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A b s t r a c t 

A system f o r computer a s s i s t e d m e d i c a l d i a g n o s i s 
has been developed, which i n c o r p o r a t e s an i n 
n o v a t i v e model o f d i a g n o s t i c l o g i c . A s u p p o r t i n g 
m e d i c a l d a t a base has a l s o been assembled, now 
c o m p r i s i n g a p p r o x i m a t e l y f i f t y p e r c e n t o f t h e 
major diseases o f i n t e r n a l m e d i c i n e . Using 
weighted a s s o c i a t i o n s between disease e n t i t l e s 
and t h e i r m a n i f e s t a t i o n s , and employing a power
f u l a t t e n t i o n f o c u s i n g h e u r i s t i c , t h e system has 
demonstrated competence I n d e a l i n g w i t h d i f f i c u l t 
c l i n i c a l problems i n v o l v i n g m u l t i p l e diagnoses. 

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

1.1. I n t e r n a l Medicine as a Task Environment 
f o r A r t i f i c i a l I n t e l l i g e n c e 

A t f i r s t g l a n c e , the t a s k environment o f 
i n t e r n a l medicine might appear t o b e e m i n e n t l y 
s u i t a b l e f o r a t t a c k b y means o f t h e s t s t e - s p a c e 
methods (1) o f a r t i f i c i a l i n t e l l i g e n c e . A 
medi c a l problem may be c h a r a c t e r i s e d In terms of 
a n i n i t i a l s t a t e ( d i s e a s e ) , a g o a l s t a t e ( h e a l t h ) , 
and a c o l l e c t i o n o f a v a i l a b l e o p e r a t o r s ( d r u g s , 
s u r g i c a l procedures, d i e t s , e t c . ) b y which one 
s t a t e may be transformed i n t o a n o t h e r . The 
main d i f f i c u l t y w i t h t h i s view o f t h e t a s k i s 
t h a t o r d i n a r i l y , evidence a v a i l a b l e a t the o u t 
set p r o v i d e s o n l y a p a r t i a l d e s c r i p t i o n o f t h e 
i n i t i a l s t a t e o f a med i c a l problem. While so-
c a l l e d ' p r e s e n t i n g s i g n s and symptoms' may be 
s u g g e s t i v e of one or more abnormal or p a t h o 
l o g i c a l c o n d i t i o n s , I n most cases, c o n c l u s i v e 
evidence c o n c e r n i n g the u n d e r l y i n g d i s o r d e r i s 
not a v a i l a b l e . 

Because he can be much more s e l e c t i v e in 
the choice of t h e r a p e u t i c measures when a t t e m p t 
i n g t o t r e a t t h e cause r a t h e r than i t s m a n i f e s 
t a t i o n s , the c l i n i c i a n i s g e n e r a l l y o b l i g e d t o 
f o r m u l a t e a model, c o m p r i s i n g one or more 
hypothesized abnormal o r p a t h o l o g i c a l c o n d i t i o n s , 
a s a b a s i s f o r c l i n i c a l problem s o l v i n g . T h i s 
process of g e n e r a t i n g and t e s t i n g hypotheses 
w i t h r e s p e c t to unobserved - perhaps u n o b e e r v a b l e — 
p a t h o l o g i c a l c o n d i t i o n s I s t h e essence o f 
medical d i a g n o s i s . Because t h i s t a s k is one of 
'problem f i n d i n g ' o r 'problem f o r m u l a t i o n , ' 
not 'problem s o l v i n g ' a s t h i s t e r m i s g e n e r a l l y 
c o n s t r u e d , I t i s not c l e a r t h a t t h e s o l u t i o n -
o r i e n t e d h e u r i s t i c procedures o f a r t i f i c i a l 

i n t e l l i g e n c e have any b e a r i n g o n t h i s e s s e n t i a l 
aspect o f the m e d i c a l t a s k environment. 

I n c e r t a i n a p e c l a l cases, where t h e d i a g n o s 
t i c t a s k can b e t a k e n t o b e t h a t o f i d e n t i f y i n g 
the presence o f a s i n g l e c l i n i c a l problem, any 
o f a host o f d e t e r m i n i s t i c o r p r o b a b i l i s t i c 
' r e c o g n i z e r s ' can b e employed t o d e a l w i t h t h e 
problem. (See f o r example: Ledley and 
Lusted ( 2 ) , Gorry and B a r n e t t ( 3 ) , B l e l c h ( 4 ) . ) 
Such methods a r e of v e r y l i m i t e d scope, however, 
a s t h e y r e s t o n t h e assumption t h a t the c l i n i c a l 
cases to be analyzed are 'pure' - i . e . , t h e r e 
are no erroneous data (sometimes c a l l e d r e d -
h e r r i n g s ) t o b e d e a l t w i t h , and o n l y one c l l n i c o -
p a t h o l o g i c a l d i a g n o s i s to be d i s c e r n e d in esch 
case. 

I n t h e r e a l w o r l d o f i n t e r n a l m e d i c i n e , 
these assumptions a r e r a r e l y s a t i s f i e d . None
t h e l e s s , t h e s k i l l e d c l i n i c i a n manages t o s o r t 
o ut the f a c t s of s case, d i s r e g a r d i n g some, 
w h i l e on the b a s i s of o t h e r s f o r m u l a t i n g a 
c l i n i c a l p i c t u r e t h a t may comprise a number o f 
i n t e r r e l a t e d o r d i s t i n c t disease e n t i t i e s . 

I n what f o l l o w s , w e d e s c r i b e and i l l u s t r a t e 
a model of the d i a g n o s t i c process ( c a l l e d 
DIALOG, f o r D I A g n o s t i c LOGic) t h a t was designed 
t o mimic t h e d a t a s t r u c t u r e s and r e a s o n i n g 
processes o f t h e s k i l l e d c l i n i c i a n . The process 
employs a n o v e l h e u r i s t i c procedure f o r r a n k i n g 
and p a r t i t i o n i n g o f d i a g n o s t i c I n f e r e n c e s , w h i c h 
enables c o n s t r u c t i o n o f c l i n i c a l l y r e l e v a n t 
d i a g n o s t i c models even i n t h e presence o f e r r o n e 
ous and m i s l e a d i n g d a t a . Using an e x t e n s i v e 
m e d i c a l data base which encompasses a p p r o x i m a t e l y 
f i f t y p e r c e n t o f t h e major diseases o f I n t e r n a l 
m e d i c i n e , the DIALOG procedure has a c c u r a t e l y 
analyzed many complex, r e a l - w o r l d c l i n i c a l 
problems, I n v o l v i n g aa many aa f i v e d i s t i n c t 
disease e n t i t i e s . 

