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ABSTRACT KNOWLEDGE STRUCTURE DEFINITION 

T h i s paper p r e s e n t s an o u t l i n e o f t h e program 
KSDS (Knowledge S t r u c t u r e D e f i n i t i o n System) 
des igned f o r t h e d e f i n i t i o n o f t h e s t r u c t u r e o f a 
med i ca l knowledge base . KSDS d e f i n e s t ype and 
s t r u c t u r e o f t h e e lements o f a concep tua l n e t . 
KSDS gene ra tes t h e i n t e r n a l s t r u c t u r e and fo rmat 
o f t h e knowledge base. Nodes and r e l a t i o n s o f 
t h i s n e t a re s t r u c t u r e d i n a u n i f o r m f a s h i o n , 
c o n s i s t i n g o f f o u r p a r t s : i d e n t i f i c a t i o n , 
d e s c r i p t i o n o f a t t r i b u t e s , r e l a t i o n s t o c o n c e p t s , 
and e x p l a n a t i o n s . For each a t t r i b u t e t h e r e e x i s t s 
a l i s t o f p r i m i t i v e s wh ich r e s t r i c t s i t s t ype and 
p o s s i b l e v a l u e s . The r e l a t i o n p a r t i s c o n s t r u c t e d 
r e f e r e n c i n g a l r e a d y d e f i n e d r e l a t i o n s o f t he 
s t r u c t u r e base. I f t h e s t r u c t u r e i s changed, KSDS 
t a k e s ca re o f t h e r e - f o r m a t i n g o f t h e knowledge 
base. The system i s c u r r e n t l y be ing used f o r the 
d e f i n i t i o n and ma in ta lnance o f t h e knowledge base 
o f a n e x p e r t system i n p r i m a r y med i ca l c a r e . 

INTRODUCTION 

In t h e p r i m a r y med ica l ca re s e c t o r , an e x p e r t 
c o n s u l t a t i o n system f o r d i a g n o s i s and t r e a t m e n t 
recommendat ion has to face a s p e c i f i c s i t u a t i o n : 
i n t h e i n i t i a l c o n s u l t a t i o n t h e p a t i e n t p resen ts a 
very u n a p e c i f i c c o l l e c t i o n o f s u b j e c t i v e f i n d i n g s , 
t h e a v a i l a b i l i t y o f d i a g n o s t i c p rocedures i s ve ry 
l i m i t e d , t he p h y s i c i a n conc ludes a ' suspec ted 
d i a g n o s i s ' u s u a l l y , bu t he has to dec ide about 
c o r r e c t t h e r a p y , i n c l u d i n g the d e c i s i o n s ' w a i t and 
d o n o t h i n g ' , ' send p a t i e n t t o h o s p i t a l 
i m m e d i a t e l y ' , and 'send p a t i e n t f o r s p e c i a l 
e x a m i n a t i o n ' . The system must manage f o l l o w - u p 
v i s i t s , f o l l o w t h e course o f d i s e a s e ( s ) , and 
c o n t r o l t he t h e r a p e u t i c e f f e c t s and s i d e - e f f e c t s , 
perhaps r e v i s e t he i n i t i a l d i a g n o s i s i n t he l i g h t 
o f new m a n i f e s t a t i o n s and t h e r a p e u t i c outcomes. 

The f i r s t t a s k i n p r i m a r y ca re i s t o d e t e c t 
' p r e v e n t a b l e dangerous courses o f d i s e a s e s ' . 
T h e r e f o r e t he p o s s i b l e courses o f a d i s e a s e , 
t o g e t h e r w i t h a p p r o p r i a t e med i ca l a c t i o n s a t each 
s t a g e , and e x p e c t a t i o n s about t h e f u t u r e course 
have to be r e p r e s e n t e d in t he sys tem. Th i s has 
been aooompl iahed f o r the r e s t r i c t e d area o f 
glaucoma (CASNET [ 8 ] ) , bu t an e x p e r t system in 
p r i m a r y med ica l ca re w i l l o f t e n face an unknown o r 
no t w e l l known p a t h o p h y s i o l o g y . 

