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Abstract

The trend towards increased use of symoolic reasoning techniques for clinical decision programsstems from the dual goals of improving the performance and increasvlg the acceptance of sucnsystems. This paper discusses one Such program. the MYCIN System and briefly describesadditional areas of invest]gation tLat have grown out of the MYCIN experience. Some of thepressing basic research problems that remain are also identified.

1 Introduction

Since the early 1970s researchers at several institutions h.nee begun to investigatepotential clinical applications of symoolic reasoning techniques drawn from the branch ofcomputer science known as artificial intelligence (Al) [25). The term "artificial intelligence"is generally accepted to include those computer applications that Involve symoolic inferenceratner than strictly numerical calculations. Such programa gain their power from qualitative,experiential judgments - codified in so-called "rules-of-thumo" or "heuristics". in contrast tonumerical calculation programs whose power derives from the analytical equations used. Theheuristics focus the attention of tne reasoning program on parts of the problem that seem mostcritical and parts of the knowledge base that seem most relevant. They also guide theapplication of the domain knowledge to an Indivieual case by deleting items from consieerationas well as focusing on items. The result is that these programa pursue a line of reasoning asopposed to following a sequence of steps in a calculation.

It was pernaps inevitaole that some researeners would conside- applying Al methodologiesto clinical medicine 120). Major research areas in Al include knowlecge representation,heristic search, natural language understanding and generation, and models of thought processes-- all topics pertinent to the problems that have been encountered by clinical decision makingprograms of 'he past i201. Furthermore. Al researcners were beginning to look for applicationsto which they could apply some of tne tecnniqums tney had eeveloped in theoretical domains.

Among the medical programs using symoolic reasoning techniques are several systems thatnave peen particularly novel and successful. Pople and Myers have developed a system calledINTERNIST tnat assists witn test selection for the diagnosis of all diseases in internalmet:eine :13). This task las been remarkaoly successful to date. witn the program correctlyeiagnosing a large percentage of complex cases selectee from clinical pathologic conferences intne maLor medical journals. The program uses a nierarcnic disease categorization. an ad hocscering system for quantifying symptom-disease relationships, plus some clever heuristics forfoc.Jsing attention, discriminating between competing hypotheses, and diagnosing concurrentdiseases 141.

Jevelocment of the 4TC:N System was made possible by the SUMIX-AIM computing resource. whiCh 13Supported by the Biotechnology Resources Program of the National Institutes of Health underCrant No. RP-)C785. Dr. Shortliffe Is the recipient of Research Career Development Award Lm-000e8 from the National Library of Medic:re.

Reprinted by permission of the author.

Appeared in "Inference & Decision Making Processes in Medicine,"
Proceedings of the First International Workshop on Methodologies
for Disease Control, August 25, 1979, Tokyo, Japan.
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Weiss. Kulidowski, and Amare: (Rutgers University) and Saftr (Mt. Sinai Hospital, MewYork City) have developed a mocel of reasoning regarctng disease processes in the eye,specifically glaucoma (241. In tnis specialized application area it has been possible to maprelationships Detween ooservations, patnopnysiologic states, and disease categories. Theresulting causal associational network (termed CAS)4E:) forms the basis for a reasoning programthat gives advice regarcing disease states in glaucoma patients and generates managementrecommendations.

For the Al researcners the question of how best to manage uncertainty in medicalreasoning remains a central issue. The systems mentIoned have developed ad hoc weightingsystems and avoided formal statistical approacnes. Others have turned to the work ofstatisticians and pnilosopners of science dna have oevisee theories of approximate or inexactreasonIng. For example. dechsler (23) describes a program that is eased upon Eacien's fuzzy settheory E2S1. Our group has turned to confirmation theory for our mood l of allnioal inexactreasoning (181.