I n t h e f o l l o w i n g s e c t i o n s , w e d e s c r i b e f i r s t 
t h e l o g i c o f t h e d i a g n o s t i c process and t h e 
s t r u c t u r e o f m e d i c a l knowledge t h a t u n d e r l i e s 
t h e DIALOG d a t a base. There f o l l o w s s d e s c r i p 
t i o n o f t h e DIALOG p r o c e d u r e , and an i l l u s t r a t i o n 
o f t he system's b e h a v i o r . 
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1.2. The Logic of Diagnosis 

Given a s e t of o b s e r v a t i o n s , which are taken 
to be consequences of some unknown cause, the 
t a s k o f d i a g n o s i s i s t o d e v i s e reasonably cogent 
hypotheses which would be s u f f i c i e n t to enable 
d e r i v a t i o n , v i a d e d u c t i v e i n f e r e n c e , o f the ob
served consequences. T h i s method of i n f e r e n c e , 
sometimes r e f e r r e d to as a b d u c t i o n , or the 
method o f h y p o t h e s i s ( 5 , 6 ) , r e q u i r e s the 
design of procedures and data s t r u c t u r e s to d e a l 
w i t h the f o l l o w i n g i s s u e s : 

1. Observations must be a b l e to ' t r i g g e r ' 
o r evoke hypotheses o f disease e n t i t i e s w i t h 
which they are a s s o c i a t e d . Since c e r t a i n f i n d i n g s 
may suggest one disease more s t r o n g l y than 
a nother, I t i s necessary t o p r o v i d e f o r some 
measure of s t r e n g t h of a s s o c i a t i o n between obser
v a t i o n s and the hypotheses they evoke. 

2. Hypotheses must be a b l e to generate 
e x p e c t a t i o n s concerning l i k e l y consequences, 
which may be posed as q u e s t i o n s r e g a r d i n g ad
d i t i o n a l o b s e r v a t i o n s ( o r l a b o r a t o r y 'studies 
perhaps) i n order t o ' t e s t ' the hypotheses. 
This suggests the need f o r a second set of 
a s s o c i a t i o n s - those r e l a t i n g disease e n t i t l e s 
to the p o s s i b l e consequences t h e r e o f ; here, a 
u s e f u l measure o f the degree o f a s s o c i a t i o n i s 
the frequency of occurrence of a g i v e n f i n d i n g 
in a g i v e n disease. 

3. Since the business of h y p o t h e s i s f o r 
mation i s an I n e x a c t process (some would c a l l i t 
a n a r t ) , i t i s necessary t o p r o v i d e some means 
f o r d e c i d i n g among c o n t e n d i n g hypotheses. T h i s 
suggests t h a t the candidates be ranked on some 
b a s i s , and t h a t c r i t e r i a b e e s t a b l i s h e d f o r 
d e c i d i n g when the weight of evidence is s u f 
f i c i e n t t o p e r m i t reasonably c o n f i d e n t judgments 
to be rendered. 

4. The f i n a l and perhaps most i m p o r t a n t 
c o n s i d e r a t i o n i s t h a t some means must be d e v e l 
oped to group hypotheses I n t o m u t u a l l y e x c l u s i v e 
subsets c o r r e s p o n d i n g to coherent problem areas. 
T h i s i s e s s e n t i a l i n o r d e r t o b e a b l e t o deal 
w i t h cases where more than one disease may be 
p r e s e n t , and hence more than one h y p o t h e s i s 
c o r r e c t . The d i s c r i m i n a t i n g procedure sketched 
above must not be f o r c e d to choose between two 
complementary hypotheses; somehow. It must 
focus on those evoked hypotheses t h a t c o n s t i t u t e 
a l t e r n a t i v e s to one a n o t h e r , n o t complements. 

In s e c t i o n 2, we show how each of these 
i s s u e s is addressed in the DIALOG model. Before 
p u r s u i n g these m a t t e r s f u r t h e r , however, we t u r n 
our a t t e n t i o n next to a c o n s i d e r a t i o n of the 
c h a r a c t e r i s t i c s of the knowledge base u n d e r l y i n g 
i n t e r n a l medicine. 

1.3. S t r u c t u r e of M e d i c a l Knowledge 

There are t h r e e s i g n i f i c a n t r e l a t i o n s t h a t 
w e have d i s c e r n e d r e q u i r i n g r e p r e s e n t a t i o n i n 
the knowledge base f o r i n t e r n a l medicine. There 
are the two r e l a t i o n s d e s c r i b e d above, which may 
be expressed as: 

1) EVOKES (M, D) d e n o t i n g the e v o c a t i v e 
a s s o c i a t i o n which m a n i f e s t a t i o n M has f o r 
disease D, a l s o 

2) MANIFEST (D, M) which is the r e v e r s e 
a s s o c i a t i o n between disease D and i t s m a n i f e s t a 
t i o n M. 

I n a d d i t i o n , a number of i n v e s t i g a t o r s (7,8) 
i n c l u d i n g o u r s e l v e s , have independently a r r i v e d 
at the c o n c l u s i o n t h a t a h i e r a r c h y of disease 
c a t e g o r i e s c o n s t i t u t e s a s i g n i f i c a n t o r g a n i z i n g 
p r i n c i p l e t h a t should b e r e p r e s e n t e d i n the 
i n f o r m a t i o n s t r u c t u r e o f i n t e r n a l medicine. 
Thus we d e f i n e the r e l a t i o n : 

3) FORM-OF ( D l , D l . l ) which a s s e r t s t h a t 
disease ( o r c a t e g o r y ) D l . l is a form of disease 
c a t e g o r y D l . For example, D l . l might stand f o r 
h e p a t o c e l l u l a r disease and D l f o r l i v e r d i s e a s e . 
Then f u r t h e r e l a b o r a t i o n o f t h i s r e g i o n o f the 
h i e r a r c h y would e v e n t u a l l y l e a d t o h e p a t i t i s A , 
i n f e c t u o u s mononucleosis, and so f o r t h . 

The reason t h a t FORM-OF appears t o be a 
s i g n i f i c a n t r e l a t i o n i n i n t e r n a l medicine i s the 
economy of r e p r e s e n t a t i o n (and p r o c e s s i n g ) made 
p o s s i b l e b y the f o l l o w i n g s o r t o f q u a n t i f i c a t i o n : 

Vd(FORM-OF(Dl,d)=»MANIFEST ( d , M l ) ) 

e x p r e s s i n g t h e common s i t u a t i o n wherein a l l 
diseases o f a c e r t a i n c l a s s can g i v e r i s e t o the 
same m a n i f e s t a t i o n . 

