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ABSTRACT 

We d e s c r i b e an e x p e r t system t h a t has been a p p l i e d 
t o the t ask o f a p p l i c a t i o n d e s i g n . Users supp ly the 
system w i t h p rob lem s p e c i f i c a t i o n s , such as t he 
r e q u i r e d o u t p u t d a t a , and the system produces a 
g r a p h i c r e p r e s e n t a t i o n o f the comple ted a p p l i c a t i o n 
in the fo rm o f a f l o w d i a g r a m . The a p p l i c a t i o n 
d e s i g n task has f o r c e d us to c o n s i d e r two i m p o r t a n t 
i s s u e s i n e x p e r t system a r c h i t e c t u r e : c o n s t r a i n t 
p r o c e s s i n g and the e x p l i c i t r e p r e s e n t a t i o n o f 
c o n t r o l f l o w . The r e s u l t i n g knowledge 
r e p r e s e n t a t i o n and c o n t r o l l o g i c are d i s c u s s e d . 

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

Computers a re commonly used in a wide v a r i e t y 
o f a p p l i c a t i o n d e s i g n a r e a s . B u i l d i n g the 
a p p l i c a t i o n p rograms, however, i s o f t e n a d i f f i c u l t 
and f r u s t r a t i n g task r e q u i r i n g the b l e n d i n g o f b o t h 
d o m a i n - s p e c i f i c and c o m p u t e r - s p e c i f i c e x p e r t i s e . I t 
i s f r e q u e n t l y t he case t h a t the a p p l i c a t i o n prob lem 
e x p e r t is no t a computer e x p e r t and must seek the 
h e l p o f a p p r o p r i a t e computer p r o f e s s i o n a l s whose 
a v a i l a b i l i t y and s k i l l s may be l i m i t e d . Th i s 
p rob lem has r e c e i v e d c o n s i d e r a b l e a t t e n t i o n and 
work i s p r o c e e d i n g a l ong s e v e r a l pa ths i n p u r s u i t 
o f an e f f e c t i v e s o l u t i o n [ 1 , 2 ] . 

Th i s paper p r e s e n t s an e x p e r t system wh ich 
a s s i s t s i n p r e p a r i n g a w e l l - f o r m e d d e f i n i t i o n o f a 
d e s i r e d a p p l i c a t i o n . T h i s d e f i n i t i o n i s p r e s e n t e d 
in the fo rm o f a program f l o w c h a r t showing the 
p rope r c o n f i g u r a t i o n o f i n p u t d e v i c e s , da ta 
p r o c e s s i n g f u n c t i o n s , and o u t p u t dev i ces needed to 
produce the d e s i r e d r e s u l t . The f l o w c h a r t i s 
deve loped f rom a knowledge base wh i ch i n c l u d e s 
r e p r e s e n t a t i o n s o f d a t a t r a n s f o r m a t i o n s v a l i d 
w i t h i n the p rob lem domain . For example , i f the 
p rob lem domain i s p a y r o l l a p p l i c a t i o n s a 
t r a n s f o r m a t i o n r e l a t i n g GR0SS_PAY to NET_PAY would 
be r e p r e s e n t e d in t he knowledge base and would 
i n c l u d e r e f e r e n c e s t o da ta p r o c e s s i n g f u n c t i o n s 
r e q u i r e d t o enac t t h e t r a n s f o r m a t i o n . 

A n o t a b l e f e a t u r e o f a p p l i c a t i o n d e f i n i t i o n i s 
the d u a l n a t u r e o f t h e e x p e r t i s e r e q u i r e d ; a n 
e f f e c t i v e c o n s u l t a n t must have knowledge o f b o t h 
t he s p e c i f i c a p p l i c a t i o n domain ( e . g . , p a y r o l l 
a p p l i c a t i o n s ) and o f more g e n e r a l a p p l i c a t i o n 
des ign p r i n c i p l e s . Seve ra l i n t e r e s t i n g prob lems i n 
e x p e r t system a r c h i t e c t u r e have been e n c o u n t e r e d , 

e s p e c i a l l y i n the areas o f c o n s t r a i n t p r o c e s s i n g 
and c o n t r o l f l o w . A d i s c u s s i o n o f these areas 
compr ises the b u l k of t h i s pape r . We b e g i n , 
however, w i t h an e l a b o r a t i o n o f t h e t ask per fo rmed 
and a d i s c u s s i o n of our cho i ce of knowledge 
r e p r e s e n t a t i o n and c o n s t r a i n t a r c h i t e c t u r e . 

