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A b s t r a c t 

We p resen t CSRL (Concep tua l S t r u c t u r e s 
R e p r e s e n t a t i o n Language) as a language to 
f a c i l i t a t e the development o f expe r t d i a g n o s i s 
systems based on a paradigm of " c o o p e r a t i n g 
d i a g n o s t i c s p e c i a l i s t s . " MDX, the m e d i c a l d i a g n o s i s 
system t h a t has been deve loped in our l a b o r a t o r y 
over the past few years i s based on t h i s pa rad igm. 
I n our app roach , d i a g n o s t i c r e a s o n i n g i s one o f 
s e v e r a l g e n e r i c t a s k s , each o f wh ich c a l l s f o r a 
p a r t i c u l a r o r g a n i z a t i o n a l and p rob lem s o l v i n g 
s t r u c t u r e . A d i a g n o s t i c s t r u c t u r e is composed o f a 
c o l l e c t i o n o f s p e c i a l i s t s , each o f wh ich 
cor responds to a node or " c o n c e p t " in a d i a g n o s t i c 
h i e r a r c h y , e . g . , a c l a s s i f i c a t i o n o f d i s e a s e s . A 
top-down s t r a t e g y c a l l e d e s t a b l i s h - r e f i n e i s used 
i n wh ich e i t h e r a s p e c i a l i s t e s t a b l i s h e s and then 
r e f i n e s i t s e l f , o r the s p e c i a l i s t r e j e c t s i t s e l f , 
p r u n i n g the h i e r a r c h y t h a t i t heads . CSRL i s a 
language f o r r e p r e s e n t i n g the concepts o f a 
d i a g n o s t i c h i e r a r c h y and f o r imp lemen t ing the 
e s t a b l i s h - r e f i n e p r o c e s s . The body of a concept 
s p e c i f i e s how i t w i l l respond t o d i f f e r e n t messages 
f r om i t s s u p e r c o n c e p t . The knowledge t o e s t a b l i s h 
o r r e j e c t a concept i s f a c t o r e d i n t o knowledge 
g r o u p s , wh ich co r respond t o s p e c i f i c d e c i s i o n s i n 
t h e d i a g n o s i s . We a l s o i n t r o d u c e the concept of a 
f a m i l y o f languages i n wh ich d i f f e r e n t languages 
f o r d i a g n o s i s a r e des igned f o r d i f f e r e n t k i n d s o f 
end u s e r s . 

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

Many k i n d s o f p rob lem s o l v i n g f o r e x p e r t systems 
have been proposed w i t h i n t h e A I communi ty . 
Whatever t he a p p r o a c h , t h e r e is a need to a c q u i r e 
t h e knowledge i n a g i v e n domain and implement i t i n 
t h e s p i r i t o f t he prob lem s o l v i n g p a r a d i g m . 
Reducing the t ime to implement a system u s u a l l y 
i n v o l v e s t h e c r e a t i o n o f a h i g h l e v e l language 
wh ich r e f l e c t s t he i n t e n d e d method o f p rob lem 
s o l v i n g . For example , EMYCIN was c r e a t e d f o r 
b u i l d i n g systems based on MYCIN- l i ke p rob lem 
s o l v i n g . Such languages a r e a l s o i n t e n d e d t o speed 
up t h e knowledge a c q u i s i t i o n process by a l l o w i n g 
domain e x p e r t s t o i n p u t knowledge i n a f o r m c l o s e 
t o t h e i r c o n c e p t u a l l e v e l . Ano the r g o a l i s t o make 
i t e a s i e r t o e n f o r c e c o n s i s t e n c y between t h e 
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e x p e r t ' s knowledge and i t s i m p l e m e n t a t i o n . I n t h i s 
pape r , we p r e s e n t CSRL (Concep tua l S t r u c t u r e s 
R e p r e s e n t a t i o n Language) as a language to 
f a c i l i t a t e t he development o f e x p e r t d i a g n o s i s 
systems based on the MDX approach to d i a g n o s t i c 
p rob lem s o l v i n g [ 4 , 8 ] , a n approach t h a t has been 
deve loped i n our l a b o r a t o r y over the past few 
y e a r s . In a d d i t i o n , we i n t r o d u c e the concept o f a 
f a m i l y o f languages i n wh ich d i f f e r e n t languages 
a re des igned f o r d i f f e r e n t k i n d s o f end u s e r s . 

