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Abs t rac t 

CASAP at tempts to c rea te a more f l e x i b l e 
knowledge-based system fo r per forming a c t i o n s . 
It Is based on the combinat ion of a procedural 
r e p r e s e n t a t i o n of a c t i o n s , and an In fo rmat ion 
r e t r i e v a l subsystem used to dynamical ly ob ta i n 
a l l I n f o rma t i on requ i red to perform an a c t i o n . 
It Is argued t ha t such a combinat ion eases the 
s p e c i f i c a t i o n of new ac t i ons and increases 
t h e i r a b i l i t y to o b t a i n , from a wide v a r i e t y 
of poss ib le env i ronments, the In fo rmat ion they 
r e q u i r e . 

A s imple example demonstrates t h i s 
f l e x i b i I i t y . 

I n t r o d u c t i o n 

The e f f o r t to b u i l d I n t e l l i g e n t programs 
has rece ived a great deal of i n te res t f o r a 
number of yea rs . The ea r l y at tempts were of 
the theorem p rov ing type cha rac te r i zed by the 
Logic Theor i s t 11 J, which attempted to 
Implement the r u l e s of propos-i t i o n a l c a l c u l u s . 
Using these ru les the system attempted to move 
from a s t a t e d set of axioms to a theorem to be 
proved by a genera l i zed search techn ique. 
This system was the genes is fo r the l a t e r 
General Problem Solver (GPS) [ 2 ] . GPS app l ied 
a se r i es of user s p e c i f i e d operators to move 
from the i n i t i a l s t a t e to the goal s t a t e as 
determined by ru les of a p p l i c a b i l i t y of those 
operators and as d i r e c t e d by a d i f f e rence 
t a b l e to e l i m i n a t e d i f f e rences between the 
cu r ren t s i t u a t i o n and the goal s t a t e . 

Both systems are e s s e n t i a l l y t ab le d r i ven 
and represent an at tempt to b u i l d a s i ng l e 
general purpose problem so lver capable of 
accept ing v a l i d opera t ions In a wide v a r i e t y 
of domains and us ing them to move from i n i t i a l 
to goal s t a t e s . The problem w i th such 
at tempts has been tha t the general mechanisms 
conta ined w i t h i n them f o r dec id ing In what 
order to apply the opera to rs to make progress 
towards the goal have not been adequate f o r 
the problems under I n v e s t i g a t l o n . A l so , 
s p e c i f i c knowledge about how to proceed In a 
p a r t i c u l a r domain has been d i f f i c u l t to s t a t e 
In a general form fo r such systems. 
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These d i f f i c u l t i e s w i th general problem 
so lvers led to a second approach centered 
around the incorpora t ion of s p e c i f i c knowledge 
about how best to operate in a p a r t i c u l a r 
domain. Since t h i s knowledge was not we l l 
c o d i f i e d , these systems represented I t in the 
most general way known! I . e . , in terms of 
programs. Experience w i th systems of t h i s 
type led to the development of PLANNER [ 3 ] as 
a way of sys temat iz ing some common aspects of 
t h i s approach. These common aspects Inc lude 
provt sions f o r back t rack !ng , p rov i s i ons for 
the dynamic update and maintenance of a data 
base, and pa t t e rn d i r e c t e d invoca t ion ( i . e . , 
rou t i nes are invoked not by name, but by the 
r e s u l t s they promise to d e l i v e r . The promise 
is pa t t e rn matched aga ins t the cu r ren t subgoal 
and Is invoked i f the match is s a t i s f i e d ) -
the procedural analog of the d i f f e r e n c e t a b l e 
I n GPS. 

These systems have t raded increased 
opera t iona l power for loss of awareness. 
Because the knowledge is represented 
p rocedu ra l l y , the system is less capable of 
using I t deduc t i ve ly or In determin ing what 
the consequence of p a r t i c u l a r ac t ions may be. 

CASAP represents a combinat ion of these 
two approaches! the procedural r ep resen ta t i on 
of knowledge together w i t h the general 
mechanism fo r assembling the In fo rma t ion 
requ i red fo r ac t ions or i n fe rences . 

