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ABSTRACT as w e l l , e .g . [ 8 ] , 

The problem thus seems one of 
f i n d i n g "good" p r i m i t i v e s fo r A I 
a p p l i c a t i o n s . This paper descr ibes 
a successor to l.PAK which t r i e s to 
prov ide some of these p r i m i t i v e s . 
2.PAK is a successor in the sense tha t 
exper ience gained from l.PAK has been 
used in the design of the new language. 
2.PAK is not an ex tens ion of l.PAK. 

This paper descr ibes a programming 
language, 2.PAK, whose main aim is to 
p rov ide a set of p r i m i t i v e s s u i t a b l e 
f o r A r t i f i c i a l I n t e l l i g e n c e a p p l i c a t i o n s . 
In a d d i t i o n , 2.PAK t r i e s to i nco rpo ra te 
p r i n c i p l e s obta ined from research i n t o 
programming languages in genera l . The 
main fea tu res of the language inc lude 
a data base composed of d i r e c t e d l a b e l l e d 
graphs, h i e r a r c h i c a l and h e t e r a r c h i c a l 
c o n t r o l s t r u c t u r e s , back t rack ing 
p r i m i t i v e s ( a p p l i c a b l e t o e i t h e r c o n t r o l 
s t r u c t u r e ) , and a genera l i zed form of 
p a t t e r n matching. 

1. INTRODUCTION 

In 197 3, a programming language 
to f a c i l i t a t e AI research a t the 
U n i v e r s i t y of Toronto was designed and 
implemented. Al though it was SNOBOL 
[1] based, l.PAK [ 2 ,3 ] o f f e r e d many 
fea tu res found in the more prominent 
AI languages such as PLANNER [ 4 ] , 
CONNIVER [ 5 ] , QA4 [6] and SAIL [7] s ince 
these languages g r e a t l y i n f l uenced i t s 
des ign . I t thus possessed such fea tu res 
as a data base composed of d i r e c t e d 
l a b e l l e d graphs, p a t t e r n d i r e c t e d 
i n f o r m a t i o n r e t r i e v a l , p a t t e r n - i n v o k e d 
f u n c t i o n c a l l s and genera to rs . 

l.PAK shared another f e a t u r e w i t h 
o ther AI languages; i t was a d i sappo in t 
ment . The language, used ex tens i ve l y 
in a graduate course on AI and f o r a 
Master ' s t hes i s [ 9 ] , was heav i l y 
c r i t i c i z e d due to i t s lack of good 
p r i m i t i v e s . The p r i m i t i v e s i t d i d 
p rov ide were i l l - d e f i n e d and a l though 
they seemed o r t h o g o n a l , the combinat ion 
of some p r i m i t i v e s y i e l d e d unexpected 
r e s u l t s . In a d d i t i o n , some of the 
p r i m i t i v e s d i d too much f o r the user. 
This r e s u l t e d in the user l o s i n g c o n t r o l 
of what was happening in the program 
and having to depend on kludges to 
c o n s t r a i n such p r i m i t i v e s . I t should 
be noted tha t such c r i t i c i s m s apply not 
on ly to l.PAK but to o ther AI languages 

2. LANGUAGE GOALS 

2. PAK's goals center around two 
major o b j e c t i v e s . The f i r s t i s to 
p rov ide a good set of p r i m i t i v e s s u i t 
able f o r AI a p p l i c a t i o n s . The problem 
here res t s w i t h the choosing of the 
p r i m i t i v e s to be o f f e r e d . One must be 
c a r e f u l not to choose p r i m i t i v e s t ha t 
are too l o w - l e v e l ; o therwise the 
convenience of the language user 
s u f f e r s . On the o ther hand, the 
p r i m i t i v e s must not be too h i g h - l e v e l ; 
o therwise the a d a p t a b i l i t y o f the 
language s u f f e r s . As example, one 
could cons ider LISP's p r i m i t i v e s as 
being too l o w - l e v e l f o r A I a p p l i c a t i o n s 
and PLANNER' s p r i m i t i v e s as being too 
h i g h - l e v e l . I t was the d i s s a t i s f a c t i o n 
w i t h LISP t ha t sparked the design of 
h igher l e v e l AI languages so tha t a 
user could program his a lgo r i thms more 
conven ien t l y . However, PLANNER's 
automat ic back t rack ing and p a t t e r n 
d i r e c t e d f u n c t i o n c a l l s proved to be so 
h igh l e v e l and power fu l t ha t they 
lacked the f i nesse the user requ i red 
and subsequent ly could not be used. 
Thus the i d e a l s o l u t i o n is to f i n d 
p r i m i t i v e s t h a t s t r i k e a happy balance 
between the two extremes and prov ide 
f a c i l i t i e s w i t h i n the language f o r the 
user to e a s i l y de f i ne any h igher l e v e l 
p r i m i t i v e s t ha t may be needed f o r a 
s p e c i f i c a p p l i c a t i o n . The search f o r 
these p r i m i t i v e s was centered around 
some of the p r e v i o u s l y mentioned AI 
languages and o thers i n c l u d i n g QLISP 
[10] and SIMULA [ 1 1 ] . Features o f f e red 
by these languages were examined and a 
set of p r i m i t i v e s was a b s t r a c t e d . 
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The second o b j e c t i v e is one t ha t 
is over looked by most AI languages. 
2.PAK t r i e s to accomodate p r i n c i p l e s 
obta ined from research i n t o programming 
languages in g e n e r a l . Such q u a l i t i e s 
a s e f f i c i e n c y , r e a d a b i l i t y , r e l i a b i l i t y 
and u n d e r s t a n d a b i l i t y are too impor tant 
to any language to be omi t ted from the 
design stage and then be expected to 
somehow emerge when the language is 
completed. We be l i eve t ha t AI languages 
can g r e a t l y b e n e f i t from the experiences 
of programming languages in g e n e r a l , 
and t ha t they should not set themselves 
apart and have to re inven t the wheel . 

