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1. Introduction

The Greekword analogy (gr - analogia) means correct corelation between two or more
objectsas aproportional ity or correspondence. The logical reasoningbyanalogy isone
of themost efficientmeans ingaining new knowledge and decisionmaking-

The investigationsonanalagy inthe fieldofartificial intelligence (Al) startat the
beginning ofthe 60-ies, whenattenmpts have beenmade to solve separate problems in this
way - A specificexample fromthisperiod is Evans” program, computing geometric
analagies [21] - Depart fronthe interest toaards the non-deductive methods for reasoning
inAl upto theend of 70-ies, noattampts have been dbsened to create sufficiently universal
methods and applications of analogies inAl, that could lead to the development of a
separate scientificbranch. Thesurprisingly lovefficiencyof these investigationscanbe
explained finding the relationbetween the sinplicityof fomulationof the prablens inthe
domain, and the significance of the goals, forwhichthe reasoningby analogy isapplied,
and the carplexity of construction of the inferencemechanism, necessary for problem
solving. Incomectionwith theabove said, it isnecessary toexplain, that the program,
realizingeventhe simplest scheme of reasoningby analogy —usual lywritten inPolyastyle
[13]- iscanparableby itssizewiththe programs, realizing themost corplexand universal
types of deductive inference. Upto the present moment no knovledge acquisition systems
have been designed, nor other types of knowledge-based systems (KBS) , based on the
reasoning mechanismwhich exceed the frames of a prototype. Inconnectionwith the
difficultiesofthe realization, ithastobealsoadded, thatagreat nurber of additional
procedures is comectedwith the reasoningbyanalogy inAl, thatareat firstsightapart
fromthe analogy, butwithoutwhich themechanism functioningbecomes senseless.

The reasoniing by analogy is used inmachine learningand educational systems,
expertsystens of second generation, truthmaintenance systems, decisionsupport, case-
basedand ather reasoningsysters. Ifthesignificance of theanalogies isaccounted inthe
process of checking the inconsistency of the knowvledge at incarplete problemarea, then

* The present paper is written in conformance with contract No¥-605with the National Fund of

ScientificResearch at the BulgarianMinistry of Educationand Technologies.
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we cannot pointany KBS, the successful functioning ofwhichwi Il not depend on the
analogiesapplied. Thewhole variety of the types of applicationanalogy inKBScanbe
divided intocamputational analogyand analogy, solvingapplied psychology problems.
The second group involves methods wirth themain purpaose tomodel the processes of human
reasoning, whi le themethods franthe firstdirectionsene toapplymachinealgoritms in
thesolutionoftheprablens inAl . Theanalogy isset inthe certreof the investigations in
themodem stage of these directions development [14, 19] -

For reasoningby analogy InKBS, the scheme, represented inFig.1, or itsmodifica-
tion, ismostoftenused.

ObjectXpossessesfeaturesa, b, c, d, e, T ()]
ObjectY possessesfeaturesa, b, ¢, d a
or: Object Y resarblesobject X inpattermsa, b, c, d a
HenceY can possess features e and T (hypothesis) am
Fig-1

Theprocess of reasoniing by analogy consists inthe fol lowing. Aftercertain identity
is found between the two objects—Xand Y, same of the properties of object X (base) can
be transferred toanother cbject, which isthe goal of transformattionbyanalogy, Y. Incase
such a transformation is made on the basis of formal identitybetween XandY - for
example the proximity between the dbjects inthe hierarchical networkor anyother —the
analogy issyntactic. Onthe other hand, we can talk about semanticanalogy inthe case
when the knowledge transformation is based onadetail analysis and modelling the
propertiesofthedojects.

Ifwe consider the concept used, themethods for reasoning incomputational analogy
canbedivided intotwogroups. The first oneuses thegpparatus of formal systems [12, 17] -
The closeworldassumption isval id inthe formal methods . The second group involves the
heuristicmethods[15, 20], thataremost frequently realized asgoensystens [8] - Strategies
for reasoning, thatare near to the humanway of reasoning insimi lar problems are used
inthem. Here thequestions ofmethod soundness, completeness andother characteristics
(parameters) of the method are not proved by formal means. The above classificationof
themethods into formal and heuristic isconditional, since inthe second group the ideas
offormal logics (firstorder Predicate Calculus) canalsobegpplied.

