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1. Introduction

The problems formulticriteriachoice canbe divided (V 1 ncke [1992]) intotwo separate
classesacoording to their formal statement: onone handprabllems, inwhichafinite nurber
ofexplicitlyset constraint functionsdetermine inplicitlyan infinitenurberof fessible
altemativesand onthe other hand problems, inwhicha finite nunber of altemativesare
eplicitlysetinatableform. The firstclass of problemsarecal led prablemsof nultiple
objective mathematical programming (MOMP) . The second class of problems, belonging
tomulticriteriadecisionanalysisproblens, arecalledproblens fornulticriteriachoice
withdiscretealtermatives (MOCP) aswel 1.

The so-called interactive methods have beenmostwidely used in the solutionof
MOVP problems. Ineach of these methods the phases of decision and computationare
iterativelyexecuted. Inthe computationphases, whenacertaintypeofascalarizing
problem issolved, one or several nondominatted al termativesare generated, which satisfy
tothe greatest extent the local preferences of the decision maker (DM) inthe decision
phase . The DV realizes selectionand choice of the best local altermative (the preferred
altermatine) . Incasethisaltermativesatisfieshisglooal preferencesal o, it beanesthebest
glaobal altermative (themost preferredaltermative) . Otherwise the DMenters additional
information, corresponding tohis new local preferences, which isused inthe next
carputationphases searching for newbetter altermatives.

The outrankingmethods (seeRoubens|[11], Roy[12], BrausandMareschal
[1] and the uti Ity theorymethods (seeF i shburn(1970), KeeneyandRai ffa[7],
Farquhar [2]and Saaty [14]) are traditional methods for solving MCCP problems
and for awide class of MCCP (especial ly problemswitha great number of criteriaand
acamparativelysmall nurber ofaltermatives) they have no conpetitors, at least for the
mament. For problemswithagreat nunber of altermativesand asmal | nurber of criteria,
inwhich the DM can hardly perceive these altematives as awhole, whichmakes these
problems comparatively close to MOVP problems, methods of a third group are designed,
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namely interactive methods. They are most often inspired by MOMP methods (see Kok
salan,KarvanadZionts[8],MarcotteandSoland[10], K
orhonen[1988], Lotfi,Steward andZionts[9]; Sun andSteuer [1996],
JaszkiewichandSlowinski [5]-

Saredifficulties inthe firstwogroupsof methods canbeovercare inthe interactive
algorithms on the account of the greater tension and engagement of the DM. .

A leamingoriented interactivemethod is proposed inthispaper, whichdecreases
oconsiderably the DV s tensionandat the same timegives hinvher the possibi l ity to corttrol
thesearchprocess. The definingand rankingof the current sarple of al termatives inthis
method is realizedby twodifferent procedures. The determinationof the current sanple
of canparable altematives is donewith the help ofa scalarizing problem. Asetof
altermatives, clos=to thegpecial referencealtermative isfoudwith thisprablemontiebesis
of D\"s local preferenceswith the purpose to inprove the current preferred al termative.
Thissetof closealtermatives (togetherwith thecurrentaltermatine) isthecurrent sarple
of altermatives. The altermatives ranking isdonewith the helpofa local outranking
procedure (being PROVETEE 11 type) onthebasisof the local inter-and intra—criteria
informettion of the DV The bestal termative isthe local preferredaltermative, which the
DM chooses to improve or to accept as the most preferred altermative.

Thediscretenulticriteriadoice prablemisdefinedas folloas: Givenaset 1 ofnG1)
deterministicaltermativesandaset Jof k (&2) quantitative criterianhichdefineannxk
decisionmatrixA. Theelerenta,; of themetrix Adenotes theevaluationof the altermatives
i< lwithrespectto thecriterion jeJ. Theevaluationof thealtermative ic lwith respectto
all trecriteriainthesetJisgivenby trevector (@, , &, ---,8, )- Theassessmantofall the
altermatives intheset | for thecriterion jeJisgivenbytrecolumvector @@, 8, , -- -, &,)-
Theobjective is tosearch foranon-dominatedaltermative vwhich satisfiesmostly the DV
withrespect toall thecriteriasinultaneously.