There are two main problems w i t h the 
procedural approach. The f i r s t Is the 
concurrent t r a n s f e r of both con t ro l and data 
between r o u t i n e s . T y p i c a l l y , when a r o u t i n e 
Is invoked, the data t ha t i t is to process Is 
a lso passed to I t as pa r t of the I nvoca t i on . 
Thus, the c a l l e r needs to know what data is 
requl red by the c a l l e d r o u t i n e . Such an 
o rgan iza t i on is much too r i g i d . A l l tha t the 
c a l l e r should know about the c a l l e d program is 
the r e s u l t tha t I t promises to d e l i v e r . Since 
rou t i nes are to be Invoked on the basis of the 
r e s u l t t ha t they promise to d e l i v e r , i f f o r 
one reason or another they are i n a p p l i c a b l e In 
a g iven s i t u a t i o n , then they w i l l in form the 
c a l l e r of t h i s and a l t e r n a t i v e a c t i o n can be 
taken. I t shou]d t he re fo re be the 
r e s p o n s i b i l i t y o f the c a l l e d program to o b t a i n 
the In fo rmat ion i t r e q u i r e s . 

Towards t h i s end, some systems keep the 
data In a common g loba l data base which Is 
d i r e c t l y access ib le by a l l r o u t i n e s . Hence, 
any r o u t l n e can get at whatever data i t 
r e q u i r e s . T h i s , t o o , Is an unacceptable 
s o l u t i o n ; fo r i t requ i res too wide a 
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d i s t r i b u t i o n of the knowledge of how and where 
t o f i n d I n f o r m a t l o n , and unnecessar l l y 
compl icates each of the r o u t i n e s In such a 
system, 

We propose i n s t e a d . In CASAP, to place a 
s i n g l e In fo rmat ton r e t r i e v a l r o u t i n e between 
any r o u t i n e r e q u i r i n g data and the g loba l data 
base I t s e l f . Thus, a l l each r o u t i n e requ i res 
Is the knowledge t ha t I t needs a c e r t a i n piece 
o f i n fo rma t i on which I t then requests from the 
In fo rma t i on r e t r i e v a l package. Knowledge 
about the data base Is thus c e n t r a l i z e d In a 
s i n g l e r o u t i n e . 

The second major problem w i t h the 
procedural approach is the po ln tw lse 
a p p l i c a b i l i t y of procedures. E i the r one 
procedure or another is a c t i v e , but not b o t h . 
This g r e a t l y l i m i t s the a b i l i t y f o r two o r 
more procedures to perform ac t i ons in a 
coord ina ted way. The c l o s e s t t h i n g we have to 
a s o l u t i o n f o r t h i s problem are the demons 
which e x i s t in va r ious systems. These demons 
watch f o r c e r t a i n even ts . in e i t h e r the 
c o n t r o l or data spaces, and when such events 
occu r , Invoke an assoc ia ted r o u t i n e which then 
gets c o n t r o l . This a l lows fo r more d ispersed 
and low leve l I n t e r a c t i o n s between va r ious 
r o u t i n e s toward a coord ina ted g o a l , but does 
n o t . I n f a c t , lead t o coord ina ted a c t i o n s . 

If viewed In t h i s manner, CASAP does not 
address t h i s Issue at a l l . However, from a 
d i f f e r e n t s t a n d p o i n t , what we des i re Is the 
a b l ] I t y f o r one r o u t i n e to In f l uence the 
behavior o f another r o u t i n e , t ha t i s , t o set 
up c o n s t r a i n t s or suggest ions which are 
dynamica l ly used to modify the behavior of the 
Invoked rou t i nes as d i r e c t e d . 

CASAP, in a l i m i t e d way, performs such 
m o d i f i c a t i o n s by u t i l i z i n g a contex t which is 
e s t a b l i s h e d and main ta ined by the I n fo rma t i on 
r e t r i e v e r , and used whenever I n fo rma t i on is 
r e q u i r e d . Thus, the I n fo rma t i on obta ined a t 
any p o i n t , in response to a q u e s t ! o n , is 
dependent upon the con tex t t ha t has been 
p rev i ous l y set up . Through t h i s mechanism an 
Invok ing r o u t i n e can e s t a b l i s h the con tex t in 
which the request f o r I n fo rma t ion from invoked 
r o u t i n e s w i l l be answered and thus changes the 
perce ived s t a t e o f the wor ld f o r t ha t r o u t i n e . 