Themost complete data about the appl ication of computational analogy inKBS are
given in[5], andabout the types of analogies fromaphilasophicpoirnt of view— in [18] -
The present paper unl ike the existing surveys on computational analogy pays particular
attentiontothe possibi lityof inflluencing the direction” of theanallogy onthe process of
new knowledge formation. Italso discusses other aspects of reasoning by analogy
functioning, the solutionafwhichwill lead to the creattionofan universal mechanisnand
rtswideapplication InKBS, according to theauthors” opinion.

Chapter 2 describes the dharacteristic features of two problem-independent methods
inthe domain, the authors” experimental investigations, conparative analysisand
conclusionsabout the state of canputational analogy field. Chapter 3comtains consider-
ationsabout the perspective research in theield, based onourpreviouswork, and Chapter
4—caomments and conclusions.

2. The application of analogies inresearch KBS

Twomethods below considered possess most of the advantages and shortcomings fromthe
soope so they are chosenas abackground for the comentsand ideas fromchapter 3; their
moredetai l descriptionisgivenin [10].

1 The dirrection of the analogy shows the purpose it is applied for: for knowvledge val ididty check or for

eliminating the connection between the two statements, or for knowledge base (KB) completement by analogy
means and others.
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Themethods description isconstructedas fol loas:

1. The approach to the selectionof the base for the given goal of transformation.

11 Defining the linkbetweenthe dbjects fronthe base and the goal of transformation,
newknowledge (hypotheses) formation incases of identity between theobjects.

111. Shortcamings of the method and/or its realization. Canparisonwith other
methods.

Inconnectionwith the method description, it isnecessary tomake the fol loving
coments.

1-1. The paper studies the identity between the apriori set base and thegoal of
transformation by means of the formal systems. On the basis of the identity found, an
attempt ismade to prove the statement fran the goal by transformations of the knovledge
inthebase, andno free (Unconnected) variables remain inthe transformed knovledge at
that. Incasethere isat leastae freevariable, therule considered issubstitutedby another
onefronthebase; ifall therulesareexhausted, thestatement franthegoal isrejected.
The reasoning isdescribed intermsofdeduction.

1-11. Theauthorsaccept in theoreticaspect, that semanticanalysis of the prablem
area isused inthe paper suggested . Theclassic formal systems gpparatus isused in [6],
where the semantic partof the reasoning by analogy isnot presented.

In[6] thebase isapriori definedand the processes of selectionof thebase foragiven
gaal oftransfomationarenct investigated. The factors, leading tocontradictory results
arenot taken inmind, which decreases the val idity of the hypotheses, dotainedby analogy -

1-111. In[7] anapproach is suggested for the formal ization of the reasoning by
analogy: formal definitions, formal ization intermsof automaticdeductionandanapplied
method for logical programing. Some authorscal I thisapproach syntactic[1,3]. There
exist investigationsonpragraticorientation [9,11], thetdiffer frontheabovedescribed.

The analysis of the formal methods for reasoning by analogy shows, that the
applicationof thesemethods in the experimental KBS ishindered by some assunptions,
characteristicforthe formal systams. Itisassured inthem, thatal | the sequencesofwif
are knoan. This assumption cannot be realized at the modem stage of Al development;
the formal systems are closed, while in Al open systemsaremore frequentlyused. It is
necessary to point outancther shortooming, typical for the formal methods: the assumption
ismade inthem, thattno incorrectly constructedwifor rulescanexist in the process of
reasoning and the questiions of identificationand resolving the contradictionsare not
considered. The shortcomings, abovementioned, canbe neglected intheapplicationof
some nonclassical logical approaches and/or combined use of the formal methods and
heuristic reasoning in KBS, where the heuristics isused asasuperstructure above the
pradicatecalaulusof firstorder.

The researchers inthe field of canputinganalogy note thatmost often programs are
designedwhichwork for certainexamplesonly. The situationofdesigningcamplex, but
lov-efficient systemswi Il beavoided by theapriori decompositionofthe prablemsand the
developrent of methods, thatare not dependent on the prablemarea. Getner”smethod has
‘tobementioned [4] inthe heuristicgroup and its gppl ication in SVE (Structure Mapping
Engine) [2] - SVE realizes computing analogy inseveral KBS (PINEAS and others); the
designers of SVE think, that these KBS can be successful ly applied in the cases, when
distantanalogieshave tobe found, i -e. analogiesbetweenuncomectedobjectsor inother
words“‘distant relatives”’ . These analogiesappear often inthesystems, cotainingtwoor
three independent KB.