Thealtermative I <1 is called non-dominated if there isnoother altermative se 1 for
whicha, > ay forallieJand 3>, foratleastore jel.

Since 1t iscorparatively sinple to separate the dominated altermatives, we shall
assune inthe rest of the paper that matrix Acontains only non-daninated al termatives.

Acurrent preferredaltemative isanon-dominatedal termative chosenby theDMat
theaurrent iteration. Thenostpreferredaltermative isaprefarredaltermative et satisfies
the DMto thegreatestdegree.

Desiredchanges for the criteriaatevery iterationare the valuesbywhich the DV
wishes to increase sarecriteriavaluesof theaurrent preferredal termativewi th respect to
his local preferences inorder todotainabetter al temative.

Areferencealtermative isanaltemative (itmaynotexist inreal ity) dotained fran
theaurrentpreferredaltermativeand thedesireddanges forsareof itscriteriavalues. The
referencealtermativeand thecurrentaltermativediffer only inthecriteria, whichthe DV
wishesto inprove.

Acurrentsampleofaltermatives isasubset of the nondoninated al termativeswhich
includes thepreferredaltermativeand -1 innumberaltermatives (1 beingsetbytheDV),
whichare nearest to the reference altermative according tosome kind of metrics.

Aaurrent rankedsanple of al termatives isasubset of thenondominated al termatinves,
dotained fronthe currentsarple of al termatives after trealtermatives rankingwith thre help
of any procedure onthe basis of DVM*s local preferences.
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2. Method description

The interactive method here considered, which solves MCCP with a large number of
altermativespreserves the advantage of the interactive methods connectedwith the
avai labi lity of D\"s possibi ity to control the process of search for themost preferred
altermative, decreasing histensionconceming the necessirty toconparedi rectly twoor more
altematives ineach iteration at the same time. For thispurpose instead of one decision
phase, inwhichthe DMchooses froma current sarple ofaltermatives the current preferred
altemative andgives local information for Its improvement, two decisionphasesare
gpplied. Besides this thecamputation phase, invhichthecurrentsarple ofaltermatives is
determined, is replacedby twocomputationphasesrespectively . Inthefirstdecisionphase
theDMselects the current preferredal termative and presants his local preferences for the
determirationoftheaurrent sanpleofaltermatives. The local preferencesarethedesired
changes for the criteria. Thedesired changes for the criteriadeterine the reference
altermative. Inthe firstcomputationphase solvingascalarizingprablem, acurrentsample
ofaltematives isdefined, thatarecloseto thereferencealtermative. Incasethecurrant
preferredaltermative isnot included inthecurrentsanpleofaltermatives, itisaddedtothis
sanple. Thenunber ofaltematives inthe current sample of altematives issetby the DV
inthefirstdecisionphese. Inordertodetermine the nextcurrent preferredaltermative, the
DMpresentshis local inter-crirteriairformation intheseconddecisionphese—1i -e. the local
veightsof thecriteriaand local intra—criteria information-the indifferenceand the strict
preference thresholds for every criterion (the DM can leave the oldweights and
thresholdsaswell) . Onthe basis of this local informationacurrent ranked sample of
altematives isadbtained inthe second computation phase (with the help of a formal
procedure of PROVETEE 11 type). The firstaltemative in this ranked sample has
‘tocorrespond best to DM™s local preferences. Incase itcorresponds to DM™s global
preferencesalso, itcouldbecore themostpreferredaltermative.

2.1.Definingtheaurrernt sarpleof altermatives

The current sarple of altematives isgenerated inthe first conputation phaseof each
iteration. Lethdenotes the index of the current preferred altermative. The fol loving
denotationsare introduced, connectedwirth the currentpreferred altermatinve:

L, — thesetof indices jeJ of the criteriaforwhich the DVwishes to increase their
values (desired changes for the criteria) incorparisonwith theirvalues inthe current
prefaerredaltermative;

E —therestofthecriteria(g =J\L, );

A ;—desiredchange of thecriterionwithanindex jel ;

ij“—mewrrentrerferenoealtermtive, Itscomponentsbeingdefinedas

. Jam +A, TF jel,
la,, TF jeE,;

A ,—thedifference between themeximal and theminimal value for thecriterionwith
anindexj; )

