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AJ3STRACT. The contribution of a simple outranking Multiple At
tribute Decision Making lMADM) ap-proach and the relevant "SS 
to group decision making is discussed. !he main topics are: el
icitation of expert knovledge via expertise organiz.ation, ex:ir 
ert analysis, etc.: description of DSS UNIDAS 2, its decision 
ru.les, :!unctional archi tecture and users' decisian mod.es; 
the group DM paradigm dealing wi th the pluralism of ideas and 

!ormal lgroup) consensus; the requisites of the interactive 
group DM and how this DSS utilizes them. The scope of the app
lications of the concerned MADM a~proach and the (G)DSS mostly 
sui table for a:fast diagnostic:., time press.ure, etc., a.1:e also 

mentioned. 
Keywords: MADM, outranking preference aggregation techniques, 
group DM, expert knowledge elicitation, (G)DSS. 

1. Introduction 

Decision Support Systems (DSS ) are still one of the advanc
ed cornputer emergencies in modern information technology. A lot 
of contemporary DSSs assist primarily i ndiv:i'.dual decision ma.~
ing (DM) . Group DM is the "hardest nut to crake" in decision 
and social chcice theories because the collective outcome sought 
for has synergistic features . Only few DSS nowadays are capable 
to tackle group Dl"i issues (Grauer,& (1983), Steeb,& (1.984) , 
Gray (1'987), Bill, T,X,(1987) ). A simple outranking MADM ap:,i

roach and the relevant group DSS (G)DSS are briefly outli~ed in 
the next. 

2. Eliciting Expert Knowledge 

We will point out here only some basie notions. The reader 
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. mą find pagera discueaing the elioitation and anail.yeis ot ex
~ert knowledge e.g. in Larichev (.:t.981) • Steeb,& ( 1 984), i'anko-

vai,& (1984),. Bui, T.X. (198T). llein (1.989)., et a:I.. 

Cn-gani zing the upertiaes 

K. principal, distinetion exists between knowledge elici ta.tien 
from. o:iuy one expert • manager„ et a:1.. (DMr: decision maker) 
and a grouJ: at Dltre. While the fermer ai::ts voluntaril7 -v;ia con

tempł.ation. research,_ anail.yses, or intervievs, the l.aitter act 
aa indissociab.le m.en in a joint diseouree/conversation -medilllll. 
How to form the expert group(s), how: to recrui.te/select the sin

gle experts„ how many experts are needed, etc. a.re typical ques
tions that a.rise when starting an expertise. The answers hea.vily 
dep end on the parti cular DM :gro bJ.em to be resol. ved, the funda 

assigned, the loca:l. (country) legi.sla'tion basis,. · and, J.ast but 
not least, the specific group tecbnique to be adopted. 

Expert analysi s 

Contrary to decision anall.ysis the e~ert ana:lysis doesn 't re
quire expl.i cit data. · ar evail.uart.ion ·-of uti li ty-,. val.ue-, and 

pxobability. The 1ack of saf:fieient informait.ion aihout the comp

lica:ted DM problem: does not aill.ow buiJ.ding and use o:f atrict 

(m.athematicall.l methods. ~ne muat reJ.y in such caaes upon subjec
ti ve judgments.,. Imowledge and experience of the expert(s). kf
ter a.cJ.ear definition of the goa:l.(s) by topDMr(s). agroup 

au.tranking techniqµe for ]łlt'e:ference a;ggregation, see Bui • T. 

X. (1987), e:x:iµoits the !ollowing trLpl.e: 

* Sel.ecting the group o:f experts designated below as Ebs,. 

b=(1,t.h t~2.. It invol.ves experienced m.en-yofessio:r:tal.ists 
in the eoncerned DM prolrJ.em. 

* Generating the set ot al.te:natives lu= { ~j l • i=h ,a); 
ac!:2. a1 ;1s are presp:ecified (or :!ixed) coherent and au~l.y 
exclusi ve, at all.., options-variants that must saJtiąfy or help . 
achieving the goai. ai_i_js. can be cardinail. values or ordinal en
ti ties„ OR lloth. 

• Speci:fying the set of criteriaL= {Kj} • j..{1,n); n~2. 