In the l i g h t of these two major 
o b j e c t i v e s , the general goals o f the 
language a re : 

1) E f f i c i e n c y - of program c r e a t i o n and 
execu t ion . 

2) Natu ra l Syntax - to enhance read
a b i l i t y o f programs. 

3) Unde rs tandab i l i t y and R e a d a b i l i t y -
through the use of s imple 
semant ics. 

4) M i n i m a l i t y - the language should be 
conc ise . 

5) I n v o l u t i o n - cons is ten t use of 
language f e a t u r e s . 

6) O r thogona l i t y - independence of 
language f e a t u r e s . 

7) S i m p l i c i t y - to a i d in program 
c o n s t r u c t i o n . 

8) Imp lemen tab i l i t y - the language 
should be implementable 
cheaply and e f f i c i e n t l y . 

More s p e c i f i c goals in terms of 
des i red f ea tu res i n c l u d e : 

1) A wide v a r i e t y of data t ypes , 

2) General ized p a t t e r n matching w i thou t 
r e s t r i c t i o n to a set of data types 
chosen by the language des igner . 

3 ) General ized c o n t r o l s t r u c t u r e s t i - e . 
h i e r a r c h i c a l and h e t e r a r c h i c a l 
c o n t r o l s t r u c t u r e s ) . 

4) Good a b s t r a c t i o n c a p a b i l i t i e s to a i d 
i n d e f i n i n g h igher l e v e l p r i m i t i v e s 
requ i red by s p e c i f i c a p p l i c a t i o n s . 

5) Back t rack ing as i t app l ies to 
h i e r a r c h i c a l and h e t e r a r c h i c a l 
c o n t r o l s t r u c t u r e s . 

6) F l e x i b i l i t y to e i ther compile or 
in te rp re t expressions w i t h i n the 
program. 

7) Strong t yp ing of v a r i a b l e s whenever 
poss i b l e to a l low the system to 
check f o r " i l l e g a l da ta type" e r ro rs 
and thereby reduce them. 

8) I n t e r a c t i v e f a c i l i t i e s and t r a c i n g 
f a c i l i t i e s to a id in debugging and 
program execut ion m o n i t o r i n g . 

3. LANGUAGE OVERVIEW 

2.PAK is a b lock s t r u c t u r e d 
language whose main fea tu res w i l l be 
discussed according to the d i v i s i o n s : 
data t ypes , a b s t r a c t i o n f a c i l i t i e s , 
basic s ta tements , g l o b a l c o n t r o l 
s t r u c t u r e s , b a c k t r a c k i n g , p a t t e r n 
matching and misce l laneous . A more 
d e t a i l e d d e s c r i p t i o n of 2.PAK is 
a v a i l a b l e i n [ 1 2 ] . 

3.1 DATA TYPES 

2.PAK o f f e r s a wide v a r i e t y of 
data types so t ha t the user can choose 
what is best su i t ed f o r the task at 
hand. There are the standard data 
types such as boo leans, i n t e g e r s , 
r e a l s , s t r i n g s , references ( i . e . 
po i n t e r s to user de f ined records or 
c o r o u t i n e s ) , l i s t s and a r r a y s . I n 
a d d i t i o n there e x i s t unevaluated 
expressions and hash tab les as in 
SNOBOL, pa t te rns which can be matched 
or combined to form new p a t t e r n s , and 
reco rds , which are user de f i ned 
aggregates of bas ic t ypes . For example: 

record BINARY TREE( r e f (BINARYJTREE) 
LLINK, RLlNK ; s t r i n g LABEL ) ; 

de f ines a record which can be used to 
cons t ruc t s t r i n g l a b e l l e d b ina ry t r e e s . 

