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ABSTRACT 

We d e s c r i b e an oncology p r o t o c o l management 
system, named ONCOCIN, t h a t is designed to a s s i s t 
p h y s i c i a n s i n the t r e a t m e n t o f cancer p a t i e n t s . 
The system is a c t u a l l y a se t of programs, one of 
which is a r u l e - b a s e d reasoner t h a t encompasses the 
necessary knowledge of cancer chemotherapy. 
Represen ta t i on and c o n t r o l t echn iques are 
d i s c u s s e d , and ONCOCIN is c o n t r a s t e d w i t h systems 
t h a t cou ld be b u i l t u s i ng EMYCIN. Of p a r t i c u l a r 
i n t e r e s t is the need to p r o v i d e ONCOCIN w i t h an 
i n t e r f a c e t h a t w i l l make the system accep tab le t o 
o n c o l o g i s t s . 

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

Th i s r e p o r t d e s c r i b e s an oncology p r o t o c o l 
management sys tem, named ONCOCIN a f t e r i t s domain 
o f e x p e r t i s e (cancer t h e r a p y ) and i t s h i s t o r i c a l 
debt to MYCIN [ 5 ] . The program c o n s i s t s of a se t 
o f i n t e r r e l a t e d subsystems, the p r i n c i p a l ones 
b e i n g : 

(1 ) the Reasoner, a r u l e - b a s e d e x p e r t 
c o n s u l t a n t t h a t i s t he core o f the system 
and the major s u b j e c t o f t h i s r e p o r t ; and 

(2) the I n t e r v i e w e r , an i n t e r f a c e program t h a t 
c o n t r o l s a h igh-speed t e r m i n a l and the 
i n t e r a c t i o n w i t h the p h y s i c i a n s u s i n g the 
sys tem. 

Work on ONCOCIN began in m id -1979 , and the system 
was i n s t a l l e d f o r p r e l i m i a n r y use in May 1981. 
Th is paper d e s c r i b e s o n l y the Reasoner, a l t hough 
o the r system components are ment ioned when t h e i r 
i n t e r f a c e w i t h the Reasoner is p e r t i n e n t . We a l s o 
c o n t r a s t ONCOCIN w i t h EMYCIN [ 8 ] , e x p l a i n i n g why 
the EMYCIN fo rma l i sm was inadequate f o r our 
purposes a l t hough i t d i d s t r o n g l y i n f l u e n c e the 
sys tem 's r u l e -based d e s i g n . 

I I Overview of t he Problem Domain 

ONCOCIN i s des igned t o a s s i s t c l i n i c a l 
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o n c o l o g i s t s i n the t r e a t m e n t o f cancer p a t i e n t s . 
Because the op t ima l the rapy f o r most cancers is not 
y e t known, c l i n i c a l oncology research i s commonly 
based on fo rma l exper iments t h a t compare the 
t h e r a p e u t i c b e n e f i t s and s i de e f f e c t s ( t o x i c i t y ) o f 
proposed a l t e r n a t i v e d isease t r e a t m e n t s . "Cancer" 
is a genera l term f o r many d iseases hav ing 
d i f f e r e n t prognoses and n a t u r a l h i s t o r i e s . A 
t r e a t m e n t t h a t is e f f e c t i v e a g a i n s t one tumor may 
be i n e f f e c t i v e a g a i n s t a n o t h e r . Thus a t y p i c a l 
cancer research cen te r may conduct many 
s imu l taneous expe r imen ts , each concerned w i t h a 
d i f f e r e n t k i n d o f cancer and i t s o p t i m a l the rapy 
( i . e . , the t r ea tmen t p lan w i t h the best chance o f 
c u r e , r e m i s s i o n , o r r e d u c t i o n i n tumor s i z e , and 
the l e a s t chance o f s e r i o u s s i de e f f e c t s ) . 

Each of these exper iments is termed a 
" p r o t o c o l " . P a t i e n t s w i t h tumors o f t he type be ing 
s t u d i e d , and who are accepted f o r p r o t o c o l 
t r e a t m e n t , are randomly ass igned to r e c e i v e one o f 
two or more p o s s i b l e t r e a t m e n t s . The exper iment 
r e q u i r e s c l ose m o n i t o r i n g o f each p a t i e n t ' s 
c l i n i c a l response and t r e a t m e n t t o x i c i t y . These 
data are t a l l i e d f o r a l l p a t i e n t s t r e a t e d under the 
a l t e r n a t i v e reg imens, and in t h i s way the " s t a t e -
o f - t h e - a r t " i s updated over t i m e . 