F i r s t , we w i l l ove rv iew the r e l a t i o n s h i p o f MDX 
t o our o v e r a l l t h e o r y o f p rob lem s o l v i n g t y p e s , t he 
d i a g n o s t i c p rob lem s o l v i n g t h a t u n d e r l i e s MDX, and 
the d i f f e r e n c e s between our approach and the 
knowledge b a s e / i n f e r e n c e eng ine a p p r o a c h . We then 
p resen t CSRL in r e l a t i o n s h i p to d i a g n o s i s and 
i l l u s t r a t e many o f i t s c o n s t r u c t s . N e x t , we 
d i s c u s s t he f a m i l y o f languages c o n c e p t . F i n a l l y , 
our immediate p lans f o r u s i n g CSRL a re l i s t e d . Due 
to space l i m i t a t i o n s , some u n d e r s t a n d i n g of how MDX 
per fo rms d i a g n o s i s i s assumed. 

I I Overv iew o f MDX 

A . Types o f Prob lem S o l v i n g 

Our group at Ohio S t a t e has been concerned w i t h 
how knowledge i s o r g a n i z e d f o r e x p e r t p rob lem 
s o l v i n g . We propose t h a t t h e r e a re w e l l - d e f i n e d 
g e n e r i c t asks each o f wh ich c a l l s f o r a p a r t i c u l a r 
o r g a n i z a t i o n a l and p rob lem s o l v i n g s t r u c t u r e [ 3 ] . 
Some tasks t h a t we have i d e n t i f i e d a re d i a g n o s i s , 
consequence f i n d i n g , and k n o w l e d g e - d i r e c t e d da ta 
r e t r i e v a l . The knowledge o f a g i v e n domain t h a t 
a p p l i e s to a g i v e n t a s k can be comp i led i n t o a 
knowledge s t r u c t u r e wh ich i s tuned f o r t h a t t a s k . 
Th i s s t r u c t u r e i s composed o f a c o l l e c t i o n o f 
s p e c i a l i s t s , each o f wh ich p e r f o r m the same prob lem 
s o l v i n g , bu t s p e c i a l i z e i n d i f f e r e n t concepts o f 
t he doma in . A l s o , each t ask i s a s s o c i a t e d w i t h a 
p rob lem s o l v i n g r e g i m e , i . e . , how the s p e c i a l i s t s 
c o o r d i n a t e f o r p rob lem s o l v i n g . The i m p l e m e n t a t i o n 
o f MDX is based on t h e d i a g n o s t i c t a s k . 

B. The D i a g n o s t i c Task 

The d i a g n o s t i c t a s k i s t h e i d e n t i f i c a t i o n o f a 
case d e s c r i p t i o n w i t h a s p e c i f i c node i n 
p r e - d e t e r m i n e d d i a g n o s t i c h i e r a r c h y . The i dea o f a 
d i a g n o s t i c h i e r a r c h y i s w e l l - e s t a b l i s h e d i n 
m e d i c i n e i n t h e f o r m o f d i s e a s e c l a s s i f i c a t i o n . 
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(We w i l l use medical terminology in the f o l l o w i n g , 
but the reader should keep in mind that the 
d iagnost ic task also appl ies to other domains, 
e . g . , cars , computers, and power p l a n t s . ) For 
example, f i gu re 1 shows that cho les tas is , c i r r o s i s , 
and h e p a t i t i s are subclasses of l i v e r d isease. 
Cholestasis can be fu r the r re f ined i n t o 
ex t ra-hepat ic and in t ra -hepa t i c cho les tas i s . In 
the d iagnost ic task, each disease is associated 
w i th a s p e c i a l i s t that evaluates i t s presence or 
absence in a p a t i e n t . Spec ia l i s ts in MDX, for 
example, attempt to c l ass i f y a cho les ta t i c case 
according to i t s e t i o l o g y . 

