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ABSTRUCT

This paper describes the architecture of our prototype for
development of a sophisticated tool of faeilitating
construction of expert sysiems ln a wide vnrint;,- of demains. Thes

protatype is ealled PROTON. The architecture of PROTON is based on

capable

the logic and object sriented programming language, Extended Seil-
contained Prolog (ESP) implimented on the personal sequential
inference machine { PSI L

The architecturs of the eavironment for representing facts or
modals in this protatype is the foeus of this study. This environment is
called the fact/ model representation environment ( FME .

L DNTRODUCTICE

Expert systems are one of the most promising application fields
of Al technoiogy. Their efectiveness has been demonstrated in
several fields, and recently a lot of hyvbrid expert svstem building
teols have appeared, But the practical advantages of their
architectures are not vet clear. While studving the architecture at the
abstrast level, we are pursuing research of the architecture of a
ganeral purpose tool for expert systems through ense study, We are
developing as the envirenment for both tool architecture research
and for the case study itself. This tool is also an experimental system
for demonstirating the results of the FGLS project.

2. QVERVIEW OF PROTON

PROTON iz a hybrid knowledge representation environment
realized by wiilizing ESP's object oriented and logic programming
facilities, This environmant has the three foliowing categories for
representing knowiedge.
11} Fact/model environment -FME-

This sub-snviranment i3 called FME. In FME knowiedge about
eamponents of the probiem domain is represented in the form of
frames. Knowiedge in FME is reforenced ar modifed by the

commands issued from knowledge sourcea. The mechanism wiil

be explainad in deeail later,

(2} Heurstics environment - Rule Base -

This censists of multiple units, each of which is called a
knowledge souree (K351, Each unit Includes rules for [orward or
backward reagoning and infermation whick defines the monmer
of firing rules. Each unit corTesponds to & subtask for salving a
given peablem. Thus problem  solving knowledge can be
afficiently medularized, and from the impicmentation paint of
wiew, this approach makes it possible to execute rules efficiently
besause searchn of rules in any given case is considermbly
restricted. Te provide smooth incorporation of an expert system
user interface typical for censultation or diagnesis systems,
explanation {such 83 Why and How) and ask-user facilities are
embedded in the rule base. The user-defined fumctions in EEP
ow.ld be included in the system, and fragments of ESP code
including these function calls conid be mixed in rules for good
expressive Nexibility.
KScontral environment - Metaknewledge -

Metaknowledge i= knowledge about contrel of the WS

(3

mechanism. It specifies the ackvation timing of the K3
mechanism in the form of forward chaining rules called META
RULEs. Metaknowledge 15 representad in a unit seporate from
the ¥3s. By monitoring the information contained in the working
memory of FME, this kowledge can deterrnine the seatus or phose
at which a problam soiving lask stands, and decide the
appropriate K3 to be run next. Deseribing metaknowledge in rule
farmat makes it easy to realize varisus mechanisms to execute K3
activations. For example, it can desribe nondeterministic contrel
of K5z If a usar extends the flexible metaknowledge funation, 4
Blackbeard model architorure, like that of Hearsay-ll, could be
Cf Figl
Thiz prowtype twoi hes the following additional featurs,

Statistical Data Extraction

This facility allows extraction of some statistical data, eg, the

pasily designed.

lacality of references for the working memory. The data is used for

optimizing srgonizotion of the K3s.
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Theze knowledges described
PROTON provides are compiled inta ESP codes for execution.

in an external format which

3. FACT/MODEL REPRESENTATION ENVIRONMENT(FME}

FME is an environment which consists of an

excernal
resresentation language for deseribing faets or models and a groun
of system functions manipulating them.

Fucts or models are located in a working memory provided by
the
templates which should be defined in advance. Working memory

management ;yat-m (WHMS) accepts access reguests from rules.