I The Task 

F i g u r e 1 shows a f l o w d iagram of a s imp le 
p a y r o l l a p p l i c a t i o n . The t a s k o f the system i s t o 
produce t h i s c h a r t f rom a n i n i t i a l s ta temen t o f the 
d e s i r e d program o u t p u t s . 
The system i s expec ted to s e l e c t a p p r o p r i a t e 
dev i ces and p r o c e s s i n g f u n c t i o n s f o r t he 
a p p l i c a t i o n and t o i n f e r o r o b t a i n v a l ues f o r 
r e l e v a n t a p p l i c a t i o n parameters ( e . g . , f i l e names). 
The d r i v i n g mechanism f o r t h i s p rocess i s a search 
to f i n d a sequence of known da ta t r a n s f o r m a t i o n s 
( e . g . , GROSS-PAY to NET-PAY) wh ich beg ins w i t h 
d e v i c e - a v a i l a b l e da ta and ends w i t h the d e s i r e d 
o u t p u t d a t a . T r a n s f o r m a t i o n d e s c r i p t i o n s i n c l u d e 
knowledge o f the p r o c e s s i n g f u n c t i o n s r e q u i r e d t o 
e f f e c t the t r a n s f o r m a t i o n . These f u n c t i o n s may 
themselves i n t r o d u c e a d d i t i o n a l da ta e lements i n t o 
the f l o w d i ag ram. P rocess ing each e lement o f the 
f l o w d iagram u n t i l t h e r e are no unambiguous 
r e f e r e n c e s t o o t h e r e lements w i l l produce a 
complete a p p l i c a t i o n d e s c r i p t i o n . 

The c o n s u l t a t i o n d i a l o g i n v o l v e s the user i n 
two ways. F i r s t , t h e r e i s t he requ i remen t t o 
o b t a i n n o n - i n f e r r a b l e parameters such as 
APPLICATION-NAME. Second, t he system e n l i s t s t he 
user i n the s e l e c t i o n o f s p e c i f i c e lements o f the 
a p p l i c a t i o n f l o w d iagram whenever the a p p l i c a t i o n 
d e f i n i t i o n i s i n a d e q u a t e l y c o n s t r a i n e d t o p e r m i t a n 
unambiguous, au toma t i c s e l e c t i o n . T h i s p a r t o f t he 
c o n s u l t a t i o n may be conducted a t s e v e r a l l e v e l s , 
r a n g i n g f rom d i r e c t i n q u i r y f o r the i d e n t i t y o f the 
e lement t o the a c q u i s i t i o n o f a p p l i c a t i o n 
c o n s t r a i n t s t h a t may themselves i m p l i c i t l y p e r m i t 
the d i s a m b i g u a t i o n o f the e lement i n q u e s t i o n (3 I . 

I l l The Knowledge Base 

The p r i m a r y knowledge in the system i s 
o r g a n i z e d i n t o f r a m e - l i k e [ 4 , 5 ] o b j e c t s w i t h 
a t t r i b u t e s . Each e lement o f t he f l o w d iagram i s 
r e p r e s e n t e d as a p a r t i c u l a r frame in the knowledge 
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base . S p e c i a l i z a t i o n h i e r a r c h i e s [ 6 ] are employed 
and a r i c h s e t o f i n t e r - o b j e c t r e f e r e n c e s e x i s t s . 
The system has been programmed in APL and uses a 
knowledge e d i t o r t o b u i l d the o b j e c t s ( c a l l e d 
ENTITIES) and t h e i r a t t r i b u t e d e s c r i p t i o n s ( c a l l e d 
SLOTS). 