2-1_ Camon predicate symbols are searched inthe goal of transformation. Theyare
also looked for inthe base, afterwhichthe correspondingknovledgewithequal predicate
symbolsare selected frankB. There care other statements togetherwith the rule selected
TromKB, connectedwith the analogical object. We have not any information about the
authors” procedure of seeking relations between the statements.
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2-11. Theadvartages of SVE are the fol loving.

a. Means fromanother scientific branchare used inthe investigation-cognitive
psydolagy.

b. The knowvledge franthebase INSVE isarbitrari ly selected. Thereexistsaspecial
mechaniism, enablling the defining of themost perspective knovledge for thisgoal .

C. SME operation is confirmed after a great number of tests and more than 10
examples fromdifferent problem areas. Falkenhainer has proved on the basis of the
experimental data, that SVE is problem independent. SVE is one of themost efficient
realizations of the reasoningby analogy InKBS.

Anexample demonstrating SVE functioning is considered in [10].

2-111. S\E isrealized inPINEAS inLISP language.- Inthe reportsof thissystemit
isnoted, that itenablesthe detectingof a large nurber of analogiesand that the results
from the conclusion are close to the humanway of problem resolving. Neverthelessa
number of technical shortcomingsare found in the selection of the newrelation between
the base and the goal of transformation.. When canplexknowledge iscortained inthebase
or inthegoal of transformation, including relationsbetweenthe predicates, thealgoritim
for prablemsolving becares inefficient, thenurber of thealtermative solutions increasing
at thatand S'E*“falls” toevaluating the comections betweenal | the predicates. Another
shortcoming of the system ismentioned InGertner”s paper . She notes, that theplansand
goals play particularly important part for the reasoning by analogy, but nomeans are
foreseen inSVEforthe inclusionof similar factors. Gantrer proposes o attachspecial pre-
and postprocessors to SVEfor thispurpose inthe future. Acoording toour gpinionthiswill
lead toadecrease inthe systemhigh speed.

Asaresult of the analysis of the information about the existing projects, some
common advantages and shortcomings are observed for all the computing analogy
methods.

The ADVANTAGES of the best representatives of the group are:

1. Themethods areuniversal, theyare real izedas problem-independent systemsand
canbeapplied inspecial ized KBS of different types: knovledge acquisition systems,
machine learming systems and others.

2. The universal ity of the methods above shown enables theirapplication in
corbinationwithother approachesand in thisway some of their shortcomings couldbe

3. Theways of knowvledge transfer by analogy that are discussed sene todecrease or
avoid the incampleteness inthe descriptionof the problemareaof KBS. That iswhy the
design of the methods for reasoning by analogy remains one of the priority fields in
knowledge engineering. The researchworkers inthisareaof Al think [16] , thatteach KBS
wi 1l cortain inthe futureamechanismfor reasoning by analogy -

SHORTCOMINGS:

1. Most of the existingmethods check the correspondence of thehypotheses to the facts
fromthe goal of transformation, but the hypotheses inconsistency isnotamalyzed. For
examle the inconsistency ofhypotheses is checked InSVE, butas far asweknow, there
isnotany universal approach for the detection and resolving of the contradictions. This
amalysis InSVE, applied inseparate exarples only and theway of huran detectionof the
contradictions, shossunsatisfactoryefficiency of thegoproach inthisdirection.

2. The methods developed are realized in the formof closed systems, inwhichthe
automatic estimate of the degree of val idity of the hypotheses formed (for example, In
SME), does not always guarantee the correctness of the new knowledge added.-
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3. Usually insufficientexplanationsare foreseen in themechanismofthe reasoning
by analogy in theseKBS, forexample “Why is thisprocessed inthisway’, the comnections
and the possible interactions between the deductive procedures of reasoning and of
reasoningby analogy are not considered. It isnecessary tonote, that after taking into
accourtt suchan interaction, the knovledge acouisition possibi litiesare expanded.

Same of the shortoomings above discussedare avoided inourexperimental investi-
gation. The newresults dbtainedare shown inthe next chapter .

