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A rule-based exper: system is described which
uses artificial iatelligence cachaiques, and a model of
the iateracticn between physicians and human consul-
tants, to att2npt to satisiy the demands of a user
som=unity that is oftan reluctant to experiment with
cozputer tecinology. Experience to date has demon-
strated that the program is efficient, relacively easy
to use, and reliable in the domain of bactaremsa therapy
selection. Turture work will involve broadening and
evaluatiag tne program's expertise in other areas of
infectious disease therapy. To that end rules regard=-
ing dianosis and treatment of =eningitis have been
wTiLti2a add ave currently under evaluaiion.

Intraduczion

Few potential uger populations are as cdemaading of
SsTjuter tecloilogy as are practicing physiclans. This
is due fo a variecty of facszors wnich include the
oaysician's indapendence as a lone decision maker, the
seriousness wich which he views actions that cay ofcten
nave liZe-and-death significance, and the overwhelming
tize demacds which temd to make him impatient with any
innovation that breaks up the finely=-tuned flow of his
daily routine. Yet as nedical science has expanded,
the individual practicioner has become increasircgly
less abla to manage ail the expertise ha needs if he is
20 provide modernm medical care. Comsultation from sub-
specialists has therefore becoze a ccumon azd accepted
sart of practlce for those physicians forrunate eaough
to have 2asv access to the xinds of expertise they need.
Asay ircm large urbar or aczdemic centars such consul~-
tative advica pay be xmore difficult to obtaiz, aad it
is partly for this reason that efforts nave been cade
to devalop computer prograas with sufficiens sub-
specialty expertise to function in a reliable comsulta-

Tive Tole.
Despize the medical proiessions' common reluctance

20 axperizeat with climical coamputingt, manv consulta=-
ticn prozraxzs have failed to emphasize the develapment
ef zechanisas {or enccuraging their use by physicians.
In designing the MYCIN program, a cliaical consultacion
5vsten, we nave attempctead to recognize the need to
place the ulzinate medical decisions in the hands of
the physician. MYCIN includes nechanisms s0 thac the
Zi2ctor zmay understand not only the prograa’s advice,
24t aiso the dasis on which the relevantc cliaical
decisions were reached. Such an understaxding is ea-
souraged by allowirng the physician to maiztain che
initiaczive thrcughout the consultation, wich am ability
td request clarificacion or justificacion of puzzling
coints along the way. This process paralleis the
faailiar fora of dialog and advice from a numan coasul-
2aat (Tiz. 1) and is therady less threaceaninz than a
svstea vnich sizmply sutaiss dogma. MYCIN's area of
esdertise is the sela:tion of antimicrobial cheraoy for
catients with severe infecticns. This paper briefly
suzmarizes :the MYCIN svstaa and discusses its debt to
3»mdolic reasoning tecnnigues irom the fileld of arti-
sig2ial {nceilizence.
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Toals paver wwas originallv srepared for presentation
2t fhe Annual Meating of the Society for Cozputer
Yedicine, Las vegss, Nevada, 10 November 1977.
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Figure 1 - Diagram summarizing the flow of information
between physician and expert in the human
consultation process. (Figure reproduced
from reference 10).

Artificial Intellizence

Artificial iuntelligence (Al) is a subfield of
computer science in which the emphasis of the research
is on symbolic reasoning rather than numberical com-
putations. In many respects the name "artificial
intellingence” is unfortunate because it conjures up
threatening images of superhuman machines that
challenge those capabilities of mankind that have loag
been thought to be uniquely human. A recent book by a

respected computer expet:z has examined the field in
detail and has generacted a great deal of discussion not

only about what computers could do but should do3.
Techniques developed by researchers in AL, however,
have great poteantial for applicatios to problems ia_ _ _
nedical decisisn =aking. Since 1370 @ small number of .
researchers, mosC oI wnom nave had experience rootad in
‘traditional compucational approaches to zedical
decision making, have begun to recognize the need for
computer ""underscanding' of the clinical dormain of
iateresc 1f useful diagnostic tools are to be

developed‘. They point out that capabilities such as
heuristic search through large numbers of possible
decisions or actioms, computacional approaches to
natural lasguage uanderstanding and generation, and
issues of reoreseatacion for infereatial knowledge
(31l major AL research areas) are central to the pro-
olem of giving a cozputar progran a knowledze of

zedicine at a concedtual level. Such capabilities
aight allow the program a spectre of creativity and
"husacess' that would im turn make {t an acceptable
tool for phvsicians. Several receant researcn projects
have therefore begua 0 examine cthe use of symdolic

reasoning technigues in medical domains 3-8. An over-
view of AL and its relatilonsnip to zedical oroblem

soiving is available elsewhere 9




The MYCIM Svstea

MYCIN is a LIS? prograa designed to serve as a
cliaical consultant on the subject of therapy selection
for patients with infections. The program may be en-
visioned as incerposed between the expert and nonexpert
in much the way thact the large box is positioned in
Fig. 1. The difference is that che human expert can
offer oanly general knowledge to the nrograa, not
patienc-speciiic decisions. The program thus becones
the decision nakar, using geczeral medical knowledge
{ron experts to assess a specific patient and to give
advice plus explanatiocs for its judgmeats.