2.PAK a lso possesses a data base 
in the form of a d i r e c t e d graph w i t h 
l a b e l l e d nodes and edges. Such a 
s t r u c t u r e has shown i t s e l f to be very 
convenient as a r e p r e s e n t a t i o n a l t o o l , 
e s p e c i a l l y f o r semantic n e t s , and is 
very s i m i l a r t o SAIL'S t r i p l e s , 
PLANNER'S a s s e r t i o n s , CONNIVER's items 
or QLISP's tup les and v e c t o r s . The 
s t r u c t u r e prov ides a r e s t r i c t e d form 
of a s s o c i a t i v i t y a p p l i c a b l e to the nodes 
of the data base, i . e . f o r a g iven node, 
one can determine a l l the nodes t h a t 
are r e l a t e d to t ha t node by means of 
edges e i t h e r l eav ing or e n t e r i n g t h a t 
node. Thus a s s o c i a t i v i t y e x i s t s f o r 
the nodes of the data base, but not 
f o r the edges. This form of a s s o c i a t 
i v i t y i s c l e a r l y less expensive than 
tha t prov ided by SAIL's t r i p l e s . 

The bas ic u n i t s of the data base 
are the nodes, and opera t ions e x i s t to 
add or d e l e t e nodes to or from the 
data base, add or d e l e t e edges to or 
from a s p e c i f i c node, generate edge-
node p a i r s whose edges match a s p e c i f i e d 
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p a t t e r n and e n t e r o r l e a v e a s p e c i f i e d 
node and a l l edges and nodes w i t h i n a 
g i v e n r a d i u s . 

A l l 2.PAK v a r i a b l e s must be d e c l a r e d 
and t yped t o a l l e v i a t e t h e p rob lem 
caused by i l l e g a l d a t a t y p e s as arguments 
to o p e r a t i o n s . One can v iew t y p e 
d e c l a r a t i o n s as i n t e n t i o n s o f what t he 
t y p e o f t h e v a r i a b l e i s t o be . The 
system w i l l t h e n p r o v i d e the necessary 
c h e c k i n g e i t h e r a t comp i l e o r run t i m e . 
I f t h e t y p e o f a v a r i a b l e i s n o t known 
o r i f i t can b e o f more than one t y p e , 
one can d e c l a r e i t t o be o f t y p e var 
wh ich a l l o w s t h a t v a r i a b l e t o t a k e 
v a l u e s o f any t y p e . 

3.2 ABSTRACTION FACILITIES 

A n a b s t r a c t i o n f a c i l i t y i s t h e 
c a p a b i l i t y o f g r o u p i n g t o g e t h e r e n t i t i e s 
i n t o a u n i t t h a t can be ass i gned a name 
f o r r e f e r e n c e p u r p o s e s . For d a t a t y p e s , 
r e c o r d d e c l a r a t i o n i s a n a b s r a c t i o n 
f a c i l i t y s i n c e one can c o n s t r u c t t h e 
r e q u i r e d r e c o r d f rom p r i m i t i v e da ta 
t ypes and then use t h a t r e c o r d as a 
p r i m i t i v e da ta i t em o f t h e l anguage . 
For 2.PAK s t a t e m e n t s , t h e r e e x i s t t h r e e 
t h r e e t ypes o f a b s t r a c t i o n f a c i l i t i e s : 
p r o c e d u r e s , f u n c t i o n p rocedu res and 
c o r o u t i n e s , Procedures and f u n c t i o n 
p rocedu res a r e d e f i n e d as in most 
programming l anguages . C o r o u t i n e s 
d i f f e r f rom p rocedu res i n t h a t t hey 
can be used to ach ieve h e t e r a r c h i c a l 
c o n t r o l s t r u c t u r e s (see s e c t i o n 3 . 4 ) . 
I n a d d i t i o n , v a r i a b l e s o f a suspended 
c o r o u t i n e i n s t a n c e can be examined or 
a l t e r e d . 

L a s t l y , macros p r o v i d e an a b s t r a c t 
i o n f a c i l i t y f o r c h a r a c t e r s t r i n g s w i t h 
i n t h e t e x t o f t h e source p rog ram. For 
example : 

macro ' ? ' r e p l a c e d by '%' ; 

w i l l r e p l a c e a l l occu r rences o f ' ? ' . 
f o l l o w i n g t h e macro d e f i n i t i o n , by ;%'. 

