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ABSTRACT

We intend to develor 2 set of kits to build Exrert Sustems
using Frolog. Tuo rincirsl moduless a2 RKnowleddge EHzse
gceuisition and consultation subsustems are now rresented.

Several knowleddge rerresentation structures and mixed
inference mechanismes are rrorosed for +the szke of sustem
efficiencue, Finalle some exrlanation carsbilities derived
sccordingly with used inference methods are also imrlemented
and rresented. :

+Introduction

Knowleddge Based Sustems are turicasls useful and rracticsl
Artificial Intellidgence aesrlications.

Knowleddge Rerresentastion schemas» Froblem Solving methodss
Natural Landuade interfaces:y Krniowledde aceuisition
carabilitiesy Flausible ressoning are several imrortant
technicues we can find inside Al to build ur more intelligent
sustems to rerform exrert’s knowledde into a3 great varietw of
domains.

Knowleddge is the veruy fundamentsal comronent of such
sustems. Neverthelesss if such systems mag obew the raradigm
of beind " Knowleddge rich even if thew are methods roor *;s
efficiency and friendliness must not pe nedglected for the sahke

of usefulness.

Qur exrerience with Exrert Sustems (ES) -- Knowledge BRBased
Sustems emboduing kriowledde of one or more  exrerts in &
diven domain (medicines deolodguyr ecoloz®usr DUSiNEesSsS. ) —— gSaVe

s some rarticular insights in sueh a3 tradeoff. Sora mumber of
desidn ideas we now sresent evolved from rast work in OREBI.

ORBI L[PER] is an Exrert Sustem desidgned for environmentsl
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resource evalustions written in PROLOG and rumning on . s FPLOF

11/22 which gives advice about redions artitudes and
TESOUTCES . It has 2 dunamic Krowledse Eszsse entered and
modified by “rerts (rnot ®rodrammers) and surrorts its

decisions with more or less detsziled exrlansticns sbout its
reasoning.

Orne of the fundamental lessomns of ORBI  develorment and
imrlementstion is FROLOG suitasbility to encode in &
declarative manner structured kriowledge about the world
(semantic networkss Froduction rules...) 3s well a3s the auerw
languades relational databases intermediazte inmterereterss 211
of this with the same clear formalism {(Horn clause losgic).

Orne of the imrortant drawbacks of most existing sustems is
that they reflect srecific domain rarticularities loosing s11
the denerzlitu.

Other critical roint of  such sustems is +the difficult
acauisition of new knowleddge and modification of old one
directly from exrerts without the need for comruter scientists

-

Recent develorments show some attemrts 3t seneralizing
rre-existing ESy truing to rresent domsin inderendent
mechanisms and to be a denerazl framework to desl with at least
some classes of worlds.,

It is our 3im +to develor more versatiler rowerful znd
simrle Exrert Sustems HBuilders usindg Lodic Prodgramming.

+Sustem ordganization

Qur sustem is asble to ascaeuire intersctivelw 311  the
concerts of each new worlds to rerresent them intermslus
to relsate thems to disslaw them in 3 comrrehensive manner on
user’s demand. It must have an efficient snd wversatile
#rocedural behaviour to achieve intended results well ernoush
surrorted with exrlanations.

>

The syestem can be redsarded as two main coorerating modules -

--- Knowledde Base Acauisition Subsustem (KEAS)
~--- Consultation Subsystem (C8)

KRAS guides the exrert zccerting his structured krowledszes
individuslizes and defines domasin concertss keers 231l existent
relationsnirsy s0 entering 3 comrlete new world into the
system.
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+Knowleddge Base

Each entity is 3 trirle <concerts sttributer wvaluer., With
these entities 3 concertuzl semantic metwork is built urswhose
nodess corresronding  to single concerts (for examrle
‘disease")y are exranded on records with several fields (for
examrle meaning:s number of asttributes...?, One of these fields
is rointing another tree of concert’s atiributes each of which
with its own characteristics.

We can see this rart of Krnowledde Base 3s ordanized into
three lagers ¢

- Temrlates: abstracted schemas for conceris’s
characteristics and rule models., ’

For examrle

concert({ n, of attributes: gttributes names:s
derendencies» contributions: meaning).

--- Concertuazl network, connecting and naming all
articular domain concerts.

For examrle ¢

therarg( 3y sttrbtrer(_s_2.)y [diseaserraciently
Cnonelslmedical advicel).

-—-- Concerts trees rparticularizing for each concert 3ll its
attributes characteristics. Note }hat the second argument of
the rredicate rerresenting 3 srecific concert is 3 new dats
structure whose instantiastions rerresent a2ll the stiributes
characteristics under that concert. After having selected s
srecific concert rredicaters its eattributes rredicates are
directly accessed by means of thast second sttribute.

