
9 Report 77 29
dik Stanford KSL

1111 .1/ DataLink

A Rule-Based Approach to the Generation
of Advice and Explanations in Clinical
Medicine.

rri ch n rt.! iff r Anr1 1'Yr"



•

A RULE-BASED APPROACH TO THE GENERATION OF ADVICE
AND EXPLANATIONS IN CLINICAL MEDICINE

Edward H. Shortliffe

Department of Medicine
Massachusetts General Hospital

Boston, Massachusetts

The tnrcri system is a large computer program designed to help
physicians select antibiotics for patients with septicemia or

meningitis. Although the system's emphasis is on the selection

of appropriate therapy for critically ill patients, it also

necessarily assists with certain aspects of infectious disease

diagnosis. This paper provides a brief overview of the program,

describing in particular its scheme for the representation of

clinical knowledge and the ways in which this representation

facilitates both the generation of advice and the explanation

of decisicns. The encoding of knowledge in production rules,

which are analyzed for advice generation by a goal-oriented rule

interpreter, also permits a !limple but powerful approach to

natural language understanding. Despite its limitations, this

approach provides an effective explanation capability without

addressing many of the complex problems encountered in computa-

tional linguistics. The flow of information betveen a user

and the MYCIN system is compared to that which occurs when 'a
physician seeks the advice of a humen infectioe:; di:;ease con-

rultant.

1. INTRODUCTION 

As medical knowledge has expanded in recent decades, it has become evident that
the individual practitioner can no longer hope to acquire enough expertise to man-
age adequately the full range of clinical problems that will be encountered in his
practice. The general practitioner has accordingly become rare, and today's pri-
mary care physicians are beginning to graduate from family practice residencies
which recognize that "family doctoring" is a subspecialty in itself. Thus when a
patient's problem clearly falls outside the area of the attending physician's
expertise, consultations from experts in other subspecialties have become a well-
accepted part of medical practice. Such consultations are acceptable to doctors
in pert because they maintain the primary physician's role as ultimate decision
maker. The consultation generally involves a dialog between the two physicians,
with the expert explaining the basis for his advice and the nonexpert seeking jus-
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1 - Diagram s'..-rmarizing the flow of information between

physician and expert in the human consultation process.

cf points he finds puzzling or questionable. A consultant who offered
a.:-.tce he was unwilling to discuss or defend would find his opinions

...ere celiz srx..ght-
_

::z. I snows a schematic view of the consultation process. The physician nonex-
g.ves information about his patient to the expert in response to questions

return, receives advice and explanations. Thus there are actually three

• 

cf ir.formatiam flow between the physician and his consultant. This paper
11. ---:rites a computer program, termed MICIN, which models the consultative process

a te r.g 3 all three kinds of information. It is our conviction that pro-
-..tich ignore the explanation pathway will fail to be accepted by physicians

beza-..me they irr.11..._sez in such systems too severe a departure from the human con-
-.- ltation process (in_which the primary physician is provided with sufficient
inf:nzation to allow him to decide whether to follow the offered advice).

IS a LISP program designed to serve as a clinical consultant on the subject
:f terry selection for patients with infectionr. The program may be envisioned

• 

tericsed between the expert and nonexpert in much the way that the large box
. • itionei in Fig. 1. The difference is that the huraan expert can offer only

kr.:wledge to the procrdn, not patient-specific decisions. The program
.::e:w.es the decision maker, using general medical knowledge from experts to

fi-L-%e:.3 a specific patient and to give advice plus explanations for its jud,gments.

!etails the organization of 1YCI:1 relative to the human consultation pro-
:c.._:-....tep_izted In Fig. 1. As before, the nonexpert offers data about his patient

.

• 

--m.ra-.urr..-reCei-vas- both advice and, when desired, information via one of two
:Jr-a=61-expIanation mechanisms (the "General Question-AnsvererHor the "Reasoning
•"-E-'-';.2 Checker"). The basis for all decisions is domain-specific knowledge

fr-5-. experts ("Static Knowledge").. A group of computer programs (the
Interpreter") uses this knowledge, and data about the specific patient, to

2



1

1
1
1

1

1
1
1
1

1
1
1
1
1
1
1
1

1

1
1

RULE-BASED MEDICAL CONSULTATIONS

-

FACTS
ABOUT
THE

DOMAIN

PRODUCTION
RULES

FOR MAKING •
INFERENCES

KNOWL EDGE) I
STAT C

( RULE INTERPRETER )