FME. Thesa facts are instance elements instantiated from

WMMS carries out manipulations of instance eiements like creation,
deletion, modification, and various searches, such as a zearch for an
imgtanee element having a eertain attribute's valus. The relation
mechanism incorporated here is completely user-defined and
ClL Fig.2

In many expert systems, frame style representation is empioyed
because of lts advantage of making structural facts or medels in a
problem domain transparent. FME aiso employs this, not only for

slemments of fact/models, but alee for relations betwesn them.

manipulabiv by rules,

Facts in a problemm domein cccessed by rules ares represeated in
frame style in this environment Frome representation with I5-A and
HAS-PART hierzrenies and attached procsdurss are realizad by

wtilizing the mechanism of ESP, To define the structure of alements,

the templates, called template of element (TE), should be described -

in the external representing language provided by FME. A TE mainly
consists of several atiributes defining its characteristics, and each
attribuie consists of a group of facets. When an elemment-instance is
ingtantiated t;rom the TE, these inherited attributes acquire particular
volues.

Definitions of relations betwesn slemants can be represented as
frame-type slaments enabling ueers to describe relations among
multiple elements easily. Alse, to represent relotion-instances, the
template, colled template of relation (TR), should be prepared in
advance for each tvpe of relation. A TR mainly consists of the
information about restrictions on the arguments corresponding to TE
elemence, logical comoinatiens of other THs, ealled SUBSTITUTIONS,
and equations called INTERPRETATION:. When a relation-inatanes is
instantiated from a TR, it takes the form of a proposition with mames
CL Fig.3

Some specifie fentures wnd cupubilities of FME based on Lthe
above ore described below.

The inheritance mechanicm aperates when representing the
hierarchy of the conceptual abstraetion defined ot TEs and TRs. With
respect to TEs, information about each attribute is inherited from the
superior abstract TE for its fucets. With respeet to THa, information

af reloted elements o3 arguments from the outer FME,

mainly about SUBSTITUTION and INTERPRETATION Is inheritedfrom
the superior abstract TR. This multiple inkeritanes ean never be
manipulated after loading TEs and TRs in WM.

3.2 MECHANISM FOR WHOLE PART HIERARCETY

This is the hierarchy of the abstractions specilving some model.
The whale-part relation is realized by linking between the whale-
¢lement apd the part-elements, =0 this

dynamically during inference. Every element linked is made from

relation iz updated

same TE, Information about constituents 18 managed by their direct
superier element. When retrieval of & models part is requised, this

mode! searches it automatically, Cf Fig.4

2.3 MECHANTENY FOR MATNTENANCE COHERENCE

Relation-instances loaded in WM are used not only for deseribing
the ralations batwesn elements of facts, but also for maintaining the
relations semantically by using its INTERPRETATION ambedded in the
relation-instancez. INTERPRETATION is a kind of demon which
mantaing semantic coherence about facts or maodels in WM, by
producing some side efect at the attribute level, over the slements
linked by the relation-instance.

In INTERPRETATION, each term is the atiribule’s nume of an
element-instance corresponding to ane of the arguments. When one
of the terms ia modified at the slament-instanen fncluding it this
slemantinstance sends a request esking every reloted relation-
instanes to activate its TNTERPRETATION, than INTERPRETATION
manipulates the walues of other terms at these corresponding
element-instances by using FME commands, This process can ackivate
athar [INTERPRETATION=. Ea the side effect generated by updating
ene element-instance in WM can propagmte te all of the relnted
instances through relation-instances. Thus the semantic coherence of
lacts or models ln WM can be maintained dynamically during
inferense by the KSs,

In this proccessing, if the chaining of this side aJeet is permitted
oniy by instances, it i3 feared that the reaction ean never be
terminated znd the maintenance cannot sucessd. The chain reaction
is munityred by WMMS to avaid this loep. Cf. Fig.§

3.4 MECHANISM POR RELATION SEARCH
When the relation-inatanes to be retrioved is not found, the TR

able te instentiate it ¢an translate the lagieal sombinations of
relations semantically equal to the concerned relation, by using the
SUBSTITUTION described in it. These combinations consise of the
Furthermere if a
it i3 onfolded into another
combinativn of relstions semantically equal te it. Thus it can be
proved whether the relation is logicaily concluded.