For examrle 3

attrtrer( ‘attribute name’sy ‘atir. unities
‘how 1is obptasined’ ).
attrirr(/atitribute name’ 2+44¢ )

L3R 2R 4

All this contextusl kriowledde is once for 3ll entered by
the exrert and then it guides the consultation subsuystem over
the rrotocol session. It a3lso gives the structure of kriowledsge
which can be consulted by the user.

This feature which is called metakrnowledge or selfkriowleddge
rerresents 2 kind of introsrective carabpility of knowing sbout
its own kriowleddge angd showing 1it. Of course that Frolosg’s
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#rorerty of rrodgrams seen as data facilitates this
rossibility.

This kind of knowledge archetures iz 3lso imrortant to
check rule aceuisition. In  fact: the other bkrnowledse bpase
maJor comronent is 2 set of Froductionm Rules each of which
embodies a3 chunk of exrert domain krnowledses drawing
inferernces from some concert sttribute value to other ocne. We
can disrlay the KBAS module as following ¢

SO S S oy €6 e MOV N M WS Ser Seen G RS G0 TS e SO SN SO0 WS e e WP SIS S eV e WG Sl s WS WS Geme G e W WS S WS wes Wee e Wes tews Wab tese s e sou woes sove bovw ove eve smee mess

I 1 Context i I Rule il
I | Acouisition ! | Aceuisition I

B T o0 sons so0e owes sose ms ses mms waem sose Sees wmen cwes seee

| |
1 |
| | Context i I Rule | |
| | Networhk | | Set | |
] i
| i

e mwe wome soee meee woew et wove tetp v sous toen save e o o wate e s e wte s wen ew Gmre sese et

e e en e e ow S ok s e WS ow o ess WD e G et Sape e tewr S e

e e ate e e 0h e e e wen e Gabe Gos e Soee Sewe Gose emt eww ey et et s
s e Ga0s et wmas daes wes mes es mes Gaee Mer wen Geee b e ees o Geee tes Mees et Mo map Eee Goee o4t Seok e e NS Wes ee Wes St b S mems wove were seve

400% Gwet sees wms s teem Gee s siee e Gem 4es G Seen M e Gee Gms WS GG o G e Wee Gewe Gew Sows Wan Sove Man s twes e e e Hes MM Wee S Gere Wee Meb s G448 s was e wee tooe mow s Wre Gws cee Seve tem Sees

Rule aceuisition is done in 3 flexible stulized lansuade
where several words are recognized a3s orerators (wWwheres ifs
elsey ors andy not.se)y othners as concert stiribute’s names
and its srecific values: and finallws other ornes 35 Turnctions
like (ecuals gresterslesserydifferent...). It is obvious itnst
Frolog nom unit clsuses ( declarativig ! "Hesd’ if ‘bod=’) are
clearly suitzble to rerresent rroduction rules ( ‘conclusion’

if ‘rermises’ ).
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After beind checked for syntatic and mostly semantic
comsistency (redarding contextuazal network) sroduction rules
.are Frecomriled in an internslly srocedursl form arnd are
modularly intedrated. A Prolog srocedure ( 3 set of Frolos
clasuses ) looks into am intermedizte file to where the inruted
rule was sent reads it and build the corresrondent mew clause.

During such an orerstion ortimizations are dome to avoid
durlication of evaluable rredicates into rule’s bodies in case
of comrlicated concastenations of boolean orerstors {(*or’‘s"
inside ®*snd’s®y "ored® branches with same concert attribute’s
namel)s 3nd so imrroving rule’s fireing efficiency.

Notes howevers that thew can be disrlaved adgain in the same
form a3s thew had been entereds by means of z decomrilation
module which translates them back from internzal rerresentation
to the more friendlyg inrut langusde.

Rules which shall carture exrerts hknowledse 35 nesr as
rossible its rrimitive forms must:» if necessargr enable
several conclusions and comrlex rermises. This is a3 clear and
natural waw of treing to rrove severzl conclusions (go03ls) in
8 rre-determinate sequence.

When the exrert dives such a3 comrlex rule he means that
those alternative conclusions of the rule are connected and
if the first orne fasilss second shall imedistly be tried and so
on. This kind of asdgredate oftern corresronds to knowledge
ordanization in exrert’‘s hesad, What 1 mean 1is +that nrnon-
~determinism 1s not 3luwauws the best waw to desl with knowleddge
rerresentation.