Each p r o t o c o l i s d e s c r i b e d in a d e t a i l e d 
document, o f t e n 40 to 60 pages in l e n g t h , which 
s p e c i f i e s the a l t e r n a t i v e t h e r a p i e s be ing compared 
and the da ta t h a t need to be c o l l e c t e d . No s i n g l e 
p h y s i c i a n i s l i k e l y t o remember the d e t a i l s i n even 
one o f these p r o t o c o l documents, no t to ment ion the 
30 to 60 p r o t o c o l s t h a t may be used in a major 
cancer c e n t e r . A l though an e f f o r t is made to have 
the documents a v a i l a b l e i n t he oncology c l i n i c s 
when p a t i e n t s are be ing t r e a t e d f o r t h e i r tumors , 
i t i s o f t e n the case t h a t a busy c l i n i c schedu le , 
coupled w i t h a complex p r o t o c o l d e s c r i p t i o n , leads 
a p h y s i c i a n to r e l y on h i s memory when d e c i d i n g 
drug doses o r what l a b o r a t o r y t e s t s to o r d e r . 
Fu r the rmore , s o l u t i o n s f o r a l l p o s s i b l e t r ea tmen t 
problems cannot be s p e l l e d ou t in p r o t o c o l s . 
Phys i c i ans use t h e i r own Judgment in t r e a t i n g these 
p a t i e n t s , r e s u l t i n g i n some v a r i a b i l i t y i n 
t r e a t m e n t from p a t i e n t t o p a t i e n t . Thus p a t i e n t s 
be ing t r e a t e d on a p r o t o c o l do not always r e c e i v e 
the rapy i n e x a c t l y the manner t h a t the expe r imen ta l 
des ign sugges ts , and the da ta needed f o r fo rma l 
a n a l y s i s o f t r ea tmen t r e s u l t s are not always 
comp le te l y and a c c u r a t e l y c o l l e c t e d . 
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The problems we have described reach far 
beyond the oncology c l i n i c at Stanford Medical 
Center. There are now several i n s t i t u t i ons 
designing protocol management systems to make the 
de ta i l s of treatment protocols readi ly avai lable to 
oncologists and to insure that complete and 
accurate data are col lected . ONCOCIN is 
supe r f i c i a l l y s imi lar to some of the developing 
systems, but i t s research object ives are unique in 
ways we describe in the fo l lowing sect ion. One 
overr id ing point requires emphasis: in order to 
achieve i t s goals, ONCOCIN must be used d i rec t l y by 
busy c l i n i c i a n s ; the impl icat ions of t h i s 
constra int have pervaded a l l aspects of the system 
design. 

I l l Design Considerations 

The design of the ONCOCIN system has been 
influenced by the two para l le l thrusts of the 
p ro jec t ' s research aims. The f i r s t is to perform 
research in to the basic science issues of applied 
a r t i f i c i a l i n te l l i gence . Ef for ts are being made to 
improve the tools current ly avai lable, and to 
develop new tools for bui ld ing knowledge-based 
expert systems for medical consul tat ion. Other 
areas of AI research include the extension of 
methods of in terac t ion between rule-based 
consultat ion systems and a large database of t ime-
oriented c l i n i c a l in format ion, decision making 
based upon trends over t ime, and the development of 
techniques for assessing knowledge base 
completeness and consistency. 

The second thrust is to develop a c l i n i c a l l y 
useful oncology consultat ion t o o l . One of the 
primary goals of the project is to demonstrate that 
a rule-based consultat ion system with an 
explanation capab i l i t y can be usefu l ly applied in a 
busy c l i n i c a l environment. While working to 
achieve t h i s goal, we hope to establ ish both an 
e f fec t i ve re la t ionsh ip with a speci f ic group of 
physicians, and a s c i e n t i f i c foundation, that w i l l 
together f a c i l i t a t e future research and 
implementation of computer-based tools for c l i n i c a l 
decision making. 

IV System Overview 

The ONCOCIN system w i l l eventually contain 
knowledge about most of the protocols in use at the 
Oncology C l in ic at Stanford Medical Center. 
Although protocol knowledge is largely specif ied in 
a wr i t ten document, many questions arise in 

A memo from the MIT Laboratory for Computer 
Science [7] describes a recent col laborat ion 
between MIT and oncologists who have been bui ld ing 
a protocol management system at Boston Universi ty 
[ 3 ] . They are planning to develop a program for 
designing new chemotherapy protocols. To our 
knowledge, t h i s is the only other project that 
proposes to use AI techniques in a c l i n i c a l 
oncology system. However, the stated goals of that 
e f f o r t are d i f f e ren t from those of ONCOCIN. 

t rans la t ing the information in to a computer-based 
format. Knowledge base development has therefore 
been dependent on the act ive col laborat ion of 
Stanford oncologists. We have started by encoding 
the knowledge contained in the protocols for 
treatment#of Hodgkins Disease and the non-Hodgkins 
lymphomas . 