This mechanism I s , however, q u i t e l i m i t e d 
from two s t a n d p o i n t s . F i r s t , I t on ly deals 
w l t h I n fo rma t l on t ha t the invoked r o u t i n e 
requ i res In a p a r t i c u l a r s i t u a t i o n . 
I n fo rma t i on which Is not needed by the Invoked 
r o u t i n e has no way of I n f l u e n c i n g the behavior 
of such a r o u t i n e . Secondly, I t Is an 
in format ion-based con tex t and not an 
ac t ion-based one. Hence, I t only p lays a pa r t 
when I n fo rmat ion is required and not when 
ac t i ons are being per fo rmed. With these 
r e s t r i c t i o n s In mind, however, f t is a s tep In 
the d i r e c t Ion of a system which u t i l i z e s 
contex t fo r the I n t e r p r e t / o n o f ac t i ons and 
In fo rma t i on dynamica l ly r e q u i r e d . 

I t is our b e l i e f t h a t moving f rom 
e s s e n t i a l l y macro based languages to languages 
t h a t are e s s e n t i a l l y con tex t dependent f o r the 
i n t e r p r e t a t i o n of bo th ac t i ons and data is the 
next major needed advance In programming 

languages. 

System Organ iza t ion 

CASAP represents our at tempt to t e s t 
these Ideas In an ope ra t i ona l way and has 
demonstrated, In a very l imi ted way, the 
f e a s i b i l i t y . I f not the p r a c t i c a l i t y , o f such 
an approach. 

O r g a n i z a t i o n a l l y , CASAP was p red i ca ted on 
the p r i n c i p l e t ha t the re would be no 
subrout ines In CASAP programs ( the system 
I t s e l f was Implemented by standard t e c h n i q u e ) ; 
t h a t there would be no hard , w e l l - d e f i n e d 
I n t e r f a c e s between the speci f icat ion of 
ac t !ons to be accompl ished; and t h a t 
I n fo rma t i on would f l ow among the process ing 
components as r e q u i r e d by the p a r t i c u l a r 
example, ra the r than as preplanned. Thus, 
both the dec i s ion o f what ac t i ons to I n i t i a t e , 
and how and where the In fo rma t ion fo r those 
ac t ions Is ob ta i ned , Is dynamica l ly determined 
wh i le the system is In o p e r a t i o n . 

The system l o g i c a l l y cons i s t s of t h ree 
p a r t s : an I n t e r p r e t e r respons ib le fo r c a r r y i n g 
out I n l t l a t e d a c t i o n s ; an i n f o r m a t i o n 
r e t r i e v a l pa r t respons ib le for o b t a i n i n g and 
p u t t i n g I n t o usable form the I n fo rma t i on 
requ i red by I n i t i a t e d ac t i ons and/or the user ; 
and finall, a m o d i f i c a t i o n component 
respons ib le f o r a l t e r i n g an a c t i o n t o f i t i t 
I n t o a dynamic c o n t e x t . Cu r ren t l y the 
m o d i f i c a t i o n component Is n u l l and the system 
has been cons t ruc ted so as not to Invoke t h i s 
f u n c t i o n . 

As pa r t of t h i s experiment we wanted to 
i n v e s t i g a t e the b u i l d - u p and use of commonly 
used concepts In a na tu ra l way. Hence, we 
have decided to use Eng l ish as the way of 
s p e c i f y i n g the a c t i o n s , the concepts , and the 
I n fo rma t i on Input to the system. However, to 
avo ld c o n c e n t r a t i o n on pars ing of na tu ra l 
language, all input to the system was 
pre-parsed by the au tho r , a l though I t s t i l l 
con ta ined the o r i g i n a l Eng l i sh words. 

Each input by the user was examined to 
see whether it was a concept or f a c t to be 
added to the data base, or the i n i t i a t i o n of 
an a c t i o n . In the former case the concept or 
I n fo rma t i on was merely s to red In the data base 
In the input fo rm. Commands, however, caused 
the system to determine which a c t i o n should be 
invoked. This Is done by p a t t e r n d i r e c t e d 
I nvoca t i on centered around the ve rbs . That 
I s , the system f i r s t determines what ac t i ons 
it knows about In the data base t h a t 
cor respond, e i t h e r d i r e c t l y or by In fe rence 
w i t h the s p e c i f i e d command word ( v e r b ) . A 
second leve l of a p p l i c a b i l i t y check Is made to 
see I f the a c t i o n Is app rop r i a te fo r the 
c u r r e n t s i t u a t i o n . 

