


HFP- 76-26
ERAEE |-
(1979 8 25)

The MYITIN ¢roject E.H. Shortliffe

CLINICAL KNOWLCDGE ENGINEERING: THE MYCIN PROJECT

Edward H. Shortliffe, M.D., Ph.D.
Heuristic Programming Pro ject
Departments of Medicine and Computer Science
Stanford University, Stanford, California 94305

Abstract

The trend towards increased use of symbolic reasoning techniques for clinical decision programs
stems from the dual goals of improving the performance and 1ncreas§n¢ the acceptance of such
systems. This paper discusses one such program, the MYCIN System + and briefly describes
additional areas of investigation tL.at have grown out of the MYCIN experience. Some of the
pressing basic research problems that remain are also identified.

1 Introduct ion

Since the early 1970's researchers at several institutions have begun to investigate
potential clinical applications of symbolic reasoning techniques drawn from the branch of
computer science known as artificial intelligence (AI) (25). The term "artificial intelligence"
is generally accepted to include those computer applications that involve symoolic inference
rather thano strictly numerical calculations. Such programs gain their power from qualitative,
experiential judgments - codified in so-called "rules-of-thumb" or "heuristics”, in contrast to
numerical calculation programs whose power derives from the analytical equations used. The
heuristics focus the attention of the reasoning program on parts of the problem that seem most
critical and parts of the knowledge base that seem most relevant. They also guide the
application of the domain knowledge to an individual case by deleting items from consideration
as well as focusing on items. The result is that these programs pursue a line of reasoning as
opposed to following a sequence of steps in a calculation.

It was pernaps inevitable that some researchers would conside: applying Al methodologies
to <clinical medicine (20]. Major research areas in Al {include knowlecge representation,
heuristic searcn, natural language understanding and generation, and models of thought processes
== all topics pertinent to the problems that have been encountered by clinical decision making
Programs of the past (20]. Furthermore, Al researchers were deginning to look for applications
to wnicn they could apply some of the techniques they had deveioped in theoretical domains.

Among the mecical programs using symoolic reasoning techniques are several systems that
have deen particularly novel and successful. Pople and Myers have developed a3 system called
INTERNIST tnat assists with test selection for the diagnosis of all diseases in internal
mecicine [13). This task nas been remarxably successful to date, witn the program correctly
2.agnosing a large percentage of complex cases selectec from clinical pathologic conferences in
tne zajor medical Journals. The program uses a nierarchic disease categorization, an ad hoe
scoring systeam for quantifying symptom-disease relationships, plus some clever heuristics for

focusing attention, discriminating bdetween competing hypotheses, and diagnosing concurrent
diseases {14],
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Weiss, Xulikowski, anc Amnare! (Rutgers University) and Safir (Mt. Sinai Hospital, New
York City) have develooed a mocel of reasoning regarcing disease processes in the eye,
specifizally glaucoma {24]. In tnis specialized application ares it has Seen possidle to map
relationships Ddetween ooservations, pathophysiolegic stales, and disease categories. The
resulting causal associational network (termed CASNET) forms the dasis for a reasoning program

that gives advice regarding disease states in glauccma patients and denerates management
recoamendations.

For the Al researcners the gquestion of how bes: Lo manage wuncerzainty in medical
reasoning remains a central issue, The systems mentioned have developed ad noc weignting
Systems anc avoided formal statistical approacnes. Others have turne¢ to the work of
statisticians and pnilosopners of science wno have 3evised theories of approximate or inexac:
reasoning. For examplie, wechsler (23] describes 4 program that is oased upon Zacen's fuzzy set

theory (281]. Our group has turnecd :to confirmation theory for our mocel of =alinical inexaet
reasoning (18].

2 The MYCIN Systenm

Cur researcn zroup nas used sympolic reasoning :tecanijues %o Sevelop a consultation
Srogram <nown as tne “4YCIN System 191, de nave cited a variety of desizn considerations [16]
<nich motivatec the seiection of AI methodologies, ar wnat we fave cnosen o call "knowleage
engineering” [9], dur primary 2oncera J4as that the program de useful o paysicians: we
therefore 2mpcnasized the seieczizn of a sroblem domain in wnich paysicians nag seen snown to err
frequently, namely the selecticn of antidioties for Patients with infecticns.

4 nave also
icentified human .ssues that we feel zre crucial in MAK1Ng the system accentaole

0 2nysicians:

(1) it should oce 35le =0 2xplain its decisions i terms of a line of reasoning
that a pnysician can unders:ianc;

(2) it should bYe a2le tc
expressed in siaple Iaglish:

its perfcrmance Dy responding t2 juestians

(3) it snould 2e 13cle %o "l2ara" new :nfar=ation rapisly Sy interacting

irectly with exper:s;

(8) its «nowlezge snhculs oe 23sily modified sc “N8C Derceiveq 2rraors  zan se
sorracilec rapicly defore tney recur in anotaer zase: ang

(5) tne interaction snouic se engilneered 41t tne user ia aiadg

{{a =zerms of
Prempts, answers, and inforz=ation velunteereq oy the system 3s wel. as dy tne users).

