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A new method to evaluate weights of decision makers and its application in water resource management BB G af
H.Mianabadi';: A.Afshar?
I Inirediciot /’ Specification and Evaluation —\’
In the real world, many decizion making processes take place in group settings with incomplete mformation (o and Chen fr Qi iltitiai ~':
1 APECITY ANETTELIVES
20063, In a group decision making problem, decision malers (DIs) have different knowledge, proficiency and experiences. : :
Hence, the group may assign different rate of importance to each expert against an attribute. This difference may be attribut ed E Specify criteria E Select the final alternative
to different ingenuities and ahilities of experts, unequal acceszibility to available sources and many socioeconomic causes. In : — : \ T
I apecity 5 : 25
many cases, this difference of kmowledge and expeniences of experts have not been considered and equal weights have been e ——— ;;'
assigned to all experts. Ignorance of relative weights of experts zeem to be inconsequential and may create wnprecision and : E viliation 6f DM&" weights : Consensus Messure
inaccuracy in final solutions. ;e =
i . . a : i * G R
Most often, group manager approximately and subjectively assigns a weight to each DIV and based on these weights the best : Evaluation of criteria weights : 5 Consensus measure evaluation
L i | 1
alternative 15 selected. Weight assignment by the group manager may not be justified and may result an rrational solution. Up : & u
. . E . | Assessing alternatives by DMs Consensus desirable?
to now, many methods have been developed to determine the weightz of decizion makers. Thel (15963 proposed a method ! | ! I\_ —/,
bazed on symmetry when the utilities of the members are measurable. Eeeney and Kitlowood (1975, and Keeney (1576 l\- __________________________ / T
suggested the use of mterpersonal comparizons to obtain the values of scaling constants in the weighted additive social choice // -\ /.- -,\l
function. Bodily ¢ 197 % derived the member weight as a result of designation of voting weights from a member to a delegation Unification Agoregation and selection
subcotminittee made up of other mermbers of the group Brock ¢ 1980 used a Mash bargaining based approach to estiunate the e —— ggregating transformed and
weights of group members intrinsically, Famanathan and Ganesh (1994 proposed a simple and intwtively appealing - ] = uniformed values
eigenvector based method to intrinsically determine the weights of group members using their owm subjective opintons. Olcer DM
and Odabaszi( 2005) evaluated the relative importance and weight of each expert was determined comparing each expert wih Select the best alternative
the most impotant person. 1\\ DM : _/l \_ _/I
Thiz paper, presents a new method for evaluation of DIVIs' weights in a group decision naking procesz. It integrates subjective
preferences of group marager and assessments of DMs by other members of the team simultaneously. Applications of the Figl: Fuzzv group decision making process fadopted from Mianabadi and Afshar, 2(006),
mmethodology have been illustrated in a real world water resowces mamagement problem. To do zo, the rest of this paper 12
arranged as follows: Section 2 reviews fuzzy group Gecision making process, The new: methiod o Fralate relative welphis 00 where @ and gare the weight of respect of group manager's opinion and decision makers' opinions in relative weights of
Dz iz presented in Section 3. In section 4, a water resources case study 12 uged to dlustrate implementation of the proposed - _ _ . - . .
: : : _ : : DMs elicitation, respectively. When a=0, Eq.6 disregards the group manager opinions and relies considers only on the
technigque. Finally, the last section summanzes this research and concluding remarks are presented.
decision makers' opinions. On the other hand. 1f #=0. then Eq.6 will only consider the group manager's opinion. If aand g
2. Fuzzy Group Decision Making are both nonzero, then Eq.6 considers both group manager and DMs' opinions to evaluate relative weights of DMs.
In a fuzzy environtment, a group decision making problem may be solved in four steps as depicted in Fig 1 (Wianabadi and Usually, the manager may want to consider both his’her opimion and DMs' assessments on the weights of members. In
Afshar, 2006): ¢ 1) Specification and Evaluation( ) Unification (3) Aggregationand selection, and(4) consensus measure this case, a different relative importance can be attached to zandg. One may use the well-known AHP scale 1-9 to
Specification and Evaluation generally includes of (1) identifying DIs, (2) selecting criteria; (3) defining alterratives; (4) determine the values of zand #. Wang and Parkan (2006) proposed for different relations of the values of aand g: if the
eliciting crieria weights; (3 evaluating the importance of each expert, and (6) assessing the perfonnance of alternatives manager's opinion is thought to be as equally important as the DMs' opinions, thena=g=12. If the former is thought to be
against the crieria. Each expert has s own ideas, attfudes, motivations, and personalities. Different experts give their moderately important than the latter, thena=38+a=34 s=1f4. If the manager's opinion 1s considered more strongly
preferences in different ways; hence, DMs' opinions must be unified employing a unification process. In Aggregation stage, all important than the DMs' opinions. thena =358, 1.e. a=5/6, #=1/6. If the former is regarded as very strongly important than the
experts’ opinions are usually combined to form final rating for each alternatrre. Selection of aggregation function plays an latter. thenas =72can be seta=7/8, #=1/8. If the former 15 extremely important than the latter, then the values can be seta =95,
important role in developing the final solution (Chen, 2005). Anaggregation operatar is a function F:I" ./ where land  are L&, a =910, F=1/10. In order to obtain a credible decision results a set of valuesaand gshould be tested more than one to
real interwals and denote the set of walues to be aggregated and the aggregated resultz, respectively (Smolikowa and conduct a sensitivity analysis.
Wachowiak, 20020, Input wector I and output value J canbe linguistic vanables, mumerical walues, or bath,
When a group decision is created and the best possible alternativels) selected, consensus measure on selected alternativels) 4. Case study.
should be evaluated “Congensus measure™ 12 an mdex used to evaluate the convergence between group and mdividuals The water resource planning casze study £ a simplified mumerical example of the multi criteria muoltl participant evaluation
opitiong. The measure of consensus # caleulated by comparing the ndividual solutions wih the globalfconsensus solution model for Moth China water resources planning (Cai 1994, CTWEHE, 1994y Soz water resowrces development plans are
The group decision makers may set up the consensus level (UL required for the finally approved solution in advance. When proposed for Moth China water resorces planning. The considered attributes to evaluate these plans are: financial feasibility,
the consensus measure reaches this level the decision maling session 15 finished and the solutions are obtained (Brysofn econotrnic development, sodal welfare, environment presetwation, agricultural zelf-sufficiency The projects include local
1958). reserwoirs, inter basin water divizions, wastewater treatment, and water conservation The goal of the group 12 to chooze a
single plan from the 22 competing alternatives. For simplicity, Cai et al (2008) assumed that s decizton malers (DL1-DIVG)
5. Proposed method to evaluate weights of DMs have been nommated to participate in the decizion procezs. The Table 1 shows components of sz water resources development
The proposed method assumes that each member of the group has background informmation on the expertize and ratiorality of plans with respect to six DIz,
other members of the group. The proposed method integrates subjective preferences of the group marager and opinions of the ) RNIEE ST )
Table 1. Preference of each alternative with respect i Table 2. Tite overall weights of DMs for ¢ £ =0.5
DIviz abowt other members of the teamn simultanemsly toassess the relative weights of Dhs. each DM (Cai et 2l 2004). TS AR NI ERE R e e
W
In the first step, after assessing alternatives by DIvIs, each decision maker (DR 15 required to assess relative tnportance of O — : s —
& : I g ; Pla DM DM DM DM DM DM w W |D D |4
other experts ( 206, G-1, 2.7=3) ) as W, which defines relative importance o f DIV, from DIVs point of wiew and w, 20 Z;;ﬁ“’y =1 I = = - s v oy DM’ DM DM DM' DM DM
The higher the weight, W, identifies the greater respect DfDI".-'L. for the opiion or expertize nfDI\.-'Ij. In a real world problem, it zilet ' e EH oM x R com mag pan T I
:I . _ . o P L .\:. ¥ il | LD 1 I | Nk L AL [} R | L DS LY 8 1N
may not be feasible to azk any mdividual m the group to azsess and aszign a weight to other members according to his/her 331 .92 ). J. 13 S i >.31 . {
DM® 020 z 02 02 021 020 0204 0165 | 4 025 | 0.21
respect on their expertisce ar views on the issue at hand. Because, & would be a monumental task to obtain individuals” levels of L £ 00 487 5 86 450 456 5.75 :
I o DM 021 020 - 019 020 02 D204 0165 | 2 013 | 015
respect on group members i addition to criena weights and preferences of alternatives and group memberz may feel distaste e ) o o 48
) 495 307 300 49 491 ;. DM' 019 019 02 021 0.19 206 0167 | 4 035 |02
to exzplicitly quantify and rewveal the weight of respect for other group members, as £ could lead to 1ll feeling wathan the group. :
- . i e v 384 48 408 48 487 383 DM o010 02 020 021 - 020 208 0160 | 3 019 | 018
Thiz 12 an undesirable outcome when the purpoze of the exercise 12 to reach consensuz. Thuz, we calculate experts' weights
: T iy v gl i f 010 - Tt f ¢ 5 } 13 L
based on the strength of the differences m the opitions expressed by individuals in the group. Higher weights are given by DIVE ‘1 4.8] 4.85 4.88 4.67 4.73 .13 e o ’ : : : 1 ; : :