3 . 3 . BASIC STATEMENTS 

The b a s i c s t a t e m e n t s of 2.PAK are 
the ass ignment s t a t e m e n t , s t a temen ts 
t h a t c o n t r o l l o c a l sequenc ing ( i . e . i f , 
w h i l e and case) and t h e I/O s t a t e m e n t s . 
Most o f t h e s e s ta temen ts a re f a i r l y 
s t a n d a r d as is shown by t h e examples: 

i f X - Y 
t h e n SAME := SAME + 1 ; 

end ; 

i f X < Y 
t h e n Y :- X ; 
e l s e COUNT := COUNT + 1 ; 

end ; 
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w h i l e FLAG = t r u e do 
read X ; 
w r i t e X ; 
end ; 

case PRIMARY_COLOUR of 
'RED' : . . . ; 
'YELLOW' : . . . ; 
'BLUE' : . . . ; 
e l s e : MESSAGE := 

'NOT A PRIMARY COLOUR.' ; 
end ; 

The example case s ta temen t w i l l 
examine the v a l u e of PRIMARY_COLOUR, 
wh ich must b e o f s t r i n g t y p e , and w i l l 
execu te the case c o n t a i n i n g t h a t v a l u e as 
a case l a b e l . I f t h e v a l u e i s no t i n t he 
range o f s p e c i f i e d case l a b e l s , t h e case 
hav ing e l s e as a case l a b e l w i l l be 
executecT! 

3.4 GLOBAL CONTROL STRUCTURES 

G l o b a l c o n t r o l dea l s w i t h t he 
p r i m i t i v e s t h a t t r a n s f e r c o n t r o l t o o r 
f r om p rocedures and c o r o u t i n e s . For 
p rocedures t h e r e e x i s t s t he h i e r a r c h i c a l 
c o n t r o l s t r u c t u r e p r o v i d e d b y the p r o 
cedure c a l l , p o s s i b l y r e c u r s i v e , and t h e 
r e t u r n s t a t e m e n t . As i s t he norm f o r 
p r o c e d u r e s , a p r o c e d u r e ' s env i ronment i s 
d e s t r o y e d when a r e t u r n is e x e c u t e d . On 
the o t h e r hand , c o r o u t i n e s s u r v i v e 
t r a n s f e r s o f c o n t r o l and a re mere l y 
suspended u n t i l c o n t r o l i s r e t u r n e d . 
E x e c u t i o n t h e n commences a t t h e p o i n t 
where the c o r o u t i n e was l a s t suspended. 

For c o r o u t i n e s , 2.PAK o f f e r s two 
t ypes o f c o n t r o l p r i m i t i v e s wh i ch a re i n 
many r e s p e c t s s i m i l a r to t hose o f SIMULA. 
The h i e r a r c h i c a l t y p e , p r o v i d e d by 
i nvoke and d e t a c h and s i m i l a r t o t h e c a l l / 
r e t u r n o f p r o c e d u r e s , i s i d e a l when i t i s 
necessary to have a c o r o u t i n e execu te 
under t h e c o n t r o l o f some o t h e r b l o c k , 
i . e . as i s t h e case f o r g e n e r a t o r s . Thus 
the i nvoke s t a t e m e n t , l i k e a c a l l , c a r r i e s 
i n f o r m a t i o n t o t he i nvoked c o r o u t i n e a s 
to where a de tach s h o u l d r e t u r n . However, 
t he h e t e r a r c h i c a l p r i m i t i v e resume c a r r i e s 
no such i n f o r m a t i o n . The resumed co -
r o u t i n e has no i dea who resumed i t and 
assumes comp le te c o n t r o l o f t h e computa
t i o n . Thus one c o u l d c o n s i d e r d i f f e r e n t 
c o r o u t i n e s a s r e p r e s e n t i n g d i f f e r e n t 
env i ronments and use resume to t r a n s f e r 
c o n t r o l among these e n v i r o n m e n t s . 

3.5 PATTERN MATCHING 

2.PAK o f f e r s a g e n e r a l i z e d p a t t e r n 
ma tch ing f a c i l i t y no t r e s t r i c t e d t o a 
set o f da ta t ypes chosen by t h e language 
d e s i g n e r , as i s o f t e n the case . Th i s i s 
ach ieved by l e t t i n g t h e user have the 
f a c i l i t y f o r d e f i n i n g t h e semant i cs o f 
r e q u i r e d p a t t e r n match ing p r i m i t i v e s and 
t h e i r e v a l u a t i o n sequences. D e f i n i n g t h e 
semant ics o f p a t t e r n match ing p r i m i t i v e s 
reduces to d e f i n i n g a se t o f f u n c t i o n s 