•

2 The MYC:N System

Cur researcn group nas .sed symoolic reasoning tecnniques to :evelop a consultationorogram dnown as tne MYCIN System :191. 4e nave cited a variety of design considerattons :16:which motivates the selectlon of Al metnedologies, or dnat we have cnosen to call "knowleogeengineering" :9). Our primary concern was tnat tne program ae useful to pnysicians; wetherefore emsnastzet tne selection of a proolem domain in wnicn anysictans nac Deem snown to errfrequently, namely tne selectton of anttaiottcs for pattents with infections. de nave alsoIdentifled human Issues that we feel are crustal tn making the system acceptaole to anysIclans:

(1) It should Pe 30..0 to exalaln its decisions in terms of a line of reasoningtnat a pnysician can understanc;

(2) it should be ace tc .:usttfy its performance by resoondtng to sues:tonsexpressed in sImple English:

(3) it snould De vole to "learn" new tnforratIon raot.cly ay interacting
,Itrectly with experts;

(4) its Knowledge sncul: pe easily moctfted so tnat percetveo errors :an ccsarrected rapisly Defore tney recur in anotner case; anc

(5) tne interactIon snoul: pe engineered with tne user In mind (in terms ofprompts, answers, and Information volunteered py the system is del: as ay one users).

All these design goals were based on the ooservation tnat orevicus :ortuter secIslan pits na:generally peen poorly accepted by anysistans. even wnen tney were snown :a perfsrm well on tne:ass for wnlon tney dere cestgnes. de felt tnat carriers to acceptance were largely conce:t4dalarm :oul: pe counteractec in large part :1' a system were per:eivec as a cltnisal tool ratnertnan a :ogmatic realacement for one primary on/stater...5 own reasoning.

Knowledge of tnfectious diseases IS represented in MYC:N as praductiom rules :4:. eacncontaining 3 "nacKet" of <nodirsge aptalnes from ccllaporattng exper:s :!g:. ; ruleIs simply a concItional statement dnt:n relates oaservattsns to assoclated inferences :net mayoe drawn. For examole. 3 MYC:N rule stint state tnat "tf a :acterttdm ts a gran post:lie coccusgrowing in tnatns. :nen tt ts act to te a strestococcds.'

mYC:N's power Ls :en:yen from tuon rules in a varlety of ways

(1) It 13 tne prsgram :net determines dnion rules to Use and now tney snould
pe chalned togetner to made oectsions aoout a specIfic case:

(2) tne ^dies can a* stored in a macnine—reacaole format out translated lnto
Englisn for Oise:ay to pnyslatans:
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(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 ofcertainty associated with them. These numbers, termed certainty factors, form the basis for thesystem's inexact reasoning (18). They allow the judgmental knowledge of experts to be capturedin rule form and then used in a consistent fashion.

The KYCIN System has been evaluated regarding its performance at therapy selection forpatients with either septicemia (26) or meningitis The program performs comparably withexperts in these two task domains, but as yet it nas no rules regarding the other infectiousdisease proolem areas. Further knowledge base development will therefore be required beforeMTCIN is made available for clinical use: hence questions regarding its acceptability topnyslcians cannot yet be assessed. However, the required implementation stages have beenaelineated Er), attention has been paid to all the design criteria mentioned above, and theprogram noes have a powerful explanation capability i 15).

Recent Related Research 

Over the last several years. our project's experience witn HTC:N has .ec to severaladditional experiments. All of tnese nave attempted to aefine the range ant: limitations ofproduction rules as a methodology for knowleoge engineering.

Telresias 

Randall Davis !las examined techniques for selecting problem solving strategies and foraccuiring knowledge Interactively from human experts. His program. names Teiresias hascaoltallzeo on the encoding of so-called "meta-level" knowledge i.e.. knowledge aoout the4nowleage in the aomain and now it is represented in the program) which can In trh guideefficient selection of rules and effective Interactions for ,:nowleoge acquisition. Altncugn thefCIN 7ule-oase as usec for mucn of his early work, tne tecnniques interface aitn proauctionrules in a generalized fashion anion has permittec Teiresias to function effectively in avariety of accitional =mains anion are non-meoical.

3.2 E.Cfc:N

As AY:: matured, it oecame evident tnat the program, once stripped of its infectiousiisease knowlecge. could provide tne essential elements of a general purpose expert consultationnecnanism. 4illiam vanHelle nas :teen developing this pure or "essential" !ITCH ,called EHYCIN).22:. inc tnere are now severe: examples of consultation systems tnat are being created oypeveloping a new set of rules to Pe run by the EMYC:N program. These applications have rangedfrom l a csycnoonarmacology tnerapy advisor :1:) to a program wr.lch assists with structualanalysis for aircraft design 2.