In standard use of the system, the physician 
uses a video display terminal , a f ter examining a 
pat ient , to in terac t with ONCOCIN's data-
acquis i t ion program (the In terv iewer) . The session 
normally includes: reviewing t ime-oriented data 
from the pat ien t 's previous v i s i t s to the c l i n i c , 
entering information regarding the current v i s i t , 
and receiving recommendations generated by the 
"Reasoner" for appropriate therapy and tes ts . The 
Reasoner and Interviewer are l inked with one 
another as shown in F ig . 1. In generating i t s 
recommendation, the Reasoner uses i n i t i a l data 
about the pa t ien t ' s diagnosis, data about previous 
treatment, resul ts of current laboratory tes ts , 
plus the protocol -spec i f ic information in i t s 
knowledge base. Before terminating an in te rac t ion , 
the physician can examine the explanation provided 
with each recommendation . The physician may 
approve or modify ONCOCIN's recommendation; any 
changes are noted by the system and kept avai lable 
for future review. ONCOCIN also provides hard-copy 
backup to complement the on- l ine in teract ion and 
f a c i l i t a t e communication among c l i n i c personnel. 

To ensure that busy c l i n i c i ans w i l l f ind 
ONCOCIN fast and easy to use (as wel l as simple to 
lea rn ) , a special terminal in ter face has been 
b u i l t . This Interviewer (F ig . 1) includes hardware 
and software features not often found in current 
medical systems. A customized keyboard 
incorporates a keypad for most of the entry and 
command funct ions. The Interviewer uses a high-
speed video display terminal with mul t ip le windows; 
simulating the appearance of the flowsheet that 
current ly appears in the c l i n i c chart and which is 
used to record a l l the data required for adequate 
protocol analysis. As the physician enters 
flowsheet informat ion, relevant pat ient data are 
passed to the Reasoner, which is simultaneously 
considering the case and preparing a recommendation 
to pass back to the Interviewer for d isplay. The 
need for a terminal in ter face that provides rapid 
response to user t ype - i n , while simultaneously 
sa t i s fy ing the computational demands of the 
reasoning process, has led us to design a complex 
system archi tecture with asynchronous processes. 

We also implemented the complex protocol for 
t rea t ing oat c e l l carcinoma of the lung. Because 
the oat c e l l protocol is the most complex at 
Stanford, and it took only a month to encode the 
relevant ru les , we are confident that the 
representation scheme we have devised w i l l be able 
to manage, with only minor modi f icat ions, the other 
protocols we plan to encode in the fu ture . 

We have chosen a representation that w i l l 
also eventually allow ONCOCIN to of fer a 
j u s t i f i c a t i o n for any intermediary conclusions that 
the system made in der iv ing the advice. 
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The Reasoner and the I n t e r v i e w e r each run in a 
sepa ra te f o r k under t he TENEX or TOPS-20 o p e r a t i n g 
sys tems, the rebv a p p r o x i m a t i n g a p a r a l l e l 
p rocess i ng system . S e p a r a t i o n o f t h e i n t e r f a c e 
program from the reason ing program a l l o w s the user 
t o r e c e i v e prompt a t t e n t i o n when e n t e r i n g f l owshee t 
v a l u e s ; the I n t e r l i s p program, r u n n i n g i n 
background, i s no t p e r m i t t e d to s low down the 
i n t e r a c t i o n . 

f o r a g i v e n parameter ; 

(2 ) ONCOCIN does not r e q u i r e many of the 
c a p a b i l i t i e s p r o v i d e d by EMYCIN. 

(3 ) Because o f t he n a t u r e o f the i n t e r a c t i o n 
w i t h the I n t e r v i e w e r , ONCOCIN needs to 
ope ra te in a d a t a - d r i v e n mode. A l though 
EMYCIN has l i m i t e d a l l owance f o r fo rward 
c h a i n i n g o f r u l e s , i t would b e 
i n c o n v e n i e n t t o f o r c e a l a r g e l y d a t a -
d r i v e n reason ing process i n t o t he EMYCIN 
f o r m a t . 

B Rep resen ta t i on 

Knowledge about the onco logy domain is 
r ep resen ted us ing f o u r main t ypes o f da ta 
s t r u c t u r e : C o n t e x t s , Parameters , Ru les , and C o n t r o l 
B l o c k s . 