Note that 1later: if the sustem hkeers track of its
successfully fired rules it will kriow riot only which was the
right conclusion but also that other ones arrearing bpefore in
the same rule were tried and failed.,

Sor rules srace is ordganized as & set of rules supsetls
(also krnown 3s knowleddge sources)s regarding esach concert’s
attributer and each rule can either have several slternative
conclusions or onlwe one.

This is 3 very nice imerovement. In facts othner well krouwn
systems like Emucin [VME]s only nave very simrle rules with
one conclusion and 8 condunction of sindle rermises.,

Qur rules cany if necessarys be much more comrlete 35 seen

*+

in the following examrle 1
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disease name = influenza

if

syndrome name = hesdache
and

sundrome duration » two daus
and ..

or

sumrtom name = feever
and

(sumrtom intemsity » moderate

OF 44

and +44

else
disesse name

I
-
-

¥

if L3R 2% 4

Rules can also be insrected about theirs comronentss and
concert a3ttributes which contribute for them can azlso bhe
retrievedr on demands by searching into theirs bodies.

Several other anotations like rule’s mames zuthor 2nd dats
are slso diven.

Sustem has 2 few meta-rules. Meta-rules embodie krowledsge
about rules themselves. One meta-rule asks the exrert if he
wants to encode such an ordered alternative conclusions ands
if it is the casey instructs him about rule’s form.



246

Knowledsge Base is structured as following !

S0 e e e e wes s s eS Gee e e S e Sw e e e Wed S UM NS M G4S S el es G Mwes Gew Gwe S e WeS WES G Wee e 4 Gwe G G M Mo Me Gve S e W o et e e o e oo

- e wn ees woe ren wees s sase wmos s s saes e wwee Sees seem e o mee s e cate so0e Gote G caw S vove boww wen e e oo
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———————————————————— | I attribute P
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+Summarizing

When 3 session bedins and 1if user’s (& certzsin domain
exrert) rassword ensbles him to sccess knowleddge base buildinsg
he can either enter 2 comrletly rew knowledse base or consult
arn old one for urdasting.,

Urdates are kert in 38 serarate file to be consulted
alternativly or if modifications are definmitive the new file
Wwill contain the old one alreadys urdated,

During kriowleddge base buildindg, the user 1is on 3

+*

nhierarchical waw assked for ¢

- concert’s names: theirs short mnemonicssy
theirs mutusal relationsy number of sttributes: meaning.

-~ concert sttribute’s namess rossible values: its unities
(if mesurable)s how snall thew be krnown to the zzstem.,

-— Which are the sttributes values (if there are anyg) whose
sresence 1s able to directls dernerzste s set of hnzrothesisy
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exrectations to be verified 1later on. Such anm information
(cglled “trissers®) will be resronsable for win of efficiencs

SuTiInS evalustion FTOCESS of vhe consultvastion SEes310ny
arrroaching once more exrerts way of ressoning,

Simrle or comrlex rules are entered: chechkeds comrileds
retrieved and ordasnized into knowledse sources.

Buided modifications can be done either into the rules or
concert network.

If Selfknowledse module is activated 311 krniowledde base
information can be accessed (including rules bodies) and
clearls rresented.

Ornce ad2in Prolosg and its sssotiated Hornm clause lodgic it
is 3 very natural formalism to encode krnowledge either facts
or rules.

+Consultation and Inference mechanisms

Consultation subsuystem» 3 module under develorment: uses a
selected Knowledse Base (for examrle 3 certzin medical field)s
Freviously build ur by means of KBAS modules +to interact
rrorerly with the user. Note thast any wuser (and nrot only
domain exrerts) are now able to use Consultstion sustem.

In each sessions 35 result of such an intersctions 311
needed information is collected. A dunamic context network is
built ur accordingly to the static one» and the conclusion is
- reached in an efficient waw using eroduction rules selected
from resrective krnowleddge sources. Exrlanations are also
obhtained.

From KBAS the sustem slreasdy kriows rossible tor doals (ex.
therargs disease), It also kriows the set of ‘*triggers’
(hyrothesis denerators)y and between them those whose values
shall be asked for at the begining of the session.

Soy 3 rrotocular session when consultation startss collects
these rossible highlw discriminatory information.

At that moment inferernce engine is arrlied to these two
extremes of the srace rroblem (data and tor gos3l) to find the
solution.,
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+Inference methods

Exrert sustems can be used in a3 number of arrlications so
diferentiated as diagnosiss rlany desidgn and education sasmong
others.

It becomes verw difficult +to =resent enough deneralized
technicues to cover 8ll +these rossibilities. Nevertheless
several ressoning methods should be availasble to give
versatilitey to each rarticular class of sustems.