A top -down s t r a t e g y , wh i ch we c a l l 
e s t a b l i s h - r e f i n e , i s used f o r t h i s t a s k . I n 
r e l a t i o n t o f i g u r e 1 , a s i m p l e v e r s i o n o f t h i s 
s t r a t e g y f o l l o w s . F i r s t t h e L i v e r s p e c i a l i s t 
d e t e r m i n e s i f i t i s e s t a b l i s h e d , i . e . , i f l i v e r 
d i s e a s e i s l i k e l y . I f s o , L i v e r r e f i n e s i t s e l f b y 
i n v o k i n g i t s s u b s p e c i a l i s t s . Each succeed ing l e v e l 
o f s p e c i a l i s t s pe r f o rms t h e same e s t a b l i s h and 
r e f i n e f u n c t i o n s . O n the o t h e r hand , i f t h e L i v e r 
s p e c i a l i s t r e j e c t s i t s e l f , t he whole h i e r a r c h y o f 
l i v e r d i s e a s e s can b e p r u n e d . Th i s s t r a t e g y , i n 
c o m b i n a t i o n w i t h t h e d i a g n o s t i c h i e r a r c h y , i s t h e 
p rob lem s o l v i n g reg ime o f t h e d i a g n o s t i c t a s k . For 
a d e t a i l e d a n a l y s i s o f d i a g n o s t i c p rob lem s o l v i n g , 
see Gomez and Chandrasekaran [ 7 ] . 

An i m p o r t a n t companion t o t h e d i a g n o s t i c 
h i e r a r c h y i s a da ta base a s s i s t a n t wh i ch o r g a n i z e s 
t h e f i n d i n g s i n a r e l e v a n t manner [ 8 , 9 ] . For 
examp le , t o d e t e r m i n e i f a p a t i e n t has been exposed 
t o a n e s t h e t i c s , t he d a t a base , i f n e c e s s a r y , can 
i n f e r t h i s f r om o t h e r d a t a , e . g . , ma jo r s u r g e r y o r 
exposure t o e t h e r . Thus t h e d i a g n o s t i c s t r u c t u r e 
i s i n s u l a t e d f rom s o l v i n g prob lems about 
f i n d i n g - f i n d i n g r e l a t i o n s h i p s , a v o i d i n g a 
p o t e n t i a l l y c o m b i n a t o r i a l e x p l o s i o n o f 
f i n d i n g - d i s e a s e r e l a t i o n s h i p s i n t h e s p e c i a l i s t s o f 
t h e d i a g n o s t i c s t r u c t u r e . 

C . D i f f e r e n c e s 

The u s u a l approach to b u i l d i n g knowledge based 
systems is to emphasize a g e n e r a l knowledge 
r e p r e s e n t a t i o n s t r u c t u r e and d i f f e r e n t p rob lem 
s o l v e r s w h i c h use t h a t k n o w l e d g e . One d i f f e r e n c e 
i n t h e MDX approach i s t h a t t h e o r g a n i z a t i o n o f i t s 
knowledge is n o t i n t e n d e d as a g e n e r a l 
r e p r e s e n t a t i o n f o r a l l p r o b l e m s . Ra the r i t i s 
t u n e d s p e c i f i c a l l y f o r d i a g n o s i s . B y l i m i t i n g t h e 
t y p e o f p rob lem to be s o l v e d , a s p e c i f i c 
o r g a n i z a t i o n a l t e c h n i q u e ( c l a s s i f i c a t i o n h i e r a r c h y ) 

and p rob lem s o l v i n g s t r a t e g y ( e s t a b l i s h - r e f i n e ) can 
be used to p r o v i d e f ocus and c o n t r o l i n t h e p rob lem 
s o l v i n g p r o c e s s . 

