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ABSTRACT

The paper gives an outline of basic problems in-
volved in designing an inferential medical comput=-
er r~onsultant, and then discusses the methods of
imp: . menting deductive and inductive capabilitles
of such a system. To implement the latter capa-
bilities the paper advocates logical methads
(specifically methods employing concepts of a
variable-valued logilc system) rather chan statis-
tical or syntactic methods which are currently
most common,

1. INTRODUCTIOHN

The amount of diagnostic and therapeutic knowledge
exiscting today surpasses by far what a single phy-
siclan or a group of physicians can encompass even
if they have a sizable library in their offices.
The situation 1s becoming worse as this knowledge
grows rapidly. An augmentation of a physiclan's
memory by developing computer medical data bases
i3 an important step forward, but in the long tun
it will not be sufficient. To improve the quality
of his declsion making a physielan will need a
medical computer consultant with significant in-
ferential and learning capabilicies,

By 'inferential capabilicies’ we mean deductive
and, as well, inductive capabilities. The deduc-
tive capabilities will allow such a medical com-
puter consultant (MCC) to apply various decislom
rules, stored in its data base, to the specific
new siruations in order te come up with a diag-
nostic, therapeutic or other advice. The induc-
tive capabilities will allow the MCC to modify,
generalize or determine various declsion rules
from new facta, observations, feedback information,
‘experience', et¢. By 'learning capabilities' we
mean capabilities to accept varicus facts and
rules, and to link them with already known facts
and rules.

A need for such an inferential computer consultant
is clearly seen from the following.

A data base without inferential and learning capa-
bilities would just be a bank of known speciiic
factes about diseases, therapy, disease-symptom,
therapy-symptom, and other relacionships.* BSuch a
system could answer only the questions directly
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'Medicine {8 a science of
uncertainty and an art of
probabifity."

Six William Qslen

related to the situations identical to those stored
in its memory, and would be useless for answering
queations related to any new situacions. A system
with deductive capabilities would be able to
answer questions related to new situations, but
only if decision rules pertinent to these new sjtu-
ations were available. 7To formalize and program,
however, all the known, usually very informal, i{n=-
tultive, and sometimes contradictive rules devel-
oped by the medical profession is a monumental
task. But even if such a task was achieved in a
certain point in time, the system would beceme
quickly obsolete, 1f it would not have inductive
and learning capabilities. The latter capabilities
will enable a system to learn rules from examples,
specific cases, to modify and update rules, using
feedback information to make new generallzations,
eta.

2. OUILINE OF BASIC PROBLEMS OF DESIGNING A MCC

Designing an inferential medical computer consult-
ant 1s a very complex task consisting of many dif-
ferent problems:

. Development of a system of programs for executing
learning and inferential processes, i.e., pro-
grams which

(1) can aceept, 'comprehend', and easily handle,
and also update wedical knowledge about
'symptom-disease', 'cause—effect', 'disease-
therapy' and other relationships (learning
capabilities)

{(2) can infer decision rules expressing these re-
lationships from given single facts, examples,
cases, ete. {indoctive capabilities)

{3) can advise, basad on the directly obtained or
inferred decision rules and the given in-
Formation about a patient, about diagnosis,
therapy, tests to assign or other medical
action (deductive capabilities)

*There are approximately 6000 disegses and 20,000
medical symptoms and measurements. Wwith each dis-
ease, thare can be associated a large number of
known cases and facts, thus the development of 2
complete medical data base presents a very sericut
problem by itself.



Development of very convenient, simple and at-
tractive methods, devices, terminals and comput-
er language{s} for interactive communication
between physician(s) (alsa researchers and other
users) and the MCC.

. Development of a computer medical base consist-

ing of

(1) dara about patients (medical history, physi-
cal examination, laboratory tests, special
tests, diagnostic decisions, prescribed
therapy, resultisg changes of a patient's
health, etec.),

(2) diagnostic and thicapeutic and other knowl-
edge obtained fror pnysicians and medical
bocks,

(1) diagnostic and therapeutic knowledge (in the
form of decision rules) which MCC acquired
itself from given cases and examples (using
its learning and inductive capabilities).

An important property of such a data base must
be that the above knowledge is represented in a
form which is well suited for implementing de-
ductive, inductive and learning processes. It
should be noted, that the data bases being de~
veloped presently are not well suited for such
processes.

. Design of overall hardware configuration of the

system.

Design of overall software configuration of the
system (operating system, supporting programs,
ete. ).

. Security problems (different types of access to

the system for different users (dectors, re-
searchers, laboratery technicians, computer oper-
ators, ete.).

Communication of the system with extarnal com—
puter data bages.

Other problems, in particular lsgal problems.

(3) syntactic methods, which employ the concept
" of formal grammars and parsing techniquea

(4) logical methods, which describe declisien
processes in terms of concepts deveioped in
formal logic (blnary and multivalued).

The statlstical methods are of quite limited use-~
fulness for our task., Some of the difficulties
with these methods with regard to diagnostic deei-
sions were expressively described by Edwards*:

"...My frtends whc are expert about medical
records tell me chat to attempt te dig out
from even the most sophisticated hasplital's
records the frequency of association between
any particular symptom and any particular
diagnosis is next to impossible -- and when

1 rajse che guestion of complexes of symp-
toms, they stop speaking to me. For anaother
thing, doctors keep telling me that diseases
change, that this year's flu is different
from last year's flu, so that symptom-diseasae
records extending far back in time are of
very limited usefulness. Moreover, the ob-
servacion of symptoms is well-supplied with
error, and the diagnosis of diseases is even
more so; both kKinds of errors will ordinarily
be frozen permanently lnto symptom-disease
statistica. Finally, even if diseases didn't
change, doctors would. The usefulness of
disease categories is so much a functiom of
available treatments that these categories
themselves change as treatments change —— a
fact hard to ilncorporate into symptom-discase
statistics.

All these arguments against symptom-disease
statlstics are perhaps somewhat overstated.
Where such statisties can be obtained and
believed, obviously they should be used. But
1 argue that usually they cannot be obtained,
and even in those instances where they have
been obtained, they may not deserve belfef.”

We can sumuarize these difficulties as follows.
These methods

{1) require usually too much data-to estimata

3. CRITICAL REVIEW OF BASIC METHODS FOR IMPLEMENT- all the necessary class conditional proba-
ING INFERENTIAL AND LEARNING PROCESSES bilitiegh* i
The problems which are most theoretically diffi- (?) do not provide goal orlented descriptions of
cult are the problems of implementing inferential decision classes, e.g., descriptions which
and learning processes for medical decision making. use only variables (symptoms, measurementis,
In this paper we will restrict ourselves to a dis- signs, etc.), which are most adequate for
cussion of only these problems. Basic koown meth- describing each individual decision class.
vds which may be used for solving these problems (They use descriptions which use the same
can be divided into 4 groups: variables for describing all the classes,
i.e., these methods are 'constant decision.
(1) staristical methods, {.e., wethods based on space methods’, ratheé than 'variable deci-
statistical decision theory, inm particular sion space methodsa'). )

on the Bayesian theorem,

{2) analytical methods, which employ techniques

such as regression analysis, factor analysis, kIn ref. 2, pp. 139-151.
multiple discriminant analysis, linear and
polynomial discriminant funections, etc. *®Tt can be shown that in some situatioms these

methods may require more disease cases then number
of people who ever lived or live on our planet (M.
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