 
t h e s e q u e n t i a l d e s i g n o f t h e v o n Neumann-
t y p e m a c h i n e s t h a t h a s i m p o s e d upon t h e 
c o m p u t i n g c o m m u n i t y t h e p r e s e n t l y 
p r e v a l e n t b u t o f t e n q u i t e u n n a t u r a l 
c o m p u t a t i o n a l m e t h o d s . Even u s i n g t h e s e 
c o n v e n t i o n a l m e t h o d s , A J ' P P L - I I (a) s h o u l d 
d e c r e a s e t h e l e n g t h o f w r i t t e n p r o g r a m s 
and (b) s h o u l d s i m p l i f y t h e w r i t i n g , 
d e b u g g i n g and u n d e r s t a n d i n g o f p r o g r a m s . 
( I t has v e r y p o w e r f u l d i a g n o s t i c 
f a c i l i t i e s . ) T h e r e i s , h o w e v e r , a 
s i g n i f i c a n t t r e n d , a s c a n b e s e e n i n t h e 
r e f e r e n c e d l i t e r a t u r e , t o d e v e l o p new 
a l g o r i t l i m s and t e c h n i q u e s t h a t make use o f 
c o n t e n t a d d r e s s a b i l i t y and p a r a l l e l 
p r o c e s s i n g , e x p o s e l a t e n t p a r a l l e l i s m , and 
i n t r o d u c e c o m p u t a t i o n a l r e d u n d a n c y . We 
hope A M P P L - I I w i l l e n h a n c e t h i s t r e n d . 

W e h a v e had o n l y l i m i t e d p r o g r a m m i n g 
e x p e r i e n c e w i t h t h e l a n g u a g e . The 
f o l l o w i n g , a s y e t i n c o m p l e t e , p r o j e c t s a r e 
r e p r e s e n t a t i v e e x a m p l e s : 

(1) a query sys tem, wh ich can be 
c o n t i n u a l l y upda ted , d e a l i n g w i t h complex 
k i n s h i p s t r u c t u r e s ; 

(2) s i m u l a t i o n of a l e a r n i n g and 
s e l f - a d a p t i n g organism i n a h o s t i l e 
env i ronmen t ; 

(3) e m p i r i c a l p r o o f s o f c o n j e c t u r e s 
i n compu ta t i ona l l i n g u i s t i c s ; 

(4) s i m u l a t i o n of a demograph ica l 
p rob lem; and 

(5) s c h e d u l i n g c l ass rooms , t eache rs 
and s t u d e n t s . 

We have found t h a t , a l t h o u g h one must 
pay a c e r t a i n p r i c e in machine t ime and 
a v a i l a b l e memory, the programming ease 
ach ieved i s q u i t e s i g n i f i c a n t . (The d i s k 
r e s i d e n t system c o n s i s t s o f r o u g h l y 8k 
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words f o r each SLIP and AMPPL-I I . Only 
the needed subprograms are c a l l e d i n t o 
c o r e . ) In the INTRODUCTION, we l i s t e d a 
number o f broad areas o f a p p l i c a t i o n in 
which AMPPL-II shou ld prove u s e f u l . Now 
we can be more s p e c i f i c in terms of 
problem c h a r a c t e r i s t i c s . We expect to 
save cons i de rab le programming e f f o r t i n 
us ing the language whenever 

( i ) da ta are to be addressed by a 
comb ina t ion o f v a r i o u s se ts o f r e f e r e n c e 
p r o p e r t i e s , 

( i i ) da ta elements s a t i s f y i n g the 
above r e f e r e n c e p r o p e r t i e s are s c a t t e r e d 
th roughou t the memory in a sparse and 
random manner, 

( i i i ) da ta elements d y n a m i c a l l y 
change t h e i r l o c a t i o n in the memory as a 
consequence o f the i n f o r m a t i o n processes 
a c t i n g on them, 

( i v ) i d e n t i c a l sequences o f processes 
man ipu la te o n d i s t i n c t , n o n - i n t e r a c t i n g 
da ta e lemen ts , 

(v) the r a t i o between c o n c u r r e n t l y 
and s e r i a l l y execu tab le processes i s 
reasonab ly h i g h . 

These c r i t e r i a o f language 
a p p l i c a b i l i t y occur t o some e x t e n t w i t h 
p r a c t i c a l l y every complex programming 
p rob lem. The a v a i l a b i l i t y of a 
c o n v e n t i o n a l a l g e b r a i c language w i t h the 
AMMPL-cum-SLIP package renders programming 
more e f f i c i e n t . 

We i n t e n d to s tudy in a l a t e r paper 
the numerous issues i n v o l v e d in us ing 
AMMPL-II in v a r i o u s f i e l d s . Here, we o n l y 
w ish t o p o i n t t o the f a c t t h a t the 
proposed sys tem, to an e x t e n t , i s capable 
o f s i m u l a t i n g two d i s t i n c t k i nds o f 
a s s o c i a t i v e memory. In the exac t 
a s s o c i a t i v e memory, the i n f o r m a t i o n 
processes are per formed on the bas i s of 
f i n d i n g the i n t e r s e c t i o n o f s e v e r a l 
match ing d e s c r i p t o r s . Because o f the non-
uniqueness of many a s s o c i a t i o n s and, a l s o , 
because r e t r i e v a l reques ts may be 
i n c o m p l e t e , t he re can be s e v e r a l 
respondent p ieces o f i n f o r m a t i o n . 
However, i l l - f o r m u l a t e d and imprec i se 
tasks canno t , in g e n e r a l , be s o l v e d , and 
t h e r e i s n o l o g i c a l " i n t e r p o l a t i o n " o r 
" e x t r a p o l a t i o n " . 

On the o t h e r hand, in a non-exac t 
a s s o c i a t i v e memory these r e s t r i c t i o n s do 
r iot a p p l y . A s s o c i a t i o n s connect 
s t a t i s t i c a l l y r e l a t e d e n t i t i e s , t o o . The 
measure o f "nearness" is an i m p o r t a n t 
concep t . Var ious coun t i ng p rocesses , the 
c r i t e r i a o f search f o r t he most and l e a s t 
s i m i l a r i tems (BITSIII and BITSL0) and 
match ing groups of b i t s (GRP0FM) rep resen t 
s teps i n t h i s d i r e c t i o n . B i o l o g i c a l 
sys tems, o f cou rse , i n c o r p o r a t e bo th o f 
the above desc r i bed a s s o c i a t i v e memories. 
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