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

Edward H. Snortliffe
Department of Medicine
Massachusetts General Hospital
Boston, Massachusetts

The MYCTN 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 decisions. The encoding of knowledge in production rules,
wvhich are analyzed for advice generation by a goal-oriented rule
interpreter, also pemits a simple but powerful approach to
natural language understanding. Despite its limitations, this
approach provides an effective explanation capability without
eddressing many of the complex problems encountered in computa-
tional linguistics. The flow of information between a user

and the MYCIN system is compared to that which occurs when‘'a
physician seeks the advice of a human infectious discase con-
sultant.

1. INTRODUCTION

As redical knowledge has expanded in recent decades, it has become evident that
the individual practiticner 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-
Dary care physicians are beginning to graduate from femily practice residencies
vhich 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 part because they maintain the primary physician's role as ultimate decision
naker. The consultation generally involves a dialog between the two physicians,
vith the expert explaining the basis for his advice and the nonexpert seeking Jus=-
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TIGSRE 1 - Diegram summarizing the flow of information between
physician and expert in the human consultation process.

of points he finds puzzling or questionable. A consultant who offered
wice he was unwilling to discuss or defend would find his opinions
were celis= sought.
3. . shcws 2 scheratic view of the consultation process. The physician nonex-
™ gives informaticn about his patient to the expert in response to questions
=3, iz retum, receives advice and explanations. Thus there are actually three
zinis ¢f information flow between the physician and his consultent. This paper
l23criles a computer progrem, termed MYCIN, which models the consultative process
“texiing ta .all three kinds of information. It is our conviction that pro-
ST=s which igneore the explanation pathway will fail to be accepted by physicians
Yecazise they will see in such systems too severe a departure from the human con-
' tetion process (in-which the primary physician is provided with sufficient
inferzation to allow him to decide whether to follow the offered advice).

e ———

---: 1s & LISP program designed to serve as a clinical consultant on the subject
“nerary selection for patients with infections. The program may be envisioned
% interrcsed between the expert and nonexpert in nuch the way that the large box
" fv€ltlioned in Fig. 1. The difference is that the human expert can offer only
senerel xnowledge to the progren, not patient-specific decisions. The program
“-s3 Tecares the decision meker, using general medical knowledge from experts to
8-iess a specific patient and to give advice plus explanations for its Judgments.

Tize.l 2etmils the organization of IMYCIN relative to the human consultation pro-
i2-Z-lericted in Fig. l. - As before, the nonexpert offers data about his patient

TS retumi receives-both advice and, when desired, information via one of two
W= el -explanation mechenisms (the "General Question-Answerer'or the "Reasoning
©teis Crecker"). The basis for all decisions is domain-specific knowledge ac-
j=red fror experts ("Static Knowledge"). A group of computer programs (the

=

Fae Interpreter") uses this knowledge, and data about the specific patient, to
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TIGUPE 2 - Diegron sumarizing the organization and flow of
information within MYCIN. The correlation between
this design and the human consultation process de-
picted in Fig. 1 is discussed in the text. :

<tn.erste ccrnelusicns end, in tum, therapeutic advice. It simultaneously keeps a
Feziri of wvhat has happened, and this record is available to the explanation rou-
:zes 1T tre physician asks for justification or clarification of some conclusion
FTosT= hes reached. In the remainder of this paper same details of each of
n%5e sysie= ccoronents will be presented. lMore extensive discussions of this
Tal are also available [1-L].




Slhonicetdle =4

". EIWARD H. SHORTLIFFE

g e — ...-——--—-lr-AmIo“

se S et betes &

Vrow_eise
e e refers to all data that are constant in the progrem and un-

asging fre= one ccnsultation to the next.