3. Qur research resultsand perspective investigations

As aresult of the analysis of the existing appl ications of canputing analogy, some
conclusions canbe done for the perspectives inthisarea.

Three exanples of reasoning by analogy in differentenviromments, differentkB in
the case, will bediscussedbelow.

InFig. 2KB1 isangpriori givenbase, containingdifferent rulesand facts, andKB2
is the same basewith newknowledge,, obtained in adeductiveway and KB3 —dotainedwith
the hellp of reasoning by analogy - We should note that KB2 does not absorb KB3, neither
theinerseisvalid.

BExample 1. Agraphicexample of the analogy functioning fronFig. 2 isdiscussed
inFig.- 3, V\hereFijareﬁctsandF{(— rules.

{F,.F,.F,. F,}eKB1, {F,, F_}cKB2, F, ¢KB2

Letus assume that the analogy confins the validity of F,,and R, corresponds toF ,
—thenR isproved. The comectionbetweendeductionandanalogy istraced intheexample
and the consiideration can be complicated taking into account the fact that inthe scheme
for reasoning by analogy there are often included deductive blocks as those fromthe
example inFig. 3. Complicating the exarple and the scheme for reasoning by analogy , we
couldfol lovcomnectionsof the type deduction - analogy - deductionor deduction-analogy
—-analogy - We have tomerntion that the investigation requires theuse of small standard
programming modules, bui Iding the mechanisns for reasoning, and inacarbinationwith
these modules more complex schemes for inference can be formed.

Fig- 4 shoasthe functioningofanalogy similar tothat inFig. 3, but thetransfer is
real ized fromanother environment (possibleworld 2 — possibleworld 1) . Since here
knowledge is transferred from the scope KB1, which has nothing incomonwithKB®, the
procedurewi Il be called conditional Iy FAR ANALOGY .

Inthis case care should be taken not to transfer inconsistent or unnecessary
knonledge, Inotherwords, inthese experimentstheroleoftheblock rejecting the invalid
hypothethes is incressed.
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BExample 2. Inorder todiscuss the functioning of FAR ANALOGY , we shal I consider
anexarplewithknovledgesimilar tothat franFig. 3, introducing significance factorsfor
each Fi fromthe rulebody (Fig-5), ﬁmemrsl(ljdlaracterizingme importanceof the
correspondingF,, for the ruleR . In the exampleeK;; =1, K;; €[0, 1]. Letusassume that
the facts for bejlonging are the same as those fromexample 1andK,,=0. Thenunlike
exanple 1, inpossibleworld 2 there isnonecessity of using theanalogy for provingR ,
andtherulesR and R, canbetransferred to possibleworld 1 satisfyingall the necessary
correctness conditions. The example gives no ideaabout the different forms of FAR
ANALQGY, the purpose here being another - to show the connection betweendifferent in
characteranalogies insimilarexanples.

Example 3. Fig. 6 shows the same example fromFig. 5, the corresponding
significance factors K not marked on thegraph. Anewprocedure isadded in comparison
withFig. 5-F, which iscomectedwith F ,and canmodify its factor K ,orK  toafacthbeing
investigated. Letusassure thatusingF* we candecreaseK , tonear to zerovalue (1) or
K,=0(11). InthiscaseR1 is provedby deductivemeans, sincenotaltering thevalidity
of ForF,,, itsrole intheproof of Rl fal Is torear to zerovalue; inotherwords this fact
becames insignificant, itssignificancebecomes zero, whilethe significanceof F, andF,,
increases correspondingly - When InF* reasoningby anallogy isused, the procedure iscal led
adefeasibleanalogy. Inordertochange1heoorre£pondingKlj inF" thesameanalogies from
exanple lor2canbeused. Itisnotdifficultto reachanopposite typeofanalogy F'in
ourexperinents, contrary tothedefeasibleanal agywhen possibi L itiesare searchednot for
the decrease but for the meximal increaseof K, . AoplyingF"toF, , F . F,, fromexarple
3andF" toF,, ,wecanabtainbetter results, bothprocesses runingparallel intime inorder
togiveabetter basis for conparison at each moment of the investigation process.

Itisnecessary tonote thatt in theiressenceall theanal ogies above consideredcanbe
based on one main pocedure and the character of the concrete analogy is definedbya
carparativelysmall "eta—procedure’ (Fig.- 7) - Forexample, we have traced the behaviour
of theamalogies fromFig. 2-6, usingascheme franFig. 1. According tous the relation
betneenthe roles inthedeductive inference isthegreatest for the firstanalogy (Fig- 2, 3),
and unexpectedly highvalidity of the information isabtained for the onerepresented in
Fig.6.