The r e p r e s e n t a t i o n o f t h e med ica l knowledge 
shou ld serve as a b a s i s f o r t he c o n s u l t a t i o n 
system p e r f o r m i n g i t s t a s k under t he r e q u i r e m e n t s 
ment ioned above. Compared t o the c l i n i c a l a r e a , 
i t i s h a r d l y p o s s i b l e t o i n c l u d e a l l f a c e t s o f 
p r ima ry ca re a p r i o r i i n an e x p e r t sys tem. 
D e c i s i o n s w i l l be based e . g . on n o s o l o g i c a l , 
e t i o l o g i c a l , t o p o g r a p h i c a l , p a t h o g e n e t i c 
knowledge. We w i l l d i s c o v e r t h a t some of t he 
necessary f a c e t s a re no t r e p r e s e n t e d a f t e r t he 
c o n s t r u c t i o n o f t he knowledge base and a f t e r the 
c o n s u l t a t i o n system has been comp le ted . T h i s f a c t 
l e d u s t o b u i l d the Knowledge S t r u c t u r e D e f i n i t i o n 
System KSDS f o r easy m o d i f i c a t i o n and supplement 
o f knowledge. T h i s i dea o f d e v e l o p i n g systems f o r 
c o n s t r u c t i n g c o n s u l t a t i o n systems i s a l s o s t r e s s e d 
by Weiss and K u l i k o w s k i [ 9 ] . 

One p o s s i b i l i t y would be to r e p r e s e n t 
knowledge i n r u l e s l i k e MYCIN [ 7 ] . However, 
d e f i n i n g e x p l i c i t h i e r a r c h i e s f o r t he topography 
o f d i seases and f o r abnormal f u n c t i o n o f 
p h y s i o l o g i c a l systems i s e x t r e m e l y d i f f i c u l t . 
A d d i t i o n a l l y , Reggia [ 6 ] r e p o r t e d the inadequacy 
o f t h e r u l e - b a s e d approach f o r h i s n e u r o l o g i c a l 
l o c a l i z a t i o n p rob lem. 

We des igned our knowledge base as a ne t 
s t r u c t u r e , b e a r i n g i n mind the des ign p r i n c i p l e s 
o f CASNET [ 8 ] , INTERNIST [ 4 , 5 ] , PIP [ 3 ] , ABEL [ 2 ] , 
and CENTAUR [ 1 ] , 

Med ica l knowledge i s r e p r e s e n t e d in a 
c o n c e p t u a l n e t . We have d e f i n e d f o u r d i f f e r e n t 
concep ts up to now: 

- m a n i f e s t a t i o n s , 
- d i s e a s e s , 
- d i a g n o s t i c p rocedu res , and 
- t h e r a p e u t i c p r o c e d u r e s . 

KSDS r e p r e s e n t s concep ts as nodes connected 
by r e l a t i o n s . Nodes and r e l a t i o n s a re r e p r e s e n t e d 
in t h e same fo rma t (compare f i g s . 1 and 2 ) . T h e i r 
d e s c r i p t i o n i n KSDS c o n s i s t s o f f o u r p a r t s : 

1 . The d e f i n i t i o n p a r t ( f i r s t two l i n e s o f 
f i g s . 1 and 2 ) c o n t a i n s 

- an unambigous i d e n t i f i c a t i o n of t he node or 
r e l a t i o n { 1 } , 

- the name of t h e d e f i n e d e n t r y { 2 } , and 
- i f i t i s a r e l a t i o n : t h e t ype o f t h e nodes 

connected ( 3 , 4 ) . 
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2. The descr ip t i ve p a r t d e c l a r e s t h e 
a t t r i b u t e s o f t h e node o r r e l a t i o n ('DESCRIPTORS' 
i n f i g s . 1 and 2 ) . I t i s s i m i l a r t o the n o t i o n o f 
s l o t s i n t he frame t e r m i n o l o g y . The d e s c r i p t i v e 
p a r t f o r a r e l a t i o n c o n t a i n s va lues a s s o c i a t e d 
w i t h t h i s r e l a t i o n , e . g . s t r e n g t h , p r e f e r e n c e , 
consequences, e x p e c t a t i o n s u s i n g the r e l a t i o n . 
Thus, f i g u r e 1 shows o f the r e l a t i o n ' p e r f o r m 
t h e r a p e u t i c p r o c e d u r e ' , c o n n e c t i n g a ' D i s e a s e ' -
w i t h a ' T h e r a p e u t i c p r o c e d u r e ' - n o d e . 