N Tase: A-cut The Domain Much of the kncuwledge MYCIN requires is simple

jeate-ecs. =- fact about the domain. These can generally be represented as
astoitite=cblect-value triples, oOr as predicate statements. For example:

(3RASTAIN E.COLL GRAMNEG) i.e., the gramstain of e.coli is
gram negative
ies 3TERILESITE BLOOD T) i.e., the blood is normally sterile
g '3=ZEILZSITE MOUTH NIL) i.e., the mouth is not normelly sterile

riel Besiaacinn Rules In addition to simple facts, MYCIN requires Judgmental
¢r.e.eice er3uired from experts and available for rse in analyzing a new patient.
o . u—snsal xnowledge in MYCIN is expressed as production rules [5] which define
~ = yrezonditions (the PREMISE) that allow a conclusion to be reached (the
17T %' with a specified degree of confidence (the "certairty factor" [6]).
: .+ .= suzh rules are stored as LISP list structures, a series of routines is
= w.a>le ‘cr translating them into LEnglish. For example:
If the stain of the organism is gramneg, and
the morphoiogy of the organism is rod, and

the aerobicity of the organism is anaerobic,
AT Then there is suggestive evidence (.7) that the

identity—of-—the organism is bacteroides.

":

..te thet the purpose of this rule is determination of organism identity. Rules
s72 c.essified and accessed in accordance with their purpose as described below.

cew iTemic Inowledge
o 'ovledge refers to all data that are variable and change from one run of
2= to the next.

“elel Zzta About The Patierit - Acquired From The User MYCIN asks questions of
she -e:-. iriven bty a reasoning algorithm described below. These questions
Sensraly esk the user to fill in the "value" in an attribute-object-value triple
ey -"s- is the patient's name?"), or to give the truth value of a predicate
iy *Le ratient a compromised host? '). Thus these data may be represented,
i:red, in precisely the way that facts about the domain are represented

1% the static knowledge base (see 2.1.1).

cevel Z2%3 About The Patient - Generated By The Program When the preconditions

% %ta FENT e

--SZ of a rule are found to hold, MYCIN executes the ACTION portion of
i generates a new "fact" which can, once again, be represented as an
<te-cttlect-value triple. As discussed in 2.1. 2, conclusions nay slso have

: "'- e~2e velue associated with them, thercby requiring that the triple be
f-ia.cel 22 a quadiuple:

....'.‘ s

) 95 2001

ISZNTITY ORCANISM-1 BACTEROIDES .7) i.e., the identity of ORCANISM-1

is bacteroides, with cer-
tainty factor of .T

" be ‘si:nlarly expanded. Furthermore, by generalizing this scheme
?t;nsentattorro’t data acquired from the user, the physician may Le
°’f??aa his- conridence in the answver he gives when MYCIN asks a question.

VR e
Uae - bom amann - 13

~C2 X Record Of The Consultation A history of the consulta-
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ticn is the zhird variety of dynamic knowledge. The details of representaticn
reed not be described here, but these data include records of which rules succeecd-
ei, vhich rules vere tried but failed, how specific decisions were made, how
infor=aticn vas used, and why questions were asked.

3. THEE FRODUCTICH SYSTEM

es The Rule Interpreter
=iy series of routines analyzes rules in the static knowledge base, determines
vhezher they apply to the patient under consideration, and if so draws the con-
alusicns delineated in the ACTION portions of the rules. This process would
qui1ciy teccze unmanageable as system knowledge grew if there were not a mech-
anic= for selecting only the most relevant rules for a given patient. This is
assc-plished by a goal-oriented approach described in detail elsewhere (1,7l
Zriefly, as “he rule interpreter examines the PREMISE of a rule, it notes whether
-»a preievant data needed to determine the truth of each precondi*ion are already
zmown. If not, it digresses to examine those rules which make conclusions about
+re data needed br the first rule. The PREMISE conditions of those rules nay, in
-, invoke additional ruies, and in this way a reasoning network relevant to
e%e first rule is formed. As described in 2.1.2, since rules are classified ac-
riing to %‘heir purpose, it is easy to identify all rules which may aid in de-
r=ining the truth of a specific precondition. The entire process is initiated
nwoking a specific "Goal Rule" which defines MYCIN's task and is the only rule
essarily invoked for every consultation. When MYCIN cen find no rules for de-
r=ining the truth of a precondition, it asks the user for the relevant data.
<he physician does not know the information either, the invoking rule is sim=-
ignored.