Aj = ma_x a; — ml_n a;s
iel iel

M, —thecurrentsapleof altematives; M =(i,, i, --., ) . ThesetM comprises
thealtematives thatareclosest tothe referencealtermative.. Theirnunber pisdetermined
by the DV Oneof themis the currentpreferredaltermative. Itcanbeat thebegiming, in
themiddleor at theend, dependingon itsvicinity to the reference altermative.
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Thereferencealtermative isdefined inthe firstdecisionprese. Itisfoudonthebesis
of thecurrent preferredaltemativeand thedesired changes for thecriteria. ThesstM or
theaurrentsampleofaltermatives isdetermined inthe firstocomputationphase onthe basis
ofthereferencealtermative.

The setM, canbe defined solving the fol loving scalarizing problem:

(G min S, h) =min max{ (i“j—au_ )/Aj}-
iel iel jed

WhensolvingproblemA, analtermativewithan index i, fromthesetM isfoud, that
isnearest tothe referencealtermative. Sinultanecuslywith thisfor eachof therest of
altermatives thevalue of S(i, h) Isdetermined, whichensbles thedefiningof the indicesof
the remainingelements inthesetM . Thealtemativeswiththe smal lestvaluesof S(i, h)
are included inthesetM . Incase thecurrent preferredaltemative isnot included inthe
setM,, itisadded inplace of the altermativewithan index ip_

2.2. Definingthe ranked current sarpleof altematives

The currentsarple of altermatives, included inthe setM, conprises relativelyclose
altermatives, hence it canbesaid that theyare conparable. Insteadof directcarparingof
thealtermatives inthe setM by theDVandselectionofacurrent preferred altemative,
rtispossibleand recomendable to rank the al termatives fronthis setaccording to their
significancewith the helpofaformal procedureon thebasis of the local informationfor
DM spreferences. The firstaltemativeof this rankedset, satisfyingto thegreatestextent
theDM"s local preferences, is probably chosen by him inthe next decisionphaseasthe
caurrentpreferredaltermative or themostpreferredal termative. Natural ly theDMoould
selectanotheraltemative franthissetaswvel I, iTheconsiders itreal lybetter-forhim.

In connection with the fact that the altermatives fromthe current sample of
altemativesM arerelativelyclose, the most appropriate formal procedure for their
ranking with respect to their importance is the PROVETEE 11 outranking procedure
(BrausandMareschal [1])- The ranking inthis procedure isdone on the basis of
twotypesof DM™s local preference information. The First type ofpreference information
isthesocalled intra—criteriainformation. Foreachcriterionwithan index jeJtwotypes
of thresholds are determined by the DM- an indifference threshold q; andapreference
thresholdp, . The indifference threshold g, for thecriterionjeJ isthedifference inthe
criterionvalues, whichhas noconsiderable influence onthe DV.. Thepreference threshold
p, for thecriterion]j isthedifference inthecriterionvalues for waltermatives, which
expressesexplicitlyDV™s local preferences tonardsone of themacoeptedas better by him.

Thesecond typeof DV™s local preference information isthesocal led inter-criteria
information. In PROMETEE I1 outranking procedure, informationconcerning the
significance of the separate crirteria for the DM is used onlly as such type of information.
This informationfor thecriteriasignificance isexpressed by theweighing coefficients
(weights) of thecriteria. Thisoutranking procedure, unlike otheroutranking procedures,
as EL ECTRE fami ly procedures, does not requireatabu threshold setting. The criteria
weights, especial lywhen their nunber issmall, canbe directly introduced by the DM.
Additional use of any simplle procedure isalso possible, whichwill determine more
precisely theseweights on the basisof the pairwise criteriacaomnparison (Hwang and
Kwangsun[4])-