3.3 :ENTAJR

jan Aikins nes experimented aitn the implementation of new Knowledge structures, termeoprototypes. drucr. make more explicit tne rein:manias among rules in a MYCIN-like knowledge

.3
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oase [1:. Similar to "frames", the prototypes oefine hign level concepts and hypotheses whichare individually invokec and wnicn in turn guide rule selection. Early experience with thismelding of production rules and prototypes suggests that the addition of prototypes bothgenerates consultations whicn appear more focussed and strengthens the kinds of explanationswhich tan be generated. The program, termed CENTAUR. nas been developed in the setting of PUFF(12) (a program for pulmonary function test interpretation which is itself a MYCIN derivative).but describes general tecnniques which may prove adaptable to any expert system in whichknowledge is largely codiflea in production rules.

Larry Fagan's Ventilator Manager (vm) (8) deals with issues of real-time processingusing production rule tetnniques. Clinical decision making programs have traditionally oeenvery weak in dealing with the time relatIonsnips of disease. Such relationships can coe complexand difficult to represent, but may be crucial to licentiate data interpretation and patientmanagement. In VM the taSK is to monitor post-surgical patients in the intensive care unit andto make recommendations regarding now oest to wean them from respirators. Time-related issuesinclude the generation of expectations and the need to measure and reinterpret cldnicaparameters on a recurring oasis.

3.5 GUIDON

The knowledge codified in systems sucn as MYC:N should ideally be available for teacning
33 well as for advice generation. illam lancey nas developed the GU/DON System :3] todemonstrate tne ways in wnicn knowledge stored In proauctien rules can be utilized forintelligent computer-,- ded instruction. His work nes required tne consideration of a numper ofnew Issues, e.g.. the need for a dynamic mood': of the student being taugnt, anti the "hidden"knowledge presumed by many production ru: wnlen must somehow be side expli:it if adequatestudent instruction is to take place.

:iscussion

ihereas the :amputations used oy other earacigms :e.g.. Bayes' theorem. decision theory.pattern recognition. clinical algorithms) mostly involve straightforward applicatIon of del -developed computing tecnnIdues, artificial intelligence methods sucn as eroduction rules arelargely experimental. New approaches to 'knowledge representation. language understanning,neuriszic searcn, and tne other symoolic reasoning proclems : nave mentioned are still neeoed.Thus 41 programs tend to oe developed in researen environments wnert snort term practicalresults are unlikely to Pe found. Sowever. Out or this research are emerging tecnniques forcoping with many of tne proolems encountered oy zhe :tner approacnes that nave Peen applied inmedical decision making domains. For examele. A: researchers nave developec promising metnodsfor candling concurrent 113eaSe3 .1"). :24]. assessing the t:me course of disease Al.acquiring adequate structured knowlecge from experts CC, and implementing new tecnnieues forinexact reasoning (113].

Szolovits and Pauker nave recently -eviewed some apclications :I' A/ to met:eine and naveattempted to weigh the successes of this young field against tne very real proolems tnat lieanead .21:. They identify several deficiencies of current systems. For example. terminationerlteria are still poorly unoerstood. A:trouir. :1TERN:ST :an diagnose simultaneous diseases. italso pursues all aonorsal fincings to :omelet:on. even though a clinician often ignores minoraonormallties if the rest of a patlent's ell:ties: status 13 well understood. :n aocilion,although some of tnese programs now cleve-ly mimic the reasoning styles ocserved in experts:7:. it 13 less clear now to Aeep tne systems from apandoning. one nypetnesis and turningto another one as soon 33 new information suggests another possibility. Programs :nat uperatetnis way appear to digress from one tcei: to anotner -- a enaracteristic tnat nod:de:11yalienates a user regardless of the valleity :f tne final diagnosis or aoviee.

-4-
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Still largely untapped Is the power of an AI program to understand its own knowledgebase, i.e., the structure and content of the reasoning mechanisms as well as or the medicalfacts. In effect, AI programa nave the ability to "know what they know", the best workingexample of which is perhaps Teiresias (5). Because such programa can reason about their ownknowledge, they have the power to encode knowledge about strategies. e.g., when to use and whento ignore specific items of medical knowledge and which leads to follow up on. Such meta—levelknowledge offers a new dimension to the the design of Intelligent assistant programs which wepredict will be exploited in medical decision making systems of the future.
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