If this search of relations is Jeft only to the TRs, it is feared that

commandsfor roetrieving  relation-instances,

command in the sequence [ails,
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the process cannot be terminated, Se the searching process is
monitered by WMMS, and WMMS ecuts ol the search paths which

would generate the infinite search. CL Fig.s

4 ENTENDEDF ITY OF FME
- Synthesis and verification of communicalive models -

The FME enviconment can be easily extended o realize a model
of a communiective network by using the advantages of the
primitive functions of FME previously mentioned. It is aimed not anly
at estimating Lhe [onctions of FME, but aiso at investigaling the
characteristics of synthesis and diagnosis,

in this eavironment, users or K55 including forward chaining rules
can svthesize the complicated or comerere communicative model
from simpie or abstract specifications. The synthesized model is
represented as a hierarchy of the nhatraction leveis. Furthermere, 2
hierarchical communication network is reajized in thiz medel. The
communicative processing in this network is realized by employing
the INTERPRET ATION functionof TH-instances, This TR iscreatedasa
primitive unit in advanee. The entity instantiated {from this TR is
called MEDLA, and communication Hnks realized by MEDIA are called
MEDIA-LINE. )

The synthesis and verification processes of communieative

models are explained below.

4.1 5 or

This eommunicative

COMMLINICA
model
communicative constituent sub-models and HAS-PART links among

MODE]

is a hierarchieal siructure of

them. These links are realized by a command sequence issued by rules
of the ES through the FME manager, Particular attribotes of the
constituents must be declared in advance as ports for MEDIA-LTNK an
the templates. Each communicative sub-model is linked at its ports to
_ports of another model through MEDIA, and the communicztive
nekwork is constructed in this way. Any model on any abstract level
can be represented with a network of its econstituents. Thue, a
communicative model i3 represented in the form ef a hierarchieal

structure. Cf. Fig.7

TEs are prapaced for corresponding funetional-block templaies
to provide their instances as constituents needed for model sythesis.
Each instance has two main specification categories as lollows.

1. STRUCTURE derinition
a. 1/10 restrietion of each port
This information is set up at the TE statieally. When perts
come o be linked dynamizally during reasoning, the
validity is checked with ik,

b, Submedel information :

Mames of anv mede! instance’s direct submodels are

stored and managed in i, in term oTHAS-PART linkage.

Lizkage information of constituents is not managed at a
paricular location. Sigral processing control of a superior medel is

unnecessary because of the features of this language,

2. BEHAVIOR definition
a, TFermula ealeulating output values :

fehavior, & model function mapping values at the input
port to the output port, is deseribed in the form of logic
fomulas, Terms of this formula are port anmes af its TE.
This description is written at the TE in advance,

Synthesis procedures proceed in the order below.

1. Instansation of the top abstract medel in Working Memory.

2, Matching between LHSs of rules in lorward Knowledgs Soures

for svothesis.

b

1f failed, the process is terminated.

4. Generation of its submodels.

5. Linkage to submodeis and ameng them by using HAS-PART and
MEDLA-LINEL

6 Getol

4.2 VERIFICATION OF COMMUNICATIVE MODREL

Data for comparison or evidence is required to verify the result of

synthesis, In FME, enly simulation of the eommunicative model

makes it peasible to verily its function. The simulation is as follows,

4.3 TWO-WAY SIMULATION OF COMMUNICATIVE MODEL
Simulatlar of the communicative model, a kind of signai

processing and signal transmission, FME employs & strategy Tor its
verification bv using the hierarchy elliciently. The simalation
mechanism in FME is intended to verily the model simultaneously
while simulsting its behavior, by two ways far signal processing.

Ta atart the simulation, only signals san be set up at input ports
When this is
beging to run

of the top abstract model completad, the

communicative  todel automaticaily. During
simulation, signal processing of cach constituent procseds in two
ways, One is the way in which the signal processing of exch
functional block is per:‘g:med with itz behavior descriptions. The
gther is the wey in which the signal is sent o [ts subcanstituenis via
MEDLAs and the signal processing is done by the subconstituents. i
the output from its subconstituents differ fram the cutput values
ealeulated by its behavier definitien, simulation iz intarrupted and
the error port information is sent out from FME. Thus, verilication of

the communicative model can be performed with simulation.

5. 8N Y
An outline of PROTON and the features of FME were deseribed in
this paper. This expert system tool is now being implemented and itz

capabilities will be evaluated by building some expert systams.
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