DATA
ABOUT
PATIENT

CONCLUSIONS
ABOUT
PATIENT

ADVICE

EXPLANATIONS AT
•ANY TIME (NATURAL

LANGUAGE)

RECORD OF
CONSULTATION

DYNAMIC \
KNOWLEDGE /

EXPLANATIONS DURING
CONSULTATION

(WHY,"HOWYEXPLAIN)

MYCIN KNOWLEDGE-BASED
PRODUCTION SYSTEM

7: '3 I.:RE 2 - Diagrsts slrunarizing the organization and flow of
infortnation within !SYCIN. The correlation between
this design and the ht.man consultation process de-
picted in Fig. 1 is discussed in the text.

ccncl!.:sions and, in turn, therapeutic advice. It simultaneously keeps a
7c::rZ of what has happened, and this record is available to the explanation rou-
t:r.ea tf the ph,ysician asks for justification or clarification of some conclusion

•,:..zc;rem has reached. In the remainder of this paper scale details of each of
syst ccztponents will be presented. tbre extensive discussions of this

natertml are also available [1-14].

3
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_ • re:er..3 to all data that are constant in the program and un-

rrcr.: cne ccnsultation to the next.

Doriain Much of the km...ledge MYCIN requires is simple

cf fact about the domain. These can generally be represented as

.-...r:s.----eect-value triples, or as predicate statements. For example:

(3RAMS:AIN E.COLL GRAMNEG)

1.37EFILESITE BLOOD T)

37...-.-F.ILESITE MUM NIL)

i.e., the grarastain of e.coli is

gram negative
i.e., the blood is normally sterile

i.e., the mouth is not normally sterile

RL'es In addition to simple facts, MYCIN requires judiplental

acquired from experts and available for re in analyzing a new patient.

kr-culedge in MYCIN is expressed as production rules [5] which define

7.reccr.-litions (the PREMISE) that allow a conclusion to be reached (the

wIth a specified degree of confidence (the "certainty factor" [6]).
such rules are stored as LISP list structures, a series of routines is

fcr translating them into English. For example:

If the stafn of the organism is grazaneg, and

the morphology of the organism is rod, and

the aerobicity of the organism is anaerobic,

l'h"a there is suggestive evidence (.7) that the
identrty-trf--the organism is bacteroides.

:..:e -.net the purpose of this rule is determination of organism identity. Rules
-

.• 

:.:ezslfied and accessed in accordance with their purpose as described below.

.-7-9rIc Knowledge
--_-.owledge refers to all data that are variable and change from one run of

r.rc.;:•-.^ to the next.

• 

Data Atcut The Patient - Acquired From The User MYCIN asks questions of
t-■ driven by a reasoning algorithm described below. These questions

ask the user to fill in the "value" in an attribute-object-value triple

▪ 

'at is the patient's name?"), or to give the truth value of a predicate
the patient a cm:promised host?"). Thus these data may be represented,

s_cq-.::_red, in precisely the way that facts about the domain are represented
:z t.e static knowledge base (see 2.1.1).

but The Patient - Generated By The Program When the preconditions
of a rule are found to hold, MYCIN executaes the ACTION portion of

^ zenerates a new "fact" which can, once again, be represented as an
e.--cb:ect-value triple. As discussed in 2.1.2, conclusions may also have

associated with therm, thereby requiring that the triple be
a quad. aple:

ORGANISM-1 BACT.EROIDES .7) i.e., the identity of ORGANISM-1
is bacteroides, with cer-
tainty factor of .7

• r.;-:" be -similarl,y expanded. Furthermore, by generalizing this scheme
:*...:-;...-de-representat-torr-ot data acquired from the user, the physician may i.e
• -I.-

- 
enrtc3 his confidence in the answer he gives when MYCIN asks a question.- _

7;r1Sziater.•-••■••..wrdze -C!' -A--Re-cord Of The Consultation A history of the consulta-
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ticn is the third variety of dynamic knowledge. 
The details of representaticn

need not be described here, but these data include 
records of which rules succeed-

ed, which rues were tried but failed, how specific 
decisions were made, how

informaticn vas used, and why questions were asked.

