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Introduction

Themulticriteriadecisionproblemsaredivided into two groups: multiple attribute
decision making (MADM) problems (discrete multicriteriaproblems) and multiple
objective decision making (MODV) problems. InMODMproblems thecriteria (called
objective functions) and the constraints are specified bymathematical functionsand the
purpose isto choose the “best’” altermative. InMODM problemsan infinite number of
passible altematives existswhich have to be generated by the solution process. MADM
problemsarecharacterizedby the fact thatafter definingaset 1 of n (1) of deterministic
altemativesandaset Jofk (32) criteriathat defineanxkdecisionmatrixAonewishes
Lo

1. determine the bestaltermativewith respect tothe set J (the dhoice prablem),

2_divide theset 1 intosubsets (thesortingproblem), or

3. rankthe set | of al termatives fron the best to thevworst (the ranking probllem)

Anurber of algorithms have been develloped to solve the nul tiple attribute decision
making problems. The basic part of these algorithms may be grouped into two major
classes: themultiattributeuti lityand theanalytical hierardy prooess (seealsoF 1 shbu-
rn[3]),Keeney and Raiffa[5], Farquhar[Z] and Saaty[11] andthe outranking
and related algorithms (seealsoRoubens|[9], Roy[10]andBrans and Mare-
schal [1])-

The Firstgroup ofalgorithms isused to solve MADV problems and is based on the
well known value or uti lity functionwhich is used to express the DM”s preferences to
aggregate thecriteria. The second groupofalgorithms is based onthe DV”s preference
relationbetweenapair of altermatives tooutrank theal termatives.. Themethods developed
are based on restrictive assunptions conceming the DV”s preference structureand DW”s
abilities, aswell asthe typeand the structure of the problems solved.. Themethods leave
several issues unresolved and some of themare
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— at the beginning, the DM has to make too many pairwise comparisons,

—there isnot enough interaction between the DMand the solution process inorder
to permit the DM learm much about the problemor the solution space,

—difficulties conmectedwirth the intercriteria informationsuch as the compensation
betweenthecriteria, thechoiceof criteriaveightsand independence onthe criteria,

—difficultiescomectedwiththeel iminationof thescal ingeffectsanddifficulties
comectedwirth considerationof theampl itude of deviationamong the criteriavalues, ad

—difficulties connectedwirth develloping procedureswhich caneasi ly be understood
by the DM.

For some classes of themultiple criteriaproblems (mainly for the choice prablem)
“‘optimizationmotivated” interactive algoritihms have beendeveloped, inwhichapartof
‘these disadvantages are avoided on the account of the greatter tension, butalsothemore
intensive use oftheDM (Koksalan, Kartvan and Zionts[6],
Marcotte and Soland|[8],Korhonen[4],Lotfi,Steward and
Zionts[7]- Special attention deserves the reference direction algorithmof
Korhonen [4] designed tosolve the choice problemwitha fewquantitativecriteriaand
manyaltermatives. Inthisalgoritihmthe DVestimatesagiven setof altemativesateach
iteration. Insome cases these altematives may be spread on the whole set of the non-
dominatedaltermatives. The DVselects onealtermative franthis seterther asthe solution
bestpreferredorasabesis for further search. Thesearch is real ized inadirectiondefined
by the last altermative and analtemative preferred at the moment, determined by the
aspiration leelsofall thecriteriasetby theDV.

The paper proposes an approach for solving the choice problemwith several
quantitativecriteriaandmanyaltermatives. Itissimilar in its ideatoKorhonen’sgoproach
with respect to the DVengagiing inan interactive modewhich overcomes the difficulties
above described. But in it the DW”s tension isdecreasedmuchnore. This isachievedwith
thehelpoftwobasicalterations. Thefirstore isthat inmany caseswhenacurrent preferred
altermatie ispresant, itisessierfortreDVtosstthedesiredalteratios inthecriteriaad
sti llnoreessier toset thedesireddirectionsof oriteriaalteration ttentoset thecriteria
aspiration levels. The second one is that the DM has the possibil ity to estimate
neighbouring andwidely spreadaltermatives. Itiseasierfor theDV, especially inthe
learmingprocess, toestimate and choose onealtermative franthe setof “neigbouring”
altermatives than fronthe setof spreadaltermatives. InthiscasetheDMisabletoconsider
more confidentlyand realistical ly the importance of thecriteria, theirocorrelationand
passibi lTties for carpensationamng them, aswell asthe better estimationof thecriteria
values inthedifferentaltermatives.