Fig. 2 details the organization of MYCIN relative
to the human comnsultation process depicted in Fig. 1.
As before, the nonexpert offers data about his patient
and in return receives both advice and, when desired,
informacion via one of two internmal explanation
sechanisms (the "General Question-Answerer" or the
“Reasoning Status Checkar"). The basis for all
decisions is domain-specific knowledge acquired from
experts ("Sracic Knowledze"). A group of computer
prograas (tne "Rule Iatarprecer”) usas this knowledza,
and data about the speciiic patianc, to generate con-
clusions and, ia turm, therapeucic advice. It sizul-
taneously keeps a record of wnat has happened, and this
record is available to the explanation routines if the
physician asks for justification or clarificatiom of
some conclusion the progran has reached. The details of
this system organization have been discussed ia another
10

publi ation

The three principal desizn goals which motivated
the design shown in Fig. 2 were that MYCIN should a)
give clinically useful advice, b) explain decisions
when asked to do so, and c) acquire domain-specific
knowledge diractly from experts. Thus thera are three

1

interrelated parts to the MYCIN systam 8"]':
(1) A Consultation Svsctea that uses the kncwledge base,
along with patient-related data eantered by the shysician
to generate therapeutic advice (see raferences 8-12);

(2) Az Explanation Svscea (the general ques:tion-answerar
arnd the reasoniag sctatus chacker) that explaias the
reasoning usad during the consultation and docimecnts

the =otivation for quescions asked or the rationala for
conclusions reached (see raference 12); and

(3) A Knowledge Accuisition Svstem that ezxables experts
in antizicroodial therapy co update MYCIN's static ‘w@ow-
ledga base without requiriag that they aow aow to
progran a cooputer (see refarences 11, 14).

Evaluation

It i{s ioportant to avoid premature introduction
of a progran in its real-world eavironment. This is
serhaps particularly true ia zedicine, where physician
resiscance to computer-assiscted decision =aking is al-
ready so great that an "experizental" syscea which per-
foras poorly is apt to gecerate insurmountable biases,
regardless of how good its perfor-ance evezzually
becones. 3efore MYCIN cam be iatroduced for clinical
use, we therefore believe it =ust be shown thac zhe
prograa recor=ecnds either the saxe thera»y as 2xoercts
do, or racccmends an altarnate, 2qually acceptadble
regizen. This issue breaks down into a nu=mber of
cemponents wnhich =ust be analy:zed separately: does
the program adequately decide wnether the patient
needs treatzent in the first place? does it ask any
irrelevant questions? does it ignore important
cuestions? does it correctlv conclude what bactaria
are apt to be causiag the pacient's disease? 1is its
therapeutic regimen approoriate for the bacterial
Fathogens it feels may e preseat?

Ia an effort to answer zhese questions regarding

o

MYCIN's performance in the domain of bacteremia theraoy,
a prospective study of 15 consecutive patieats with
positive blood cultures was undertaken. The same set
of patient data was provided both to MYCIN and to ten
experts in infectious disease therapy. The evaluatica

data are preseated in detail elsewhere 15, but in
general they show that the program provides good advice
most of the time and that its perzormance closely
approaches that of subspecizliscts in the climical
demaia.

Limitations

One of MYCIN's principal limitations is sharad
by all clinical consultatiom programs - - it requires
that the physician take the initiacive in asking for an
interactive session. Despite actention that may be
paid to "human engineering' issues during the develop-
ment of such programs, physicians seldom choose to use
cozputers for tasks they feel they cam do themselves?t.
Evidence that tha medical profession may be failing to
perform a job optimally (reviewed in reference 15 for
MYCIN's domain) zay not be sufiicieatly compelliang Zor
the individual practitioners to seek out a prograa's
advice. Programs which can moanitor physician prescrib-
inz habits automatically, and zenerate warnings whnen

appropriate 16. may thus be more likely to influence
physicians and the general quality of patieat care.

The MYCIN approach {s also limited by its complex
control structure and representation scheme. These are
probably unnecessary for cedical inference tasks in
which uncertaioty and incomplete knowledge are uncommon
occurrences. Uantil the MYCIN formalism has been tested
on other medical decision problems, however, it will be
difficult to predict what proportion might be handled
more directly by other techniques. Furthermora, the
efficiency advantages of approaches relying core
heavily on statistical theory must be weighed against
the importance of the natural mechanism for explacation
and «nowledge nodification that may be achieved through
MYCIN's representation of kaowledge in the form of
production rules 17.

Another limitation results because MYCIN currently
requires nore computing power and memory than is rea-
sonable to expect to find im =ost hospital computing
environments. Although the DEC PDP-10 on which we
currently operate has beea a powerful research machine
for development of MYCIN, we are hopeful that the
program cay eveatually be adapted to rua oa smaller
zachines. Alterzatively, networking technology may
allow a single large machine to be shared by a larze
nuaber of clinical users cver a wide geographic area.
At present, however, the systea func:zions solely ia a
research environment, and long range cost estimates
are therefore not feasible.
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The correlation between this design and the

human consul:ation process depicted in Fig. 1 is discussed

in the text.
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