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ABSTRACT 

Med ica l c o n s u l t a t i o n system i s one o f t h e 
major a p p l i c a t i o n o f a r t i f i c i a l i n t e l l i g e n c e 
r e s e a r c h , and i n t h i s f i e l d , i t i s i m p o r t a n t t o 
t r e a t t i m e - o r i e n t e d d a t a . The a u t h o r s deve loped a 
system named MECS-Al (MEd ica l C o n s u l t a t i o n System 
b y means o f A r t i f i c i a l I n t e l l i g e n c e ) , wh ich i s 
des igned as a g e n e r a l purpose t o o l f o r c o n s t r u c t i n g 
systems w i t h c a p a b i l i t y t o t r e a t t i m e - o r i e n t e d 
d a t a . The b a s i c i d e a o f t h i s system i s t o d e s c r i b e 
t he t ime f l o w as a c h a i n o f d i s c r e t e e v e n t s . 

As a g e n e r a l purpose t o o l , t h e system c o n s i s t s 
o f an i n f e r e n c e - e n g i n e and a knowledge-base e d i t o r , 
so t h a t c o n s u l t a t i o n systems in any f i e l d can be 
e a s i l y d e f i n e d and t e s t e d . 

I INTRODUCTION 

M e d i c a l c o n s u l t a t i o n system i s one o f t h e 
ma jo r a p p l i c a t i o n s o f a r t i f i c i a l i n t e l l i g e n c e 
r e s e a r c h . E x p e r i m e n t a l m e d i c a l c o n s u l t a t i o n 
systems are now w i d e l y c o n s t r u c t e d such as MYCIN[ l ] 
and EXPERT[2]. 

One of t h e problems to be s o l v e d about med ica l 
systems i s t h e management c a p a b i l i t y f o r 
t i m e - o r i e n t e d d a t a . I t i s w e l l r e c o g n i z e d t h a t 
t h e t i m e - o r i e n t e d d a t a management p rob lem i s one 
o f t h e main c h a r a c t e r i s t i c s o f t h e m e d i c a l 
c o n s u l t a t i o n systems and t h a t i t i s no t a n easy 
prob lem t o s o l v e . 

There a re s e v e r a l a t t emp t t o hand le t h e 
t i m e - o r i e n t e d d a t a : 
Gorry e t a l . ' s D i g i t a l i s Therapy A d v i s e r [ 3 ] can 
genera te c o n c l u s i o n s over t i m e as t o t h e nex t 
dose o f d i g i t a l i s . T r i g o b o f f and K u l i k o w s k i ' s 
I R I S [ 4 ] system can a t t a c h t ime s p e c i f i c a t i o n s 
t o t h e c o n c l u s i o n . Fagan e t a l . ' s V e n t i l a t o r 
Management Program VM[5] can even hand le 
r e a l - t i m e d a t a f rom t h e i n t e n s i v e ca re u n i t . 

I n t h i s pape r , t h e a u t h o r s propose ano the r 
method t o hand le t h e t i m e - o r i e n t e d d a t a . T h i s 
method enab les t h e c o n s u l t a t i o n system to g i v e a 
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d i a g n o s t i c Judgement and t r e a t m e n t recommendations 
a c c o r d i n g t o t h e t r e a t m e n t and t o t h e p a t i e n t ' s 
s t a t u s i n t h e p a s t , a s w e l l a s a c c o r d i n g t o t h e 
c u r r e n t p a t i e n t ' s s t a t u s . Th i s t i m e - o r i e n t e d 
f e a t u r e i s implemented and t e s t e d on r e v i s e d 
MECS-AI(MEdical C o n s u l t a t i o n System by means of 
A r t i f i c i a l I n t e l l i g e n c e ) , our e x p e r i m e n t a l m e d i c a l 
c o n s u l t a t i o n system f o r c a r d i o v a s c u l a r d i seases 
[ 6 ] . 

MECS-AI is c u r r e n t l y implemented on two 
d i f f e r e n t LISP systems. One is INTERLISP, and 
ano the r i s EPICS-LISP. 