Ano the r d i f f e r e n c e i s t h a t t h e s p e c i a l i s t s i n t h e 
h i e r a r c h y a re not a s t a t i c c o l l e c t i o n o f k n o w l e d g e . 
The knowledge o f how to e s t a b l i s h o r r e j e c t i s 
embedded w i t h i n t h e s p e c i a l i s t s . Each s p e c i a l i s t 
can t h e n be v iewed as a i n d i v i d u a l p rob lem s o l v e r 
w i t h i t s own knowledge b a s e . The e n t i r e c o l l e c t i o n 
o f s p e c i a l i s t s engages i n d i s t r i b u t e d 
p r o b l e m - s o l v i n g . 

I l l CSRL 

CSRL is a language for de f in ing a diagnost ic 
h ierarchy and fo r implementing the es tab l i sh - re f i ne 
process. A d iagnost ic hierarchy is represented by 
de f in ing concepts. Relat ionships to neighboring 
concepts are spec i f ied in the dec larat ions of the 
concept. Es tab l i sh - re f i ne is implemented w i t h i n 
CSRL v ia message passing. Each concept has a body 
which spec i f ies how the concept w i l l respond to 
d i f f e r e n t messages, and which contains the 
statements which invoke other concepts w i th 
messages. The knowledge to es tab l i sh or re jec t a 
concept is factored i n to knowledge groups, which 
determine how the case desc r ip t i on re la tes to 
spec i f i c decisions in the d iagnos is . For a 
complete desc r ip t i on of CSRL, see Bylander [ 2 ] , 

A. Body and Message Blocks of a Concept 

The body of a concept contains a l i s t of message 
b locks, which speci fy how the concept w i l l respond 
to d i f f e r e n t messages from i t s superconcept. The 
message block contains a message pa t t e rn , which is 
matched against the incoming message, and a 
sequence of CSRL statements, which are executed if 
the match succeeds. In f i gu re 2, the body of 
Cholestasis contains two message b locks . The f i r s t 
one w i l l be ac t iva ted i f an "Estab l ish Cholestas is" 
message is sent from i t s superconcept, L iver 
(declared in the Declarat ions sec t i on ) , and the 
second, fo r a "Refine Cholestas is" message. The 
l i t e r a l "Se l f " is bound to the name of the concept. 

Message b l o c k s f o r e s t a b l i s h messages a r e 
r e l a t i v e l y s i m p l e s i n c e t h e knowledge groups 
( d e s c r i b e d be low) do most o f t h e w o r k . F i g u r e 3 
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shows how one would look fo r the Stone concept. 
The knowledge groups are named Xray, Phys ica l , 
H i s to r y , and Summary. With in the (Es tab l i sh Se l f ) 
message block, an Execute statement runs a l l the 
knowledge groups, and then an Establ ish-Reply 
statement asserts the value of Summary as the 
es tab l i sh value of Stone. The es tab l i sh value is 
an integer from -3 to 3, which represents symbolic 
p r o b a b i l i t i e s from " d e f i n i t e l y no t " t o " d e f i n i t e . " 
A value of 2 or 3 means tha t the concept has been 
es tab l i shed . This value is w r i t t e n on a blackboard 
[ 6 ] , which other concepts can access. 

Ref in ing a concept is more complicated since the 
message block must be c a r e f u l l y t a i l o r e d to fo l low 
the e s t a b l i s h - r e f i n e s t r a tegy . In f i g u r e 4, the 
(Refine Se l f ) message block contains two Cal lexpert 
statements. The f i r s t one c a l l s each subconcept 
w i th an es tab l i sh message (Subconcepts is bound to 
the declared l i s t of subconcepts). The second 
Cal lexpert statement c a l l s each subconcept that was 
establ ished w i th a r e f i n e message. 

Message passing is appropr ia te fo r the d iagnost ic 
task since the e s t a b l i s h - r e f i n e regime eas i l y 
t rans la tes i n t o a message p r o t o c o l , in which the 
messages c lea r l y ind ica te the important a c t i v i t i e s 
of the concept. Also note tha t although each 
concept would have an es tab l i sh message block in 
t h i s fo rmu la t ion , the way that a concept 
establ ishes i t s e l f i s concep t -spec i f i c , i . e . , a 
concept has i t s own knowledge groups. 

