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Bbskract: The purpese of Knowledoe representation for an expert
system is to specify functions te be performed by the system. In
this paper a knowledge representation scheme which mutwally
combines procedures, functions, production rules and Horn clauses,
is cutlined,. Its knowledge representation model is an imaginary
organization for performing functions of a target system, where a
number of members try to solve given problems systematically.
Encwledge is distributed to each of the members with considerable
modularity. Funcktional specification of expert systems would be
performed with less difficulty.

1 INTRODUCTION
The basic rele of knowledge representation for an expert system is to
specify functions bo be performed by the system. Several knowledge

reprasentation models, such as the production system and frame system
models, give us some guidelines on how to represent varlous Lypes of
knowledge {[Ref. 1-5.).  Howswver, nene of them is thought to be sufficient
by itself, because an individeal model may bring ocut both advantages and
disadvantages depending on various characteristies of the system to be
specified,

Thus, several schemes which allow a mixture of different knowledge
representation models have been deyeloped to make up for the weai points of
one model or anokther {Ref’. 6,7.). The integrated knowledge ropresentation
scheme we propose is similar bo them with regard &0 the basice philosophy,
howWwever, we set oub to construct a new model which might funetlenally cover
mest existing knowledge representation models.  The new model we inbtroduced
is an imaginary organizallon for perlorming [unctiens of a target system,
where s number of meémbers try to solve piven problems in cooperalion by
offerring their individual knowledge to each other as in soclal
organizations. Actually, in Lhis model, it is supposed that every membeor
of the organization iz hierarchiecally arranged with its given rele and all
necessary knowledge for fthat role. That is, the model represents every
piece of lnmowledge necessary [or specifying functions of & systewm by
congbruebing an imagivary organization and assigning it to an appropriate
member of the crganization,

To perform functions ol an expert systen, io general, a wvarleby types
of  knouwledge may he required. On Ehe other hand, the most suitable



representation form may be thought to wvary with the btype of knowledge,
Therefore, it might be effective te provide several representation forms
out of which a user can select the wmost appropriate one for his purpose or
characteristios of knowledge to be represented. As an attempt, we selected
I types of representation forms, predicates, funetions, procedures and
production ruies, and designed a knowledge representation language. We
call it Modular Bepresentation Language ( MEL ) temporarily.

This paper presents an outline of MRL, shows some examples of its use
and discusses the features of MAL.

2 OUTLINE OF MERL
2.1 Knowledge Represaentation Model

Az mentioned above, the knowledge represcnbtation medel constructed on
MEL corresponds to an  imaginary organization which performs all the
functions of a system. The organization consists of several members, each
of which haz a specific role and all necessary kpowledge [lor achieving its
role, We call each of the members a Knowledge Module { KM ).

The behavior of the whole organization is considered to be contrelled
in a teop-down manner, that iz, we consider a model in which each EM
receives a problem or a command from its superior KM and solves that
problem or executes that command by itself or systematically mobilizes its

subordinabte KMs. The eoriginal problems to be solved by the whole
organization -- which must be appropriately specified so that all functions
of a target system are performed -- are supposed to be given from outside

of the organization. Every such original problem must be given as a goal
described in a predicate logiec expression (Ref. 8.). Such goals are not
necessarily required to be econcrete, however, 1in such cases several
concrete goals should be found by the organizabion itself.

Every goal given from the outside 1Is accepted only by the KM lecated
at the top of the organization, which we call the Main Module { MM }. The
process is started when the MM aceepts a goal. It solves the goal in top-
down style as shown in Fig.2.1.

When a goal iz piven to the MM,
the MM tries to find its solution by
use of its internal knowledge. If it
detects a certain subproblem that it
cannot soclve hy itself, it creates a
subgoal corresponding Lo Lhe
subproblem, and requests an
appropriate KM among its subordinate
EMs to [ind its solution, If a KM can
find a solution for its subgoal by
applving 1its internal knowledge, it
informe its superior KM of the result,
then the superior KM restarts its
problem =selving and if necessary
creates the next subgoal and repeatbs
the same process.  Thus, the existence
of a solubtion for each subgoal is
checked in bottom-up  style, and
firally, at the MM, the solution for
the original goal is produced and its
result Is output.