Because of the enormity of the data base, 
and because o f the need t o q u a l i f y the EVOKES 
and MANIFEST r e l a t i o n s w i t h respect t o s t r e n g t h o f 
a s s o c i a t i o n s , i t i s I m p r a c t i c a l t o express the 
axioms o f I n t e r n a l medicine by means of v e r b a l 
e x p r e s s i o n s , as above. I n s t e a d , we use an 
e x p l i c i t network t o encode the h i e r a r c h y o f 
disease c a t e g o r i e s and the r e l a t e d sets of 
a s s o c i a t i o n s , a s I l l u s t r a t e d i n F i g . 1 . Here, 
the s o l i d l i n e s denote the FORM-OF r e l a t i o n ; 
dashed l i n e s ( w i t h upward p o i n t e r s ) express 
EVOKES; and d o t t e d l i n e s ( w i t h downward p o i n t e r s ) 
stand f o r MANIFEST. The q u a n t i f i e d concept 
t h a t ' a l l diseases o f a c e r t a i n type share a 
common m a n i f e s t a t i o n * i s denoted i n t h i s network 
by MANIFEST and lwnvFR HnV« »t-rnrhi>d t o non
t e r m i n a l nodes. 
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Note t h a t the MANIFEST and EVOKES r e l a t i o n s 
can e x l a t between nodes of the network as w e l l as 
between nodes and manifestations; t h i s r e f l e c t s 
the f a c t t h a t one disease may be caused by, and 
hence be a manifestation of another. 

In the f o l l o w i n g s e c t i o n , we give a somewhat 
more d e t a i l e d account of the c o n s t r u c t i o n and 
i n t e r p r e t a t i o n of the DIALOG infor m a t i o n s t r u c t u r e . 

2. The DIALOG System 

2.1. Development of the Data Base 

In constr u c t i n g the disease hierarchy, suc
cessive general areas of i n t e r n a l medicine such as 
l i v e r disease and heart disease are selected. 
Subcategories of each general area are chosen on 
the basis of s i m i l a r i t y of pathogenetic mechanism; 
thus, members of a subcategory share in good part 
a common mode of c l i n i c a l presentation. Further 
subdivision of subcategories i s done u n t i l 
f i n a l l y the l e v e l o f i n d i v i d u a l diagnoses i s 
reached. 

Once the superstructure is completed, the 
appropriate manifestations are entered under each 
diagnostic l e v e l ( t e r m i n a l ) node of the hierarchy. 
The f o l l o w i n g data are obtained: (1) a l i s t of 
a l l manifestations of each t e r m i n a l node; (2) an 
estimate of L(Di/Ma): the l i k e l i h o o d that If 
manifestation Ma is observed in a p a t i e n t , diag
nosis Dl is its cause ( r e l a t i v e to a l l other causes 
of Ma). Estimates of t h i s "evoking s t r e n g t h " 
are given on a 0-5 scale, w i t h 0 i n d i c a t i n g t h a t 
the manifestation is too nonspecific to draw 
any diagnostic conclusions, and 5 i n d i c a t i n g that 
Ms is pathognomonic f o r Dl; (3) an estimate of 
F(Mb/Dj), the frequency w i t h which p a t i e n t s w i t h 
proven diagnosis Dj w i l l d i s p l a y Mb as a manifes
t a t i o n of t h a t dlaease. A 1 to 5 scale is used, 
w i t h 1 i n d i c a t i n g Mb occurs r a r e l y in Dj and 
5 i n d i c a t i n g Mb la a sine qua non f o r Dj. 

I n a d d i t i o n t o l i s t i n g h i s t o r i c a l f i n d i n g s , 
symptoms, signs, and laboratory data as manifes
t a t i o n s of a given disease, diagnoses or syndromes 
themselves can be l i s t e d . For example, p o r t a l 
hypertension would be l i s t e d under Laennec's 
c i r r h o s i s ; secondary neoplasm of the l i v e r under 
adenocarcinoma of the colon; and congestive 
heart f a i l u r e under a o r t i c i n s u f f i c i e n c y . These 
are examples of the u n i d i r e c t i o n a l "causal l i n k " : 
D1 is a manifestation of D2 if &2 lfl a known 
cause of D̂ . 

Once a l l manifestations are entered f o r each 
of the diagnosis-level nodes, a program Is invoked 
to carry out the 'generalization' process. For 
each node of the disease hierarchy, the I n t e r 
section of the manifestation l i s t s of i t s subnodes 
is determined. The r e s u l t is a l i s t of the 
manifestations common to a l l the subnodes of a 
given node; i t i s thus the manifestation l i s t 
f o r that higher node. By t h i s method, jaundice 
becomes a manifestation of hepat o c e l l u l a r i n j u r y 
(and of cholestasis and o t h e r s ) , and the presence 
of a markedly Increased a l k a l i n e phosphatase 
indicates t h a t a c e r t a i n category of c h o l e s t a t i c 
diseases is to be considered. Further d i s c r i m i n a 
t i n g information can be obtained only by examining 

the manifestation l i s t s of subnodes I n the 
class. This process allows the diagnostic 
program to construct the p a t i e n t ' s d i f f e r e n t i a l 
diagnosis on as general a l e v e l as Is possible; 
thus, the program can attempt to r u l e out 
general classes of disease before working on 
i n d i v i d u a l diagnoses. 

The f i n a l process In c o n s t r u c t i n g the data 
baae is to enter data about each m a n i f e s t a t i o n . 
H>at important i n t h i s area are the TYPE of the 
manifestation ( h i s t o r y , symptom, s i g n , l a b o r a t o r y 
data, diagnosis) and the IMPORT (an Integer from 
one t o f i v e ) . The TYPE allows the diagnostic 
program to work on the least expensive, l e a s t 
dangerous d i f f e r e n t i a l p o i n t s f i r s t ( h i s t o r y , 
symptoms, signs) before going on to the more 
c o s t l y Items (there are 3 l e v e l s of l a b o r a t o r y 
data based on complexity, cost and danger to 
the p a t i e n t ) . The IMPORT i s an index of how 
r e a d i l y an observed manifestation can be Ignored, 
I . e . , to what degree it could be considered a 
"red h e r r i n g . " A h i s t o r y of s h e l l f i s h i n g e s t i o n 
has an IMPORT of 1 and i a e a s i l y Ignored; a 
l i v e r biopsy showing caseating granulomas has 
an import of 5 and must be explained by one of 
the f i n a l diagnoses. Various other p r o p e r t i e s 
are encoded f o r each manifestation. 

2.2. The Logic of DIALOG 

The DIALOG program has been designed to 
mimic the problem-solving procedures of the 
c l i n i c i a n . The program begins by accepting any 
given sequence of presenting manifestations of 
i l l n e s s . I t then Inquires about relevant h i s t o r 
i c a l items, symptoms, signs, and laboratory data 
(proceeding v i a the TYPEs, exhauatlng the u s e f u l 
questions i n each TYPE before going on to a more 
c o e t l y TYPE). 