il
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2.2 Maintenence Of Initiative In The Hands Of The Physicien

As was discussed above, a physician is not likely to accept a system such as
¥CIN if the program simply asks a series of questions and then presents a piece
dognetic advice as it terminates execution. The production system has there-
e bteen provided with a series of "interrupts" that allow the physician to
ress with questions of his own or to demand justification for the line of
sticning on which MYCIN has embarked during the consultation. Whenever the
srea asks a question, the user can temporarily refuse to answer and instead
all on the explanation capabilities described in the next section.
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4, TCLANATIONS

<.l The Reasoning Status Checker (RSC)
This cczponent of the explanation system deals with most questions that arise
.:.'-'.".5 the consultation itself. Because the context of current reasoning about
“ne ratient is well-defined, the physician can be given a great deal of informa-
- on the besis of a few simple cammands thaot do not require natural language
essing. These commands are briefly described below; more extensive details
heir implementation are also available [3,4,7]. As shown in Fig. 2, the
T™acining status checker (RSC) uses only the knowledge base of rules and the cur-
- Tecord of the consultation; the general question-answerer described in L4.2,
“h2 other hand, has access to all static eand dynanic knowledge.

-

-
-

-

e WY Cormand Whenever MYCIN esks a question, the physician may prefer
l:j.sver initially and instead to inquire about the reasoning underlying the
§;=5° Thus he may simply respond with the command WHY (i.e., "Why do you
...0f %ee information you are requesting may be useful?"). Since all questions

53 _-.: As£S are generated by rules, and since the rules are selected according to
;-f_‘- :gm as discussed in 3.1, an English translation of the rule under con-
s=eraticn generally serves as an adequate response to the WHY query. The RSC

Now
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<nerefor responds by displaying the current rule. In addition, it places an iden-
<ifying number before each of the preconditions in the PREMISE and indicates .
yte-ter the condition is (a) already known to be true, or (b) still under inves-
tigation (note that one of the latter group of preconditions will have generated
wi~v1s survent question to the user). The physician can in turn inquire why the
displeyed rule vas selected by asking WHY a second time, and the RSC will accor-

dizgly display the next rule in the reasoning netvork (see 3.1).

i experienced user will learn to seek higher leve! explanations by entering WHY
221 oved bty a modifying number. The number tells the RSC the relative size of the
ves:2nizng leap (roughly the number of chained rules) to compile into a single
ex--arazicn. If the physician finds the lcap is in fact too large, the command
IFALN provides a breakdown of the component reasoning steps.

e The H0W Command As discussed in the preceding section, when MYCIN dis-
a r2le in response to the WHY commaend, it labels each precondition in the
T with a unique number. The physician mey then respond to the displayed
exz.anaticn by entering HOW followed by one of the identifying labels. If the
refcrence condition is one that MYCIN has already concluded to be true, the RSC
& 3.=es that the physicien is esking "HOW did you decide that the specified pre-
ission is true?" and answers by citing the relevant rules that it used to make
wne Zecisicn. If, on the other hand, the cited condition has not yet been fully
investizated, MYCIN assumes the physician is asking "HOW will you decide if the
crezified precondition is true?" and responds by citing the rules it intends to
%7, czly some of which may actually succeed.

+e2 The General Question-—Answerer (GQA)

Tre general question-answerer (GQA) is a more comprehensive explanation system

w¥nich, at any time during or after the consultation session, has full access to

2l static and dynemic knowledge in MYCIN (Fig. 2). Since it cannot make simple

asz=zticns based on context, as the RSC can do, and since it is important to

#me7 the system useable by a novice, the GQA must accept and answer questions ex~

fr2zzed in natural lenguage. IMYCIN's rule-based knowledge representation scheme,
saze techniques borrowed from early work in computational linguisties [8-10],
1t & straightforward but powerful approach to interpreting simple English

cns without contending with several of the complex problems of natural

S &IZ un:ierstanding. The details of this approach have been described else-
'll H