Con tex ts r e p r e s e n t concepts o r e n t i t i e s o f the 
domain about which the system needs s t a t i c 
knowledge, and a i d in o r g a n i z i n g the knowledge 
base. I n d i v i d u a l c o n t e x t s are c l a s s i f i e d by t ype 
( e . g . , d i s e a s e , p r o t o c o l , or chemotherapy) and can 
be ar ranged h i e r a r c h i c a l l y . Dur ing a c o n s u l t a t i o n , 
a l i s t o f " c u r r e n t " c o n t e x t s i s c rea ted a s 
i n f o r m a t i o n i s g a t h e r e d . These c u r r e n t c o n t e x t s 
t o g e t h e r p r o v i d e a h i g h - l e v e l d e s c r i p t i o n o f the 
p a t i e n t i n terms o f known chemotberapeu t i c p l a n s . 
Th i s d e s c r i p t i o n serves t o focus the sys tem 's 
recommendation process by s p e c i f y i n g the s i t u a t i o n 
when a r u l e can be a p p l i e d or when da ta shou ld be 
r e q u e s t e d . Knowledge can be s p e c i f i c to one or 
more c o n t e x t s a t v a r y i n g l e v e l s o f the c o n t e x t u a l 
h i e r a r c h y . 

Parameters r e p r e s e n t the a t t r i b u t e s o f 
p a t i e n t s , d rugs , t e s t s , e t c . t h a t are r e l e v a n t f o r 
the p r o t o c o l management task ( e . g . , wh i t e b lood 
c o u n t , recommended dose, or whether a p a t i e n t has 
had p r i o r r a d i o t h e r a p y ) . Each p iece o f i n f o r m a t i o n 
accumulated d u r i n g a c o n s u l t a t i o n is rep resen ted as 
the va lue o f a parameter . There are t h r e e s teps in 
d e t e r m i n i n g the va lue o f a paramete r . F i r s t , the 
system checks to see i f t he va lue can be determined 
b y d e f i n i t i o n i n the c u r r e n t c o n t e x t . I f n o t , the 
" n o r m a l " method o f f i n d i n g the va lue i s used: i f 
the parameter cor responds to a p iece o f l a b o r a t o r y 
da ta t h a t the user i s l i k e l y t o know, i t i s 
reques ted o f the u s e r ; o t h e r w i s e , r u l e s f o r 
c o n c l u d i n g the parameter are t r i e d . F i n a l l y , t he 
system may have a ( p o s s i b l y c o n t e x t - d e p e n d e n t ) 
d e f a u l t va lue t h a t i s used i n the event t h a t t he 

Th i s same p o i n t l e d to the development o f 
the VM system [ 2 ] , a r u l e - b a s e d program t h a t was 
i n f l u e n c e d by EMYCIN but d i f f e r e n t i n i t s d e t a i l e d 
imp lemen ta t i on because o f t h e need to f o l l o w t r e n d s 
i n p a t i e n t s under t r e a t m e n t i n an i n t e n s i v e care 
u n i t . The development o f s i m i l a r c a p a b i l i t i e s f o r 
ONCOCIN is an a c t i v e area of r esea rch at p r e s e n t . 
The i n i t i a l p e r s i o n o f the sys tem, however, encodes 
o n l y the knowledge f rom t h e p r o t o c o l s and does no t 
cons ide r o the r f a c t o r s t h a t r e l y o n e x p e r t 
judgment . 
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ONCOCIN's Heasoner communicates w i t h the 
I n t e r v i e w e r d u r i n g a c o n s u l t a t i o n . The need to 
i n t e r a c t w i t h t h i s s p e c i a l i z e d i n t e r f a c e program i s 
one of s e v e r a l reasons t h a t we chose to b u i l d 
ONCOCIN f rom s c r a t c h r a t h e r than to implement i t as 
a new EMYCIN system [ 8 ] . Other i m p o r t a n t 
d i f f e r e n c e s between ONCOCIN's a p p l i c a t i o n and the 
domains f o r which EMYCIN systems have been b u i l t 
i n c l u d e the f o l l o w i n g : 

(1) ONCOCIN r e q u i r e s s e r i a l c o n s i d e r a t i o n o f 
each p a t i e n t a t i n t e r v a l s t y p i c a l l y spread 
over many months. Each c l i n i c v i s i t i s a 
new data p o i n t , and EMYCIN's da ta 
s t r u c t u r e s do no t e a s i l y accommodate 
m u l t i p l e measurements of the same 
a t t r i b u t e over t ime o r i n f e r e n c e r u l e s 
based upon assessment of tempora l t r e n d s 

Another program, t he I n t e r a c t o r , hand les 
i n t e r p r o c e s s communica t ion . There i s a l s o a 
process t h a t p rov i des background u t i l i t y o p e r a t i o n s 
such as f i l e backup. The Reasoner i s w r i t t e n i n 
I n t e r l i s p , t h e I n t e r v i e w e r i n SAIL. 



normal mechanism f a i l s to produce a v a l u e , o r the 
user may be asked to p r o v i d e t h e answer as a l a s t 
r e s o r t . 