The problem-independent KBS, inwhichal l the procedures (reasoningby analogy,
deductive reasoning, knavledge inconsistency test, interface, otherprocedurescanalsobe
added), are independent and can interfere, have promising future. Investigationsofa
prototype of asimi lar systemhave been real izedat the Institute of Information Technolo-
gies, rtsfuctioningbeingconectedwirth thefol loving specifics:

*The analogies have been applied for solving problems, inwhichthe validity
estimates of the statements fran the problem formulationare investigated. Forexample
“thepersontested is i1l ofangina”or ““thereason for the fai lure inthe gperattionofacutting
instrument is itsbad campleting”, or statements fromotherdomains . Theexperimerts for
dheckingthestatementsval idity, usinganalogies, shovthat inthe solutionofasimilartype
newresults aredotained notonlywhen the problemformulation is investigated, butatany
other statemert, connected with the given formulation G. Let usassune, that problenG
issolvedafter gpplying the deductionand aset of statements isformed, comectedwithG:
S, S,, ---, S, - Thenthe use of analogies expands the knowledge connected with the
formulation of the problemand itcanchange thevalidity ofany S, andasaresult-G. Sane
data havebeendotained intheexperiments, whenthe val idity of G isaltered not changing
any of S, and not changing the inference tree. Inthiscasewiththehelpofadditional
information, cotainedbyanalogy, Itcanbeproved, that the relevance of sore of the S, for
the solutionof theproblemset fal Is to zero (the connection of S, with G is defeatedwhen
the additional information is considered, while thevalidityof S, isnotaltered, butthe
corresponding branch of the inference tree is pruned. The appearing changes in the
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inference treeafter suspendinganeor several S, canfinal ly leed to the alteration inthe
validityof G, because the setof stataments, connectedwirthGdecreasesateachel imination
cycleand the total veight of the statements, confirmingor rejectingG, couldbe altered.

*Differentfunctioning (direction) goalsof theanal ogieshavebeen investigated: the
analogy of el imination the relevance of the statements (defeasible analogy) ; the analogy
of newknowledge gaining, the purpose of which is the carpleting of the KB; analogy of
detecting the identity between dbjects fromthe problen domainand of taking decisions
after accounting the newknowledge; anallogy for ““rejecting conclusion’” with the purpose
to rejectG, forming new knowledge, which confirms “not G, where “not G’ and Gare
mutual ly excluded. The problems of model ling the statements indifferent problems
domains have been solved during theexper iments. Thesolutionofproblens ofanother type
canbeprincipal ly real izedwithout considerablealterations inthe scheme for conclusion
andthe control superstructure, whichsenes foralterations intheanalogiesdirection. In
thisaspect therewill be done new research InKBS. Inall the cases the scheme for
oconclusion, similar totheoneonFig. 1, hasbeenagpplied.

*The corbinations of the interactions of the type deduction-analogy-deduction,
deduction-induction-analogy havebeen investiigatedand also the““isolated” gpplicationof
theanalogy INnKBS. Themost unexpected results for the experthave been cbtained during
the interactionof the deductive and nondeductive inferencemedhanisns. Whensolving the
problems ofmodel ling the statenents the formationofset {S,} is adnitteddirectly by the
eqertorthedesigner of KB. Incertaincases, forexamle, theknovledge incorsistency test,
It isnecessary toapply automaticdeduction inside the conclusionby analogy . For this
purpose deductive conclusionwithfuzzy logicelements hasbeenused.

*Different forms ofknowvledge representattionare investigated inconrectionwith the
functioningof theanalogy inferencemechaniam. Exclusionsof the rules playan important
part inthe defeasibleanalogy (directionof firsttype), inthe secondand thirdtypeof
directionthis istheknosvedge representation inthehierarchical network, and inthefourth
‘type- knovledgeabout statementsclassification (Classifiers) admodelsof thedbjectsad
situations. The heuristicmodel ling of the problemdomain is the base, onwhich the
incorsitency test procedure isbui It

* Intheoreticaspect thedevel goment of perspective projects is expected incompu-
tational analogy area, that are famous fromthe research of the deductive direction:
inheriting theproperties inthehierarchical network, normonotonic inference schemes,
default reasoning, solvingprablemswith theelements of selftrainingandother questions.
Thesolutionofthese problems is considerably carplicated and/oraltered inreasoning by
analogy.