I f any such ac t i ons are a p p r o p r i a t e , the 
system s e l e c t s one and app l ies I t s d e f i n i t i o n . 
This process is repeated u n t i l one of the 
p r i m i t i v e s of the system Is a p p l i e d . These 
p r l m l t l v e s cons !s t o f the set man ipu la t i ng 
r o u t i n e s o f I n s e r t , remove, c r e a t e , and 
dest roy which enable the system to add, de le te 
o r modify a t t r i b u t e s and/or t h e i r values to 
ob jec t s In such s e t s . As the s p e c i f i c a t i o n s 
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o f t h e o p e r a t i o n s a r e b e i n g a p p l i e d , c o n t e x t s 
a r e b e i n g b u i l t u p , w h i c h e n a b l e t h e 
I n f o r m a t i o n r e t r i e v e r t o l o c a t e t h e r e l e v a n t 
d a t a f o r t h e o p e r a t i o n s t o b e p e r f o r m e d . 

System O p e r a t i o n 

L e t ' s c o n s i d e r some examples f r om t h e 
p r o t o c o l i n t h e a p p e n d i x . A l l t h e examples I n 
t h i s paper w i l l b e drawn f r o m t h e domain o f 
c a r d games, and p a r t i c u l a r l y f r o m t h e game o f 
H e a r t s . The sys tem knows n o t h i n g about e i t h e r 
c a r d s , c a r d games, o r t h e game o f H e a r t s 
I n i t i a l l y b u t m e r e l y t h e i d e a o f o r d e r e d s e t s 
and t h e m a n i p u l a t i o n s p r e v i o u s l y I n d i c a t e d a s 
b e ! n g p r i m i t i v e . 

We b e g i n by t e l l i n g t h e sys tem t h a t a 
hand I s a s e t o f c a r d s o r d e r e d by s u i t and 
c a r d v a l u e and t h e n t e l l I t t h e o r d e r i n g 
r e l a t i o n s h i p b o t h f o r s u i t s and f o r t h e c a r d 
v a l u e s b y e x p l i c i t l y naming t h e v a l u e s o f each 
o f t h e s e a t t r i b u t e s i n o r d e r . Then we t e l l 
t h e sys tem t h a t a l l p l a y e r s have a h a n d , and 
ask I t t o c r e a t e a p l a y e r w h i c h w e a r e g o i n g 
t o c a l l P l a y e r 1 . The sys tem c r e a t e s such a 
p l a y e r , n o t i c e s t h a t a l l p l a y e r s have a h a n d , 
and t h e r e f o r e , c o n s t r u c t s w i t h t h a t c r e a t e d 
p l a y e r , a s e t w h i c h i s t o b e I t s h a n d , wh i ch 
t h e sys tem knows w i l l b e composed o f c a r d s . 
We s i m i l a r l y t h e n c r e a t e two o t h e r p l a y e r s 
named P l a y e r 2 and P l a y e r 3. Then we c r e a t e 
f i v e c a r d s . H a v i n g now p r i m e d t h e s y s t e m , we 
a r e r e a d y t o s t a r t i n v e s t i g a t i n g I t s b e h a v i o r 
I n c a r r y i n g o u t a s e r i e s o f a c t i o n s . We b e g i n 
w i t h t h e command " I n s e r t c a r d ] I n t h e hand o f 
P l a y e r 1 " . The " i n s e r t " p r i m i t i v e a c t i o n I s 
a p p l i e d and o b t a i n s b o t h t h e o b j e c t I t I s t o 
i n s e r t and t h e s e t I n w h i c h I t I s supposed t o 
d o t h e I n s e r t i o n b y a s k i n g q u e s t i o n s o f t h e 
I n f o r m a t i o n r e t r i e v e r . I n t h i s c a s e , t h e 
r e q u i r e d I n f o r m a t l o n i s i m m e d l a t e l y a v a l i a b l e ; 
and no p rob lems a r e e n c o u n t e r e d in t h i s 
e x e c u t i o n . However , when we ask t h e sys tem to 
t h e n I n s e r t c a r d 2 I n t h e hand o f P l a y e r 1 , 
t h e sys tem f i r s t f i n d s o u t w h i c h c a r d and i n 
w h i c h s e t t h e o b j e c t i s supposed t o b e 
I n s e r t e d . T h e n , I n t h e p r o c e s s o f d o i n g t h e 
I n s e r t l o n , i t d i s c o v e r s t h a t t h i s s e t i s 
o r d e r e d . i t d e t e r m i n e s t h a t t h e p r i m a r y 
o r d e r i n g r e l a t i o n s h i p I s s u i t . S i nce t h e r e 
already is a c a r d In t h a t s e t . I t must 
d i s c o v e r t h e r e l a t i v e o r d e r i n g be tween t h o s e 
two c a r d s o n t h e b a s i s o f t h e s u i t a t t r i b u t e . 
T h e r e f o r e , i t a t t e m p t s t o f i n d o u t t he s u i t o f 
t h e c a r d I t i s now I n s e r t i n g . A n I n t e r n a l 
q u e s t i on is f o r m e d f o r t h e i n f o r m a t I on 
r e t r I e v e r , w h i c h l o o k s t h r o u g h t h e c u r r e n t 
c o n t e x t and t h e d a t a b a s e , b u t c a n ' t d i s c o v e r 
t h e v a l u e o f t h i s a t t r i b u t e , and so , , asks t h e 
u s e r . The u s e r r e s p o n d s t h a t l t s a h e a r t . 
The sys tem t h e n c o n t i n u e s o p e r a t i o n o f t h e 
i n s e r t p r i m i t i v e , b u t sees t h a t I t must a l s o 
f i n d t h e s u i t o f t h e a l r e a d y I n s e r t e d c a r d s o 
t h a t a c o m p a r i s o n may be made. A g a i n a 
q u e s t i o n i s f o r m e d , and a g a i n t h e I n f o r m a t i o n 
r e t r i e v e r asks t h e u s e r . The use r responds 
t h a t t h e s u i t o f c a r d 1 I s a d i a m o n d . Because 
t h e two s u i t s a r e d i f f e r e n t , t h e sys tem can 
o r d e r them p r o p e r l y ; and c a r d 2 I s c o r r e c t l y 
I n s e r t e d I n t h e hand o f P l a y e r I . 