Acomparatively simple procedure called procedure B, which ranks the current
sapleofaltemativesM, isdescribedbelovonthebasisof the local inter-and intra-
informationwith the help of PROMETEE I 1.
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Let F}(il, 1,) cenotes thepreference fuctionfortreariterionwithan index j , describing
the intensityofpreference foraltemative i withrespect toaltermative i, asafunctionoftne
differenced betveenthevaluesof thiscriterionforthesetwoalterratives, where

d;=a,5- 8,
Trefunction P,(i, i) isdefinedasfollons:
(0ifd, <q,
(1) Pj(il, i2 :< (dj_qj)}(pj_qj) iquﬁdjﬁpj
(o) ifd>p, .
Onthebasisof thepreference function P,(i,, 1,) thepreference index n(ii,, i) among
thealtemativesi, i, canberepresantedas
k
(2] (i, )= wPh3, L),
J=1
wherew, , jeJ, aretrecriteriaveights. Thepreference index n(i, , i,) canbecomputed for
each twoaltematives franthesetM, . Foreachaltemative i, eM, itispossibletocomute
the so-called positive andnegative outrarking floas, denotedas @*(i ) and O-(1,).

®'(i)= In(i,, 1),
()] ieM;
O ()=2n(i, ).
ieM;

The positive outranking flow ©*(i) expresseshow thealtemativewithan index
1 eM, isoutranking all the other altematives, belonging to the setM, . The negative
outranking flov®~(i,) expresses hovthe altemativewithan index ieM, isoutrankedby
all threother altemativesbelonging totheset M, -

Treretoutranking flov® (i) isusedfor thecomplete rankingof theal termattives fram
theaurrentsarpleofaltermatives:

(&) o (1) =0"(i)-d (1),
whereforeachtwoaltemativesi, , i,eM, 1, ispreferred o i, , incase @(1)>O (1), ad i
isindifferent o i, iIF O )=0(,)-

Onthebesisof thesetworelations of preference and indifference thealtermatives fran
the setM are ranked anda ranked current sarple of altermatives is dotained. Thissetis
denoted by M, . The setM, is represented to the DM for evaluation, suggestinghimthe first
alemative frontreset (iththegreatestvalueofd (i ) astrecunrantpreferredaltemative.
He has tomake this doice inthe firstdecision phase of thenext fteration.

3. The algorithmscheme

An algorithm can be proposed to solve MCCP on the basis of the scalarizing problemA
and the formal ized procedure B. Onthe ground of the scalarizing problemA theDMhas
thepassibi lity togetasmal | subsetofaltermatives, whicharetosoneextentcloseto the
referencealtermative, defiredby the aurrentpreferredal termativeard the local desireddrage
ofthecriteriavalues. Inaleamingmode theDMdeterminesa setof sarplesofaltermatives,
which could cover to agreat degree thewhole set of altematives. The currentsample of
altermatives is rankedwirth the help of the formal ized outranking procedure Bon the basis
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of the local intra-and inter—criteriainformationgiven by theDM. The DMcanchoose the
Firstaltemative fromthe ranked current samplle of altematives as themost preferred
altemative oras thecurrent preferredaltermative. The last onesenesasabeasisforthe
searchofthenext current ssopleofaltermatives.

Themain stepsof thealgorithmare:

Step 1. Rejectal I the dominated altermatives and define the decisionmatrixA. Set
iter=1andaskthe DMto choose an initial current preferredaltemative, denotedash.

Step 2. 1T the DMwants tostore thecurrent preferredaltermative h- check if ithas
been saved before and in case 1t has not—add hto LIST —aset of stored preferred
alterratives.

Step 3. Askthe DM todefine desired changes of the criteriavalueswith respect to
theaurrentpreferredaltermative. Defireareferencealtermative. AsktheDMtospecify the
parareter 1 - thenurber of altermatives inthecurrent sanpleof altermatives.

Step 4. Solving the scalarizing problemA, determine the current sample of
altemativesM .

Step 5. Askthe DM to determine the local indifference and preference thresholds—
q; and p, , jeJ, and theweightsw, , jeJ. Incasethe DMdoes notwant to change these
parareters, the oldones remain.

Step6. Ranking of the currentsarple of altemativesM, using the sinple outranking
procedure B. The current ranked sample of al termativesM, isobtained. .

Step 7. Showthe current ranked sarple of al termatives M, to the DV for estimation.
1T the DV chooses the best—preferred altermative— go to Step 8. In case the DMwants to
continuethesearchproocedure, set iter=iter+l, select thecurrent preferredalterrativead
assignittoh, thengotoStep?2.