2.2.1. Case Analysis: Entry of Presenting 
Manifestations (Phase I) 

As each observed manifestation is entered, 
nodes of the disease hierarchy 'evoked by' 
that manifestation are processed, as f o l l o w s : 

(a) if the indicated node has not p r e v i o u s l y 
been considered - I . e . , If no m a n i f e s t a t i o n has 
previously caused t h i s node to be evoked - a new 
h y p o t h e t i c a l model i s created t h a t r e f l e c t s the 
explanatory power of the newly considered dlsesse. 
Each disease model consists of four p a r t s : 

(1) a l i s t o f a l l manifestations t h a t 
have been observed but which cannot 
be explained by t h i s p a r t i c u l a r 
disease. This l i s t i s r e f e r r e d t o a s 
the ' s h e l f of that model. 

(2) a l i s t of a l l observed m a n i f e s t a t i o n s , 
along w i t h associated evoking 
strengths, that are consistent w i t h 
t h i s disease. 

(3) a l i s t o f a l l manifeatations t h a t 
would o r d i n a r i l y be expected to occur 
( w i t h reasonable frequency) i n the 
presence of t h i s disease, but which 
have been found absent. 
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(4) a l i s t o f a l l other manifestations 
t h a t are consistent w i t h the newly 
evoked node, but about which nothing 
is yet known. 

(b) If the node had previously been evoked, 
then a l l associated s u b l i s t s of the model are 
simply updeted to r e f l e c t the new observation. 

2.2.2. Case Analysis: The I n t e r r o g a t i v e Phase 
of DIALOG (Phase I I ) 

Having recorded a l l o f the I n i t i a l input 
data, the system proceeds to weigh.the evidence 
f o r and against each hypothesis on the evoked 
l i s t . The weight assigned to each of these i s 
determined by the f o l l o w i n g f a c t o r s : 

(a) counting in favor of each model is a 
f a c t o r p r o p o r t i o n a l to the combined evoking 
strengths o f a l l observed manifestations t h a t I t 
explains. 

(b) counting against a model are two f a c t o r s : 
data not explained are weighed In p r o p o r t i o n to 
t h e i r IMPORT; data expected but found absent i n 
the p a t i e n t are weighed i n p r o p o r t i o n t o t h e i r 
frequence of occurrence In the considered disease. 

(c) a * bonus' Is awarded to those models 
causally l i n k e d w i t h disease nodes t h a t have 
already been confirmed. 

The set of evoked hypotheses, ordered on the 
basis of weights computed as above, is next 
processed to determine which of several modes of 
analysis Is to be pursued. A p a r t i t i o n i n g 
process i s u t i l i s e d t h a t employs the f o l l o w i n g 
concept of dominance: h y p o t h e t i c a l model A 
dominates model B i f the net shelf of A ( i . e . , 
the shelf minus those Items explained by pre
v i o u s l y confirmed diagnoses) is a subset of the 
net s h e l f of B. Each member M̂  of the evoked 
models l i s t i s compared w i t h the top-ranked 
model T. If Mi e i t h e r dominates or is dominated 
by T , I t i s placed o n the 'considered' l i s t ; 
otherwise i t i s pieced o n the deferred l i s t 
which is temporarily Bet aside. 

This p a r t i t i o n i n g h e u r i s t i c has the e f f e c t of 
grouping w i t h the top ranked model those diegnosee 
t h a t may reasonably be considered mutually 
exclusive a l t e r n a t i v e s t o I t . Since the combina
t i o n of any of these models w i t h the top-ranked 
model would add nothing to the explanatory power 
of the I n d i v i d u a l models taken separately, the 
diagnostic process reduces ( f o r the moment) to a 
d i s c r i m i n a t i o n among these a l t e r n a t i v e s . 

Once a 'considered' l i s t I s selected, only 
those diagnoses w i t h i n a f i x e d range of the 
top-ranked model are used to determine which mode 
of questioning i s to be used. When t h i s reduced 
l i s t contains f i v e or more models, 'RULEOUT' mode 
I s used. 'RULEOUT* asks about manifestations 
w i t h very high frequency of occurrence in the 
diseases being processed. Such questions stand 
a good chance of e l i m i n a t i n g one or more of the 
considered models. The l e v e l of questions asked 
I s incremented v i a the TYPE, so t h a t inexpensive 
Items are asked f i r s t . Because of the high cost 

associated w i t h the a c q u i s i t i o n of laboratory data, 
'RULEOUT' mode is not used when the TYPE of 
questioning has reached the l e v e l of laboratory 
procedures. Instead, the key word 'HARROW' I s 
p r i n t e d out, and the f i e l d of considered diag
noses i s a r t i f i c i a l l y narrowed so t h a t 
'DISCRIMINATE' mode can be used, which normally 
applies only when the reduced considered l i s t 
contains from two to four models. I n t h i s mode, 
the top two diagnoses are selected f o r d i s c r i m i 
n a t i o n ; Items t h a t count h e a v i l y f o r one model 
while counting heavily against the other are the 
desiderata f o r questioning. F i n a l l y , i f the 
reduced considered l i s t contains only one model, 
'PURSUING' mode i s used. Questions are selected 
that are thought to have a good chance of being 
' c l i n c h e r s . ' Manifestations which have a strong 
evoking strength w i t h respect to the considered 
model are asked. The system continues In 
'PURSUING' mode u n t i l e i t h e r the I n i t i a l spread 
between the two top models has reached c r i t e r i o n , 
or u n t i l the spread has been reduced to the p o i n t 
t h a t the top node no longer stands alone on the 
major l i a t . I n the former case, the system 
'CONCLUDE's tha t the considered disease i s 
present; I n the l e t t e r , processing r e v e r t s t o the 
'DISCRIMINATE' mode. 

In each mode, a small number of questions are 
selected and asked. The responses to the set of 
queries are proceesed In a manner e s s e n t i a l l y 
the same as described f o r Phase I: new nodes 
are evoked, o l d nodes updated, etc. A new ranking 
of a l l evoked models Is determined; the processes 
of p a r t i t i o n i n g , mode s e l e c t i o n , end I n t e r r o g a t i o n 
are then repeated as of t e n as necessary. When
ever the presence of a p a r t i c u l a r disease Is con
cluded, the l i s t of manifestations explained by 
t hat disease is deleted from f u r t h e r c o n s i d e r a t i o n ; 
diseases causally r e l a t e d to the confirmed d i a g 
nosis are given appropriate bonus scores 
(dependent on evoking strength and frequency of 
causal r e l a t i o n s h i p ) . Phase I I processing i s 
then repeated In an e f f o r t to discover and confirm 
a d d i t i o n a l problems. 

2.3. DIALOG Case Analysis: An Example 

Due t o space conetrainte, i t l a not possible 
to include a complete protocol of the d i a l o g t h a t 
took place in analyzing the case discussed 
below. Rather than include a l l questions and 
answers t h a t were exchenged between the physician 
and machine, we have chosen to h i g h l i g h t the key 
decision making p o i n t s of the process. Anyone 
d e s i r i n g f u r t h e r information may contact the 
authors f o r complete protocols of t h i s and other 
cases analyzed by DIALOG. 