Kjs are significant and necessary ~ea:tures-11roperties of ai_i_js, 
the goal~ too. Kjs have to be non-interdep_endent, or a:ćce11ted 

to be such for. !łiey cąn be q,uanti:fiable ,or q.ualifia.hle. OR 
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both. They· mey be interpreted a:1.so as non-equi valent/non-equaJ.
ly by introducing eligible weighing coefficients. 

A ąnd Ka.re in principle constrained sets. They should cont

ain both a practically sufficient num.ber of admissible and fea:s

ible elements. The completeness of a. set is a very sophisticat=

ed an.d in.tri cate problem in ma.thema:tics. 

3. DNIDAS 2: A Computeri~ Decision Support 

:Basic decision ru.:1..-es o'.f UNIBA'S 2 

This (G)'DSS buil.ds workahle modela of observed or imaginary 

Eb behaviour. The man concept in the rank theory of indi vidual 

and group DM, Stanoulov Ct.984, 1988/9, 1:990), underlying UNIDAS 

2: is the preference ordered/'rank matrix (pom) of "0:BJECT (a1.ter

nati ves) ~ FEATURES (criteria, OR/AND exp.ert judgments)m type. 

For exampi]Le, (8l_;j)=(A'llf- - K) is a;. );!Om. composed by one Eb. ~* in

dicates the column preference rank.1.ng of 8:1.;is on each single Kj 

l:lonconourrentl.y done by the exp.ert Eb. The binairy preference re

lailonaJ. ąstellt used in. pgillla encom.~saa a'trict and indifference 

only prefereaoes defil:led •ver the set A. The .ranking of ~;js is 

"based ei ther on whoJ..iati.e id••• 1.e. lłuiJ..d.in.g Gf ~••tailt•• aee 

Sage ( 1981) when 21js are orii•al.• er en. a. direet eompari-Hn ef 

eąrd.iaail. ~j...-vaJ.uea. Incompatildlities among ~;la do 11.ot talte 

:,:l.a'ce. OocasionaJ.ly awan.J..alue intransi ti vi ties among/between 

81.ls in a coinmn of (8l_;j} a:r:e signaJ.1.ed antoJO.aticaJ.ly 'and shoul.d 

be elim.inated by Eb(s} atfterthat. Of course some concep,ts ba.sed 

~n rmdcillllless, P:_o~lities and/or utiJJ.ties, risks, too, mąy 

be of p€rtinent use by specifying qo.anti tati ve cri teria. The cor

responding 8ljs-values in a;, pom a.re ranked automatica:lly while 

the calculations of such Kj s is an exogeneous expert werk. The 

rank theory utili~s a. broad aspect of ra:tionali ty, see Sage 

(11981), to the exp.ertise activities, a.cccompanied by malking ca:lc

u,lations, ei ther neat, or ag;/p.roximate. 
".fue priticipai decision ru.le "Di chotomy-sums-of~anked-al ter

n·at1 ves", a dichotomy-cut rule, in short (eaxly know a:s the 

lJIMCb m.ethod, Stanoulov (1984,t989).. ia a.s follo\llS.: 

3.1. "Cla-ssicail" rew. dichotomy {ROllID): 
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"F[±= 
j=-1 

is the rank of 

3.:?. Grada.tien 

r ;i=n 

mrx \L 
j=1 

L 

ri =-(m+.s}/2. 7 
L 81.. I 

ri=1 J 
a1 js in (~;i); S=0/1. if m is even/uneven. 

di cho tomy (GRADD): 

r>=m:Z .J 
rmi=1 _j 

rmi is the middle rank of ~js' 1 ~rmi ":;;.m/2. \l!hatever m. 

{ 
1 i..f rmi = [m/2] 

dij~ o
0

.5 if rmi= (m/2.] + 1 

if' rmi.> [m/2.] +.- t 

The dichotomy of pom (dpom) pointa out to ellminating that 

part of it which contalns the less preferred 8l_js. It is very 

rarely to "1ose" som.e ~j(s), Le. a part of DM information 
originally a:vailable, by this cut of a pom.. In. any case such 

lost ~~(sJ. if aD..Y• a.re aJ.111eys mispreferred. ~second.filtrat

ion of ~j(s) in diOm. accurs when one buJ..J.d.a the resultant (pre.t

eren.ce ordered) sequence R o! --i_;1s (or the direct i ts graph). 