that operate on the p o s i t i o n of a cursor 
w i t h i n the sub ject s t r u c t u r e . Such an 
approach to p a t t e r n matching is a p p l i c a b l e 
to s t r i n g s , l i s t s , graphs or any user 
def ined s t r u c t u r e . The eva lua t i on 
sequence of a p a t t e r n matching p r i m i t i v e 
spec i f i e s when tha t p r i m i t i v e is to be 
eva lua ted . The th ree p o s s i b i l i t i e s a r e : 
eva luate when the p r i m i t i v e is encountered 
wh i l e the matcher is moving in the forward 
d i r e c t i o n ( i . e . moving l e f t t o r i g h t 
through the p a t t e r n ) , eva luate when en
countered w h i l moving in the backwards 
d i r e c t i o n ( i . e . b a c k t r a c k i n g ) , and 
evaluate whenever encountered. Eor 
example, the s t r i n g p a t t e r n matching 
p r i m i t i v e s FENCE and SUCCEED of SNOBOL 
e x h i b i t the second type of e v a l u a t i o n 
sequence, wh i le the edge expressions of 
l.PAK pa t te rns show the t h i r d t ype . A 
p a t t e r n in 2.PAK is t h e r e f o r e composed 
of a sequence of boolean expressions w i t h 
associated evaluat ion sequences. The 
2.PAK p a t t e r n matcher executes the 
pat t e r n in a back t rack ing mode whereby 
i f an expression evaluates to t r u e the 
matcher proceeds forward to the next 
express ion ; i f f a l s e the matcher back
t r a c k s . 

For the convenience of the user , 
some of the more basic p a t t e r n matching 
p r i m i t i v e s f o r s t r i n g s , l i s t s , and graphs 
are p rov ided . However, these p r i m i t i v e s 
should by no means be taken as dogmatic 
and one is s t i l l f ree to de f i ne h is own. 
Sample 2.PAK pa t te rns arc found in 
sect i on 4 .2 . 

3.6 BACKTRACKING 

2.PAK back t rack ing p r i m i t i v e s are 
complete ly d i s j o i n t from c o n t r o l 
p r i m i t i v e s s ince such a separa t ion a l lows 
one to combine the two in the manner t ha t 
produces the des i red r e s u l t in the most 
e f f i c i e n t way. Backt rack ing is t h e r e f o r e 
viewed as the means f o r man ipu la t ing s t a t e 
changes made w i t h i n what is termed a 
con tex t . P r i m i t i v e s p rov ide f a c i l i t i e s 
for en te r i ng a new c o n t e x t , fo'r s p e c i f y i n g 
what changes are to be back t rackab le w i t h 
in a con tex t , and when to back up to the 
previous context and what to do w i t h the 
backt rackab le changes. The context 
fea tu re is less prominent than CONNIVPR's 
(where every th ing is c a r r i e d out in a 
backt rackable con tex t ) and we consider it 
more economical s ince the user can choose 
when to use the f e a t u r e . 

In a d d i t i o n , there are p r i m i t i v e s 
tha t can be used f o r the h e t e r a r c h i c a l 
c o n t r o l s t r u c t u r e prov ided by c o r o u t i n e s . 
Preserve binds a contex t to a co rou t i ne 
instance and r e s t o r e res to res the bound 
context of a spec i f i e d co rou t i ne ins tance . 
Thus res to re can be used in c o n j u c t i o n 
w i t h the resume statement to prov ide the 
f a c i l i t y o f t r a n s f e r r i ng c o n t r o l w i t h i n 
m u l t i p l e environments, each w i t h i t ' s own 
con tex t . Another use is the eva lua t i on 

o f expressions ou ts ide the cu r ren t 
environment. This can be e a s i l y achieved 
by r e s t o r i n g the des i red envi ronment, 
e v a l u a t i n g the express ion and then re 
s t o r i n g the o r i g i n a l environment. Note 
t ha t f o r such a task no t r a n s f e r of 
c o n t r o l is necessary and t ha t none takes 
p l ace . 

3.7 MISCELLANEOUS 

In a d d i t i o n to the descr ibed 
f e a t u r e s , 2.PAK prov ides miscel laneous 
b u i l t - i n f u n c t i o n s t o a id the user . 
These f unc t i ons i n c l u d e : 

apply - S i m i l a r to the apply f u n c t i o n of 
SNOBOL,' t h i s f u n c t i o n prov ides a dynamic 
f u n c t i o n c a l l i n g f a c i l i t y . 

comp i l e - This f u n c t i o n accepts as 
argument a s t r i n g r e p r e s e n t a t i o n of a 
2.PAK express ion and re tu rns i t s 
equ iva len t unevaluated express ion . 

eval - This f u n c t i o n evaluates a 2.PAK 
unevaluated express ion and re tu rns the 
produced r e s u l t . 

t race - This f u n c t i o n a l lows the user 
to enable t r a c i n g of changes made to a 
s p e c i f i e d v a r i a b l e o r t r a n s f e r s o r 
c o n t r o l to or from a s p e c i f i c procedure 
or corout i ne . 

The language a lso prov ides togg les 
t o f a c i l i t a t e ex tens ive t r a c i n g . For 
example, s e t t i n g the togg le .CTRACE. to 
10 w i l l r e s u l t in the t r a c i n g o f the next 
10 t r a n s f e r s of c o n t r o l made by any co
rou t i ne of the program. Other togg les 
i n c l u d e : t r ace a l l v a r i a b l e changes 
(.TRACE.), t r ace a l l f u n c t i o n c a l l s and 
re tu rns (.FTRACE.), and t r ace the 
eva lua t i on sequence of p a t t e r n matches 
(.PATTERN.). 