TRANSFORMATION - Summary knowledge of t he p o s s i b l e 
d a t a - t o - d a t a t r a n s f o r m a t i o n s . TRANFORMATIONs 
r e f e r e n c e many o t h e r e lements in t h e knowledge base 
i n c l u d i n g DATA (what i s t r a n s f o r m e d to w h a t ) , 
DEVICE ( f o r i n p u t and o u t p u t t r a n s f o r m a t i o n s ) , and 
FUNCTION ( the p rocess t h a t does t h e 
t r a n s f o r m a t i o n ) . As an example , a DATA-ACCESS 
TRANSFORMATION c o u l d be d e f i n e d to r e t r i e v e s t o r e d 
i n f o r m a t i o n . The p a r t i c u l a r f u n c t i o n employed 
m igh t depend o n the f i l e s t r u c t u r e o f the da ta t o 
b e accessed . M u l t i p l e f i l e s t r u c t u r e s c o u l d t hen 
l ead to a s p e c i a l i z a t i o n h i e r a r c h y o f DATA-ACCESS 
TRANSFORMATIONS. 

The f l o w d iagram r e s u l t i n g f rom a p a r t i c u l a r 
c o n s u l t a t i o n i s r e p r e s e n t e d i n t he same f o r m a l i s m 
and da ta s t r u c t u r e s as t he s t a t i c knowledge 
i n i t i a l l y a v a i l a b l e t o the sys tem. (The i n i t i a l 
knowledge s t r u c t u r e i s c a l l e d t he s t a t i c knowledge 
base w h i l e the r e s u l t s o f a p a r t i c u l a r c o n s u l t a t i o n 
are c a l l e d the dynamic knowledge base . As e lements 
o f the d iagram are c r e a t e d they a re a s s o c i a t e d w i t h 
the most s p e c i a l i z e d frame d e s c r i p t i o n a p p r o p r i a t e 
to t h a t e l emen t . For example, a DATA-ACCESS 
TRANSFORMATION element may be c r e a t e d w i t h o u t y e t 
knowing wh ich a c t u a l access t r a n s f o r m a t i o n w i l l b e 
employed. The c o n s t r a i n t e x p r e s s i o n caus ing the 
c r e a t i o n i s then r e - e v a l u a t e d i n t h e c o n t e x t o f any 
d y n a m i c a l l y c r e a t e d DATA-ACCESS TRANSFORMATION 
e l e m e n t s . The r e s o l u t i o n o f c o n s t r a i n e d e n t i t y 
r e f e r e n c e s (which i s dependent o n b o t h t h e e n t i t y 
c o n t e x t f o r t he r e s o l u t i o n and on the dynamic s t a t e 
o f t he knowledge s t r u c t u r e ) has p r e s e n t e d s e v e r a l 
c h a l l e n g e s t o the c o n s t r a i n t r e s o l u t i o n 
a r c h i t e c t u r e . 

IV THE CONSTRAINT ARCHITECTURE 

Recent work has h i g h l i g h t e d the r o l e o f 
c o n s t r a i n t s i n p r o c e s s i n g frame o r semant ic ne twork 
knowledge. (See, f o r example, [ 7 ] . ) C o n s t r a i n t 
p r o c e s s i n g has g e n e r a l l y been used to l i m i t search 
space, p r i n c i p a l l y by a p p l y i n g c o n s t r a i n t s t o a 
s t a t i c c o l l e c t i o n o f o b j e c t s w i t h the hope o f 
f i n d i n g o n l y a subse t wh ich meet t he c o n s t r a i n t s . 
The c o n s t r a i n t s to be a p p l i e d come f rom s e v e r a l 
s o u r c e s , t he most common of wh ich a re t he knowledge 
base i t s e l f and va lues f o r s p e c i f i c parameters 
genera ted w i t h i n the c o n s u l t a t i o n s e s s i o n . 