Bes ides t h e name and a c l a s s i f i c a t i o n code 
( ICD, SNOMED), the d e s c r i p t i v e p a r t of a node 
c o n t a i n s i t e m s l i k e r i s k , d u r a t i o n , f r e q u e n c y . 
F i g u r e 2 shows t h e comple te d e f i n i t i o n o f t h e node 
' T h e r a p e u t i c p r o c e d u r e ' . The i n f o r m a t i o n f o r each 
o f the d e s c r i p t o r s c o n s i s t s o f the name o f t he 
d e s c r i p t o r { 1 } , i t s a b b r e v i a t i o n { 2 } , va lue (3) 
and d e f a u l t va lue { 4 } . A d d i t i o n a l l y , i n f o r m a t i o n 
about t h e i n t e r n a l s t r u c t u r e c r e a t e d by KSDS is 
d i s p l a y e d ( l e n g t h , p o s i t i o n ) . The va lue 
de te rm ines a group f rom a l i s t o f a l l owed 
p r i m i t i v e s ( F i g . 3 : p r i m i t i v e s o f the group ' t y p e s 
o f t h e r a p e u t i c p rocedures ( T . T Y P E ) ' ) , d e f i n e d 
p r i o r t o t he d e f i n i t i o n o f t he concep t . The 
d e f a u l t va lue w i l l b e used, i f t h e expe r t w i l l not 

GR EL ABBREV NAME 

12 
12 
12 
12 
12 
12 
12 
12 
12 

T.TYPE t ypes o f t h e r a p e u t i c p rocedures 
1 ADVICE a d v i c e / p s y c h o - s o z i a l t he rapy 

MEDIC med i ca t i on 
PHYSIO phys io the rapy 
RADIO r a d i o t h e r a p y 
NURSE n u r s i n g care 
FUNCT s u b s t i t u t i o n o f f u n c t i o n 
INTENS i n t e n s i v e care 

8 SURG s u r g i c a l ca re 

F i g u r e 3 : L i s t o f p r i m i t i v e s . 

supp l y a va lue f i l l i n g the concep t . The usage o f 
p r i m i t i v e - l i s t s a l l o w s the check ing o f p l a u s i b l e 
v a l ues a s w e l l a s t he d e f i n i t i o n o f a t t r i b u t e s i n 
n a t u r a l l anguage . 

3 . The r e l a t i o n p a r t d e f i n e s a l l r e l a t i o n s 
s t a r t i n g a t t h i s concep t . F i g u r e 2 shows the 
d e f i n e d r e l a t i o n s f o r the node ' T h e r a p e u t i c 
p r o c e d u r e ' . The l e n g t h and to -node are taken f rom 
the d e s c r i p t i o n and d e f i n i t i o n p a r t o f t he 
r e l a t i o n d e f i n i t i o n i n KSDS. 
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4. The e x p l a n a t i o n Pa r t c o n t a i n s comments on 
the d e f i n e d concept and d e t a i l e d i n f o r m a t i o n s f o r 
t h e e x p e r t e n t e r i n g new knowledge. I t can be used 
to suppor t a n a t u r a l language c o n v e r s a t i o n . 

EXAMPLE 

The f o l l o w i n g example shows a ' T h e r a p e u t i c 
p r o c e d u r e ' - n o d e i n the knowledge base: 

1 Term of p r o c e d u r e : i m m o b i l i z a t i o n o f a f f e c t e d 
l i m b 

2 C l a s s i f i c a t i o n code: 61 .2 
3 Type of p rocedu re : p h y s i o t h e r a p y 
4 R i s k : m in ima l 
5 Cos t : low 
6 P r e s c r i p t i o n : s u r g i c a l d r e s s i n g (bandages, 

c a s t s ) , u s u a l l y 2-6 weeks 
7 Time l a g a f t e r becoming e f f e c t i v e : immed ia te l y 
8 Maximal number of r e p e t i t i o n s : 0 

The element i s connected to o t h e r s by t he 
f o l l o w i n g r e l a t i o n s : 
1 < i s a p o s s i b l e t he rapy f o r d isease> 

[1 ] s p r a i n and s t r a i n o f s u p p o r t i v e 
s t r u c t u r e s (840-848) 

[ 2 ] d i s l o c a t i o n o f j o i n t (830-839) 
[3] f r a c t u r e (829) 
[ 4 ] cutanous and subcutanous i n f e c t i o n (680-86) 
[ 5 ] burn ( 9 4 0 - 9 4 9 ) 
[ 6 ] s u p e r f i c i a l i n j u r y (912-917) 

2 C o n t r a i n d i c a t i o n ( i n c l . a l l e r g y ) > 
[ 1 ] ph lebo th rombos is (451) 

1 STR : s t r o n g 

6 <s ide e f f e c t ( m a n i f e s t a t i o n ) > : 
[ 1 ] h y p e r s e n s i t i v i t y r e a c t i o n t o d r e s s i n g mat . 