Rules are t he f a m i l i a r p r o d u c t i o n s used i n 
EMYCIN [ 8 ] and o t h e r r u l e - b a s e d sys tems; they may 
b e invoked i n e i t h e r d a t a - d r i v e n o r g o a l - d i r e c t e d 
mode. A r u l e conc ludes a va lue f o r some parameter 
on t h e b a s i s o f va lues o f o t h e r pa ramete rs . A r u l e 
may be des igna ted as p r o v i d i n g a d e f i n i t i o n a l va lue 
or a d e f a u l t va lue as d e f i n e d above. The r u l e s are 
c a t e g o r i z e d by t he c o n t e x t s i n which they a p p l y . 

As in EMYCIN sys tems, r u l e s are rep resen ted in 
a s t y l i z e d fo rmat so t h a t they may be t r a n s l a t e d 
f rom L i s p i n t o E n g l i s h f o r e x p l a n a t i o n purposes . 
Th i s r e p r e s e n t a t i o n scheme more g e n e r a l l y a l l o w s 
the system t o " r e a d " and man ipu la te t h e r u l e s . I t 
has a l s o f a c i l i t a t e d t he development o f programs to 
check f o r c o n s i s t e n c y and completeness o f the r u l e s 
i n the knowledge base [ 6 ] . 

Below i s the E n g l i s h t r a n s l a t i o n o f an 
ONCOCIN r u l e f o r d e t e r m i n j n g the va lue f o r the 
parameter " a t t e n u a t e d dose" 

RULE075 
To de te rmine the c u r r e n t a t t e n u a t e d dose f o r 
a l l drugs in MOPP or f o r a l l d rugs in PAVe: 

ADVISE 
To make a recommendation about t r e a t i n g the 

p a t i e n t : 
1) Formula te a t h e r a p e u t i c r eg imen . 
2 ) Determine the t e s t s to recommend. 
3 ) Determine sugges t i ons about the p a t i e n t . 
4 ) Determine the t ime t i l l t h e p a t i e n t ' s 

nex t v i s i t . 

To summarize the d i f f e r e n c e s between ONCOCIN's 
r u l e s and those used in MYCIN and o t h e r EMYCIN 
systems: 

(1 ) C o n t r o l i s separa ted f rom domain 
knowledge, a l t h o u g h process i n f o r m a t i o n i s 
s t i l l c o d i f i e d i n a modular f o rma t us i ng 
c o n t r o l b l o c k s ; 

(2 ) The c o n t e x t u a l i n f o r m a t i o n , which d e f i n e s 
the s e t t i n g in which a r u l e can be 
a p p l i e d , i s separa ted f rom t h e main body 
o f the r u l e and used f o r s c r e e n i n g r u l e s 
when they are invoked (see nex t s e c t i o n ) ; 
and 

(3) Rules are s u b c l a s s i f i e d t o d i s t i n g u i s h the 
major mechanisms by which the va lues of 
parameters can be determined 
( d e f i n i t i o n a l , n o r m a l , and d e f a u l t r u l e s ) . 

I f : 1 ) T h i s i s the s t a r t o f t he f i r s t c y c l e 
a f t e r a c y c l e was a b o r t e d , and 

2) The b lood counts do no t wa r ran t dose 
a t t e n u a t i o n 

Then: Conclude t h a t t he c u r r e n t a t t e n u a t e d dose 
i s 75 pe rcen t o f t h e p rev i ous dose. 

C o n t r o l b l ocks serve as h i g h - l e v e l 
d e s c r i p t i o n s o f the sys tem 's methods f o r pe r f o rm ing 
t a s k s . Each c o n t a i n s an o rde red se t of s teps to be 
used f o r accomp l i sh ing a s p e c i f i c task ( e . g . , 
f o r m u l a t i n g a t h e r a p e u t i c r eg imen , o r c a l c u l a t i n g 
t he c o r r e c t dose of a d r u g ) . These cou ld be viewed 
as a s c r i p t of the events which occur when a 
p a t i e n t i s be ing t r e a t e d o n chemotherapy [ 4 ] . 
Note t h a t t h i s da ta s t r u c t u r e a l l o w s us t o separa te 
c o n t r o l d e s c r i p t i o n s e x p l i c i t l y f rom d e c i s i o n 
r u l e s , a d i s t i n c t i o n t h a t was o f t e n unc lea r i n 
EMYCIN systems. The des ign of c o n t r o l b locks was 
i n f l u e n c e d by the p r o t o t y p e s used in the CENTAUR 
system [ 1 ] . The s teps in a c o n t r o l b lock are 
s i m i l a r t o the p r o t o t y p e ' s c o n t r o l s l o t . Because 
we wish to be ab le to e x p l a i n any a c t i o n t h a t 
ONCOCIN t a k e s , c o n t r o l b l o c k s can be t r a n s l a t e d 
i n t o E n g l i s h us ing the same t r a n s l a t i o n mechanism 
t h a t i s used t o t r a n s l a t e r u l e s . For example: 

I n keep ing w i t h the ph i l osophy r e f l e c t e d i n 
o t h e r systems we have d e s i g n e d , ONCOCIN is ab le to 
produce n a t u r a l language e x p l a n a t i o n s f o r i t s 
recommendat ions. 