*Promising applications of the computational analogy methods inKBSare expected,
wirthdifferent independentt procedures for knovledge processing realized, includingseveral
typesof reasoningbyanalogy. It isnecessary toselect the forms ofknovledge representa—
tioninsuchavay, that thedifferent independent:procedures interact. Apossibi ity isneeded
intheexpertsystans for the inference of theexpertonthe processesof solving the prablem,
forming the interactions between the different procedures inthe cortrol block (problem
solver) . The investigations inthisdirectionhave shomnthe necessityof creatingaspecial
block in the system- “Trainer”, inwhichall the procedures should be described
accompaning their memoscheme and different modes of operation simulated together
withadditional explainsto the user. \\henanunqual ified user (notanexpert) operateswith
thissystam, there isapossibility toformthesolver by default. Thecoments fronthe last
twopointsarenctdirectly comnected with the mechanismof reasoniing by anallogy and they
arenot interesting inatheoretical sensefor theconputational analogy, but fromapractical
pointof viewthese questionsappear inevitably inany real KBS.

*Theexperimentswithdifferentgopliedanalogiesshow, that there isgreat difference
between the experimental and real Iy functioning KBS with reasoning by analogy .- The

18



carputational analogy hes its specific features, that canbeexplainedwiththe folloving
symbolicexample. Letus thinkwhat the differencebetween a laser andaprojector is?\\e
canconsider aprojector, that ismuchmore porerful than the laser, but itcannot replace
the laser anyway - Inasimi larway, theexperimental systemaof reasoning by analogy , that
enlightensagivenarea, isusedtoget newresults intheoreticaspectand toconfimthose
ootaineduptonow. Inthissense, asthegreatnurber of projectorscaot replacethe laser,
sothe large number of analogy methods cannot enligten the area investigated sovell as
acoordination programby different special ists inthe scope. Inorder to pass the bound
“systemprototype’, It isnecessary toconbine theattenpts inthe researchof different
analogies for solving various types of problems in KBS and to adjust separate standards
atthat, whichenable the conbining ofall the experimental results fromcamputational
analogy, obtained upto the presentmoment.

*Good practical resultscanbe achieved inthe future, 1Ifsome comonstandardsare
developed and the attenpts of large groups of special ists of different schoolsand regions
are carbined.

4_Conclusion

Some general considerations are suggested in the paper concerming the state and
perspectives of computational analogy development, on the basis of the available
information fron the references and the investigationsdone. Attentionhasbeenpaidto
saresuneysand toproblens, thatarestill notsolvedornot clarifiedenough, oneofthem
being the connection between analogy and other methods of reasoning, the necessary
environment for theefficient functioningofKBSand others.

The possibility togetdifferent results, usingoneand the sare inference schemeand
differetsuperstructures, whichdhange theanalogiesdirection, isdiscussed.

Thecoclusion ismede, that the coordinated attenpts of different teansof secialists
arenecessary for thedesignofasufficiently universal and problem-independent mecha-
nismfor reasoning by analogy inthe industrial, not onlyexperimental KBS.

The application of the computational analogies opens newperspectives and itcan
leed torewresultsinall thefieldsofAl .

References

1.Boden, M. Artificial Intelligence and Natural Man. New York, Basic Books, 1977.
2_.Falkenhainer, B., K.Forbus, D.Gentner. The structure-mapping engine: algorithmand
examples. Technical Report UILU-ENG-87-1748, U. of I1linoisatU.-C., July 1987.
3.Gentner, D. TheStructure of Analogical Models inScience. BBNTech. ReportNo. 4451, Carbridge,
MA, 1980.

4_Gentner, D. Analogical inference and analogical access. — In: A. Preiditis (ed.), Analogica: Proc.
of the FirstWorcshop on Analogical Reasoning. London, PitmanPublishingCo., 1986.

5.Hal 1, R. Computational approaches toanalogical reasoning: acomparative analysis. —Artificial
Intelligence, 39(1), 1939, 39-120.