Before t u r n i n g to the substantive aspects of 
the t r a n s c r i p t , some explanation of the format of 
the p r o t o c o l i s i n order. 

As many data aa desired can be entered i n i t i a l 
l y , and the order of entry does not matter. The 
program p r i n t s an a s t e r i s k (*) when requesting 
i n p u t , and w i l l continue to do so u n t i l the 
respondent types FINIS to s i g n a l t h a t he has 
f i n i s h e d . 

A f t e r processing the i n i t i a l data, the program 
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p r i n t s out its current l i s t of 'considered nodes,' 
prefaced by one of the keywords (RULEOUT, NARROW, 
DISCRIMINATE, PURSUING, CONCLUDE) discussed in the 
preceding section. If any date are not explained 
by the top-ranked modal, they are displayed w i t h 
the n o t a t i o n 'DISREGARDING.' 

The program then s o l i c i t s a d d i t i o n a l informa
t i o n by one of two question types. If it displays 
the name of a manifestation followed by a question 
mark, it expects a response of YES, NO, or NA 
(meaning 'not a v a i l a b l e ' ) . When i t asks 'PLEASE 
ENTER FINDINGS oF...,' Information i s being 
requested concerning a group of manifestations. 
I n response, e i t h e r a l l i n f o r m a t i o n about the 
i n q u i r e d group of manifestations can be entered, 
or else 'NO' can be typed in order to l e a r n by the 
next p r i n t o u t what s p e c i f i c question in the group 
the program had been considering. If the user 
types In a manifestation name in response to the 
question, the program w i l l continue t o request 
input (by d i s p l a y i n g a '*') u n t i l the user types 
FINIS. 

This case demonstrates how the program 
manages the problem of multiple diagnoses in the 
same patient. The diagnostic problem ia easier 
when more than one diagnosis are oausally related, 
but the machine oan diagnose several completely 
unrelated conditions. In this aaee, four of the 
abnormal states—pulmonary emphysema, congestive 
heart failuret congested liver, and the transuda-
tive pleural effusion are interrelated. 
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Summary 

We have presented in t h i s paper an approach 
t o t h e problem o f h y p o t h e s i s f o r m a t i o n , which 
i s c e n t r a l t o t h e t a s k environment o f i n t e r n a l 
medicine and t o many o t h e r areas o f i n t e l l e c t u a l 
endeavor as w e l l . There a r e , o f c o u r s e , many 
o t h e r ways to a t t a c k t h e problem, some of 
which have been reviewed i n Pople ( 9 ) . 

I n our v i e w , the most s i g n i f i c a n t aspect 
o f t h e DIALOG approach i s t h e f o c u s i n g h e u r i s t i c 
t h a t p a r t i t i o n s hypotheses I n t o coherent problem 
areas, t h e r e b y i n d u c i n g system b e h a v i o r t h a t 
resembles t h e * problem o r i e n t e d ' approach of 
the s k i l l e d c l i n i c i a n . 

T h i s approach would appear t o have v a l i d i t y 
i n any problem f o r m u l a t i o n t a s k c h a r a c t e r i z e d 
b y t h e p o t e n t l e l concurrence o f m u l t i p l e e n t i t i e s , 
r e q u i r i n g ad hoc assembly of elementary 
hypotheses. We commend I t t o those i n v e s t i g a t i n g 
t h e 'Theory of Frames'(10). 
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Elementary hypotheses can sometimes 
themselves be considered symptoms, so that 
EVIDENCE and EXPECTATION pointers May 
connect them. In Diagram 1, UTI and 
PYELONEPHRITIS, both elementary hypotheses, 
are so r e l a t e d ; the symptoms of UTI are a 
eubset of those of PYELONEPHRITIS. There 
are a l s o c l e a r c u t CAUSE r e l a t i o n s betueen 
elementary hypotheses where the symptoms of 
the two diseases concerned are not in a 
subset/superset r e l a t i o n . In t h i s case, 
the CAUSE r e l a t i o n i s stated e x p l i c i t l y , as 
i n STREP-INFECTION CAUSES AGN. Similar to 
CAUSE l i n k s are COMPLICATION l i n k s , as in 
PYELONEPHRITIS is a COMPLICATION of STONE. 
In a d d i t i o n , elementary hypotheses may or 
may not be ULTIMATE-ETIOLOGIES. An 
elementary hypothesis which is an ULTIMATE-
ETIOLOGY is one which could stand alone as 
a d i a g n o s i s , for which a more basic cause 
does not have to be sought or is not known. 

The system knows about several 
d i f f e r e n t types of f indings: LAB-DATA, 
PHYSICAL-EXAM. SYMPTOM, FACT and FAMILY-
HISTORY. The process of deciding whether 
or not a p a r t i c u l a r p a t i e n t f i n d i n g is 
r e l e v a n t to the symptom d e s c r i p t i o n in the 
knowledge network and thus relevant to the 
disease hypothesis i s c a l l e d f i t t i n a ; (see 
<Winograd> and <Minsky> for e a r l i e r uses of 
t h i s term i n frame theory) I t requires 
t r y i n g t o f i t a p a r t i c u l a r f i n d i n g -
d e s c r i p t i o n i n t o a sometimes more general 
s p e c i f i c a t i o n . The r e s u l t o f t h i s f i t t i n g 
process is that the f i n d i n g - s p e c i f i c a t i o n 
is e i t h e r confirmed or disconf irmed. if the 
f i n d i n g contains enough d e t a i l ; i f more 
i n f o r m a t i o n is needed to see if the f i n d i n g 
f i t s the s p e c i f i c a t i o n , the doctor o f t e n 
asks more questions. 

The time of occurrence of the symptoms and 
the time r e l a t i o n s h i p s indicated in the 
knowledge net are also taken i n t o account 
i n f i t t i n g , as described in <Rubin>. 