4. EXAMPLES 

4.1 A ONE-ARMED BANDIT 

The concept of a generator is an 
important one f o r AI a p p l i c a t i ons . A 
generator is a func t ion tha t on successive 
c a l l s w i l l produce and r e t u r n elements 
from a s p e c i f i e d range. We wish to 
demonstrate tha t 2.PAK's co rou t ines are 
more than adequate s u b s t i t u t e s f o r 
genera to rs . This is done by p resen t i ng 
a corout ine tha t s imula tes a one-armed 
bandi t s l o t machine. The example is to be 
judged not on e f f i c i e n c y , s ince much more 
e f f i c i e n t f o r m a l i z a t i o n s can be o b t a i n e d , 
but ra ther on i t s mer i t s as a genera to r . 

The f i r s t t h i n g one needs f o r the 
band i t are the r i ngs which d i s p l a y the 
generated sequence. A band i t usua l l y 
conta ins th ree such r i n g s which are 
themselves generators of elements from 
the ordered set composed of the f r u i t s 
c h e r r y , lemon, orange and app le . Such a 
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generator is s imula ted by the c o r o u t i n e : 

co rou t i ne FRUIT_GEN() 
begin 

s t r i n g FRUIT ; 
FRUIT :- 'CHERRY1 ; 
detach ; 

w h i l e t r u e do 
case FRUIT of 

'CHERRY1: FRUIT := 'LEMON1 ; 
'LEMON': FRUIT := 'ORANGE? ; 
'ORANGE1: FRUIT :- 'APPLE' ; 
'APPLE': FRUIT :- 'CHERRY' ; 
end ; 

detach ; 
end ; 

end ; 

The f i r s t i nvoca t i on of FRUIT_GEN 
generates the s t r i n g value * CHERRY' in 
the v a r i a b l e FRUIT and then c o n t r o l is 
re tu rned to the invok ing b lock by means 
of a detach. On the second i n v o c a t i o n , 
the c o r o u t i n e enters the wh i l e statement 
and executes the case statement which 
uses the o l d va lue of FRUIT to generate 
the next va lue . Note the c y c l i c na ture 
of the generator and how e a s i l y t h i s is 
achieved w i t h a case statement . A f t e r 
the new va lue f o r FRUIT has been 
generated the co rou t i ne detaches. Sub
sequent i nvoca t ions w i l l commence 
execut ion a f t e r t h i s de tach , thereby 
remaining w i t h i n the genera t ing loop . 

What is now needed is a mechanism 
fo r " s p i n n i n g " these r i n g s . (We have 
only de f ined the p ro to t ype r i n g but we 
can o b t a i n m u l t i p l e copies o f i t ) . 
Consider the f o l l o w i n g procedure: 

procedure SPIN( r e f (FRUIT_GEN) RING ; 
i n tege r I ) 

begin 
w h i l e I > 0 do 

invoke RING ; 
I :-= I - 1 ; 
end ; 

end ; /* OF SPIN. */ 

The above procedure takes as arguments a 
re fe rence to an ins tance of a FRUIT_GEN 
and an in teger I . I t then proceeds to 
invoke the s p e c i f i e d FRUIT_GEN instance 
I t imes and thereby achieve the e f f e c t of 
sp inn ing the r i n g . 

F i n a l l y we can now d e f i n e the band i t 
i t s e l f : 

co rou t i ne BANDITQ 
begin 

co rou t i ne FRUIT_GEN() . . . ; 
procedure SPIN . . . ; 

r e f (FRUIT_GEN) FIRST, SECOND, 
THIRD ; 

s t r i n g RESULT ; 
i n teger RAND1, RAND2, RAND3 ; 

FIRST :- FRUIT GEN() ; 
SECOND :« FRUIT GENQ ; 
THIRD :- FRUIT GEN() ; 
RESULT := 'CHERRY LEMON ORANGE* ; 
detach ; 

wh i l e t r u e do 
/* GENERATE 3 POSITIVE RANDOM 

INTEGERS IN RAND1, RAND2 
AND RAND3. */ 

SPIN( FIRST , RAND1 ) ; 
SPIN( SECOND , RAND2 ) ; 
SPIN( THIRD , RAND3 ) ; 

if (FIRST.FRUIT = SECOND.FRUIT) 
$ (FIRST.FRUIT = THIRD.FRUIT) 

then RESULT :* 'JACKPOT' ; 
e lse RESULT :* FIRST.FRUIT 

|I * ' It SECOND.FRUIT 
| | ' ' | | THIRD.FRUIT ; 

end ; 
detach ; 