6.Haraguchi, M., S.Arikawa. ReasoningbyAnalogy asaPartial IdentitybetweenModels. Lecture
Notes in Computer Science, 265, Springer-Verlag, 1987, 61-87.

7.Haraguchi, M., S. Ar i kawa. Towards amathematical theory of analogy. —Bull. of Informatics
and Cybermetiics, 21(1), 1985, 29-56.

8.Hewi tt, C. OpenSystems. —BYTE, 10(4), 1985.

9.Holyoak, K. The pragmaticsof analogical transfer. —The Psychology of Learning and Motivation,
19, 1985, 59-87.

19



10.Jotsov, V., V.Sgureyv . Comparative analysis of inference by anal ogy methods and contemporary
realizations inKBS. — In: J. Information Theory and Applications, 2(5), 1994, 3-15.

11. Keane, M. Where’s the beef?: the absence of pragmatic factors inpragmatic theories ofanalogy. —
HCRL Report 28, Mi Iton Keynes, The Open University, December, 1987.

12_Melis, C., E.Mel i s. SomeConsiderations about FormalizationofAnalogical Reasoning. Lecture
Notes in Computer Science 265, Springer-Verlag, 1987, 125-134.

13. Polya, A. The Mathematical Discovery. Moscow, Nauka, 1976.

14. Popov, E. ExpertSystems. Moscow, Nauka, 1987.

15. Skorstad, J.,B. Falkenhainer,D.Gentner. Analogical processing: a simulationandempirical
corroboration. —In: Proc. AAAI-87, August, 1987.

16. Steels, L. Thedeepeningofexpertsystems. —Al Conrmunications, 0(1), 1987, 9-16.

17.Thiele, H. AModel TheoreticOriented Approach to Analogy. LectureNotes in Computer Science
265, Springer-Verlag, 1987, 196-208.

18.Uemov, A. Analogy inPractice of Scientific Investigations. Moscow, Nauka, 1970.

19.Van Lehn, K. FecilityConditions forHuman Skill Acquisition: Validiting Al-based Theory, Xerox
Palo Alto Research Center TRC1S-21, 1983.

20.Wel lsch, K.,M.Jones. Computational Analogy. — In: Proc. of ECCAI, 20-25 July, 1986, Brighton,
153-162.

21_Winston, P. Artificial Intel ligence. Addison-Wesley, Reading, Mass, 1977.

HeKOTOpHe Pe3yJIbTaTE U IIEPECIIEKTVMBEL B BEIUMCJINTEJILEHOM
AHaAJIOITI1

Bacu Crypes, Bramasp Horos

WHCTUTYT MHPOPMALIMOHHEIX TexHogormr, 1113 Copus

(PeswowmMme)

B cTaTbe pacCMOTpPEeHB NPOOJIeMBl, NpUCylMe Kak QopMaJibHBEIM, TaK U
3BPUCTUHEECKVM METONAM BBMMCIIMTEIBHOM aHaJlomv. Ocofoe BHYMAHUE yIOEeJIEHO
BOIIPOCaM, KOTOPEE HEeIOCTaTOUHO MUCCIIeNOBAaHEl, HAallpMMEP B3arMOCBABM MEXIY
BEIBOZIOM I10 aHAJIOTVM M IPYTVIMM METOIaMY, B3aVMOIEVCTBYIMMI C HVM. VBydeHre
IaHHOM B3aVMOCBA3MU IPMBEJIO K IIOJIyHUEHMIO CJIEOYIUMX Pe3yJIbTaToB. V3MeHAd
KOHQUTypalmo "okpyxeHUsa" aHajiorv, MOXHO GOPpMMPOBATE aHAJIOTVM PasJIMIHOM
HalpaBJISHHOCTHU [IPMUEM VCIIOJIb3YyeTCA OIHa M Ta e CxeMa BbBOIA 10 aHaJIoIMM. B
NpakTUMYEeCKOM IIJIaHe CIeJlaH BBIBOJ YUTO HeOoOxXoIMMa KOOPIMHAUMSA yCUIIMM
CIEeLMAaJIMCTOB, paboTamuMx B OAaHHOM OOJIaCTM, IJiA CO3OAaHMSA JOCTaTOWHO
YVHUBEPCAJIBHEIX [MPOMBIJIEHHBIX CHMCTEM C MEXaHW3MOM BBBOIA 10 aHAJIOTVI.
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