1 EXP : r a r e l y 
[ 2 ] p ressu re sore 

1 EXP : r a r e l y 
[3J d i suse a t r ophy 

1 EXP : r a r e l y 

E x p l a n a t i o n s f o r the node " i m m o b i l i z a t i o n o f 
a f f e c t e d l i m b " : 

The d r e s s i n g shou ld s t a y on s i t e u n t i l the 
schedu le f o l l o w - u p c o n t a c t . I n case o f p a i n and / 
o r s w e l l i n g a n e a r l i e r r e v i s i o n i s i n d i c a t e d . 

CONCLUDING REMARKS 

The advantages o f t he knowlegde s t r u c t u r e 
d e f i n i t i o n system a r e : 

- There e x i s t s an e x p l i c i t and v i s i b l e d e f i n i t i o n 
o f the knowledge s t r u c t u r e ; 

- T h i s s t r u c t u r e can be m o d i f i e d i n t e r a c t i v e l y ; 
- The i n t e r n a l r e p r e s e n t a t i o n is de te rmined and 

c o n t r o l l e d by t he KSDS; 
- M o d i f i c a t i o n s in t he knowledge s t r u c t u r e can be 

per fo rmed e a s i l y on a l r e a d y e x i s t i n g knowledge 
bases. The KSDS w i l l a u t o m a t i c a l l y r e s t r u c t u r e 
t he e x i s t i n g knowledge base; 

- The system f o r a c q u i s i t i o n of knowledge f rom 
e x p e r t s and c o n s i s t e n c y check ing can use 
s u b s t r u c t u r e s o f t h e ne t a c t i v a t e d f o r a 

s p e c i f i c task ( e . g . e n t e r i n g i n f o r m a t i o n about 
r e l a t i o n s between m a n i f e s t a t i o n s and d i s e a s e s ) ; 

- The p r o c e d u r a l knowledge of t he c o n s u l t a t i o n 
system w i l l be d e f i n e d as o p e r a t i o n s on t h i s 
knowledge s t r u c t u r e , e x p l i c i t l y showing the 
c o n c e p t s , d e s c r i p t o r s and r e l a t i o n s used ; 

- T h i s w i l l be o f extreme impor tance d e f i n i n g 
e x e c u t e r s t o pe r fo rm s p e c i f i c t asks d u r i n g a 
c o n s u l t a t i o n ( e . g . a c t i v a t e d i seases i n d i c a t e d 
by t o p o g r a p h i c a l r e l a t i o n s as hypo theses , 
de te rmine p o s s i b l e t r e a t m e n t s , check 
c o n t r a i n d i c a t i o n s , e t c . ) . Only one o r very few 
tasks w i l l be a c t i v e a t one moment, 
co r respond ing to the s tandard p rocedure o f a 
p h y s i c i a n i n p r ima ry care ( t r y t o f i n d answers 
t o the f o l l o w i n g q u e s t i o n s : "What i s the 
c o m p l a i n t ? " , "What does t h i s refer t o ? " , "What 
shou ld be c o n s i d e r e d ? " , " P o s s i b l e causes? " , 
"What course is e x p e c t e d ? " , " D o ' s and 
d o n ' t ' s ? " ) . P ropaga t ion i n the ne t w i l l b e 
r e s t r i c t e d by u s i n g on l y ve ry few r e l a t i o n s when 
p e r f o r m i n g one t a s k . Th i s w i l l ( h o p e f u l l y ) 
p reven t c o m b i n a t o r i a l e x p l o s i o n o f search 
e f f o r t ; 

- One c r i t e r i o n f o r our c o n s u l t a t i o n system is 
concep tua l adequacy. Presumably, the newly 
d e f i n e d execu te rs w i l l pe r fo rm more p o o r l y 
compared to the per formance of a p h y s i c i a n . 
Stepwise m o d i f i c a t i o n s o f the e x e c u t e r s w i l l 
h o p e f u l l y i nc rease per fo rmance . S ince an 
execu te r shows the ne t s t r u c t u r e i t uses , 
m o d i f i c a t i o n can be done more e a s i l y . 
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