PAVe and MOPP a re acronyms f o r two of t he 
d rug comb ina t ions used to t r e a t Hodgkins D isease. 

C C o n t r o l 

When a user s p e c i f i e s t h e t ask t h a t ONCOCIN is 
t o p e r f o r m , t he c o r r e s p o n d i n g c o n t r o l b lock i s 
i n v o k e d . T h i s s imp l y causes the s teps i n the 
c o n t r o l b l ock to be t aken in sequence. These s teps 
may e n t a i l : 

( 1 ) F e t c h i n g d a t a , e i t h e r by l o a d i n g 
p r e v i o u s l y s t o r e d da ta o r by r e q u e s t i n g 
them f rom t h e u s e r . Th i s causes parameter 
va lues t o b e s e t , r e s u l t i n g i n d a t a -
d i r e c t e d i n v o c a t i o n o f r u l e s t h a t use 
those parameters (and t h a t app ly i n the 
c u r r e n t c o n t e x t ) . 

(2 ) De te rm in ing the va lue of a paramete r . 
T h i s causes g o a l - d i r e c t e d i n v o c a t i o n o f 
the r u l e s t h a t conc lude the va lue o f t he 
parameter (and app ly i n t he c u r r e n t 
c o n t e x t ) . D e f i n i t i o n a l r u l e s are a p p l i e d 
f i r s t , then the normal r u l e s , and i f n o 
va lue has been found t h rough these means, 
t h e d e f a u l t r u l e s are t r i e d . I f a r u l e 
t h a t i s invoked i n a g o a l - d i r e c t e d f a s h i o n 
uses some parameter whose va lue is no t y e t 
known, t h a t p a r a m e t e r ' s va lue i s 
de te rmined so t h a t t he r u l e can be 
e v a l u a t e d . However, c o n c l u d i n g the va lue 
o f any paramete r , e i t h e r by t he a c t i o n o f 
r u l e s o r when i n f o r m a t i o n i s en te red by 
t he u s e r , may cause d a t a - d i r e c t e d 
i n v o c a t i o n o f o t h e r r u l e s . 

(3 ) I n v o k i n g another c o n t r o l b l o c k . 

(4 ) C a l l i n g a s p e c i a l purpose f u n c t i o n (wh ich 
may be domain -dependen t ) . 
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There a re t r a d e - o f f s when choos ing between a 
system which i s p r i m a r i l y d a t a - d r i v e n and one which 
i s g o a l - d i r e c t e d . Back-cha ined systems use r u l e s 
t o genera te q u e s t i o n s , t h u s f a c i l i t a t i n g 
e x p l a n a t i o n s . The d i s a d v a n t a g e , however, i s t h a t a 
goa l o r i e n t e d system may appear s low to ge t to the 
main p o i n t s . On t h e o t h e r hand, d a t a - d r i v e n 
systems are more d i f f i c u l t to implement because 
they must be ab le to hand le e n t r y o f i n f o r m a t i o n i n 
a r b i t r a r y o r d e r . In t h e case o f ONCOCIN. t h e use 

o f a f l owshee t s t r u c t u r e f o r da ta e n t r y has enabled 
us to deve lop a d a t a - d r i v e n sys tem. The e n t r i e s on 
the f l owshee t d e f i n e a l l o f t he i m p o r t a n t da ta f o r 
t he rapy d e c i s i o n s . S ince the d o c t o r s use the 
I n t e r v i e w e r to en te r t he same da ta t h a t they would 
n o r m a l l y r e c o r d anyway, t h e p o t e n t i a l f r u s t r a t i o n 
o f i n t e r a c t i n g w i t h a g o a l - d i r e c t e d system i s 
removed. 

I F : t h e r e i s ev idence o f d i sease ex tens ion 
THEN: r e f e r the p a t i e n t t o lymphoma c l i n i c 

o r : 
I F : t h e r e i s s i g n i f i c a n t t o x i c i t y t o 

v i n c r i s t i n e 
THEN: cons ide r s u b s t i t u t i n g ve lban 

As shown h e r e , t he p r o t o c o l s o f t e n d e f e r to the 
o p i n i o n s o f the a t t e n d i n g p h y s i c i a n s w i t h o u t 
p r o v i d i n g g u i d e l i n e s on which they m igh t base t h e i r 
d e c i s i o n s . Hence t h e r e i s no s t a n d a r d i z a t i o n o f 
responses t o unusual p rob lems, and the v a l i d i t y o f 
the p r o t o c o l a n a l y s i s i n these cases i s a c c o r d i n g l y 
s u b j e c t t o q u e s t i o n . Our l o n g - t e r m goa l i s t o 
deve lop approaches to these more complex problems 
t h a t c h a r a c t e r i z e the management o f p a t i e n t s be ing 

The broken l i n e i n F i g . 2 o u t l i n e s the 
p o r t i o n o f t h e ONCOCIN c o n t r o l s t r u c t u r e which i s 
i d e n t i c a l t o t h a t found i n EMYCIN. 