Step 8. The DM can campare the last preferred altemative with the altermatives
obtainedandstored inLIST. Forthis purposeafinal sarple of altermatives isformed fran
thealtermativesstored InLIST andwith thehellp of the sinple outranking procedureB, this
sanpleisranked.

Step 9. Ask the DM to choose, as the best preferred altermative one of the two
altermatives: the last prefarredal termative (Step7) or the firstaltermative franthe last
ranked sarpleof altermatives, thenStop.

Remark 1. Anyaltemative canbe selectedas an initial preferredaltermative. One
acoeptable initial preferred al termative canbe found optimizingone crirter ion.

Remark 2. The rejecting af adominatedal termative isdone once inthe initial phase
ofthealgorittm(Step 1) .-

4_Conclusion

An interactive leamingoriernted method for solvingaclassof multiplecriteriachoice
prablemswitha large nurber of altermativesand asmal I nurber of quantitative criteria
is proposed in the paper . The method enables the DM to screen consecutively and
systematical ly the setof non-dominated altermatives. Themethod proposedhas several
advantages, some of thembeing:

it isuser-understandable for the DM, which gives him/her confidence about the
sugoesteddecisian;

the camparisonand the ranking of samples of camparatively close altermatives is
done by the DM, which relieves the DMand enables the easier and more real istic setting
ofhis/her local preferences;

77



rtprovidesapossibil ity forevaluationofdistributedalterratives, stored intheprooess
ofsolutdan;

apossibilityexistsforarelativelyeasy learming by the DV of the probllemsolved.

Themethod has been included inasoftware systemevaluating the efficiency, the
financial stabil ity andeconomic capacity of industrial enterprises frandifferentbranches
(for some af the branchesmore than 60) . Theexperts of several Bulgarian investment funds
have usedthiis system inthe purchase ofvariaus stateenterprises during the prooess ofwide
privatization inthecoutry.
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VHTepaKTMBHED METOI PelleHN I Kjlacca
3alad MHOT'OKPUTEPMAJIEHOT'O BEIDOPa

Bacwi C. BacwieB
UHCTUTY T MHPOPMALIMOHHEIX TexHoJormit, 1113 Copus
(PeswoMme)

[MpennaraeTcsa MHTEPaKTVBHEL METOL pellleHrs KJlacca 3amad MHOT'O-KPUTEUAaJIEHOT'O
aHasm3a ¢ OOJIBUMM UMCIIOM IMCKPE THEIX aJIbTEPHATHYE M MaJbM Y/MCIIOM KOJIMIEeCTBEH—
HEIX KpUTEepUeB . JIMi1o, NpuHMMaKlee peluieHre (JIIIP) , 3aiaeT CBOM IIPellIouTe s B
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dopMe xeJITaHHOV [TePEMEHEl CTOMHOCTHY KPUTEPVES .

[Ipy noMOmM CKaJISPU3UPYLIEN 3a0ady HaxOOUTCA Majloe IIOIMHOXECTBO
CPaBHUTEJIBHO OJIM3KUX aJIbTePHATVBE . OHO PAOUTCA IIPM IIOMOIM IIPOLIEe YRRl Ha
OCHOBe 3alaHHOM JIBP JIoKaJibHOV MHOOPMaLVM BHY TPU— U MEXIYKPUTEPHAIbEHOTO
TUa. I9TO NOAMHOXECTBO Nokaz3wBaeTcs JIIIP, xoTopoe BEHOMpPAeT CaMyl
[IPEeOIIOUNTAaHHY aJlb TEPHATYBY MJI BBOOUT HOBHIE [IPEANIOUTEHM S IJIA YITydleHM S
BLIOPaHHOM aJlbTEPaHTUBEL .

[IpenJIOXEeHHEM MeTOoJ I[103BojigdeT JIIIP OLEeHUTH [NOCJIeHOBATEJIBHO U
CUCTeMaTUYeCKM MHOXEeCTBO HEeIOMMHMPOBAHHEIX U CPABHUTEJIBHO OJIMB3KUX
aJlbTepHaATUB. MeTon BKJIOUEH B IPOTPaMMHOM CUCTEME NPUHATUA pelenmy. OH
IMPVYMEHAESTCA B PeaJIbHEIX 3aladax MHOT'OKPUTEPMAJIBHOT'O BEIOOPA .
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