-l
wnere

+elel questions About Static Knowledge The ability to retrieve informmation

Im= the static knowledge base gives the GQA a tutorial capability. Since the

itatiz knowledge is acquired from experts, the GQA can essentially act as an in- '

::‘:ei.&:', between an expert and a physician seeking general information about

e 1:-::'e:‘:ious disease field. The user might ask simple questions of fact (eg.,

gk culiure sites are normally considered sterile?") or questions regarding

<.iients stored in rules. Questions of the second variety are called "rule-

;“:‘- ~ieval" questions because they may be answered simply by identifying and dis-
.Enslish versions of relevant rules from the knowledge base. Retrieval

: i ".".e;-'ed to the rule PREMISE (eg., "How do you use the gram stain of an org-

et the ACTION (eg., "When do you decide en organism might be & strepto-

.77 =7 's Or to both the PREMISE and ACTION (eg., "Do you ever use the morphology

©;. % erFanien to determine its identity?"). Furthermore, a question may deal

o.v 8rcEedific rule (eg., "What is rule0377"). Note that none of these questions
Bniis =2 & srecific consultation and thus requires na access to the dynamic

iivledge tese (Fig, 2).

a
-

-

T

;;EL-‘SE?_‘-’?- s Abogxt Dynanic_Knowledge Although the RSC permits inquiries
i __::.EE;’!! Zmamre knovledge base, its scope is limited by the context of the

:j;‘:;":;ﬁ'fﬂ*nh?ing asked by-MYCIN (see L4.1). If the physician wishes to ask
‘T &eleral questions regarding the status of MYCIN's reasoning, or if he wishes
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t0o reriev the progran's decisions after the consultation is complete and MYCIN is
no lorger questicnirg him, the GQA gives him free access to all information about
the specific ccnsultation. Once again, the user might ask simple questigns of
fact (eg., "Frez what site was CULTURE-2 obtained?") or questions regarding the
basis for MYCIN's Judgments. The second variety is again a "rule-retrieval" ques-
tion, out is keyed to the consultation record in dynamic data rather than to the
knovledge base of rules in static data. Thus questions may again reference the
PRICSE (eg., "iow did you use the gram stain of ORGANISI-12"), the ACTION (eg.,
".hat makes you think ORGANISI#-2 might be a streptococcus?"), or both (eg., "Did
you use the norphology of ORGAIIISM=1 to determine its identity?"). Note that
these questions parallel the examples in 4.2.1 but that they are consultation-
specific end thus request the retrieval not of all relevant rules, but only those
<na% vere actually used successfully in the specified context. Finally, one may
esain wish to ask about a specific rule (eg., "Did you use rule037 when consid-
ering CRIANISH-17").

S, IONLETGE _ACQUSITION

~re cnly cc=pcnent of Fig. 2 not yet discussed is the crucial step of acquiring
dz=ain-specific knowledge from experts and coding it for storage in the static
znowleige base. VWhen MYCIN was first being developed, such knowledge was ac-
iuired by extensive meetings during which infectiocus disease experts and cazputer
saienzists discussed specific patients and atter.ced to analyze and extract the

in facts and rules ther were utilizing. Recently extensive work has been
ieszzed to the problem of automating the knowledge acquisition process in sessions
invelving clinical experts interacting with IfYCIN airectly. This problem hes

teen thoroughly explored in ancther publication [3] and will not be discussed
further here.

2 -~y -
3. CINCLUSIONS

A rie-besed expert system is decscribed which uses artificial intelligence tech-
rnijues, and a model of the interaction between physicians and human consultents,
<0 atze=pt to satisfy the demands o a user community that is often reluctant

%2 exreriment w.th computer technology. An ability tc explain decisions, and
<hus tc respond to simple questions expressed in natural language, is emphasized.
Tre representation of expert knowledge in production rules facilitates greatly
+he generation of explanations without requiring solutions to several of the com-
Plex prcblems encouvntered in camputational linguistics.
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