The p h y s i c i a n s can i n s e r t new i tems i n t o the 
o n - l i n e f l o w s h e e t , as they p r e s e n t l y do by hand 
w i t h t he paper f l o w s h e e t . However, these e n t r i e s 
are no t used when g e n e r a t i n g a t he rapy 
recommendat ion. 
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The e f f e c t s o f t h i s c o n t r o l mechanism c o n t r a s t 
w i t h the l a r g e l y backward-cha ined c o n t r o l used i n 
MYCIN and o t h e r EMYCIN sys tems. In those systems, 
a l l r u l e i n v o c a t i o n occurs because t h e va lue o f a 
s p e c i f i c parameter i s be ing sough t . Rules used t o 
de te rm ine the va lue o f t h a t parameter can be 
r e f e r e n c e d i n any o r d e r , a l t h o u g h o r d e r i n g i s 
p reserved f o r t he assessment o f t h e parameters 
o c c u r r i n g i n the c o n d i t i o n a l s ta temen ts i n each 
r u l e ' s p rem ise . Antecedent ( d a t a - d r i v e n ) r u l e s are 
used when the u s e r ' s response to a q u e s t i o n , or 
( l e s s commonly) the c o n c l u s i o n f rom another r u l e , 
t r i g g e r s one o f t he sys tem 's f o rwa rd - cha ined r u l e s . 
These r u l e s can o n l y be used as an tecedent r u l e s 
and t y p i c a l l y have s i n g l e c o n d i t i o n s i n t h e i r 
p rem ise . 

In ONCOCIN ( F i g . 2 ) , on the o t h e r hand, 
i n i t i a l c o n t r o l i s d e r i v e d f rom t h e c o n t r o l b lock 
invoked in response to t he t ask s e l e c t e d by the 
u s e r . Fo rward - and b a c k - c h a i n i n g o f r u l e s are 
i n t e r m i n g l e d , and any r u l e can be used in e i t h e r 
d i r e c t i o n . 

V I Why A r t i f i c i a l I n t e l l i g e n c e Techniques? 

We have l ea rned th rough the MYCIN e x p e r i e n c e , 
and in b u i l d i n g o the r EMYCIN systems as w e l l , t h a t 
a major p a r t o f each development e f f o r t has been 
the encod ing o f p o o r l y unders tood knowledge. 
E n l i s t i n g t he t ime and enthus iasm o f domain e x p e r t s 
has o f t e n been d i f f i c u l t , y e t p rog ress i s u s u a l l y 
i m p o s s i b l e w i t h o u t a c t i v e c o l l a b o r a t i o n . Thus 
t h e r e is g r e a t appeal to a domain in which much o f 
t he needed knowledge i s a l r eady recorded in 
t h o r o u g h , a l b e i t l e n g t h y and c o m p l i c a t e d , documents 
( v i z . , the p r o t o c o l d e s c r i p t i o n s t h a t are w r i t t e n 
f o r every cancer t he rapy c l i n i c a l e x p e r i m e n t ) . 
Much of the appeal of the ONCOCIN problem domain is 
the a v a i l a b i l i t y o f d e t a i l e d documents t h a t we can 
s tudy and use f o r knowledge base deve lopment . 

As we noted e a r l i e r , s e v e r a l o t he r c e n t e r s 
have begun to deve lop p r o t o c o l management sys tems, 
but none has chosen to use techn iques drawn f rom 
a r t i f i c i a l i n t e l l i g e n c e . Compl ica ted though the 
chemotherapy p r o t o c o l s may be , they are l a r g e l y 
a l g o r i t h m i c , and o t h e r groups have been ab le to 
encode much of the knowledge us i ng l e s s complex 
r e p r e s e n t a t i o n t e c h n i q u e s . Our reasons f o r 
choos ing an AI approach f o r encod ing the knowledge 
o f onco logy chemotherapy are v a r i e d . I t shou ld be 
s t r e s s e d t h a t a l l p r o t o c o l s have i m p o r t a n t 
l o o p h o l e s and e x c e p t i o n s ; when an a b e r r a n t 
s i t u a t i o n a r i s e s f o r a p a t i e n t be ing t r e a t e d , t he 
proper management i s t y p i c a l l y l e f t u n s p e c i f i e d . 
For example, the lymphoma p r o t o c o l s w i t h which we 
have been most i n v o l v e d to da te i n c l u d e s e v e r a l 
r u l e s o f the f o r m : 