R contains the most preferred 3:l;i(s) in its first position, the 

n ext less preferred cnes in the second p.osi tion. etc. One shoul.d 

get then some '\j(s) placed in first R-position. 

A third filtration may come out when one finds the Pareto 

opti:num (PO) a1 j{sJ in i;,om. occasionally also, e.g •• min.max/ 
maJmlin a1 /s). and compa.re it/them with the preferred ~j(s) in 

R. It is strongly argu.ed in the rank DM theory that (i) d:pom 

has an "information optimum"· property, i•.e. d:po:n contains alwa

ys the least n~~ber of rows from the initial pom, (ii) at least 

one efficient (i.e. PO) a1 j i::i pom is contained always in the 

first position of R (UlTIDAS 2 can mark so far only wealr PO alt

e.rnatives). The co~itive style DM models ·realized by the decis

ion rule kind·s just described resei.ibles much to the "garbage 
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can" model (see Sage, 1981 wh.j.~h makes use of simple prefer-

ence a.ssessm_ent procedures in cases of ordinal (verbal, etc.) 

'½_;j-val.ues. 

Functiona1. archi tecture of UNIDAS 2. 

UNIDAS 22 is an interactive centralil!.ed PC computer system 

for ·assistance of indi vidual. and grou12 DM. It has a n·sandwich" 

structure wi th subuni ts: dialogue (a menu-dri ven interface), DM 

modela, an-d data.unit. The latter hell:1 user to specify and input 

in PC al.l necessary data,. (A & K). ( G)DSS' stax-like configurat

ion ~nab.les it to represent a localil!.ed rroblem solver compos

ed by a (non }couµed group. of Ebs, u sers• too. The program pack

age is in Turbo Pascal and can be realiz.ed by any PC IBM or com

pati ble ones. 

Rank theory decision modes of the user(s) 

If (A* - K) is the !!Om. of individua:l.. DM, so (A* - Eb) will 

be a pom known of voting; i t speci.fies a cri terial.ess (or simp

ll.fied) grol.lll DM. There is in the rank theory al.so a complete-

mul ti cri teriE. group: DM. wherein A..I and E are l.11, uailule - the 
co:r:respx,11d.ing "aet~ pom will be (Et. 1 ,b)={A* - Rb), i 1=(1,•'); . 
•'śm. ł:lere Rbs are the own resultant seqp.ences of the Ebs obt

a.i.ned by indi viduail. DM, In a second phase Rbs should substi tute 

.for Kjs of any (A* - K} of the single Ebs for to build-in (~i'b). 

The basie decision rule's kind are fully applicable to all DM 

modes cited. 

4, Group DM Paradigm 

!he group DM conduct of man is discernibly different from the 

indi vidual. DM one. A.ccording to the ra..11k theory the group DM sa.

tisfi es the following points of departure. 

a) Pluralism of ideas: a . freely expression of the )2ersonal 

opinions. 

b) _Fomal group consensus: Ebs cannot influence the intrins

ic group pre_ference aggregation process once their ovm prefer

ence judgments a.re fi=ly established through composing the 

(A* - K)bs poms. 

Requisites ·of the_ interactive _g:;:-oup DM 
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1. The top D:.lr en trust the group E wi tb. the DM problem. A 

neutral mediator Mr m.a.{ be attached to . the group to help it. 

z. The top DMr gives the statute of E (see Sect. 2). 

3. Each Eb_ should stri ve to help structuring the DH pro bł em, 

i.e. specifying A and K, the measurement scal.es for Kjs, if nec

essaru. etc. Ebs ma,y interact or not each other. 

4. Each Eb should compose the pom (~j >"o; the dpoms axe con
sti tuted automatically via UNIDAS 2. 

5. The metaresultant sequence mR . (analogous to R) is the fin- . 

al out come of the collecti ve DM pro cess. 
6. Ebs can enter into nego:Uatiation.s wi th other Eb(s), or 

each Eb (or grou:i;i of them) is a:f!t to act '1ndependen tly. A. "pool

ed-interdependent• DM~ behaviour ( B"ui, T .X.-, 1987) presupposes 

reuni ting of (s.ome) Ebs in one or m.ore homogeneous subgroupa 

when specifying :&: and/or A.. Wi th a •seq_uential-interdependent"' 

DM behav.iour som.e Ebs or a.1.1 will specify their own sets K andf' 

or A.. inde:ir.enden.tly from. the other Eb(s). 