All these Jesign zoals were based an the odservation nat previsus somg
senerally Seen poorly 3cceoted Sy paysicians, aven wnen =n Yy <ere sncwn

uter cecision #i13s a3
SO perfaora 4ell 2n sne
t3s«s [or wWnicn tney <er2 cesizned. e T2lt Lhat sarriers tO acceotance wer: largaly o
anc coulid de counteractec in large zart if a System <ere sercervez 2s 2 clinizal =2
tnan a zognatic replacement or ine primary 2avysician's swn ~easoning.

Knowledge of infectious Ziseasess is reoresented in MYCIN as procuctisn rules (4, sa3en
contalning 3 "packet" o <nowlecge sotaines fram 2ol.ladora: € experts _i5i. A prsdustisa =yule
1S s1zply a concitional statement .nidh relates ssservatizns -o asscciataed ences aat %
9e 2rawn. For example, 3 MYCIN ~ul L8Nt state tnat "if a2 sacteriunm is 3 nsLlire 20¢c2us

e
=

gwowing .o Snalas, ot 38 2t S e 3 siregtococcus.”

MICIN'S power Ls derivec I rom suca rules in a variety of ways:

(1) 1t 1s the prograz thnat determines wnica Tules 2 use anc oW tney srouls
Oe chained togetner IC make Jecl3icns 3DOUL a3 Specific sase:

‘) he m

3 sles zsan oe
Znglisn for dispia

1 5tored in a macnine-r2acabdie format sul  translateg :ato
y %O paysicians:




The MYCIN Project E.H. Shortliffe

(3) by removing, altering, or adding rules, the system's knowledge structures
can be rapidly modified without explicitly restructuring the entire knowledge base;
and

(4) the rules themselves can often form a coherent explanation of system
reasoning if the relevant ones are translated into English and displayed in response
to a user's question.

Associated with all rules and inferences are numerical weights reflecting the degree of
certainty associated with them. These numbers, termed certainty factors, form the basis for the

system's inexact reasoning [18]. They allow the Judgmental knowledge of experts to be captured
in rule form and then used in a consistent fashion.

The MYCIN System has been evaluated regarding its performance at therapy selection for
patients with either septicemia (26] or meningitis {27]. The program performs comparably with
experts in these two task domains, but as yet it has no rules regarding the other infectious
disease proolem areas. Further knowledge base development will therefore be required before
MYCIN is made available for clinical use; nence Qquestions regarding its acceptability to
pnysicians cannot yet be assessed. However, the required implementation stages have deen
delineated [17], attention has been paid to all the design criteria ment:ioned above, and the
Program coes have a powerful explanation capability [15].

2 lecent Related Research

Over the last several years, our project's experience with MYCIN has led to seversa)
adcditional experiments. All of tnese nave atiempted to define the range and limitations of
production rules as a methodology for «nowledge engineering.

w
-

Teiresias

Randall Davis nas examined technizues for selecting problem solving strategies ancd ‘or

acgulring knowledge .interactively from numan experts. His program, names Teiresias (5], has
capitalized on th encoding of so-called "meta-level" Kknowledge (i.e., knowledge acout tne

«nowiedge in the Jomain and oW it iS represented in the Program) which can in turn guige
2fficient selection of rules and effective interactions for Knowleage acgquisition. Altncugn the
47CIN rule-pase was usec¢ ror mucn of his early work, tne tecnnigues interface witn proguction
ryles 1n a generalized fashion whicn has peraittec Teiresias to function effectively in a
variety of accitional zomains wnicn are non-megical.

3.2 S4YCIN

As 4YZId matured, i1t osecame eviceant that the program, once stripped of its infectious
iisease «nowliecge, could provide tne essential elements of a general purpose exper: consultation
mecnanism, Jilliam vanMelle nas Seen developing this pure or "essential” MYCIN (called EMYCIN)
Lé2., anc tnere are now several examples of consultation systems that are being created by
leveloping a new set of rules to se run Dy the IMYCIN program. These applications have ranged
from a  >sycnoonarmacology therapy aavisor {10) to o program which assists with structual
ara.ysis for aircraft gesign (2].