During the course of a diagnostic 
session, nodes of the data network change 
s t a t e w i t h the a d d i t i o n of new information 
about the p a t i e n t . while f i n d i n g -
s p e c i f i c a t i o n s may be e i t h e r conf irmed or 
di sconf irmed. elementary hypotheses, 
because they are not d i r e c t l y confirmable, 
have a more complicated set of a l t e r n a t i v e 
s t a t e s . when a diagnostic session s t a r t s , 
a l l elementary hypotheses are inact ive: 
that i s , no p a r t i c u l a r disease has been 
suggested by the p a t i e n t ' s symptoms. As 
more data is presented, c e r t a i n hypotheses 

become a c t i v e by v i r t u e of t h e i r 
c o r r e l a t i o n w i t h and a b i l i t y to account for 
the f i n d i n g s present. Once a hypo thesis it 
a c t i v e , i t i s evaluated a f t e r the a d d i t i o n 
of every f i n d i n g to see how well it f i t s 
the data so far and some score is produced 
which represents the l i k e l i h o o d of that 
disease's being present. On the basis of 

t h i s process, a hypothesis may be accepted 
or re i e c t e d i in most cases, however, no 
d e f i n i t e d e c i s i o n w i l l be made, but i t s 
score w i l l be modified to r e f l e c t the 
e f f e c t of the new data. An accepted 
elementary hypothesis is one for which the 
evidence i s s u f f i c i e n t l y s p e c i f i c t o r u l e 
out any other cause for the symptoms 
present. For example, the presence of REO-
BLOOD-CELL-CASTS confirms the diagnosis of 
GLOMERULI TIS, making it an accepted 
hypothesis, but the very same f i n d i n g makes 

SICKLE-CELL-TRAIT a r e j e c t e d hypothesis 
F i n a l l y , c o n s i d e r a t i o n of an elementary 
hypothesis may be deferred u n t i l more 
s u p p o r t i n g symptoms are known. This 
process helps reduce the number of 
c o n c u r r e n t l y - a c t i v e hypotheses. 

How does the magic transformation 
from a bunch of symptoms to a f i n a l 
d i a g n o s i s take place? The process seems to 
be d i v i d e d i n t o four steps: di sbosina. 
t r i g g e r i n g , local evaluation and g l o j t f l 
assembl ino. This series of four steps is 
performed a f t e r the a d d i t i o n of each 
f i n d i n g . A b r i e f d e s c r i p t i o n of the four 
stages f o l l o w s ; the t h i r d and f o u r t h w i l l 
be discussed in more d e t a i l below. 

1.Sometimes the cause of a f i n d i n g 
i« c l e a r when the f i n d i n g is encountered; 
t h i s i s most o f t e n the case whan the 
e x p l a n a t i o n is a FACT. In such a 
circumstance, the doctor di sboees of the 
f i n d i n g as a r e s u l t of some already-
accepted ettoJogy rather than t r y i n g to 
f i n d a new explanation. For example, 
suppose a p a t i e n t is brought i n t o the 
emergency room of a c i t y h o s p i t a l a f t e r an 
automobile accident; i f h i s urine contains 
blood, the doctor should surely a t t r i b u t e 
it to abdominal trauma, rather than 
c o n s i d e r i n g GLOMERULITIS. 

2.Triaaer ino is a process by which 
an elementary hypothesis makes the 
t r a n s i t i o n from the i n a c t i v e to the a c t i v e 
s t a t e . A subset of the symptoms which are 
r e l e v a n t to a disease are marked as 
t r i g g e r s . Uhen a symptom is asserted to be 
present in the current case, it act ivates 
a l l those elementary hypotheses for which 
it has been designated a t r i g g e r . For 
example, DYSURIA ( p a i n f u l u r i n a t i o n ) 
t r iggers URINARY-TRACT-INFECTION; NAUSEA 
by i t s e l f t r i g g e r s nothing, as it is a 
common f i n d i n g i n many disorders. 

3.Each elementary hypothesis has an 
as s o c i a t e d l o c a l e v a l u a t i o n function which 
produces a value r e p r e s e n t a t i v e of how 
l i k e l y the disease is to be present given 
the data. Each of the hypotheses c u r r e n t l y 
a c t i v e is evaluated, taking the new f i n d i n g 
i n t o account. The evaluation done at t h i s 
stage Is local in that the functions do not 
ask questions about the status of other 
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e l e m e n t a r y hypotheses, or consider symptoms 
o t h e r t h a n thoee r e l e v a n t t o the diseaee 
h y p o t h e s i s b e i n g e v a l u a t e d . 

4.The purpose of g l o b a l assemblu. 
t h e f o u r t h s t a g e , i s t o arrange the v a r i o u s 
l o c a l e l e m e n t a r y hypotheses i n t o a l a r g e r 
s t r u c t u r e which i s b o t h coherent and 
adequate. The r u l e s of coherence have to 
do w i t h the wage to connect v a r i o u s 
e l e m e n t a r y hypotheses through l i n k s l i k e 
CAUSE. COMPLICATION and EVIDENCE. An 
adequate h y p o t h e s i s is one which accounts 
f o r a l l t h e abnormal f i n d i n g s i n a case and 
is t h e end g o a l of a d i a g n o s t i c process. 

L o c a l E v a l u a t i o n 

Any h y p o t h e s i s - b a s e d theory needs a 
method f o r e v a l u a t i n g a n elementary 
h y p o t h e s i s - in t h i s case, a s i n g l e disease 
o r syndrome - i n i s o l a t i o n . C o r r e l a t i o n s 
between symptoms and diseases are the major 
d e t e r m i n a n t s of such e v a l u a t i o n . One such 
c o r r e l a t i o n i s the c o n d i t i o n a l p r o b a b i l i t y 
of a symptom g i v e n a disease. I have c a l l e d 
such numbers EXPECTATIONS. In Bayesian 
terms they a r e P(5/D) (read "the 
p r o b a b i I i t y of S g i v e n 0") , where S is the 
symptom and 0 the p a r t i c u l a r disaase in 
q u e s t i o n . These c o r r e l a t i o n s , however, are 
a l l d i s e a s e - c e n t e r e d : t h a t i s , they s p r i n g 
d i r e c t l y from the d e s c r i p t i o n o f a disease. 
( l o r e u s e f u l d i a g n o s t i c i n f o r m a t i o n i s 
sumotom-centered. s i n c e a d i a g n o s i s 
p r o c e e d s from symptoms to diseases. 

T h i s o t h e r more s o p h i s t i c a t e a type 
of i n f o r m a t i o n is what I have termed 
EVIDENCE; i n Bayesian terms, i t i e the 
c o n d i t i o n a l p r o b a b i l i t y o f a disease g i v e n 
a symptom, or P(0/S). The c o m p l e x i t y of 
t h e t r a n s f o r m a t i o n o f i n f o r m a t i o n from 
EXPECTATIONS t o EVIOENCE (see < F e l l e r > ) 
makes p l a u s i b l e the idea t h a t p a r t of a 
d o c t o r ' s e x p e r t i s e l i e s i n the t r a n s l a t i o n 
of knowledge from the d i s e a s e - c e n t e r e d mode 
to t h e symptom-centered mode. 

A l o c a l s c o r i n g a l g o r i t h m must take 
i n t o c o n s i d e r a t i o n b o t h p o s i t i v e and 
n e g a t i v e c o n t r i b u t i o n s t o the c u r r e n t 
h y p o t h e s i s . I n g e n e r a l the presence o f 
r e l e v a n t symptoms (EVIDENCE) w i l l add t o 
t h e v a l i d i t y s c o r e o f a n elementary 
h y p o t h e s i s , u h i Ie t h e i r absence (VIOLATED 
EXPECTATIONS) u i I I s u b t r a c t from i t . The 
p r e s e n c e o f FEVER w i l l add t o the v a l i d i t y 
o f STREP-INFECTION, w h i l e i t s absence w i l l 
s u b t r a c t . The s c o r i n g a l g o r i t h m we 
d e v e l o p e d t a k e s i n t o account both p o s i t i v e 
and n e g a t i v e e v i d e n c e f o r a h y p o t h e s i s and 
s c o r e s a r e n o r m a l i z e d b y being d i v i d e d b y 
t h e i r h i g h e s t p o s s i b l e t o t a l score. 