Scalarizing problem

Thediscretenulticriteriadhoice prablem isdefinedas fol loas:

Aset 1 of n (G1) of deterministicaltemativesandaset Jof k (G2) criteriabegiven
whichdefineanxkdecisionmatrixA. Theelenenta;; of thematrixAdenotes theevaluation
ofthealtemativesie lwithrespect tothecriterion jeJ . Theevaluationof thealtemative
i< lwithrespecttoall trecriteriaintheset Jisgivenby thevector (1, 852 5 - - - - , 35)- The
assesgrentofal l thealtematives intheset | for thecriterion jeJisgivenby thecolum
vector @y, ;5 - - - »8hj)-

Thesolvingof this prablemis the search foranon-doninatedal termative, satisfying
the DVitoa larger extentwithrespect toal l the criteria.

Thealtermative i<l is called non-dominated if there isnoother altermative pe 1 for
whichgy; >1a;; forall jeJanda;;>a;; foratleastone jeJ-
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Since it iscorparatively sinpletoseparate the dominatedal termatives, furtheronve
shall assume that thematrix Acortains non—-dominated al termatives only.

Apreferred altermative Is anon-dominatted al termative the DM chooses as the best
oeattheaurrent iterationwithrespect tothe setof the crirteria. Thealtermative preferred
best (acompranisealtermative, afinal altemative) isapreferredalterrative trat satisfies
the DMto thegreatestdegree.

Desiredchanges of the criteriaat every iterationare the values, bywhichthe DM
wishes toalter the criteriavaluesof thecurrent preferredaltermative inorder todotaina
betterae.

Areferencealtermative isanaltermative (it cannotexist inreal ity) dotained franthe
aurrentpreferred altermativeand thedesired changes of itscriteriavalues. Areference
direction, defined onthe basisof the preferred altermative and the referenceal termative
describeadesirablechange inthecriterial space.

Ateach iteration theDMispresentedasetM={m; , my, - - . , m}ofaltematives, the
firstaltermativebeing tre preferredaltermative. TheDMhaes toestimate theal termatives
of this setand to choose one of themeither asa current preferred or as thebest preferred
altermative. Intheseocondcase thediscretenultiplecriteriadhoiceprablemissolved. In
the firstcase onthe basis of the preferred al temative selected the DM sets the desired
changes inthe crirteriavalues inorder tosearch foranewbetter altemativewith respect
toall thecriteria. Onthe basis of this information asetM isdefinedwith the help of
scalarizing problems, which is represented for estimationand choice tothe DM. The
definingofasetMoonsistingofaltermativescloseto trecurrent preferredaltermative (With
an indexh) canbe realizedon the basis of the fol lowing scalarazing problem:

AzminS(i,h) =min max{(a;j — aj J/An;}»

il iel  jely

i=l izh
subject to

aij Zla-lj_ (1+(1)Ahj1 ie" jEEh1
where

o Isanon-negative parareter and

pax— min{(ahj —min aij ) /Aij - 1},
JeEy iel
L, isthe setof indices jeJofthe criteria, forwhichtheDMwishes to increase their
valuesby Ay,; incomparisonwiththeirvalues inthe currentpreferredaltermative.
E, isttesetofindices jeJofthecriteria, forwhichtheDMis inclined todeteriorate
theirvaluesby Ay,; incorparisonwith theirvalues inthe currentpreferred altermative

Lh UEh:J-

Solving the scalarizing problemAsome altermatives can be defined along the
referencedirectionthatcanbe included intheestimationsetM. Suchaltermativesexist it
theocorrespordingvalues of the function S(i , h) are positivenunbers. Inorder todbtainthese
altematives themultiplesolvingofproblemA isnotnecessary, but thealgoritmfor its
solving canbe bui It insuchaway that rtwill alsogive theirarrangementwirth respect to
theircloseal locationtotheaurrentpreferredaltermative. Onealtermative isclosertothe
aurrentpreferredaltermative if itscorrespordingvalueof the function S(i ,h) issmaller. The
firstp-laltermatives thusarrangedor al I thealtermatives, iftheirnunber issmal ler then
p—1, are included inthesetM. ITnoaltermativeswithpositive valuesofthe function S(i,h)
exist, the DM hasto chooseanewreferencedirection.
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The proposed algorithm