The knowledge base i n c l u d e s the f o u r t ypes o f 
e n t i t i e s d e s c r i b e d be low. 

DATA - The domain s p e c i f i c da ta p rocessed by the 
a p p l i c a t i o n s o f i n t e r e s t . 

DEVICE - I n p u t , o u t p u t , and s to rage dev i ces wh ich 
may be used in the a p p l i c a t i o n . Devices are r e l a t e d 
t o t he da ta they can access o r p roduce . ( F i l e d a t a , 
f o r example , can o n l y be r e f e r e n c e d by a p a r t i c u l a r 
c l a s s o f d e v i c e s . ) 

FUNCTION - E x i s t i n g (pre-programmed) p r o c e s s i n g 
r o u t i n e s wh ich o p e r a t e o n da ta r e l e v e n t t o the 
p rob lem domain. FUNCTIONS r e f e r e n c e the DATA they 
p rocess and p r o d u c e . 

C o n s t r a i n t p r o c e s s i n g i s employed i n our 
system t o c o n t r o l t he t r a v e r s a l o f the knowledge 
s t r u c t u r e s and the s e l e c t i o n o f e n t i t i e s f o r 
i n c l u s i o n i n the f l o w d iag ram. 

C o n s t r a i n t s are used i n b u i l d i n g s p e c i a l i z a t i o n 
h i e r a r c h i e s , and i n s p e c i f y i n g r e f e r e n c e s f rom one 
e n t i t y t o a n o t h e r . I t i s commonly found t h a t these 
i n t e r - c o n n e c t i o n s between e n t i t i e s w i t h i n 
s p e c i a l i z a t i o n h i e r a r c h i e s become more c o n s t r a i n e d 
as one t r a v e r s e s the s p e c i a l i z a t i o n p a t h s ; t h i s 
p e r m i t s s p e c i a l i z a t i o n t r a v e r s a l ove r one t ype o f 
o b j e c t t o i m p l i c i t l y c o n s t r a i n s e l e c t i o n o f a 
r e l a t e d o b j e c t . (Knowing the da ta t o b e o b t a i n e d , 
f o r example , w i l l o f t e n c o n s t r a i n the cho i ce o f 
access mechanism.) An e lement a d m i t t e d to the f l o w 
d iagram may be a s s o c i a t e d w i t h any l e v e l in a 
s p e c i a l i z a t i o n h i e r a r c h y ; subsequent d i s c o v e r y o f 
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add i t iona l const ra in ts (e i ther from user 
i n te rac t i on or spec ia l i za t ion of a re la ted element) 
then permits associat ion of t h i s element w i th 
increasingly more specia l ized e n t i t i e s in the 
knowledge base. In general , a consul ta t ion is 
complete when a l l elements of the f low diagram are 
associated w i th leaves in the spec ia l i za t ion 
h ierarch ies , and a l l references made by these 
elements have been admitted to the diagram. 

The app l i ca t ion design task required an 
extension to the concept of const ra in t processing 
as a s t a t i c se lec t ion process. Constrained e n t i t y 
references in the s t a t i c knowledge base must 
produce i n s t a n t i a t i o n of the appropreiate objects 
in the dynamic knowledge base, and cause the proper 
i n t e r - e n t i t y references to be created. While i t i s 
possible fo r a s ing le s t a t i c reference to produce 
several dynamic i ns tan t i a t i ons (several instances a 
pa r t i cu l a r processing func t ion , fo r example) i t may 
also be the case tha t a su i tab le dynamic object 
already ex ix ts and must be found when the 
constra in ing reference is resolved. Since correct 
in ter -connect ion is fundamental to the f low diagram 
problem, a mechanism was needed not only to be able 
to state the general interconnect ion constra ints in 
the s t a t i c knowledge base, but also to i ns tan t i a te 
the spec i f i c interconnect ions of the dynamically 
created f low diagram. This mechanism is described 
below. 