The whole mechanisms in MECS-AI a re packaged 
s o t h a t t h e y w i l l b e t r a n s f e r e d t o t h e o t h e r 
sys tems , as a p a r t o f g e n e r a l purpose t o o l s f o r 
knowledge e n g i n e e r i n g systems. For t h i s p u r p o s e , 
the a u t h o r s implemented a knowledge-base e d i t o r to 
d e f i n e and t o mod i f y t h e knowledge-base. 

II REPRESENTATION OF TIME 

The most c h a r a c t e r i s t i c f e a t u r e o f MECS-AI i s 
the r e p r e s e n t a t i o n o f t i m e . In our app roach , t h e 
p rog ress o f t ime i s r e p r e s e n t e d w i t h a c h a i n o f 
d i s c r e t e e v e n t s . Each event cor responds t o , i n 
med i ca l c o n t e x t , i n p u t da ta and c o n c l u s i o n s g i v e n 
a t t h e t ime o f o b s e r v a t i o n , f o r example , p a t i e n t 
v i s i t e t c . 

Each event is c a l l e d as a " t i m e - c h u n k " , and 
i s a s s o c i a t e d t o one T ime- ID i d e n t i f i r e such as 
YESTERDAY, FIRST-VISIT e t c . 

In MECS-AI each datum is thus r e p r e s e n t e d as 
a f i v e t u p l e : 
( T i m e - I D , C o n t e x t , A t t r i b u t e , V a l u e , C e r t a i n t y -
f a c t o r ) . 
The l a s t f o u r e lements a re a lmos t t h e same as 
those o f MYCIN[1] . 

There i s always one t ime-chunk r e f e r r e d to as 
" C u r r e n t - T i m e c h u n k " . U s u a l l y , i t cor responds t o 
t h e newest e v e n t . 

I n t he i n f e r e n c e process d u r i n g t h e 
c o n s u l t a t i o n , one t ime-chunk r e f e r r e d to as 
"Ta rge t -T imechunk " w i l l i n d i c a t e t h e event f o r 
wh ich t h e i n f e r e n c e r u l e s a re a c t i v a t e d . From 
t h i s t i m e - c h u n k , i n f e r e n c e r u l e s can u t i l i z e pas t 
d a t a i n o r d e r t o ach ieve t h e f u r t h e r i n f e r e n c e . 
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Time-chunks are genera ted i n t h e o r d e r 
c o r r e s p o n d i n g t o t h e r e a l t ime f l o w . I n MECS-AI, 
t h e i n f e r e n c e p rocess i s i n i t i a l l y a c t i v a t e d f o r 
t h e newest t i m e - c h u n k . Because t h e newest 
t ime -chunk i s r e f e r r e d t o a s Cu r ren t -T imechunk , 
Target -T imechunk i s se t t o Cur ren t -T imechunk a t 
the b e g i n n i n g o f t he i n f e r e n c e p r o c e s s . F i g . l 
shows t h e r e p r e s e n t a t i o n scheme o f t i m e - o r i e n t e d 
da ta i n MECS-AI. 

F i g . I Rep resen ta t i on o f T ime -Or i en ted Data 

The time re la ted information is given by the 
<keyvord> part of the <bontext-spec> . According to 
t h i s syntax, ru les which re fer to the past data 
can be def ined. Fig.2 shows an example of a ru le 
which refers to the past data. Using t h i s type of 
ru les , the system is able to modify i t s conclusion 
according to the treatment or to the pa t i en t ' s 
status in the past. I t is also possible to adopt 
"wait-and-see" strategy when diagnostic conclusion 
is not very c lear . 

I F . 
1 . 