t r e a t e d f o r cance r . I t i s when these i ssues are 
addressed t h a t t he need f o r A I t echn iques w i l l be 
most e v i d e n t . A t t h a t p o i n t the task domain w i l l 
beg in t o l ook s i m i l a r i n c o m p l e x i t y t o the d e c i s i o n 
problems in a system l i k e MYCIN; r u l e s w i l l have 
u n c e r t a i n t y a s s o c i a t e d w i t h them ( t h e r e i s 
c u r r e n t l y n o need f o r c e r t a i n t y we igh t s i n the 
r u l e s i n ONCOCIN), and c l o s e c o l l a b o r a t i o n w i t h 
e x p e r t s w i l l once aga in be r e q u i r e d as new r u l e s 
are w r i t t e n t h a t are no t c u r r e n t l y recorded i n 
chemotherapy p r o t o c o l s o r e l sewhe re . Even in the 
s h o r t t e r m , however, A I r e p r e s e n t a t i o n and c o n t r o l 
t echn iques have p e r m i t t e d us to keep the knowledge 
base f l e x i b l e and e a s i l y m o d i f i e d . They have a l s o 
a l l owed us to deve lop e x p l a n a t i o n c a p a b i l i t i e s and 
t o separa te k i n d s o f knowledge e x p l i c i t l y i n terms 
o f t h e i r semant ic c a t e g o r i e s . 
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For t he p r e s e n t , t h e n , we are t r y i n g to b u i l d 
a u s e f u l system to which complex d e c i s i o n r u l e s can 
e v e n t u a l l y be added. We know f rom p rev i ous 
expe r i ence t h a t t he encod ing o f knowledge t h a t i s 
no t a l r e a d y s t a t e d e x p l i c i t l y i n p r o t o c o l s w i l l b e 
arduous and w i l l r e q u i r e an e n t h u s i a s t i c community 
of c o l l a b o r a t i n g p h y s i c i a n s . Hence we recogn ize 
the impor tance o f one o f our r esea rch goa l s noted 
e a r l i e r i n t h i s r e p o r t , v i z . , t o e s t a b l i s h a n 
e f f e c t i v e r e l a t i o n s h i p w i t h a s p e c i f i c group o f 
p h y s i c i a n s so as to f a c i l i t a t e f u t u r e research and 
imp lemen ta t i on o f advanced computer-based c l i n i c a l 
t o o l s . 

V I I Summary 

The development o f t he c o n s u l t a t i o n system 
addresses bas i c sc ience q u e s t i o n s r e g a r d i n g the 
o p t i m a l r e p r e s e n t a t i o n and u t i l i z a t i o n o f complex 
med ica l knowledge. Cancer chemotherapy is a domain 
t h a t i n h e r e n t l y r e q u i r e s c o n s i d e r a t i o n o f the t ime 
course of d i s e a s e , f o r example, and we are o n l y 
beg inn i ng t o deve lop t echn iques f o r c o d i f y i n g 
knowledge t h a t r e l a t e s t o tempora l ana lyses o f 
d i sease o r o f response to t h e r a p y . 

The p r o j e c t seeks to i d e n t i f y new techn iques 
f o r b r i n g i n g l a r g e A I programs t o a c l i n i c a l 
aud ience t h a t would be i n t o l e r a n t o f systems t h a t 
are s low or d i f f i c u l t to use. The des ign o f an 
i n t e r f a c e t h a t uses both custom hardware and 
e f f i c i e n t s o f t w a r e shou ld he igh ten the 
a c c e p t a b i l i t y o f t he c o n s u l t a t i o n system. ONCOCIN 
was implemented f o r e x p e r i m e n t a l use w i t h lymphoma 
p a t i e n t s beg inn i ng in May 1981. Formal e v a l u a t i o n s 
have been des igned t h a t w i l l a l l o w us to de te rmine 
bo th t he e f f e c t i v e n e s s and the a c c e p t a b i l i t y o f the 
sys tem 's c l i n i c a l a d v i c e . 

F i n a l l y , ONCOCIN i s designed t o a s s i s t 
p h y s i c i a n s w i t h a n i m p o r t a n t c l i n i c a l domain i n 
which t h e r e is a recogn ized need f o r improved data 
c o l l e c t i o n and d e c i s i o n mak ing . Fu r t he rmore , 
s e v e r a l o t h e r s p e c i a l t y c l i n i c s , a t S t a n f o r d and 
o t h e r c e n t e r s , use t i m e - o r i e n t e d t r e a t m e n t 
p r o t o c o l s , and the t echn iques developed here a re 
p o t e n t i a l l y a p p l i c a b l e t o s e v e r a l c l i n i c a l domains 
i n a d d i t i o n t o onco logy chemotherapy p l a n n i n g . 
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