N o t i c e t h a t we have invoked t h e same 
r o u t i n e t w i c e . I n t h e f i r s t c a s e , t h e o n l y 
i n f o r m a t i o n t h a t i t needed was t h e p r i m a r y 

o b j e c t s t h a t were m a n i p u l a t e d — t h e o b j e c t t o 
be i n s e r t e d and t h e o b j e c t in w h i c h t h e 
I n s e r t i o n was t o be done . I n t h e second c a s e , 
t h o s e same p i e c e s o f I n f o r m a t i o n were n e e d e d ; 
and i n a d d i t i o n , two o t h e r p i e c e s o f 
I n f o r m a t i o n were r e q u i r e d : t h e s u i t s o f t h e 
two c a r d s t h a t were b e i n g i n s e r t e d , s o t h a t 
t h e o r d e r i n g c o u l d b e p r o p e r l y m a i n t a i n e d . 

Thus , t h e amount o f I n f o r m a t i o n r e q u i r e d 
b y t h i s r o u t i n e - o r , i n f a c t , any r o u t i n e , -
i s c o n t e x t d e p e n d e n t . T h i s I s one o f t h e ma in 
r e a s o n s why we want such I n f o r m a t i o n to be 
d y n a m i c a l l y o b t a i n e d t h r o u g h t h e i n f o r m a t i o n 
r e t r i e v e r package , r a t h e r t h a n b e i n g passed 
down o r d i s c o v e r e d by I n d i v i d u a l e x a m i n a t i o n 
o f a g l o b a l d a t a b a s e . 