Enowledge representation based on this wmodel could be performed in a
top-down and aystematic style, where one might design several goals at



first so that by solving them the whele functions of a target system are
accomplished. Each of these goals could be divided inte an appropriate
number of subgoals, and several KMz would be generated to sclve them. The
user would provide the knowledge necessary [lor Lhe division inbto subbgoals.
After that, in the same manner, one could design an imaginary organization
and deseribe all necessary knowledge step by step.

2.2 kKnowledge Hepresentation Primitives
2.2.1 EKnouwledge Module

Each KM has its own role for perferming [unctions of a system and it
solves given problems using its internal knowledge and its subordinate KMs,
The logical form of a KM is as fellows:

¢ KM » = module <module name
<knowledge body>
end-module |

The <kowledge body» in this form is detailed as fallows:

{knowledge body: ::= [<module contrel information>]
[«variable definition>] "
[<knowledge process: <internal module>]

In the above deseription every <knowledge process> forms the nueleuvs
speoifying funetions of the KM. The <interpal medule» is a KM utilized
only by the knowledge processes of this KM, and it corresponds to a private
subordinate of this KM, Global wvariables bo be provided in this KM are
defined in the <variable definition>. The <module econtrol information: 1s
vsed mainly te indicate several relations between this KM and other KMs,

2.2.2 Enowledge Process
A knowledge process { KP ) is the hasie unit of processing when
solving given goals or subgoals, and it has the feollowing logical form:

< KP > t:= <process name>[(<arguments>}]
‘process body: ;

Here, the part leading the {process body> is called the process head.
The KPs are classified inte 4 types corresponding to the representation
form of the process body. They are shown in the fellowing:

{1} predicate logic type process

Thiz iz a Horn clause (Rel'. 4.). The head part of the Hern elause
corresponds Lo Lhe process head and the body part corresponds to the
process body.

{2} function type process

This is a function which evaluates the truth-valve of itself. The
funetion name and its arguments correspond be the process head.  The
process body defines the details of the function.

{3) procedure Lype process

This is a procedure. The procedure name and {bs arguments corresponds
to the process head. The process body defipes the details of the
procedure as a sequence of execubable statements, Ry the way, the
truth=value of the procedure always becomes true after its execulion,
Or it should be described as a function,

Gy



{4) production rule type process

This is a s=set of production rules. A process head, indicating an
enabling econdition of those rules, is attached at the head. The
process body iz a sequence of production rules, each of which is
supposed to be a rule for forward-chaining ( sinee it is supposed that
any rule for backward-chaining is described as a predicate logic lype
process ).

An ipvocabion of a KPP is performed based on unifiecation bebween its
process head and the subgoal to be solved by the KM including that KP in it
{Ref. 10.}., That is, only when the predicate name of the subgoal equals
the process name of the KP and every argument of the subgoal ecan be unified
with the corresponding argument in the process head, is that KP invoked.

f certain KM may contain several KFs in its knowledge body, each aof
which can utilize some predicates in its process body. & subgoal Lo be
solved by a KM is first unified with each process head of its KPs, then if
unified, one of the KPs is invoked and its process body is executed, If a
new subgeoal is generated corresponding to a ecertain predieate utilized in
the proecess body, the next KP is invoked In the same manner., Thus, mutual
invoecations are accomplished between any pair of KPs, regardless whether
their types are eqgual or not.

2.2.3 Giocbal Variahle and Attached Knowledge Process

Global variables can be provided in any KM, A global variable can be
accessed from any position in the KM which includes the variable, and may
be accessed from inside its subordinate HKEMs if they inherit all the
knowledge of that EM. f global variable 1z pgenerated by the following
global wvariable definition in the same KM including this definition.

global <variable nama> [<type definition>] [<initial value>]
[<attached KP»)}*

Here, the <type definilien» specifies a data type of this variable,
When it ie omitted any type of data must be storable. The <initial valued’
assigns an initial walue. The <attached KI'», which iz also a kind of KP,
corresponds to an attached procedure ( or demon )} in  the frame
representation and it indieates an additional process to be execubed when
this glohal variable is accessed (Ref. 2.).