end ; end; /* OF BANDIT */ 

F i r s t the co rou t i ne declares the pro
cedures, co rou t ines and va r i ab les i t 
needs. The v a r i a b l e s FIRST, SECOND and 
THIRD are re ferences to instances of 
FRUIT_GEN and represent the three r i n g s 
the band i t needs. RESULT w i l l con ta in the 
r e s u l t of p l a y i n g the b a n d i t . On the 
f i r s t i n v o c a t i o n , BANDIT sets up i t s 
th ree r i n g generators and generates a 
l o s i n g v a l u e . ( I t i s assumed t h a t the 
management w i l l absorb t h i s f i r s t loss by 
i n i t i a l i z i n g the bandi t before l e t t i n g 
anyone p l a y ) . The generator then 
detaches. On subsequent i n v o c a t i o n s , 
BANDIT w i l l generate th ree i n tege r random 
numbers (unspec i f i ed and l e f t to personal 
preference as to which method to u s e ) , 
and spins i t s r i n g s by the obta ined 
va lues . I t then generates 'JACKPOT' 
i f a l l th ree f r u i t values are the same 
or generates the s t r i n g obta ined by 
concatenat ing the generated va lues . The 
generated values are r e t r i e v e d by us ing 
the dot n o t a t i o n f o r accessing co rou t i ne 
v a r i a b l e s , i . e . FIRST.FRUIT represents the 
v a r i a b l e FRUIT in the co rou t i ne ins tance 
re ferenced by FIRST. Note tha t the 
generated values depend on the prev ious 
s ta tes of the r i n g s . Good l uck . 

4.2 LIST PATTERNS 

We now demonstrate how one can 
achieve some of the l i s t p a t t e r n matching 
f a c i l i t i e s o f f e r e d by CONNIVER. This is 
accomplished by tak ing sample pa t te rns 
from the CONNIVER re fe rence manual [5] 
and p resen t ing t h e i r 2.PAK equ i va len t s . 
Before p roceed ing , some l i s t p a t t e r n 
matching p r i m i t i v e s have to be d e f i n e d . 
(Note t h a t , i n t h i s example, l i s t atoms 
f o r 2.PAK are assumed to be s t r i n g s ) . 
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boolean procedure MATCH_ATOM( s t r i ng 
SI ) 

/* THIS FUNCTION MATCHES ATOMS IN A 
LIST AND ADVANCES THE CURSOR. V 

begin 
if type (CURSOR) — STRING; 
then re turn fa lse ; 
else if car(CURSOR) - SI 

then CURSOR := cdr(CURSOR) ; 
re tu rn true ; 

else re turn fa lse ; 
end ; 

end; 
end ; /* OF MATCH_ATOM •/ 

boolean procedure DOWN( pa t te rn PI ) 
/* FUNCTION THAT DESCENDS ONE LEVEL IN 
THE LIST AND MATCHES THE PATTERN P I . 
* / 

begin 
if type(CURSOR) ^= 'LIST' 
then re turn fa lse ; 

end ; 
if match ( PI , car(CURSOR) ) 
then CURSOR :- cdr(CURSOR) ; 

re turn t rue ; 
else re turn fa lse ; 

end ; 
end ; /* OF DOWN. */ 

boolean procedure SET( var X ) 
/* THIS FUNCTION ASSIGNS TO X THE CAR 
OF THE LIST CELL BEING MATCHED. */ 

begin 
if type(CURSOR) -.« 'LIST1 

then re tu rn fa lse ; 
end ; 

X :- car(CURSOR) ; 
CURSOR :- cdr (CURSOR) ; 
re turn t rue ; 
end ; / * OF SET. * / 

boolean procedure REM( var X ) 
/* THIS FUNCTION ASSIGNS TO X THE 

REMAINDER OF THE LIST BEING MATCHED. 
* / 

begin 
if type(CURSOR) -= 'LIST1 , 
then re turn fa lse ; 

end ; 

X :- CURSOR ; 
CURSOR :- n u l l ; 
re tu rn t rue ; 
end ; / * OF REM. * / 

In the fo l lowing examples atom 
denotes an a rb i t r a r y atom and l i s t 
denotes an a rb i t r a r y l i s t . 

1. (MATCH '(FOO !>X) '(FOO BAR)) 
- The pa t t e rn , denoted by the second 

l i s t element, matches l i s t s of the form 
(FOO atom). The subject is the l i s t 
(FOO EKKT and a f te r the match X w i l l be 
associated to the atomic value BAR. 

The equivalent 2.PAK pat tern match i s : 
match(<:MATCH_ATOM(,F001),SET(X):> , 
<'FOO1, ?BAR'>); 

Af ter the match X has the value 'BAR*. 