The s c o r i n g a l g o r i t h m a l s o takes 
i n t o account d i f f e r i n g s t r e n g t h s o f 
p r o p e r t i e s , the i n c l u s i o n o f ISA l i n k s and 
symptoms a s s o c i a t e d u i t h a h i e r a r c h y of 
d i s e a s e s , and age and sex of the p a t i e n t , 
and o p e r a t e s w i t h o n l y four l e v e l s o f 
EVIDENCE (SUFFICIENT.STRONC. MODERATE,UEAK) 
and f o u r o f EXPECTATION (NECESSARY, STRONG, 
MODERATE,UEAK). O e t a i l s of the a l g o r i t h m 
can be f o u n d in <Rubin>, but more important 
t o t h e p r e s e n t d i s c u s s i o n are the aspects 

o f l o c a l e v a l u a t i o n which serve t o reduce 
t h e number of hypotheses a c t i v e l y being 
c o n s i d e r e d at any g i v e n time. 

A h y p o t h e s i s may be a c t i v a t e d by 
one o f i t s t r i a o e r s . A h y p o t h e s i s which i s 
n o t a c t i v e i s not b e i n g c u r r e n t l y 
c o n s i d e r e d o r e v a l u a t e d . This s e l e c t i v e 
a c t i v a t i o n of hypotheses is one way to 
c o n t r o l the number of diseases being 
a c t i v e l y c o n s i d e r e d a t any time. N o t i c e 
t h a t t h i e use o f t r i g g e r s i s c e r t a i n t y a 
h e u r i s t i c d e v i c e , s i n c e the d i a g n o s i s f o r 
t h e p a r t i c u l a r case on hand may not be one 
o f t h o s e t r i g g e r e d . 

A second way of m i n i m i z i n g 
h y p o t h e s e s i s t o r e j e c t u n l i k e l y ones. One 
method o f r e j e c t i o n i s t o i n c l u d e i n a 
d i s e a s e ' s s i i c e r e j e c t i n g aumotoms whose 
p r e s e n c e p r e c l u d e s t h a t disease's 
e x i s t e n c e . For example, the presence of 
RED-BLOOO-CELL-CASTS r u l e s out the 
d i a g n o s i s of SICKLE-CELL-TRAIT. 

In a d d i t i o n , we can a s s i g n a p r i o r i 
p r o b a b i l i t i e s to diseases. The age and sex 
o f a p a t i e n t a f f e c t t h i s p r o b a b i l i t y 
p r o f o u n d l y . Combining age, sex and disease 
l e a d s to a u s e f u l number r e p r e s e n t i n g the 
p r o b a b i l i t y o f the disease o c c u r r i n g i n a 
p a t i e n t o f p a r t i c u l a r age and sex. I f t h i s 
number is e s p e c i a l l y low, we may consider 
i t 0 f o r h e u r i s t i c purposes and put the 
h y p o t h e s i s on the DEFERRED-LIST. 

The t h e o r y presented so f a r has 
been a I i n e a r one. Such a theory assumes 
t h a t s u b p a r t s of a problem can be t r e a t e d 
i n d e p e n d e n t l y and the s o l u t i o n s to those 
subproblems combined w i t h o u t a l t e r a t i o n . 
Of c o u r s e , t h e r e are i n t e r a c t i o n s among 
symptoms which c o n t r a d i c t the l i n e a r i t y 
h y p o t h e s i s . The t h r e e examples of non-
l i n e a r i t y d e s c r i b e d below i l l u s t r a t e some 
ways o f d e a l i n g w i t h i n t e r a c t i o n s . 

B o t h HEMATURIA and PROTEINURIA are 
EVIDENCE f o r GLOMERULITIS and G-U-TRACT-
BLEEDING. Houever, t h e i r r e l a t i v e 
s e v e r i t i e s d i f f e r i n these two hypotheses. 
I n G-U-TRACT-BLEEOING, we expect the r a t i o 
o f HEMATURIA t o PROTEINURIA to be near t h a t 
i n u h o l e b l o o d ; f o r HEMATUIRA GROSS we 
e x p e c t PROTEINURIA LIGHT. In GLOMERULITIS, 
on the o t h e r hand, t h e r e should be 
r e l a t i v e l y more PROTEINURIA than i n G-U-
TRACT-BLEEDING ; f o r PROTEINURIA M00ERATE, 
we w o u l d e x p e c t HEMATURIA MICROSCOPIC or 
LIGHT. The approach I have taken to t h i s 
i n t e r a c t i o n i s t o s p e c i f y f o r each disease 
o r s t a t e w h i c h c o m b i n a t i o n s would r u l e j j . 
QUI. Thus (AND (HEMATURIA GROSS) 
(PROTEINURIA LIGHT)) p r e c l u d e s 
GLOMERULITIS, w h i l e (AND (HEMATURIA LIGHT) 
(PROTEINURIA HEAVY)) p r e c l u d e s G-U-TRACT-
BLEEDING. 

The ASLO ( a n t i - s t r e p t o l y s i n - 0 ) 
t i t e r o f t e n r i s e s s e v e r a l weeks a f t e r a 
p e r s o n has had a STREP-INFECT I ON, 
i n d i c a t i n g t h a t the body i s f i g h t i n g the 
i n f e c t i o n w i t h a n t i b o d i e s . Taking 
PENICILLIN t o combat the i n f e c t i o n , 
however, o f t e n squelches the a n t i b o d y 
r e s p o n s e . I f a d o c t o r were a c t i v e l y 
c o n s i d e r i n g STREP-INFECTION. ASLO-TITER 
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(RESULT NORMAL) would represent a v i o l a t e d 
e x p e c t a t i o n . An excuse is sometimes 
a v a i l a b l e for the absence of an expected 
f i n d i n g ; i n t h i s case PENICILLIN (STATUS 
TAKEN) would excuse a normal ASLO-TITER. 
The STREP-INFECTION hypothesis is evaluated 
as if ASLO-TITER uere not a relevant 
symptom uhen p e n i c i l l i n has been taken. 