~

As FProlog is our unigue imrlementation languzsgey the
suddgested stratedy is backward chaining (gosl directed) and
derth first with backtraking. This is also the stratedws used
by well krnown ES like Mucin ( Shortliffe) 35 well 235 its
derived essential sustem (EMYCIN).

However if search srace is verg larde (namelw if the rroof
tree has 2 big amount of rarzllel branches near the root):s
simrle tor down becomes inefficienmt amd other sesarch methods
must be rursued.

Qur inference engine takes sdvantase of initiasl dsts token
from the wuser and of Krnowledde Base information sboul
hurothesis dgenersators to eFrunes garlier: the search srace
tree, A little cuclic intersreter takes these datay asks KR
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for arrrorriate (matched with that data) *tridders" ands if
they existy climbs ur the tree» duessing some hurothesis and
truing to Frove them a3ll the rossible waus around. If it is
the cases these hurothesis (riow intermediate conclusions)s are
asserted in an "adenda"y a2 globally asccessible data structures
and the cycle is rereated with these zsserted fzcts and other
rossible *trigders®.

Very mang initisl rossibilities cam so bhe discarded and
search srace wWill become more workasble with this kind of
hierarchical denerate and test method.

When this cucle is over the inference engine still lkeers
the main obdective it wants to achieve (tor Zo0zl) and "ssgenda’
has 3ll rroved intermediate conclusions. At +this moment the
system ca3n choose between two reasoning methods | forward
chaining from asserted datz or bachward chaining from tor dosl
till it meets assertions in “adends * or in the datas base.

*Adenda® has a3 sedgmented structure with an individuslized
urrer level., Sos as forward chaining rroceedss rot everu
assertion in the "asgenda® is tsken into asccount but only those
in urrer levels rerressenting nodes nearer tor goals avoiding
combinatorial exrlosion of search raths. In each cucle nodes
directly connected with those ones but one ster ur the tree
are tryed to be rproved. This imrlies 3 reconfisguration of the
urrer level *azdenda®y deleting assertions from which the cucle
had started and the assertion of rroved new ones. Such &
Frocess may continue till tor dgo0s3l is reached if desired.

If backward chainindg is choosens which derends on
efficiency considerastions» the intererreter looks for the tor
goal clauses truy to rrove its body and o0 on recursivelwy till
it meets datz or already rroved facits on the *agenda’.

These methods imeplys of courses that ‘adenda" 3CCeSs
mediates each decision ster.

+Exprlanations

Mixing hgrothesis deneration with forward and backward
chainind mechanisms makes exrlanation task not so easw as if
it was only one direction inference (for examrle tor down like
i Orbi or Mucind.

During comrutation a3ll sroved sters are carried on 3
srecial datas structured asrgument or convemiently asserted in
tihhe "adgendas", Thew are connected by different constructs
derending how thew were infered or if +thew are slternative
raths. We keer this executed codes 3 kind of erogram’s Lraces
and then we look a3t it 3s datsa to bpe manirulated. Frolog's
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srodgrams declarativity is once more very much arrreciated,

An arrorriate outrut rrocedure deals with these constructs
building ur an enousgh understandable outrut exrlanztions where
we can distinguish between inrput datas guessed information and
ster by ster infered conclusions.

Already used in Orbi the sustem will 3lso disrose of
another interrreter which discriminates imside rule‘s body
deterministic rarts from non-deterministic oness comruting the
former and delavind the latter. This interrreter: like other
ones into the sustemy is of course written in Prolog.

*

An exemrle of 3 comround exrlanation will be ¢

Exrlaned answer for *X" !

*E®* is 3 valid intermediste conclusion because ¢
"A'  was dgiven for you

and *B* is 38 fact

and to the aquestion *C*' gou snswerd *Ii*

still snother exrlanation for *E®" is ¢
I zlreads know °*F*
and the truth of *F" imelies "E°*

and fihalls from *E* I can deduce *X'.

+Conclusion

Under develorment is 3 kit of =rodgrams to build ur Exrert
Sustems in several knowledsge domsins, At rresent we focused
our atention at suystem architecture and convenient knowleddge
rerresentation structures» selfkriowledge inference mechanisms
and exrlanastion carasbilities.

Other comronents like natursl landuage interface and
rlausible reassoning models will be later on imrlemented.

We rrorose to combine several hknowleddge rerresentation
structures z3s semantic nmetworks and rroduction ruless to use 3
meta-knowleddge module to guide user’s consultation» to arrly
huyrothesis dgeneration and bidirectional inference. Comrosed
but understandable exrlanations are zlready sudgdested.

Frolodg is our unicue imrlementation languadge and 3 very much
suitable one.
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