WITH 
s l o t l 

IS THIS-ENTITY-NAME 

then the processing of these const ra in ts in the 
s t a t i c knowledge base should provide a general 
l i m i t a t i o n of acceptable candidates whi le 
processing these constra ints in the dynamic 
environment must force the spec i f i c interconnect ion 
references. To accomplish t h i s , two a rch i t ec tu ra l 
p r i nc ip les were establ ished. 

1. References from one e n t i t y to another must cause 
the creat ion of a new dynamic object if the 
reference is from an ex is t i ng dynamic object and 
the reso lu t ion is to a s t a t i c ob jec t . 

2. When processing a constrained reference to a 
dynamic ob jec t , the constra ints are imposed on the 
target (constrained) s l o t . 

Pr inc ip le (1) causes the creat ion of the elements 
of the f low diagram, once an i n i t i a l dynamic e n t i t y 
has been created. Consider the case where an 
instance of e n t i t y A has been created and s l o t l of 
e n t i t y A is being evaluated. I t s reso lu t ion w i l l be 
a reference to e n t i t y B in the s t a t i c knowledge 
base which w i l l cause the creat ion of a dynamic 
instance of e n t i t y B, by p r i nc i p l e (1) . The 
const ra in t expression in s l o t l of A (which fur ther 
constrains s lo t2 of B to contain a pointer back to 
A) is now imposed on s lo t2 of e n t i t y B by p r i nc i p l e 
(2) . This e f fec ts the correct interconnect ion by 
mutal reference required in the f low diagram. 

Several complications occur. To begin w i t h , 
consider the case where the e n t i t y se lect ion 
d ic ta ted by a const ra in t expression resolves to a 
l i s t of po ten t i a l candidates. Pr inc ip le (2) 
requires that constra ints be imposed on the dynamic 
ob jec t , but in t h i s case no s ingle object e x i s t s . 
We bu i l d a representat ion for t h i s ambiguous object 
in order to record the cons t ra in t . These objects 
are used to represent the general class of e n t i t i e s 
that can sa t i s f y the known cons t ra in ts ; the post ing 
of new constra ints may have the e f fec t of 
redef in ing the class (to a subset) or of se lect ing 
a s ingle e n t i t y from the c lass . This concept is 
c r i t i c a l to a consul tat ion in which focus of 
a t ten t ion can change before a f u l l y ins tan t ia ted 
form of the e n t i t y is determined. Our const ra in t 
arch i tecture has been designed to permit maximum 
f l e x i b i l i t y in representing classes of e n t i t i e s as 
the resu l t of constrained searches. 

Another problem occurs in the mutual reference 
case described above. We f i nd here that the 
processing of s l o t l in e n t i t y A requires the 
evaluat ion of s lo t2 of e n t i t y B which, in t u r n , 
requires the evaluat ion of s l o t l in e n t i t y A. A 
looping s i t ua t i on is establ ished and needs to be 
detected and proper ly processed. This requirement 
was one of several that led us to extend our 
concepts of the con t ro l f low mechanism in the 
consul tat ion system. 
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V THE CONTROL ARCHITECTURE 

The sequence of processing steps and i t s 
imp l i ca t i on on focus of a t t en t i on has been 
recognized as a c r i t i c a l issue in expert system 
design 8 . In most systems, con t ro l f low l og i c is 
cast in programming, a formalism not famed fo r i t s 
transparency or ease of mod i f i ca t i on . In systems 
w i th programmed con t ro l f l ow, developing a natura l 
and and cor rec t consu l ta t ion requires a care fu l 
knowledge design and f a m i l i a r i t y w i t h the i n t e r n a l 
con t ro l l o g i c . The recogn i t ion that the ove ra l l 
s t ra tegy fo r knowledge processing may r e f l e c t 
domain-speci f ic exper t ise ( e . g . , when to look at 
what knowledge and what sequence of steps to 
fo l low) has led some a rch i tec ts to provide a formal 
knowledge representat ion fo r con t ro l [ 7 , 8 ] . This 
seems inheren t l y cor rec t and the system presented 
here r e f l e c t s the authors ' b e l i e f tha t con t ro l f low 
must be designed in a manner that permits 
mod i f i ca t ion by problem-domain exper ts , and that a 
su i tab le formalism must be found. 