3.3 CENTAUR
B 2ikE . L]

Jan Aikins has experimented ~ith the implementation of new Know.ecge

structures, termeg
Srototypes, wnich make more explicit the relationsnips among rules in a

MYCIN-like «xnowledge
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oase (1], Similar %o "frames", the prototypes cefine hign level concepts and hypotheses which
are incividually 1nvokec and wnicn in %turn guide rule selection. GZarly experience with this
melcing of production rules and prototypes suggests that the addition of prototypes bdoth
generates consultations which appear more focussed and strengthens the kinds of explanations
wnich can de generated. The program, ter-med CINTAUR, nas bdeen developed in the setting of PUFF
(12] (a program for pulmonary function test interpretation which is itself a MYCIN derivative),
but cescribes zeneral techniques which may prove adaptable to any expert system in which
knowledge is largely codifled in production rules.

3.8 ™

Larry Fagan's Ventilator Manager (VM) (3) deals with issues of
using production rule tecaniques. Clinical decision making programs have tracitionally seen
very weak in dealing with the time relationsnips of 3isease. Such relaticnships can Dde zomplex

and difflcult to represent, but may De crucial to adequate cdata iaterpretation and patient

management., In VM the task is to monitor POST=-surzical patients in the iantensive care unit and

Lo make recommendations regarding now Sest Lo wean them from respiraters. Time-related issues
incluce the generation cof expectaticns and the need to measure and reinterpret cltaica
parameters on a recurring dasis.

real-time processing

3.5 GUIDON

The knowledge codified in system
3s well as for advice gzeneration. '«

sucn as MYCIN snould ideally Se available for teacning
demonsirate the ways in whien Kknowle

liam Clancey nas <Zevelcped the GUIDON System [3] to
§¢ siored in progucticn rules can He utilized for
intell:zent computer-s‘ded instrucszion. dils work nas required zne sonsiceration of a numoer of
new issues, e.g., the need for a dynamic nodel of tne student being taugnt, and the "Lidden"
knowledge presumed Dby many production rul “nich  must somenhow De made explicit if adeguate
stucent instruction is o take place.

<
§
d

u Ciscussion

s“hereas the tomputations use¢ 5y otaer caracigms (e.z., Saves' theorem, decision sheory,
Patierm recognition, <clinical algorithms) =ostly involve straigntior<ard applicat:ion of well-
developec computing tecaniques, artificial intelligence methods suca as sroduction rules are
larzely experimental. New approaches o «xnowledze Tepresentation, language understanaing,
neurisiic search, and tne other symooliz T23s0ning proclems [ nave mentioned are till neegeq,
Taus Al programs tenc o Dde developed 2 researan snvironments wnere snort term practical
results are unlikely %o de {ound. However, out of :tnis researsh are emerging tecnnigues for
S0ping <ith many of the proclems encourtersz 5y tne stner igproacnes tnat nave deen appiied in
nedical Zeclsion making domains. For axacsle, Al researcners nave developed ;romising metnocs
for nandling concurrent diseases [is), f2u], assessing tne Ilime <z2ourse of disease .3).
acquiring adequate siructured «nowlecge from 2xperts (6], anc implementing new tecnnigues for

inexac: reasoning (18].

Szolovits and Pauker nhave recently reviewed some adplications 3f Al to medizine and nave
attempled to weilgn the successes of thnis younz field agains: ta uvery real provciems :nat lie
aneac¢ 21}, Tney 1dentify several zeficiemcias of current systems. For example, zerminatizn
Sriter.a are still poorly understooc. Altnough INTIANIST =an clagnose simultaneous 3l13eases, .t
also pursues all aonormal fincings :2 compietion, even thougn a alinician often

sli i1gnores =minor
adcnor=alities if the rest of a patient's clinizal STatus 1s wel. uncerstiood. in aacition,

altrough some of these programs now cleverly mimic tne reasoning styles ocserved in exper:s
{71, (11), 1t is less ciear now o KeeZ tre systems {rom adanconing cne aypotnesis and turaing
L0 another one as scon as new .nformat.on suczests anotner dossidbility. Praograms tnat operate
this way appear to dqiZress from one tCIl: i3 anotner — 3 sharacteristic tnat gecziledly
alienates a user regarcless of the valizity af tne final diagnos.s or aagvize.
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Still largely untapped is the power of an AI program to understand its own knowledge
base, i.e., the structure and content of the reasoning mechanisms as well as of the medical
facts. In effect, AI programs have the ability to "know what they know", the best working
example of which 1is perhaps Teiresias (5]. Because such Programs can reason about their own
knowledge, they have the power to encode knowledge about strategies, €.8., when to use and when
to ignore specific items of medical knowledge and which leads to follow up on, Such meta-level
knowledge offers a new dimension to the the design of intelligent assistant programs which we
predict will be exploited in medical decision making systems of the future.
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