B. Knowledge Groups 

The Knowledge-Groups sec t ion contains a l i s t of 
knowledge groups, which are used to evaluate how 
the case desc r i p t i on re la tes to the es tab l i sh value 
of a concept. A knowledge group (kg) can be 
thought of as a c lus te r of product ion ru les which 
map the values of a l i s t of condi t ions (boolean and 
a r i t hme t i c operat ions on data) to some conclusion 
on a d i s c r e t e , symbolic sca le . D i f f e ren t types of 
kg 's perform t h i s mapping d i f f e r e n t l y , e . g . , 

Stone is a subconcept of Extra-Hep in MDX. It 
represents the disease "stone causing ex t ra-hepat ic 
c h o l e s t a s i s . " 

d i r e c t l y mapping values to conclus ion, or having 
each ru le add or subtract a set number of 
"conf idence" u n i t s . General ly , the knowledge in a 
concept is factored i n t o several k g ' s , and other 
kg 's are used to combine t h e i r r e s u l t s . See [5] 
for a d iscussion on combining d iagnost ic knowledge 
in th i s way, as we l l as reasoning w i th uncer ta in 
da ta . 

As an example, f i gu re 5 is the Physical kg of the 
Stone concept presented above. The condi t ions 
query the data base (not def ined in CSRL) fo r 
whether the pa t ien t has c h o l a n g i t i s , co l i cky pain 
in the l i v e r , or has been vomi t i ng . Each ru le in 
the Match sect ion is evaluated u n t i l one "matches." 
The value corresponding to t h i s ru l e becomes the 
value of the k g . For example, the f i r s t ru le tes ts 
whether the f i r s t and second condi t ions are t rue 
( the " ? " means doesn' t m a t t e r ) . I f so, then 3 
becomes the value of the knowledge group. 
Otherwise, other ru les are evaluated. The 
r e s u l t i n g value of the tab le measures the s t rength 
of phys ica l evidence towards es tab l i sh ing the Stone 
concept. The Xray and His tory kg 's of Stone 
s i m i l a r l y evaluate the r a d i o l o g i c a l and h i s t o r i c a l 
evidence. The Summary kg combines t h e i r r esu l t s 
( the values of the other kg 's are the condi t ions of 
Summary) i n t o the es tab l i sh value of Stone. 

Factor ing the knowledge of a concept in t h i s 
manner has many advantages. Only the re levant 
knowledge gets invoked. It al lows knowledge to be 
acquired more eas i l y from domain experts because 
you can focus t h e i r a t t e n t i o n on some s p e c i f i c 
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s u b t a s k . I t a l s o a l l o w s knowledge t o b e debugged 
because i t i s e a s i e r t o see what purpose i s b e i n g 
se rved by a knowledge g r o u p . T h i s f a c t o r i n g wou ld 
make i t e a s i e r f o r e x p e r t s t o d i r e c t l y e n t e r t he 
knowledge a t some f u t u r e t i m e . 

C. I m p l e m e n t a t i o n of CSRL 

CSRL is imp lemented on a DEC 20 /60 u s i n g ELISP, a 
d i a l e c t o f LISP deve loped a t R u t g e r s , and a l o c a l 
v e r s i o n o f FRL (Frame R e p r e s e n t a t i o n L a n g u a g e ) . 
The CSRL i n t e r p r e t e r and env i ronmen t t akes up an 
a d d i t i o n a l 33K words o f s t o r a g e . The env i r onmen t 
i n c l u d e s a t h o r o u g h s y n t a x check when concep ts a r e 
d e f i n e d , commands to i n v o k e any concep t w i t h any 
message, and a s i m p l e t r a c e f a c i l i t y . CSRL 
c u r r e n t l y a l l o w s l i t t l e user i n t e r a c t i o n w h i l e i t 
i s r u n n i n g , bu t i n t h e f u t u r e we p l a n to add a 
s i m p l e e x p l a n a t i o n f a c i l i t y and t o a l l o w the user 
t o " a d v i s e " t h e system d u r i n g e x e c u t i o n . 

