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1. Introduction

TheDiscreteMulticriteriaProblemsareasubclass of the nulticriteriadecisionmeking
problens. Theyarecharacterizedbyagivenfinite setofdbjects (altermatives) andafinite
setof thecriteriaevaluating these dbjects. The decisionmaker (M) most oftenhas to
choose thebestaltermative, taking intoaccountal I the criteriasinultaneously (doice
problem) . Thedifficulty inthis case iscomectedwith the fact that the estinates of the
altermativeswirth respectto thedifferantariteriaarecontradicting.-

Forthemultiplecriteriachoice problems “optimizationmotivated” interactive
algorithmshave beendeveloped [1, 2, 3] - There isgood interaction between the DMand
thesolutionprocess inthesealgorithnms that permits the DM learmmore about the decisions
advantages. But these methods require franthe DVto sethis preferences only inthe form
of aspiration leelsforall thecriteria. TheDMestimates theal termatives franagivenset
ateach iteration. Insomecases thesealtematives may be spread on thewhole setof the
non-cominatedaltermatives.

The algorithmsuggested isalso interactive, but it provides aneasierway of DV
preferences settingat eech iteration inthe formofdesireddirections forcriteriaal teration.
Onthe other hand 1t ismore corvenient for the DM to evaluatte and choose one altermative
fromasetofclosealtermatives inthecriteriaspace.

Themost precisedefinitionabout*‘solving” anulticriteriadecisionproblens, given
in [4] pointed out that finding asolution isthe assistance to the DM in the better
understanding of the dataand the problemsolution inorder to find themost desirable
action. According to thisthebest“ ‘compromise solution” selected depends toa largeexted
on the DM personal ity, the way of problemstatement and circumstances inwhich the
decision istobemade. Consequently, an important characteristic of the algorithms,
designedtosohve trediscretenulticriteriachoiceproblan isthevayof visualisationof the
information, whichthe DMhas toevaluate, aswell as the representationof sareadditional
featuresof thecriteriaand thealtermatives thatocould faci litatehisdoice.

16



2. Gereral descriptionof thealgoritim

Thediscretemulticriteriachoice problem isdefinedas aset 1 of n 1) of deterministic
altemativesandaset Jofk (>2) criteriabe givenvwhichdefineanxkdecisionmatrixA.
Treelementa,; of thematrixAdenotes theevaluationof thealtermatives iie I withrespect
tWthecriterion jeJ. Treavaluationof thealtermative i€ Iwithrespect oal l trecriteriain
thesetJisgivenbythevector (@, ,,, - - -, 8, ) - Treassessmantofal l trealtermatives inthe
set I fortrecriterion jeJisgivenbythecolumvector (g , &, ,--- ,a,)-

Thesolvingofthis problenis thesearch foranon-datiinatedalterrative, satisfying
theDVitoa larger extentwithrespect toal l the criteria.

Thealtermative i< | iscallednon-dominated ifthere iIsnootheraltermativepe | for
which a,>a, forall jeJanda ; >a,, forat leastone jeJ.

Since it isaormparatively sinple to separate the dominatedal termatives, furtheronve
shal l assume thatt the matr ix A cortaiins non-dominatted al termativesonly -

Desireddirectionsofdhange for thecriteriaateach iterationare thedirections, along
whiich the DMwishes tochange the criteriavaluesof thecurrentpreferredaltermative in
order togetabetterone.

Thealgoritimsuggested is an interactive algoritim. At each iterationtheDV is
presentedarankedsetM={m ,m,, ..., mp}orfaltermtives, thefirstaltemativebeing the
aurrentpreferredaltermative. The DVhas toestinate thealtematives of this setand to
chooseore of themeither as thebest preferredor asacurrent preferredaltermatinve. Inthe
firstcasethediscretemnultiplecriteriachoice problemis solved. Inthesecondcaseonthe
besisofthe preferredaltermative selected the DVMsets thedesired directions foralteration
of thecriteriavalues inorder to search for anewbetter altermativewith respect toall the
aitai