2. ((FREDS !>X) . !>REST) 
- This pa t te rn matches l i s t s of the 

form: 
((FREDS atom) l i s t ) 

The equivalent 2.PAK pat tern i s : 
<: DOWN(<:MATCH ATOM('FREDS') , 
SET(X):>) , REMlREST):> 

3. (GRANDFATHER !>X I,X) 
- This pat tern matches l i s t s of the 

form: 
(GRANDFATHER atom atom) 

where the two atom values are equal. The 
equivalent 2.PAX pa t te rn i s : 

<: MATCH ATOM('GRANDFATHER') , SET(X) , 
MATeH_ATOM(X) :> 

4. :>(CREATURE (FEATHERLESS • ,CREATURE) 
(EQ (NUMBER_OF LEGS !,CREATURE) 2)) 

- This pat te rn matches l i s t s of the 
form: 

(atom (FEATHERLESS atom) (EQ (NUMBER^ 
OFTEGS atom) 2)) 

where the three atom values are equal. 
The equivalent 2.PAK pat tern i s : 

<: SET(CREATURE) , DOWN(<: MATCH ATOM 
('FEATHERLESS') , MATCH_ATOM(CREATURE) 
:>) , DOWN(<: MATCH ATOM('EQ') , 
DOWN(<: MATCH ATOMĈ NUMBER OF LEGS') 
MATCH_ATOM(CREATURE) :>) , MATCHJVTOM 
( ' 2 ' ) :>) :> 

The above 2.PAK pa 
usual ly much longer than 
parts since we have used 
rather than ( t i n 

or 
i t i 

define the p r im i t i ves wi 
or use macros to shorten 
that need be w r i t t e n . N 
of the example 2.PAK pat 
have p r im i t i ves wi th eva 
"evaluate when encounter 
forward". Since th is se 
most common evaluat ion s 
assumed by defau l t and h 
spec i f i ca t i on . 

t te rns are 
t h e i r counter-
mnemonic names 

One could 
th shorter names 

the expressions 
ote also that a l l 
terns happen to 
lua t ion sequence 
ed whi le moving 
ems to be the 
equence, i t is 
as no syntact ic 

The above are by no means a l l of the 
avai lab le l i s t matching p r im i t i ves of 
CONNIVER and are only meant to give a 
f lavour of how one can extend 2.PAK 
pat tern matching to su i t a spec i f i c 
s t ruc tu re . 

In t 
and b r i e f l 
that prov i 
p r im i t i ves 
and that m 
in the des 
in general 
what pr imi 
app l i ca t io 
of examini 

CONCLUSIONS 

his paper, we have introduced 
y described 2.PAK, a language 
des a set of programming 

su i tab le fo r AI a p p l i c a t i o n , 
akes use of experiences gained 
ign of programming languages 

Since i t is not yet c lear 
t i ves are essent ia l to AI 
ns, we have chosen the approach 
ng ex is t i ng AI languages and 
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a b s t r a c t i n g from them a set of p r i m i t i v e s 
t ha t can be e a s i l y combined to produce 
many of the language fea tu res now deemed 
impor tan t . (We are even o p t i m i s t i c 
t h a t some of our p r i m i t i v e s , i . e . co
r o u t i n e s and the h e t e r a r c h i c a l c o n t r o l 
p r i m i t i v e s , can be used to achieve a form 
of ac tors [ 1 3 ] . ) We hope t h a t the 
language d e s c r i p t i o n and the examples 
demonstrate t h a t some success was achiev
ed, e s p e c i a l l y i n r e a l i z i n g the s p e c i f i c 
goals presented in sec t i on 2. 

The genera l goals of the language 
guided the o v e r a l l design and t h e i r 
i n f l u e n c e is ev ident throughout 2.PAK. 
For example: o r t h o g o n a l i t y led to the 
separa t ion o f back t rack ing p r i m i t i v e s 
from c o n t r o l p r i m i t i v e s , and to the 
r e a l i z a t i o n t ha t p a t t e r n - d i r e c t e d pro
cedure i n v o c a t i o n is composed of a 
p a t t e r n match and the use of a f u n c t i o n 
such as app ly ; m i n i m a l i t y reduced the 
set o f h e t e r a r c h i c a l c o n t r o l p r i m i t i v e s 
to t h ree ; e t c . We would l i k e to s t ress 
again tha t we be l i eve AI languages can 
g r e a t l y b e n e f i t from the experiences of 
programming languages in general and hope 
t ha t t h i s i s ev ident in 2.PAK. 

2.PAK is c u r r e n t l y in the process 
of being implemented as a i n t e r a c t i v e 
language. Plans are to implement a 
kerne l of the language and then boot
s t rap the r e s t . The kerne l w i l l probably 
be implemented in SPITBOL [14] s ince it 
proved to be a convenient and adequate 
language to use when 1,PAK was 
implemented. I t is expected tha t an 
implementat ion and i t s subsequent use w i l l 
answer many of the quest ions regard ing 
the appropr ia teness of the prov ided 
p r i m i t i v e s f o r A I a p p l i c a t i o n s . 
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