Two or more diseases may resemble 
each other i n many of t h e i r c r u c i a l 
aspects; it is p a r t i c u l a r l y important to be 
able t o t e l l them apart. Besides being a 
p o s s i b l e p i t f a l l i n causing misdiagnoses, 
f i n d i n g s which are shared among diseases 
can a l s o be used h e u r i s t i c a l l y to avoid 
a c t i v a t i n g an undue number of hypotheses. 
Suppose diseases A and B share findings X, 
Y and Z, but are d i f f e r e n t i a t e d by Q's 
occurrence in A but not B. If X and Y are 
present, we can consider B but not A, 

p r o v i d e d there is also a piece of h e u r i s t i c 
i n f o r m a t i o n ( c a l l e d a DIFFERENTIAL-
DIAGNOSIS) which a c t i v a t e s A and r e j e c t s B 
if Q is discovered. 

Global Assembly 

Host of the diagnoses at which 
do c t o r s f i n a l l y a r r i v e are not represented 
by a s i n g l e elementary hypothesis. 
P a t i e n t s o f t e n have more than one r e l a t e d 
or even t o t a l l y unrelated diseases. A 
f i n a l diagnosis may be GLOMERULITIS 
COriPLICATED-BY NEPHR0TIC-SYN0ROT1E or FGN 
and HYPERTENSION ESSENTIAL. Clearly we 
need some way to discover and specify these 
more complex hypotheses as well as to 
combine p a t h o l o g i c a l states which are 
themselves elementary hypotheses i n t o a 
larger hypothesis which postulates a s i n g l e 
cause f o r a l t of them. These concerns are 
handled by the aIobaI assemblu stage of 
processing, which puts together coherent 
and adequate hypotheses. The processes in 
t h i s stage are described in terms of 
matching a p a t t e r n (a template) and 
performing some a c t i o n on the basis of that 
match. 

A coherent hypothesis consists of 
two or more elementary hypotheses joined by 
"coherence l i n k s " which include ISA, CAUSE, 
COflPLICATION-OF. 0EVEL0PS-1NT0 and EVIDENCE 
l i n k s . Coherent hypotheses are constructed 
out of a l r e a d y - a c t i v e hypotheses and, 
perhaps, some i n a c t i v e ones as w e l l , which 
are a c t i v a t e d in the course of constructing 
the larger hypothesis. Each type of 
coherent hypothesis can be represented as a 
"template" uhich is placed on the p a t i e n t ' s 
data s t r u c t u r e ; present f i n d i n g s , a c t i v e 
hypotheses and necessary l i n k s are the 
s t r u c t u r e s which must match. The a c t i o n 
taken when a template matches consists of 
j o i n i n g the matched components together, 
along w i t h newly-activated hypotheses. Two 
coherent hypothesis types are described 
below. 

Symptoms are o f t e n not connected 
d i r e c t Iy to t h e i r di seases, but to 
intermediately-general pathological states. 
It is thus important to be able to 
reconnect the symptoms to the actual 
disease; t h i s is done v i a EVIDENCE-chained 
hypotheses. They are formed uhen two or 
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more a c t i v e elementary hypotheses have 
EVIDENCE chains which i n t e r s e c t at a single 
e t i o l o g y . For example, i f SO0IUM-RETENTI0N 
and ACUTE-RENAL-FAILURE were both a c t i v e , 
we would want to u n i f y them i n t o a 
hypothesis which postulated AGN. See 
Diagram 2 for an i l l u s t r a t i o n of a template 
f o r t h i s type of hypothesis. 

Forming a coherent hypothesis w i t h 
CAUSE. COtlPLICATION-OF or DEVELOPS-INTO 
l i n k s may not involve a c t i v a t i n g any new 
elementary hypotheses a t a l l . I f two 
a c t i v e hypotheses are connected by a CAUSE, 
COtlPLICATION-OF or DEVEL0PS-INT0 l i n k , they 
may be j o i n e d i n t o one composite 
hypothesis. More i n t e r e s t i n g is the case 
uhere a new elementary hypothesis must ba 
a c t i v a t e d . A template for t h i s s i t u a t i o n 
is contained in Diagram 3. CLOTTING-
DISORDER i s a c t i v a t e d in order to provide 

the l i n k between HEMATURIA and PREGNANCY. 
In words, we can a c t i v a t e an intermediate 
hypothesis which has one (non-trigger) 
f i n d i n g present and is also connected by a 
CAUSE, C0HPLICATI0N-0F or DEVELOPS-INTO 
l i n k to an a c t i v e hypothesis. The neuly-
a c t i v a t e d hypothesis provides a l i n k 
between the two nodes. 

U l t i m a t e l y , the global assembly 
stage must come up w i t h an adequate 
hypothesis. The primary c h a r a c t e r i s t i c of 
an adequate hypothesis is that is accounts 
f o r a l l the abnormalities noted, u h i l e 
m a i n t a i n i n g as much s i m p l i c i t y as possible. 
An adequate hypothesis consists of several 
independent p a r t s , each of which is a 
coherent hypothesis. Each component must 
a l s o be an ULTIMATE-ETIOLOGY or, in the 
case of more complex coherent hypotheses, 
it must c o n t a i n some ULTIMATE-ETIOLOGY. In 
a d d i t i o n , a l l accepted elementary 
hypotheses must be subsumed in the f i n a l 
d i a g n o s i s , e i t h e r by themselves, or as part 
of a larger coherent hypothesis. For 
example, the f o l l o w i n g is an adequate 
hypothesi s: 

LGN 
(DURATION (YEARS 10)) 

HYPERTENSION ESSENTIAL 
(DURATION (YEARS 5)) 

FAMILY-HISTORY NEPHRITIS 

N o t i c e that the second component of t h i s 
h ypothesis is HYPERTENSION ESSENTIAL, not 
HYPERTENSION CHRONIC; t h i s is because only 
HYPERTENSION ESSENTIAL is marked as an 
ULTIMATE -ETIOLOGY. HYPERTENSION CHRONIC is 
a symptom, not an explanation, while 
HYPERTENSION ESSENTIAL i s an explanation 
( a c t u a l l y the admission that no other 
e x p l a n a t i o n has been found') E s s e n t i a l l y , a 
process which b u i l d s adequate hypotheses 
must par t i t i on the symptoms i n t o possibly 
n o n - d i s j o i n t subsets and account for each 
subset w i t h some coherent hypothesis. 
S t r a t e g i e s f o r t h i s p a r t i t i o n i n g (sea 
<Rubin>> c o n t r i b u t e f u r t h e r to the process 
of m i n i m i z i n g the number of a c t i v e 
hypotheses. 

Summaru 

The area of medical diagnosis has 
been i n v e s t i g a t e d as an A . I . problem and a 





s t r u c t u r e f o r medical knowledge proposed. 
The process p o s t u l a t e d to act on that 
s t r u c t u r e has as one of i t s goals the 
M i n i m i z a t i o n of the number of hypotheses 
a c t i v e l y considered at any one time. Local 
vs. g l o b a l e v a l u a t i o n and l i n e a r i t y vs. 
i n t e r a c t i o n have also been studied w i t h i n 
the context of the theory. 
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