In addition, two specific global variables, wmwodale wvariable and
process variable, are intreduced. The module variable points Lo a certain
KM or set of KMs and is used when the range of KMs must be limited. The
process variable holds a process name and its arguments. Tt is mainly used
for indirect inveoeatien of KFPs.

2.2.4 Atom
Atoms are the basic elements which construct the process body of each
KEP. The representation form of an atom is described as follows:

< atom > s [«module selectory . | ipredicate name »
[{carguments) > ]

Here, the <module selector» speeifies a range of KMs by which the
subgoal generated corresponding to this predicate should be solved.

2.3 Deseription of Knowledge



2.3.1 The Structure of an Imaginary Organization

The structure of an imaginary organizatlon is specified baszsieally by
superior/subordinate relations ( S8 relalions ) among KMz, A 55 relatien
means that the superior KM forces the subordinate EM to solve its subgoal
in order to =olve a goal given to itself. There are two btypes of
subordinate KMs. One is the above-mentioned internal wmodule, corresponding
te a private suberdinate of its superior KM, whose whole body is embedded
in the knowledge body of the superior KM. The other is calied an external
module.  An external module can be ulbilized in common by several KMs and
fts 55 relations is described by ineluding its module name in the preeeding
module conbrol information of its superior KM ( in reality, by an external
statement ). The body of such an external module must be descrelibeol
elsewhere.

By Gthe way, 55 relations among EMs can be sebttled withoub ae
restriction, therefore, a recursive structure such that a subordinate KM of
a certain KM has itself as one of its subordinate KEMs is also allowed.

In additien to these deseripticons for a static structure, several
built-in predicates are provided Lo represenl a dynamie transformation of
the =strusture. They are ereate, copy and delete predicates. The create
predicate creates 2 wvacant KM, The copy predicake creates a KM by
duplicating a designated KM. Those created KMs become the internal modules
of the KM which invoked the corresponding predicate. The delete predicate
is used feor removal of a designated EM,

2.3.2 Internal Structure of a EM

When eonstructing an  imaginary organization, it must be clearly
stipulated exactly what subgoals are given from a superior KM to its
subordinate KM for every pair of KEMs with a 85 relation. Accordingly,
here, under the premise that all subgoals which a ecertain KM should try to
golve are known, how we ecan design an internal strueture for the KM is
shown .,

A subgoal given to a KM is processed by a certain KFP whose process
head is unifiable with the subgoal. Therefore, it is necessary Lo provide
such a process head in the KM for every subgoal. Individual process heads
may be prepared for each different =ubgoal, and common process heads may be
prepared for several subgosls. Moreover, it Is possible to arrange several
process heads for a single subgeal. Thus, an internmal structure of a KM
can be designed with considerable flexibility.

Now, for a certain subgoal when zeveral HP's are unifiable, one of them
iz first invoked, then if it ecannot solve the subgoal, the next KP is
selected and invoked, and so on. In such eases, a backbracking mechanism
warks.

Besides, between a pair of KMz which has a S5 relation, the
subordinate KM can inherit the whole knowledge of the superieor KM, provided
that such inheritance is made effective by the module eontrol information
in reality, by an inherit statement ) of the subordinate KM. At that time,
Aas all KPs which are included in the superior KM are also inherited, the
subordinate KM is able to utilize them of course,

£.3.5 FProcess Body of 2 KP

The process body of a KP can be deseribed in predicate logie,
function, proecedure or production rule style. In any styie, the basic
elements constructing a process body are atoms. While execution of a KP is
controlled by each mechanism which corresponds to the type of the KP, atoms
are processed in the same way.