T o b e l a b o r t h e p o l n t even f u r t h e r , 
suppose we now I n s e r t a n o t h e r c a r d , and when 
t he sys tem asks us what t h e s u i t o f t h a t c a r d 
i s , w e t e l l i t t h a t i t i s a l s o a h e a r t . S i n c e 
t h e r e i s a l r e a d y a c a r d , w h i c h } s a h e a r t , i n 
t h e hand, I t must o b t a i n f u r t h e r I n f o r m a t i o n 
t o r e s o l v e t h e c o n f l i c t . B y e x a m i n i n g t h e 
o r d e r i n g r e l a t i o n s h i p s p e c i f i e d w i t h hands , i t 
f i n d s t h a t t h i s r e l a t l o n s h l p I s t h e c a r d 
v a l u e . The i n s e r t r o u t i n e must t h e n d i s c o v e r 
t h e c a r d v a l u e o f b o t h t h e new c a r d b e i n g 
I n s e r t e d , and t h e o l d c a r d w i t h w h i c h t h e r e I s 
a p a r t i a l c o n f l i c t . 

S k i p p i n g ahead I n t h e p r o t o c o l i a f t e r 
p u t t i n g t h e p l a y e r s a round i n a c i r c l e b y 
means o f a r e l a t i o n c a l l e d " t o t h e l e f t o f " , 
we r e a c h an I n t e r e s t i n g command " e a c h p l a y e r 
passes t he h i g h e s t h e a r t " . (Fo r ease o f 
e x p l a n a t i o n w e w i l l now d e v i a t e s l i g h t l y f r om 
t h e p r o t o c o l i n t h e a p p e n d i x . ) 

Once t h e sys tem has o b t a i n e d t he r e l e v a n t 
a c t i o n s , o f w h i c h t h e r e m i g h t b e s e v e r a l , i t 
sees w h i c h o f them a r e a p p l i c a b l e t o t h e g i v e n 
s i t u a t i o n o n t he b a s i s o f t h e i r a p p l i c a b i l i t y 
t o t h e o b j e c t s d e s c r i b e d . I n t h e c u r r e n t 
examp le , t h e sys tem had a v a i l a b l e a 
d e s c r i p t i o n o f how to pass a c a r d . To t e s t 
t h e a p p l i c a b i l i t y o f t h i s a c t i o n , a n I n t e r n a l 
q u e s t i o n was g e n e r a t e d as to whe ther t h e 
h i g h e s t h e a r t was a c a r d . The I n f o r m a t l o n 
r e t r i e v e r examined t h e d a t a b a s e , and f o u n d 
t h a t h e a r t was t h e v a l u e o f t h e s u i t a t t r i b u t e 
o f t h e o b j e c t c a r d . T h e r e f o r e , I t assumed 
t h a t h i g h e s t h e a r t was a d e s c r i p t i v e t e r m 
b e i n g used f o r c a r d w h i c h I s t he h i g h e s t 
h e a r t . Hence t h e d e s c r i p t i o n o f how to pass a 
c a r d was I n v o k e d . 

The i n t e r p r e t e r r e t r i e v e d t h e p r e v i o u s l y 
s p e c i f i e d d e f i n i t i o n o f " p a s s a c a r d , " w h i c h 
I s : " remove I t f r o m your hand and p l a c e I t 
f a c e down o n t h e t a b l e I n f r o n t o f t h e p l a y e r 
t o you r l e f t " ( " I n f r o n t o f " was t a k e n t o b e a 
s p e c ! f l c l o c a t i o n o n t h e t a b l e f o r each 
p l a y e r ) . The I n t e r p r e t e r t h e n I n v o k e d t h e 
remove o p e r a t i o n b y p a t t e r n d i r e c t e d 
I n v o c a t l o n . Thl s o p e r a t i o n is one of t h e 
p r i m i t i v e s o f t h e sys tem c o n s i s t i n g o f a l l t h e 
s e t m a n i p u l a t i o n o p e r a t i o n s . T o p e r f o r m t h e 
remove o p e r a t i o n , t h e o b j e c t s w h i c h " r e m o v e " 
m a n i p u l a t e s must b e a v a i l a b l e . I t o b t a i n s 
t h e s e t h r o u g h t h e I n f o r m a t l o n r e t r i e v a l 
p a c k a g e , b u t f i r s t f o rms a q u e s t i o n t o 
d i s c o v e r f r o m w h i c h s e t t h e o b j e c t s a r e b e i n g 
removed . The I n f o r m a t i o n r e t r i e v e r d i s c o v e r s 
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t ha t ! t is "your hand" and t ha t there e x i s t 
many hands In the data base. Thus "your " Is 
used to determine which one Is being 
s p e c i f i e d . "Hand" is looked up In the data 
base and is found to be owned by " p l a y e r . " 
Thus "your" r e f e r s to a p a r t i c u l a r p l a y e r . 
St nee i t is not f u r t h e r s p e c ! f l e d , the 
In fo rma t ion r e t r i e v e r assumes tha t the 
p a r t i c u l a r p layer is the one who is in 
c o n t e x t , t ha t Ts, the one se lec ted e a r l i e r by 
the i n t e r p r e t e r as par t of the I t e r a t i o n of 
the "each p l a y e r . . . " command. Thus, the 
in fo rmat ion r e t r i e v e r re tu rns to the 
I n t e r p r e t e r the s p e c i f i c set tha t has been 
re fe renced . Next , a quest I on is fo rmula ted 
w i t h i n the remove package to d iscover which 
ob jec t from tha t set Is to be removed. Again 
the ques t ion Is formula ted and the In fo rma t i on 
retriever, working through the con tex t s tack , 
f i n d s that the ob jec t is the card being 
passed, and tha t the card being passed is the 
hi ghest h e a r t . At t h i s poi nt the in format i on 
r e t r i e v e r computes which is the h ighest heart 
w i t h i n the contex t o f the p rev ious l y se lec ted 
s e t , I . e . , the h ighest heart Is computed on 
the basis of the hand in ques t ion and not the 
h ighest heart in the deck. 