For the time being; UNIDAS 2. can oi,.eraite 'Id. th a. CODIIIOII. oll.ly 

agreement. of all Ebs u~ the se-t A. (Ą..-coherence). Different 

w.ays of pe:cforming group commll.llications can be used wi thin this 

DSS for to reach a concerned DM information structurization. 

5. kp:pli cation ~pect~ 

The potentia:l and actual 11IJplications of UNIDAS 2' are very 

broad (see e.g. Stanoulov. Pavlov„ 1984). This (G)DSS helps the . 

users in management and control. economi cs, technology, ecolo
gy, etc., finance and budgeting, systems analysis and systems 

engineering, social a .cti vi tiel:l - art and a:esthetics, at that, in 

an easy and f ast ma.-mer. Mos t of the applica:,::ions up to new bę
long to technology. value analysis, assigning resources, etc., 

time pressing grou:2 DM. Special measures · can be envisaged in or

der to avoid or restrict possible cheating and manipulation ev-
ents . 

6. Illustration of G-roup DM 

Some years ago the solution of a typical monetaxy resou:i:-ce 

allocation problem in an academic R&D organization was experi

mentally done by a test version of u:nDAS: How to sha:r:e reąson

ably and u..."prejudicely , at that qu.::.ckly enough, fi x ed fwids am-
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ong seven scientific d.ivisions Ae:-- lB.c.D.E,F,G,H\ of this orga
nization. The top DMr (Director GeneraJ.) was aJ.so a member of 

the staff E (nine in number) of the steering council of the or
ganizai:lion. The exogeneous work of the group E covered the spe

cification of the set K. Ebs. b=-(1,9) agreed upon the following 
K-elements: six q_ualifiable (K1-K6), five g_uantifiable (K7-Kt1}, 
In detail: K1 - overall impression on the ac.ti vi ty of each alt

ernati ve B, ••• ,H; K2. - expedient use and maintenance of availab

le computing w:u tis; K3 - significance. impact and intensi ty of 

scientific publications during the last 5 yeaxs; k4 - contribu
tion to practice; K5 - social. activity; 1:6 -resp.onsiveness of 
the (division) personnel w the scientific activities; K7 - to
tail. m.ean seruce or length of the d.iTisioll personnel; K8 -

aean service length of the personnel in a. gi ven di vision; K9 -
pumllshed p;ą;,ers, etc. and ci tations during the last 5 years; 
K10 - reported papers to symp:osia~ etc.; Ktt - number of scient
ific degrees of the personnel of the di vision. Two ordinal scal

es might be used (if needed) for K1-K6 (very good„ good, unsat

isfied: K1-K5 ;very good, good, moderate. unsatisfied, poor:K6). 

The cri teria dimensions of K7-K1'.1 were as fellows: years/num.ber 
(of the personnel) - K7,K8; papers and citations/number - ~9; 

reports/number - K1"0; sci .degrees/number - K11. Ebs have to 

check (when needed) the non-interdependence of the Kjs- specifi

ed by means of e.g. (mathematical) logical procedures, etc. For 

K7-K11 the card.inal 8ijs have to be ranked by priori ty for 
all nine poms ( see Tabl-e 1). Such quanti tati ve ra"lking of ~ j s 

proceed.s automatically ~n IBHDAS 2 , the obtained arrange• ent 

of ~js appears in the concerned Kjth column of the pom, One 

Table I. VaJ.ues of ord.inal 
a. .sto be priority ranked 

l. J 

K7 KB K9 K10 KH 
aij 

30 20 2.5 1.9 0.2 
26 29 1.9 2.. o 0,3 C 
28 2, 1 .• 2 ~ .5 0•4 D 
1'8 32 1.8 2.2 O .1 E 
20 18 2.0 1,4 0,3 F 
22 31 0.81.8 · 0.25 G 
22 30 1..0 1.9 0.2 H 

me Kjth collunn. In sucil cases 
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indicating the a.Jrailability and the position(s) of such re:pea:t

ed ~j(s). 
In our Dl'! problElll; a.. pooled-interdependent beha.riour o.f Ebs 

was observed as far as i t concerned the set X: ( set A evidently 

is pre'Viously fixed.). Ho•rYer when maki.ag t1le1.r ja4gaeats for 

~;js on I non-co11e11rratly the groull mealłexsEbs proceeded • e(Jll

ential-lnterdependai.tly i.n th.rt th.e7 11Sed all er pa-ts o.f the 

set I at their O'IIID.. ull. So • only one Eh have 11.Sed all 11 cri t

eria._ another one - 10 cri teri~ three Ebs - 9 ones, other three 

·Ebs - a. and one Eb - five criteriai. For all Kjs wjs are equal. 