1 
2 
3 

SAND$ 
($SAME$ DIAGNOSIS FUNCTION EU) 
(SSAME$ (DIAGNOSIS IN-PAST) FUNCTION HYPER) 
$0R$ 

1. ($SAME$ (TREATMENT PREVIOUS) DRUG 1131) 
2. ($SAME$ (TREATMENT PREVIOUS) DRUG MERCAZOL) 

I n F i g . l , t h e newest t ime-chunk i s E V E N T - I I I . 
T h e r e f o r , i n f e r e n c e r u l e s o r i g i n a l l y a p p l i e d f o r 
E V E N T - I I I . I n MECS-AI, i n f e r e n c e r u l e s can access 
to the da ta o f pas t t i m e - c h u n k . Data o f EVENT-II 
or o f EVENT-I may be r e f e r r e d to by r u l e s wh ich 
a re a p p l i e d f o r E V E N T - I I I . I f some d a t a o f 
EVENT-II or of EVENT-I do no t have been known when 
i t i s r e f e r r e d t o , t h e Target -T imechunk may b e 
s h i f t e d temporary t o EVENT-II o r EVENT-I i n o r d e r 
t o i n f e r t he v a l u e f i r s t . 

I l l REPRESENTATION OF RULES 

In MECS-AI, r u l e s a re denoted i n the 
f o l l o w i n g BNF s y n t a x : 

THEN. 
1. (DIAGNOSIS IDENT WELL-TREATED-BASEDOW 0.7) 

F i g . 2 an Example o f Rules r e f e r r i n g pas t da ta 

I t i s a l s o no ted t h a t each a t t r i b u t e may b e 
d e f i n e d t o have s p e c i a l d a t a t y p e f o r i t s v a l u e s , 
i n MECS-AI. Da ta type "UNIQUE" w i l l be used f o r 
a t t r i b u t e s wh ich t ake o n l y one v a l i d v a l u e a t 
o n e - t i m e . S i m i l a r l y , "MULTIPLE" i s used f o r 
a t t r i b u t e s wh ich may t a k e s e v e r a l va lues a t 
o n e - t i m e , and "NUMERICAL" i s used f o r a t t r i b u t e s 
wh ich t ake n u m e r i c a l v a l u e s . T h i s k i n d o f 
d a t a t y p e d e f i n i t i o n i s q u i t e u s e f u l f o r d a t a 
access , r u l e syn tax check , and da ta i n q u e r y 
p rocesses . 

IV CONTROL STRUCTURES 

In MECS-AI, as u s u a l w i t h t h e g e n e r a l 
knowledge e n g i n e e r i n g t o o l s , t h e knowledge-base i s 
sepa ra ted f rom t h e i n f e r e n c e - e n g i n e . Our system 
p r o v i d e s an i n f e r e n c e - e n g i n e , bu t does no t p r o v i d e 
any knowledge-base b y i t s e l f . I n s t e a d , i t p r o v i d e s 
a knowledge-base e d i t o r t o d e f i n e and to mod i f y 
knowledge-bases i n any a p p l i c a t i o n f i e l d . 

I t i s ou r s p e c i a l f e a t u r e t h a t t h e body o f 
knowledge-base i t s e l f may be implemented as a 
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c o l l e c t i o n o f s e v e r a l number o f k n o w l e d g e - u n i t s , 
i n s t e a d o f one s i n g l e k n o w l e d g e - u n i t . Every 
k n o w l e d g e - u n i t has an " a p p l y - c o n d i t i o n " , and r u l e s 
i n a k n o w l e d g e - u n i t a re a p p l i e d o n l y when i t s 
a p p l y - c o n d i t i o n i s s a t i s f i e d . F i g . 3 shows t h e 
whole s t r u c t u r e o f MECS-AI. 

The user o f MECS-AI can s e l e c t " i n f e r e n c e -
t y p e " f o r each k n o w l e d g e - u n i t . When " a p p l y - a l l " 
i s s e l e c t e d , r u l e s i n t he k n o w l e d g e - u n i t w i l l b e 
a p p l i e d e x o r s t i v e l y , w h i l e when a l i s t o f " ( c o n t e x t 
a t - r i b u t e v a l u e ) " i s s e l e c t e d , r u l e s i n t h e 
k n o w l e d g e - u n i t w i l l b e a p p l i e d a c c o r d i n g t o t h e 
backward c h a i n i n g scheme t o f i n d ou t t h e ( c o n t e x t 
a t t r i b u t e v a l u e ) a t t he t ime o f Ta rge t -T imechunk . 