In our system the major processing is 
accomplished by a c o l l e c t i o n of PRIMITIVE ROUTINES 
designed to operate on our f rame-structured 
knowledge representa t ion . Examples of p r i m i t i v e 
rout ines are : 

Create a dynamic ob ject 
Resolve s l o t semantics 
In te rac t w i t h users 
Special ize a more general dynamic object 

These rout ines do not communicate d i r e c t l y w i th 
each o ther ; i f one p r i m i t i v e determines that 
another p r i m i t i v e should be executed, i t i n te rac ts 
w i th a SCHEDULING FUNCTION to schedule the 
execution of tha t task. P r im i t i ve rout ines to be 
executed are represented in an AGENDA which l i s t s 
the i d e n t i f i c a t i o n of the p r i m i t i v e , the processing 
context in which i t is to be run, and cont ro l 
in format ion fo r the scheduling func t i on . In our 
current implementation the agenda grows 
continuously w i t h each new item scheduled and 
serves as our trace h i s t o r y in fo rmat ion . Pr im i t i ves 
may be scheduled fo r e i t he r dependent or 
independent execut ion. Dependent scheduling forces 
the complete execution of the scheduled p r i m i t i v e 
before the p r i m i t i v e request ing that scheduling is 
resumed. In the case of independent scheduling the 
order o f execution is a r b i t r a r y . 

Both the order ing of execution of pending 
agenda items and the automatic c reat ion of agenda 
items (depending on the d ia log state) r e f l e c t 
exper t ise that should be modi f iable by and 
transparent to the problem exper t . To e f f ec t t h i s , 
antecedent-dr iven PRODUCTION RULES have been chosen 
to represent con t ro l knowledge. This choice was 
d i c ta ted mainly by our desire to permit 
non-programmers to enter and maintain exper t ise 
concerning the course (cont ro l f low) of a d i a l o g . 
In p a r t i c u l a r , the current focus of a t t en t i on fo r 
the d ia log has o f ten turned out to be proper ly a 
func t ion of domain spec i f i c expert ise rather than a 
r e s u l t of domain independent, general d ia log 
processing. This observat ion led us away from 

approaches such as attached procedures and toward 
more formal knowledge representat ions. The con t ro l 
ru les may be invoked at e i t he r the time a p r i m i t i v e 
is scheduled or when a p r i m i t i v e terminates, and 
may reference the current agenda in format ion as 
we l l as the general dynamic s ta te of the 
consu l ta t i on . 

As an example, consider a r c h i t e c t u r a l 
p r i n c i p l e (1) , s tated e a r l i e r , concerning the 
creat ion of a dynamic ob ject based on the resu l t s 
o f s l o t r eso lu t i on . This piece o f con t ro l l og i c is 
d i c ta ted by the p a r t i c u l a r task domain (f low 
diagram creat ion) and is r e f l ec ted in an 
appropriate ru le which is processed at the 
terminat ion of the s l o t reso lu t ion p r i m i t i v e . In a 
s i m i l i a r manner, the con t ro l l og i c to proper ly 
evaluate the constrained mutual references 
(described in the previous sect ion) and i n h i b i t 
looping is re f l ec ted in ru les processed w i t h i n the 
scheduling f unc t i on . S p e c i f i c a l l y , when the agenda 
state r e f l e c t s the occurence of a referencing loop 
the system forces the commitment to the mutual 
reference and processing cont inues. 

Both the debugging and the mod i f i ca t ion of 
cont ro l f low in our consul ta t ions has beer, g rea t l y 
f a c i l i t a t e d by t h i s design. Our experience, 
however, suggests several important fu tu re e f f o r t s . 