On the basis of the scalarizing problem A an algorithm can be proposed solving the
nultiplecriteriachoiceprablem. WiththehelpofthisalgorittmtheDMhes the possibillity,
settingdesiredalterationsof thecriteriavalues, toestinate iterativelyasmall subsetof
altermatives. Thealtematives of these subsets are to sone extent close to the current
preferredaltermatives. Thus inthe leaming process and after that the DM can take into
mind such factors that canbe hardly formalized. Inorder toassist theDV inthe estimation
of thealtematives franthe setMit is useful togive additional parameters foreach
altermative franthisset, suchas thevaluesof the function S(i) , themeximal deterioration
of thecriteriat;, themaximal andminimal fessiblevaluesof thecriteriaandothers. The
visualizationof thealtematives isparticularlyappropriate (bargraphsandsoon) .

The main steps of the algorithmproposed areas fol loas:

Step 1. Rejectall the dominated al termatives and define the decisionmatrixA. Ask
theDMto choasean initial preferredaltermative andsighh its index.

Step2. Askthe DMtodefine the desiredalterationsof thecriteriavalues A, jeJ.

Step3. FormthesetsLy, adE, - ThesetLy, containsthe indices j/ jeJofthecriteria,
which the DMwants to improve by A,; value. ThesetE, contains the indices j/ jeJof
thecriteria, that theDM is inlined tobeweakened by Ay; -

Defiretheset 1™ c 1 ofindices il of thealtermatives, forvhichthereexistsat least
one index jely,, forwhichg;; 21 a,; anda;j 21 ay; — (L+o)Ap; for jeF, ando<oygy-

For eachaltermativewithan index i< 1™ determine thevalues of the function S(i ,h) ad
themaxinal deteriorationt; of thecriteriafronthesetk, forthisaltermativewith respect
totheaurrent preferredaltemative

S@) = (a5 ~ay)/ Ay} el
Jely
G=mex(@, — &), il”.
Jek,

Rank thealtermativeswith indices intheset 1" inascendingorder of the values of
S()/iel". Imlujeallﬁeﬁrstp—latterrat’n&inﬁeseﬂ\/lifpﬂ 1" | orall thealtermatives
frantheset 1" ifp>| 1" | . Takealsothecurrentprefenredaltermativeas trefirstaltermative
inthesetM. ITthesetMcotains the current preferredaltermative only, pass toStep4,
otherwise —toStep5.

Step4. Since theredoes notexistanaltemative, thevalue ofwhichcoincidesfor at
leastorecriterionwith thedesired change, the DMhes todecidewhether toalterhisaurrent
preferencesor todoose treaurrant preferredal termativeas thealtermative bestpreferred.
Inthefirstcase gotoStep2, while inthe second-goto Step6.

Step5. Shovthe setMtotheDV. 1T the DM Finds one of thealtematives as the most
preferredaltermative, Stop. Otherwise ask the DMto choose the preferredaltermativeand
sighhits index. GotoStep2.

Step6. Stop.

Remark 1. Anyaltermative canbe selectedasan initial preferredaltermative in
Stepl. Oneacoeptable initial preferredaltermative canbe found optimizingone crirterion.

Remark2. Thedefiningofthe altermatives, comprising thesetMinStep 3, isrealized
solvingscalarizingproblemA. Incaseanyof thecriteriaare for minimization, matrixA”
isused instead ofmatrixA. The lastone dotainedmultiplying theelements of the colums
of thematrixA, correspondingto the criteriaminimized, by (-1).
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Remark 3. InDM learing process altematives close to the current preferred
altermativeare included inthesetM inStep 3. Incase theDMfeelsmore confident, hecould
askthe includingofthe spreadal termativesalso in the st M. This canbe easi lydone since
inboth the steps thealtermatives, included inthesetM, are selected fronthesetof
altermativesarranged inasoendingorder .