Inthecriteriaspace R thealtermatives canbe represented asvectors (points) of this
space. WentheDVsets thedesired directions of change of the criteriavalues the defining
of the set Mby altematives neighbouring to the current preferred altermative (withan
indexh) canbedefined inthespace R onthe besisofthealtermatives al locationwirth respect
toaconvexconewrthavertex inthecurrent preferredaltermative. Thiscone iscalleda
reference cone. Thegenerators of the reference cone, denoted by V(h) aredefinedonthe
basisof thedirectionsdesired by the DMfor changeof thecriteriavalues theyhave inthe
aurrentpreferredaltermative. TrereferenceconeV(h) heskgereratorsy, <., v, ...,y ad
may be definedas fol loas:

V(h) ={veR |[v=ah+X [3p VP, szo},
ped

whereJisthesetof thecriteriaindices, ardmecmmlemsvjpcfﬁegererator\ﬁaredeﬁred
accordingtothe relations:

1ifj=p, jelL ,
~1ifj=p, jek .

Herel, isthesetofindices jeJofthecriteria, thevaluesofwhich theDMwishesto inprove,
E, isthesetof indices jeJof thecriteria, theworse valuesofwhich the DVaccepts,

L, UE=J.

For every altermative iel | izh, acorresponding vector y, | i€l is put, whose
conporentsare definedas fol lows:

{Oifjv&p,
vP =
J
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(1 ifa,>3,, jeJ,

' L1othervise.
Let thedistance d(V(h), 1) betweenthe reference coneV(h) andeveryaltermative
i € 1| izhbedefinedas

AV, D)= T[v- il /2.
jed

Franmathematical pointofview, d(V(h), i) shonsthenurber of directionsbywhich
thealtermativesi e 1| 1= hdifferfraneveryaltermative thatbelongs to thecore V(h) - It
isdvious that these altermatives have adistance equal tozero.

Fromaviewpoint of the multiple criteriachoice problem the total nurber of the
directionsalogvwhichthealtermativewithan index i € 1] i=hdiffersfroneachaltermative
belonging tothe reference cone Vi(h) isnot so inportantas thenurber ofdirections, where
these twoaltermativesdiffer, having inmind thecriteria the values ofwhich the DVMvants
o improve. Thisnunber isgivenby thedistanced” (V(h), 1), definedasfollons:

d" (), D=2 vi-pi | 72,iel, izh.
JeL,

On the basis of the distance function d " (V(h), 1) analgoritimcan be proposed
solving themultiple criteriachoice problem. With the helpof thisalgoritmtheDVhas
thepossibility, settingdesireddirectionsofalterationsof thecriteriavalues, toestinate
iterativelyasmal l subsetofaltermatives. Thealtermatives of thesesubsetsare tosaoreextantt
close tothe currentprefarredal termativewithan indexh. Thus inthe leamingprocessand
afterthat the DM cantake irntomind such factors that can be hardly formalized. Inorder
toassist the DV in theestimation of thealtematives fronthe setM it isuseful togive
additional paraneters foreachaltermative fronthis set, suchasthemaximal deterioration
of the criteria, which the DMagrees to beweakened, the maximal andminimal feasible
valuesof thecriteriaandothers.

The main steps of the algorithmproposed areas fol loas:

Step 1. Rejectal I the dominated al termatives and define thedecisionmatrixA. Ask
theDMtodhoose an initial preferredaltermative andassignh its index. Anyaltermative
canbeselectedasaninitial preferredaltermative inStep 1. Oneacoeptzble initial preferred
altermative can be foundoptimizingonecriterion.

Step 2. Askthe DM to defiine the desired directiions for change of the values of the
criteriaj € Jand thenurber ofaltermatives p, included inthe subsetMtobevisual ized.

Step3. ThesetsL, andE, areformed. L, includesthe indicesof the criteriawhich
the DMwishes to inproveand £, includes the indices of the criteria that the DVagrees
tobeweakened.