'!'he time spent for specifying the nine Kjs f'rom the group E 

was about 2 h; about 4 h were necessary .for obtaining all conc

erned data in ~abLe I. '!'he a.t~thor p-.l.ayed the role o.f the l'Ir be

fore beginning the expertisesession of Ebs. His tutor:i.al tooks 

about 30 min. 

Let us depi et the pom, dpóm and R for E6 in the follow:i.ng ex

ample: IA( =7, IK[ = 8={Kt,K2:,K4,K6-KiOJ, \El=9 (Th e GRADD 
v ersion of the decision rule was used)-. 

k1 K2 K3 K4 K5 K6 K7 KB K9 K10 K1t The asterisk "*" de!lotes 
i * * * B B E B E 

i * * * C D G- F C 
I 

* * D C R C E 

:s E * C ~ G 

F F F D D 

G E D H F 

H B G E 

(aij)6GRAD=(A* - K)6GRAD 

r1 KZ K3 K4 K5 K6 K7 KB K9 K10 K11j 

• * * B B B B B I 
* C D G F C 

D C S C H 

>E >C>E>G 

(aij) 6GRADD=(A*' - K) 6GRADD 

subsets of eg_ual/equivalent 

aijs: *(i,j)=(1,1)=BG, 

*(1,2.)=DFG, *(l,4)=BCH, 

*(2., 1 )=CB, *(2.,2)=BCER, 

*(2,4)=EF, *(3,1)=DF, 

*(3,4)=DG, *(4,7)=Gii 

The arrows goint out the 

entries the cut passes acc

ross a row. 

The auxil:i.ary :natrix .fcr d .. .. s i.s as follows(see Sect.3.2): 
l. ~ 
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K1 K2 K3 K4 K5 K6 K7 KB K9 K10 K11 sm1 aij-
1 - 1 1 5.0 B 

1 .5 1 6.5 C 
t 3.0 D (A_* - K)6GRADD 

.5 .5 1 .5 1 3.5 E 
-· 1 - .5 1 I Z.5 

F 
1 1 .5 3.5 G 
1 1 1 4.0 H 

The resul tant preference aeq_uence/column for E6 1111.ll be 

C 
Il 

6.5 C is the most preferred ~. • B the next 
5.o (less.) preferred one, etc.;ifor E6. 

H 
EG 
D 
F 

4.0 
3,5 
3.0 
2..5 

The resultant outcomes R for the other Ebs are given in the 
follo'Wing meta pom (~i'b), i'=m (composed according to Sect.3) 
including FEi (all. ~:a ee no• -w.:ci tte11 out): 

R~ R2 R3 R4 R5 R6 R7 RB R9 
CH 13 C E H C C D C 
li C.G BH llF BCD 13 cm GH ll 

DFG >DH E G: >a H >JS CE >E 
E F G C E EG DE EF DFH 

E D H F D F G 
F D F 

The dic:b.a:toll.1.e mela. pom, (El i 'b)GR.ADD i..s ail.ao all.em. ilter i ts 
proeessing 1:n. the saae m.azme:r as (¾;i)GGRADD one obtains the fi
nał resul t.ant . c;ro.ą . outacour.e-seC(llence: 

mR: B, C, H, G, DE, 

(7.5) (7.0) (6.S) (4.5) (2..5) 
~ 

(1 .o) 

The weak :ro 81j5 are E,c,D,E,H. Tb.rough the pair-wise matrix 

one can easily obtain al.se mamin/minmaJX ~j(s}. Other interest
ing conclusions can be dra.w.n from auch group expertises and group 
DM ai.ded by UNIDAS 2.. The time spent in PC processing here the 
group resul ts was a;bout 30 min. 
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