IHlustrative exaple

Inorder to il lustrate the algorititmsuggested, dataevaluating enterprises suggested for
privatization, havebeenused. Onlly 3criteriaandS5enterprisesare considered. Thecriteria
appliedare financial relations, computed on thebasis of finance-accounting reportsof the
enterprises. Theseare indicators, comectedwithactivesconver tibi lity, theernterprise
liquidityand thenetprofit. Inorder tofacilitate the camputations, theyarescaledand
represented inthefolloving table.

BeENRS|]

i=1 | i
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The DMhas to choose the enterprise with the best (maximal) indicators. Heselects
asan initial altermative the secondone, whichhasmaximal valuewith respect to the first
criterion. TheDMrequires theevaluationof p=3altermativesandset desired inprovements
for the2-ndand the 3-rdcriterionA,, =5and A3 =5and adnissibledeteriorationof the
firstcriterionAq; =200. The following is computed:

i 1 2 3 4 5
@) | 24 28 | 09 12
t; 343 63| 8 177

The alternatives are ranked according to the values of S(i,h)-4, 5, 1, 3.
M={2, 4, 5}are included inthesetM.

The DM selects the Fifth altemative as apreferred one and sets again desired
alterations: improvement of the 2-nd and the 3-rd criteria-A, =5and A,;=5and
passiblevweakening of the firstcriterion Ay =100. The fol loving values are canputed:

i T 2 3 a 5
E0) 2 16 08 12
T 166 |-177| 86 | -160

Thealtemativesare ranked - 3, 4, 2, 1and inthe setM, M={5, 3, 4}are included.
The DMmakeshis final dhoice fromthis set for the 3-rdaltermative.

Concluding remarks

The algorithmpresented belongs to the class of interactive optimizationmotivated
algorithrs, intended fordiscretenulticriteriadoice problenssolving.. ItgivestheDVithe
possibilitytossthispreferenossasdesiredalteratiasof thecriteriavalueswithrespect to
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trecurrentaltermativeselected. Solvingascalarizingprablemateach iteration, asubset
ofaltermatives isdefined, amongwhich the DMmakeshis choice. Thealgoritmis tested
withthe help of examples, taken from the references or problems, connectedwith the
privatizationevaluationof industrial enterprises. Thesetestshaveshonthatthealgoritim
proposes afast and user-friendly dialoguewith the DM, inwhichhehas thepaossibility to
aaluatebetterthe criteriasignificance and the possibi l ities for carpensationamong them.
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ONTMMM3BaLUMHHO~MOTUBUPOBAHHEM MHTEPAKTUBHEM aJITOPUTM
IJI8 PEelleHM S OMCKPETHEIX 3alad MHOTOKPUTEPMAJIEHOTO BEIOOPa

Bacwi BacwieB

UHCTUTY T MHPOPMALIMOHHEIX TexHoJormit, 1113 Copus

(PesmoMe)

B paBoTe mpelyioXeH ONITUMMM3ALMHHO-MOTVEMPOBAHHEY MHTEPAKTUBHEL aJIl'OPUTM
IJIg pelleHy s OMCKPEeTHOV 3allaul MHOTOKPUTEPUAJIbHOT'O BrIOOpa . AJITOPUTM
OCHOBJISIETCH Ha MCIIOJIb30BaHMe STaJIOHHOT'O HallpaBJIEHNs, OIPeNesIeHHOM Ha Base
TeKYIMX 3HAUEHUM KPUTEPMEB U XeJlaeMble [IepPeMeHE 3TUX 3HaUeHU . DTaJIOHHOE
HallpaBJIEHME NPOEKTUPOBAHO Ha MHOXECTBO 2QOEKTMBHBEIX aJIbTEPHATUB.
OnpenessgeTcsd IOOAMHOXECTBO 3TUX aJIb TE€PHATUR, OJIM3KME K PaCCMOTPEHHOM
aJIbTEPHATUBE . OTO [IOIMHOXECTBO [IPeOOCTAaBJIAETCA OIepaTopy, NPVHMMAKLEMY
peleHe.

B 1CIIOJIE30BAHHOM aJITOPUTME He [TOCTABJISIOTCS OTPaHMUEeHUS K CBOMCTBaM
QyHKL/M [IOJIE3HOCTH .
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