The corresponding subgoal is generated for each atom, and it is solved
by other KFs. Such KPs must be ineluded either in the same KM as the atom
is deseribed or in the subordinate KMs of that KM. 1n other words, every
subgoal generated by a KM must be solved either by its own KPs ( ineluding
all KPs inherited from its superier KMs ) or by its subordinate KMs.

3 AN EXAMPLE OF KNOWLEDRGE REPRESENTATION

fs an example of knowledge representation in MRL, a medical diagnosis
system is considered, which identifies the disease name of a patient by use
of causality knowledge between diseases and symploms.

An imaginary organization for that system could be constructed as
shown in Fig.3.1. Each member of the organization, that is each KM, has
the following functions:

{a) diagnostician:

jidentifies the diseasze name of a patient and outputs it.
(b) basic_symptoms_collector:

ingquires the patient about his basic symptoms.
(e} symptoms inquirer:

inquires the patient about presence of a disignated symptom.
{d) causality specialist:

answers questions about causality between diseases and symptoms.
(e) disease specialist:

answers guestions about the causality for i-th disease,
(f) patient:

records various information aboutbt the patient.

The major contents of these KMs are shown below!:

module diagnostieian ;



global D, C ehrstring ;

diagnoze @ procedure ;

create( patient )

basic symptoms collect |

for every coincide{ 800 )

assert( patient, condidate( 7D ) ;
if not patient.candidatel €D )

then writel 'eonfliet !'), stop ;
retract{ patient, candidate{ 70 ) ;
while patient.candidate{ &C )

do

retract( patient, candidate( 80 )

select_candidate( 7D, 7C, €D ) ;

end ;

Write{ 'The disease may be', 70 } 3
end diagnose
coincide { U ) :- not { vausality( D, S, A ), patient.{ symptom{ S, B ) )

LRy B o

select_candidate{ D1, D2, D ) : rule ;
if eausality( D1, 3, A1 ), causality( D2, 5§, A2 ), AY <> A2
then ask( S, A& ), assert( patient, symptom({ 3, & } ) ;
if patient.sympbom{ 5, A }, causality( D, 5, B J, & < B
then retract( patient, candidate( D ) | ;
if patient.symptom{ S, & }, not ( causality( I, 5, B ), A <> B )
then retraet( patient symptom{ S, &4 ) ) ;
if candidare! D1 )
then I := D1, stop ;
else D = D2, stop
end select candidate ;

module causality speclalist |
global M module |
sausality( N, 5, L ) = @M.( disasase( C ), causes{ S, &4 ) ) .
module disease szpecialist #£1
discasé[ disease_name_#1 |} ;

causes{ symptom a, yes ) ;

causes( symptem b, no ) ;

end_module disease_specialisti_#1 ;

moduie disease speclalist &N



end module disease_specialist #N ;

end module causality speecialist ;

end_module diagnostician ;

4 DISCUSSION

The majer features of MAL are the hierarchical organization model to
specify functions of a sysbtem and the flaxible description form to
represent a variety of knowledge.

The model should be very familiar to all of us, =ince we all have some
experience of belonging to actual organizations.  Moreover, the Gtop-down
style design process of the organization 1s quite similar Lo conservative
programming schemes which we used to use (Ref. 11.). Thus, it is expected
that anyone who can design software -- even if he or she is not a so-called
knowledge engineer —- would be able bo utilize MAL quite easily.

Besides, the model would supply considerable modularity of knowledge
distributed to each KM, sinee the basic interaction between KEMs is fairly
simple. This would contribute to easier deseription, understanding,
debugging and modifiecation of knowledge and, im addition, would enable us
to conceive parallel processing between the KMs.

The second feature, the flexible description, would enable a user to
choose an optimal representation form considered the easiest to deseribe or
understand. This would also [ree up the time spent trying to represent a
variety of knowledge to coineide with a limited frame. There already exist
several languages which allow mixed utilization of different representation
forms. However, we believe the knowledge representation capability of MEL
may be superlor to them since it enables mutual access between different
representation forms.
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