IV F a m i l y o f Languages 

D e s i g n i n g languages f o r knowledge r e p r e s e n t a t i o n 
o f t e n has t o f a c e c o n f l i c t i n g r e q u i r e m e n t s . A t one 
e n d , t hey s h o u l d be p o w e r f u l enough to a l l o w 
d i f f e r e n t k i n d s o f knowledge and c o n t r o l t o b e 
e x p r e s s e d . The power i s needed in t h e fo rm o f 
f l e x i b i l i t y i n t h e programming c o n s t r u c t s 
a v a i l a b l e . A t t h e o t h e r end , t h e language shou ld 
be s i m p l e enough so t h a t non-programmers such as 
domain e x p e r t s can d i r e c t l y encode t h e i r knowledge 
w i t h o u t h a v i n g t o w o r r y about t h e r e p r e s e n t a t i o n i n 
t h e m a c h i n e . 

We a r e s t u d y i n g how to do t h i s f o r t h e d i a g n o s t i c 
t a s k by u s i n g CSRL to e x p e r i m e n t w i t h t h e n o t i o n o f 
" f a m i l y o f l a n g u a g e s . " The b a s i c i dea i s t h a t t h e 
same t a s k i s embedded i n a l l languages i n t h e 
f a m i l y . However, some of t h e languages make 
s t r o n g e r commitments to a p a r t i c u l a r message 
p a s s i n g p r o t o c o l o r s t r u c t u r i n g o f k n o w l e d g e . Thus 
at t h e l owes t l e v e l we have message p a s s i n g and 
knowledge g r o u p i n g bu t no commitment to any s e t o f 
messages o r any t ypes o f knowledge g r o u p s . I n t h i s 
r e g a r d , t h e language wou ld become a g e n e r a l - p u r p o s e 
language such as LOOPS [ 1 ] . In f a c t , we a r e 
c o n s i d e r i n g u s i n g LOOPS as t h e b o t t o m - l e v e l o f t h e 
d i a g n o s i s f a m i l y . 

The h i g h e r - l e v e l languages i n t h e f a m i l y wou ld 
b e g i n t o t i e t hese g e n e r a l f a c i l i t i e s t o t h e 
s p e c i f i c s o f t h e d i a g n o s t i c t a s k . For example , a 
f i x e d s e t o f message t ypes may be a l l o w e d to c a r r y 
o u t t h e message p a s s i n g p r o t o c o l o f MDX. The 
h i g h e s t l e v e l s may go so f a r as to c r e a t e t y p e s o f 
c o n c e p t s , w i t h b u i l t i n t e m p l a t e s f o r t h e knowledge 
g roups and b o d y . T h i s wou ld a l l o w u s e r s t o p i c k 
o u t t h e a p p r o p r i a t e t e m p l a t e and c o n c e n t r a t e o n l y 
o n f i l l i n g i n t h e k n o w l e d g e . 

CSRL f i t s i n t o t h i s f ramework i n t h e f o l l o w i n g 
way . A s t r o n g commitment is made c o n c e r n i n g t h e 
t y p e s o f knowledge groups t h a t a r e a v a i l a b l e , b u t 
no commitment is made as to t h e s e t o f messages 
t h a t must b e u s e d . However , t h e f l o w o f c o n t r o l i s 
d e f i n e t l y r e s t r i c t e d t o b e t o p - d o w n . 

V C u r r e n t P lans 

Our group a t Ohio S t a t e i s c u r r e n t l y u s i n g CSRL 
i n a v a r i e t y o f domains i n c l u d i n g b l o o d t y p e 
a n a l y s i s , c a r s , and n u c l e a r power p l a n t s . We a r e 
a l s o t r a n s l a t i n g MDX's d i a g n o s t i c s t r u c t u r e f r om 
t h e p r e s e n t LISP code to CSRL. We a l s o p l a n to 
implement a d i a g n o s i s language w h i c h 
non-programmers can use w i t h m i n i m a l t r a i n i n g t o 
implement p r o t o t y p e d i a g n o s t i c s y s t e m s . 
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