As one can see, the success of the 
i n t e r p r e t a t i o n of t h i s p a r t i c u l a r example is 
c r i t i c a l l y dependent upon the order In which 
the quest ions were asked; but the knowledge 
t h a t they should be asked In t h i s p a r t i c u l a r 
o r d e r , namely, f i n d i n g the set f i r s t and then 
the ob jec t w i t h i n the set Is par t o f the 
i n t e l l i g e n c e of the remove package, not par t 
of the general i n t e l l i g e n c e of the system 
I t s e l f . 

However, the remove r o u t i n e is a c t u a l l y a 
l i t t l e b i t more general than i n d i c a t e d . Had 
the i n fo rmat ion r e t r i e v a l package not been 
ab le to f i n d a s p e c i f i c set f o r the remove 
o p e r a t i o n , then the ques t ion would have been 
asked as to whether the ob jec t be ing s p e c i f i e d 
was a named ob jec t or a computed o b j e c t . If 
it was a named o b j e c t , then the ques t i on of 
which set would have been re-asked In the 
contex t of those sets t ha t con ta i n the 
s p e c i f i c ob jec t I n q u e s t i o n . I n the c u r r e n t 
example the ob jec t was a computed one; and 
hence, the s t r a tegy would have f a i l e d . 

Conclusion 

I t i s impor tant t o note a t t h i s po in t the 
f l e x i b i l i t y t h a t has been demonstrated by t h i s 
admi t t ed l y s imple example. The co r rec t 
i n t e r p r e t a t i o n of the command was accomplished 
by the combinat ion of the f o l l o w i n g : " 
I n f o rma t i on In the data base which a l lowed us 
to determine t ha t the h ighest hear t was an 
instance of c a r d ; the con tex t set up by a 
d e f i n i t i o n of one of the operatons used in 
c a r r y i n g out t h a t command, namely, the con tex t 
es tab l i shed by the set s p e c i f i c a t i o n in the 
d e f i n i t i o n ; and the i n t e l l i g e n c e incorporated 
In the system at the lowest leve l In the order 
In which the remove package dynamica l ly 
ob ta lned i ts parameters. The combinat ion of 
these elements in an environment t ha t 
dynamica l ly ob ta lns I n fo rma t i on as requ i red 
has produced an ins tance of the f l e x i b i l i t y 
t h a t people seem to have in l o c a t i n g and 
u t i l i z i n g I n fo rma t i on as opposed to the 
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Users Passtwho p layer which each,object 
ca rd<su l t h e a r t s , which lowest) ) 

Sys: What Is the means of pass? 
User: Pass(obJect card:*1,means remove(object 

*1 , f rom hand whjch your , then Inse r t 
(ob jec t * l , t n hand o f p layer w h l c h - l s -
t o - t h e - l e f t o f p l a y e r ) ) ) 

SysJ What Is the means of lowest? 
Users Lowest means card -va lue most small 
Sys* Input accepted 
User: s top 
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