A d o p t i n g t h i s c o n t r o l s t r u c t u r e , r u l e s be long 
t o c e r t a i n k n o w l e d g e - u n i t w i l l never b e a p p l i e d i f 
t he a p p l y - c o n d i t i o n i s no t s a t i s f i e d . And t h e r e f o r 
more e f f e c t i v e i n f e r e n c e p rocess can be r e a l i z e d . 

The f o l l o w i n g s a re known t h r o u g h t h e 
a p p l i c a t i o n o f our method to a c o n s u l t a t i o n system 
f o r t h y r o i d d i s e a s e s : 

(1 ) The system can change t h e c o n c l u s i o n a c c o r d i n g 
t o t h e t r e a t m e n t s and p a t i e n t ' s s t a t u s i n t he 
p a s t . 

(2 ) The system can ana lyze t h e s i t u a t i o n wh i ch 
cannot be hand led o n l y t h r o u g h t h e one - t ime 
c o n s u l t a t i o n . 

(3 ) The system can adopt t h e p o w e r f u l s t r a t e g y 
such as " w a i t - a n d - s e e " . 

A p p l i c a t i o n o f MECS-AI f o r o t h e r d i sease 
c a t e g o r i e s i s now under c o n s i d e r a t i o n . 

REFERENCES 

[ l ] S h o r t l i f f e , E . "Computer-based Medica l 
C o n s u l t a t i o n :MYCIN", Amer ican E l s e v i e r , 
( 1 9 7 6 ) . 

[2] We iss , S. M. and K u l i k o w s k i , C. A. "EXPERT: 
A System f o r Deve lop ing C o n s u l t a t i o n M o d e l s " , 
Rutgers U n i v . CBM-TR-97, ( 1 9 7 9 ) . 

[ 3 ] G o r r y , G . e t a l . " C a p t u r e i n g C l i n i c a l 
E x p e r t i s e : A Computer Program t h a t Cons iders 
C l i n i c a l Responses t o D i g i t a l i s " , 
Amer. J . Med. 6 4 , ( 1 9 7 8 ) . 

[4 ] T r i g o b o f f , M. and K u l i k o w s k i , C. A. " I R I S : 
A System f o r t he P ropaga t i on o f I n f e r e n c e s 
in a Semantic N e t " , Proc . I JCA1-77 , ( 1 9 7 7 ) . 

[ 5 ] Fagan, L. M. " R e p r e s e n t a t i o n of Dynamic 
C l i n i c a l Knowledge: Measurement I n t e r p r e t a t i o n 
i n t h e I n t e n s i v e Care U n i t " , 
P roc . I J C A I - 7 9 , ( 1 9 7 9 ) . 

[ 6 ] K a i h a r a , S . e t a l . , " A Rule-ba3ed P h y s i c i a n s ' 
C o n s u l t a t i o n System f o r C a r d i o v a s c u l a r 
D i s e a s e s " , P roc . ICCS, IEEE, ( 1 9 7 8 ) . 

T h i s c o n t r o l s t r u c t u r e i s e f f e c t i v e and 
a d a p t i v e f o r any i n f e r e n c e sys tems. 

V CONCLUDING REMARKS AND FUTURE PLANNING 

We have d e s c r i v e d our approach to t h e 
t i m e - o r i e n t e d f e a t u r e s f o r t he m e d i c a l c o n s u l t a t i o n 
systems. We adopted a r a t h e r s imp le b u t e f f i c i e n t 
r e p r e s e n t a t i o n and management mechanism t h r o u g h 
t h e t ime -chunk and r u l e a p p l i c a t i o n scheme. 

I n MECS-AI, our f e a t u r e s a re cupsu led t o be 
used as a g e n e r a l purpose t o o l f o r any knowledge 
e n g i n e e r i n g system t h a t needs t i m e - o r i e n t e d 
c a p a b i l i t i e s . A knowledge-base e d i t o r i s a t t a c h e d 
t o ease t h e a p p l i c a t i o n o f MECS-AI t o any f i e l d . 
T h i s e d i t o r i s p o w e r f u l i n t h e sense t h a t i t can 
d e f i n e o r mod i f y t h e d a t a - s t r u c t u r e , t h e 
k n o w l e d g e - u n i t s , and t h e i r a p p l i c a b i l i t y . 
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