Definetheset | " c I ofthe indices i € 1 of thealtermative forwhich thereexistsat
leastore index j € L, , forwhich 8,28, -

Foreachaltermativewithan index i € 1 * determine thevaluesof thedistance function
d*(v(h), 1) and themeximal deteriorationt(i, h) of the criteriafronthesetE for this
altermativewrthrespect tothe current preferredalterrative

d* (V@ D) =X (- sign@, -a,)) /2, i< l”,

Jel,

t(i,h):rrax(ahj—alj), iel”.
JeE,
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Rank thealtemativeswith indices intheset 1 * inascendingorder of thevaluesof
d M), )| i€ 17 Atequalvaluesof d"(M(h), 1) | 1 € 1 " fortwoaltermatives, thealtermative
withasmallervalue of t(i, h) occupiesamore forefront place. Includeall the first
p-1laltematives inthesetMifp<| 17 orall thealtematives frontheset 1" if
p>| I 7| Takealsotre current preferredaltermative as tre firstaltermative inthesetM. IF
the set Mcontains the current preferredal termative only, pass toStep 4, otherwise
—toStep5.

Step4. Since theredoes notexistanaltermative the value ofwhich coincides for att
least orecriterionwiththe desireddirection of change, the DV has to decidewhether to
alterhisaurrentpreferencesor tocdhoose treaurrent preferredal termativeas treal termative
best preferred. Inthefirstcase gotoStep 2, whi le inthe second—Goto Step 6.

Step5. Shovthe setMtotheDV. 1T the DM Finds one of thealtematives as the most
preferred altermative— Stop .- Otherwise ask the DM to choose the preferredal termative and
assignh its index. GotoStep 2.

Step6. Stop.

Remark 1. Minimizing the distance functiond " (V(h), 1) onthe basis of matrixAin
Step3, thealtermatives, carprising thesetMaredetermined. Incaseanyofthecriteriaare
forminimization, metrixA” isused instead ofmatrixA. The lastonedotainednultiplying
the elements of the colums of themaitrix A, corresponding tothe criteriaminimized,
by-1.

Remark 2. InDM learning process altematives close to the current preferred
altermativeare included inthesetM inStep 3. Incase theDVMfeelsmore confident, hecould
askthe includingofthe spreadal termativesalso in the st M. This canbe easi lydone since
thealtermatives, included intheset M, areselected frontheset 1 “c 1 ofaltermatives
arranged inascendingorder .

4_ Concluding remarks

Based on the reference cone approach we have proposed an interactive algoritim for
solvingdiscretenulticriteriachoice prablem. Thealgorititmensbles theDMtorealizea
convenientand easy understandableway of settingpreferences asdesireddirectionsof the
criteriaalterationwith respect toagivenreferencealtermative.. Thisalgorittmhasavery
goad ““learmiing” influence onthe DV, since ithelps the taking intoaccountof thecriteria
significance, their correlationand the possibi L1ty for carpensationamong them.

Thealgoritmsuggested is tested onthe basisof prablens, available inthe references
orprablems, comectedwith theprivatizationevaluationsof different industrial enterprises
inBulcaria.
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AJITOPUTM IJIS PEUeHM A IMCKPETHOM 3a0aul MHOTOKPUTEPHATIEHOT'O
BEIOOPAa, OCHOBAHHBM Ha MNOOXOIE OTIPAaBHOT'O KOHYyCa

Kpacrmipa I'eHoBa , Mapra BoneHn4apoBa

UHCTUTYT MHPOPMALIMOHHEIX TexHoJormit, 1113 Copus

(PeswomMme)

B cTaTbe OpelCTaBJIeH UMHTEPAKTUBHEM aJIOPUTM IJIS PelleHUs 3aladu
MHOT'OKPUTEPHMAJIEHOT'O BEIOOPa, OCHOBAHHEM Ha MOIXOIE OTIPaBHOTO KOHyca. JIIo,
npuHMMaklee peieHus (JIIIP), 3anaeT CBOU NPeAnouTeHnud K yIIydlle HUIO U
IOIIyCTVMOMY YXyIIEHVIO CTOMHOCTENM KPUTEPMER B GQOpMe XeJIaHHEIX HallpaBJIEHMIA
V3MEHEHUS KPUTEPMEB I10 OTHOMEHMIO K BEIOPaHHOM OTIIPABHOM ajlbTepHaTHBe . Ha
KaXIOM UTepally ajilOPUTM HaxXOIUT IOIMHOXeCTBO "Oim3kux'" ajlb TepPHATUB, B
xoTOopoM JIIIP MOXeT cHejlaTb CBOM BHOOP MM KOPPEKTUPOBATHL CBOU
NPennouTeHs IJId CIIenyialey MTepalyn.
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