3. THE FRO=CTION SYSTEM 

3.: The Rule Internreter 

7"s series of routines analyzes rules in the static knowledge base, 
determines

whether they apply to the patient under consideration, and if so draws the con-

:lusscns delineated in the ACTION portions of the rules. This process would

ss,ss_y testsme unmanageable as system knowledge grew if there were not a mech-

anlse for selecting only the most relevant rules for a given patient. This is

e:scrslished by a goal-oriented approach described in detail elsewhere [1,71.

Ertefly, as the rule interpreter examines the PREMISE of a rule, it notes whether

:he relevant data needed to determSne the truth of each precondSsion are already

knewn. If not, it digresses to examine those rules which make conclusions about

the data needed by the first rule. The PREMISE conditions of those rules may, in

turs, invoke additional rules, and in this way a reasoning network selevant to

the firs: rule is formed. As described in 2.1.2, since rules are classified ac-

::rdsng to their nurnose, it is easy to identify all rules which may aid in de-

termsnIng the truth of a specific precondition. The entire process is initiated

Si in;-eking a specific "Goal Rule" which defines MYCIN's task and is the only rule

ne:essarily invoked for every consultation. When MYCIN can find no rules for de-

termsning the truth of a precondition, it asks the user for the relevant data.

:f the physician does not know the information either, the invoking rule is aim-

;.y ignored.

2.2 Maintenance df Initiative In The Hands Of The Physician 
As was discussed above, a physician is not likely to accept a system such as

MYC:N if the program simply asks a series of questions and then presents a piece
sf dogmatic advice as it terminates execution. The production system has there-
fsre been provided with a series of "interrupts" that allow the physician to
issress with questions of his own or to demand justification for the line of
questisning on whi-ch MYCTN has embarked during the consultation. Whenever the
sr.:gram asks a question, the user can temporarily refuse to answer and instead
:all on the explanatim capabilities described in the next section.

4. EXPLANATIONS 

4.1 The Reasoning Status Checker (RSC) 
This cemponent of the explanation system deals with most questions that arise
during the consultation itself. Because the context of current reasoning about
the patient is well-defined, the physician can be given a great deal of informa-
tisn on the basis of a few simple contends that do not require natural language
rre:casing. These commands are briefly described below; more extensive details
:f tneir implementation are also available [3,4,7). As shown in Fig. 2, the
reas-Ining status checker (RSC) uses only the knowledge base of rules and the cur-
rent record of the consultation; the general question-answerer described in 4.2,
:n ths other hand, has access to all static and dynamic knowledge.

7-se Y Command Whenever MYCIN asks a question, the physician may prefer
answer initially and instead to inquire about the reasoning underlying the

"c't1=n1re7. Thus he may simply respond with the command WHY (i.e., "Why do you
the Information you are requesting may be useful?"). Since all questions
&SKS are generated by rules, and since the rules are selected according to

their Sc as discussed in 3.1, an English translation of the rule under con-
ssSeratszn generally serves as an adequate response to the WHY query. The RSC

5
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therefor recponds by displaying the current rule. In addition, it places an iden-

tif:ing number before each of the preconditions in the PREMISE and indicates

vtetter the condition is (a) already known to be true, or (b) still under inves-

tt:.stion (note that one of the latter group of preconditions will have generated

current question to the user). The physician can in turn inquire why the

4, sp'siel rale was selected by asking WHY a second time, and the RSC will accor-

di7-ly display the next rule in the reasoning network (see 3.1).

Ao exp-er,enced user will learn to seek higher leve: explanations by entering WHY

fclleved by a modifying number. The number tells the RSC the relative size of the

reo - sming leap (roughly the number of chained rules) to compile into a single

extlahation. If the physician finds the leap is in fact too large, the command

7Y7:AIN provides a breakdown of the Component reasoning steps.

• 

The HOW Command As discussed in the preceding section, when MYCIN dis-

;:_vs a raLe in response to the WHY command, it labels each precondition in the
with a unique number. The physician may then respond to the displayed

ex:Lahaticn by entering HOW followed by one of the identifying labels. If the
-^'^-ence condition is one that MYCIN has already concluded to be true, the RSC
L.3umes that the physician is asking "HOW did you aecide that the specified pre-
::nditicn is true?" and answers Ly citing the relevant rules that it used to make
the decisicn. If, on the other hand, the cited condition has not yet been fully
In-:esti:gated, MYCIN assumes the physician is asking "HOW will you decide if the
::e::fied precondition is true?" and responds by citing the rules it intends to

chly some of which may actually succeed.