VI THE SYSTEM STATUS AND FUTURE WORK 

In the current implementation the con t ro l 
ru les are implemented as APL code; t h i s is to be 
changed to a formal data representat ion for the 
ru les , coupled w i th a ru le processing inference 
engine. The current knowledge base has been 
developed for medical sensor-based computing 
app l ica t ions (the p a y r o l l example in t h i s paper was 
chosen fo r i t s widespread f a m i l i a r i t y ) , but has not 
been subjected to use as a product ion too l in a 
su i tab le laboratory environment. Sample dialogs 
have been run on l i m i t e d tes t cases. 

This system has been developed to ensure 
a p p l i c a b i l i t y to mu l t i p l e task domains. To t h i s 
end, genera l i t y has been introduced ( e . g . , in the 
con t ro l a rch i tec tu re) tha t might not have been 
required otherwise. I t is our i n t e n t to apply the 
system to another task domain. Others we have 
considered include system con f i gu ra t i on , and 
diagnosis (medical or o therwise) . In t h i s l a s t 
case, we envis ion a major replacement of con t ro l 
ru les to accomplish i n f e r e n t i a l d iagnost ic 
processing (as in MYCIN [9.1) , through the formalism 
of frame instantiation. Another interesting 
experiment would be to develop a MOLGEN-like system 
7 , in which the control flow reflects a strategy 

of 'least commitment', instead of our current 
system which adopts a strategy of 'greatest 
commitment'. Once again, we envision the changes to 
be limited principally to the control rules. 
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V I I CONCLUSIONS 
REFERENCES 

The i s s u e s o f c o n t r o l f l o w a re c r i t i c a l t o a n 
e x p e r t sys tem. Both t a s k - s p e c i f i c and 
d o m a i n - s p e c i f i c e x p e r t i s e i s i n v o l v e d , and a 
s u i t a b l e f o r m a l i s m must be e s t a b l i s h e d f o r 
c a p t u r i n g and e f f e c t i n g t h i s e x p e r t i s e . Antecedent 
p r o d u c t i o n r u l e s seem s u i t a b l e t o t h i s t a s k . 

Frame-based systems are p o w e r f u l p rob lem 
s o l v e r s , e s p e c i a l l y when a g e n e r a l approach to 
c o n s t r a i n t p r o c e s s i n g is t a k e n . A system must have 
the a b i l i t y t o r e p r e s e n t ambiguous r e s u l t s o f 
c o n s t r a i n e d searches and t o p o s t f u r t h e r 
c o n s t r a i n t s to those r e p r e s e n t a t i o n s as a means of 
p o s s i b l e d i s a m b i g u a t i o n . 

I t i s ou r b e l i e f t h a t systems w i t h mixed 
knowledge r e p r e s e n t a t i o n s a re e a s i e r t o b u i l d and 
may be a p p l i c a b l e to a w i d e r v a r i e t y o f t ask 
domains. We f u r t h e r b e l i e v e t h a t a knowledge 
eng inee r s h o u l d use r e p r e s e n t a t i o n s t h a t most 
n a t u r a l l y r e f l e c t knowledge t o the a p p r o p r i a t e 
e x p e r t , and t h a t t he use o f m u l t i p l e 
r e p r e s e n t a t i o n s f a c i l i t a t e s t h i s g o a l . 

Our c u r r e n t i m p l e m e n t a t i o n has p r o v i d e d us 
w i t h a sound e x p e r i m e n t a l base f o r f u t u r e 
deve lopment . The task o f a p p l i c a t i o n d e s i g n has 
f o r c e d u s t o address s e v e r a l i m p o r t a n t i s s u e s i n 
e x p e r t system a r c h i t e c t u r e , and i s a p o t e n t i a l l y 
u s e f u l a p p l i c a t i o n o f e x p e r t system t e c h n o l o g y . 
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