e General Question-Answerer (GQA) 
the .7eneral question-answerer (GQA) is a more comprehensive explanation system
whIon, at any time during or after the consultation session, has full access to

• 

static and ctynemic knowledge in MYCIN (Fig. 2). Since it cannot make simple
a.,:ue:..tions based on context, as the RSC can do, and since it is important to
F.ee:t. the system useable by a novice, the GQA must accept and answer questions ex-
:rt::ed in natural language. NYCIN's rule-based knowledge representation scheme,

• 

7ome techniques borrowed from early work in computational linguistics [8-10),
:ernit a straightforward but powerful approach to internreting simple English
-.;ertichs without contending with several of the complex problems of natural
-anguage understanding. The details of this approach have been described else-
where

_ .
,uestions About Static Knowledge The ability to retrieve information

fr.::: the static knowledge base gives the GQA a tutorial capability. Since the
7t at:: knowledge is _acquired from experts, the GQA can essentially act as an in-
termediary between an expert and a physician seeking general information about
:7e infectious disease field. The user might ask simple questions of fact (eg.,
-71:h culture sites are normally considerea sterile?") or questions regarding

,:..!gments stored in rules. Questions of the second variety are called "rule-
r-trteval" questions because they may be answered simply by identifying and dis-

English versions of relevant rules from the knowledge base. Retriel.al
tt keyed to the rule PRETISE (eg., "How do you use the gram stain of an org-

:■:•-- , the ACTION (eg., "When do you decide an organism might be a strepto-
::::-:?"1, or to both the PREMISE and ACTION (eg., "Do you ever use the morphology
r crre.hism to determine its identity?"). Furthermore, a question may deal

a l7 pecific rile (eg., "What is rule037?"). Note that none of these questions

• 

to a specific consultation and thus requires no access to the dynamic
base (Fig. 2).

tinns About Dynaair Knowledge Although the RSC permits inquiries
ilynammr: knowledge. base, its scope is limited by the context of the

being ( see 4.1) . If the physician wishes to askm-re general questions regarding the status of MYCIN's reasoning, or if he wishes

6
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tr renew the program's decisions after the 
consultation is complete and MYCIN is

no longer questionir.g him, the GQ,A styes him 
free access to all information about

the specific consultation. Once again, the user might ask simple questions of

fac, (eg., "Fr= what site was CULTURE-2 
obtained?") or questions regarding the

basil for ILTIN's judgments. The second variety is again a "rule-retrieval" ques-

tion; 'out is keyed to the consultation record in dynam
ic data rather than to the

lmovledge base of rules in static data. Thus questions may again reference the

PITE:C.SE (es., "How did you use the gram stain of ORGAN
ISM-1?"), the ACTION (eg.,

"hat makes you think ORGANISM-2 might be a 
streptococcus?"), or both (eg., "Did

you use the morphoie of ORGANISM-1 to determine its identity?"). Note that

these queations parallel the examples in )4.2.1 but that they 
are consultation-

specific ani thus request the retrieval not of all relevant rules, but
 only those

tnat were actually used successfully in the specified context. Finally, one may

again wish to ask about a specific rule (eg., "Did you use rule037 when consid
-

erir.g CF.G.ANISM-1?").

5. IC;C"...."..EL-E AC^USITION

The only cempcnent of Fig. 2 not yet discussed is the crucial, step of acquiring

donain-specific knowledge from experts and coding it for storage in the static

• 

eie base. '..:hen MYCIN was first being developed, such knowledge was ac-

quired by extensive meetings during which infectious disease experts and cccputer

scientists discussed specific patients and atten......ted to analyze and extract the

facts and rules the: were utilizing. Recently extensive work has been

ie...zted to the problem of automating the knowledge acquisition process in sessions

in.:el.:ins clinical experts interacting with Irzciii directly. This problem he.n

'teen thoroe.e,-hly explored in another publication [3] and will not be discussed

further here.

::N:LUSIONS 

A rile-based expert system is dcs:•ribed which uses artificial intelligence tech-

• 

,.es, and a mcie-1 of the interaction between physicians and human consultants,

at.t.pt to satisfy the demands a user community that is often reluctant

• 

experiment with computer technology. An ability tc explain decisions, and

thus to respond to simple questions expressed in natural language, is emphasized.

The representation of expert knowledge in production rules facilitates greatly
tne generation of explanations without requiring solutions to several of the com-
plex nrcblems encovntered in computational linguistics.
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