to these members with sunilar opinions (or evaluations) and conversely, lower weights are @iven to members with more

HY eESE OpInions. The mnking system proposed in this study and descnbed m the following 15 a two stage process. In the first stage, esperts’

Azzume a group decision malking problem where g DIz express their assessments about each alternative on » attnbute as weights with respect to other mermbers' opinions (“’E-.-} are evaluated using the data of Table 1 and Eq 1 In this esample, b= 1

follows: has been considered. Then, the overll weight of each expert wih respect to other members' opinions (wj.} iz calculated

rCl G G Cn-.. emploving Eq.2 (Table 2y We tave adopted “af least had quantifier, wih the pair (0, .53, and the corresponding OWA
1
DM" |Pu P Pu ... Pn operator with the weighting vector w=(04, 0.4, 0.2, 0, I3, Group tanager has also presented his /her evaluation about relative
-
DM P:l Pl: PE!- P:n wnportance of each DI The ratings are chosen from the scale /7 2 5 4 5} His'her assessment about relative importance of
DM3 Ps;y P Pz ... Py Dz are D=1, D=4, D=l D=4 D=3 and D =2 aAfter negotiations between all mermbers, the manager's and D' opinions
1 2 : 4 5 ;
are considered equally,. The final weight of each DIV 12 calculated as (0,12, 0.21, 0,15, 0021, 015, 0.13) and presented 1n
DME qu P::;E Pq?. p@ Tabled For homogeneous group experts, The final weight of each DM iz calculated as (0.166, 0.166, 0.1646, 0.168, 0.164,
e r

0.166),

Liualte s Rt el By Ul RS Oreel el e B e DfDM?’ Tromi B e R0 v The final score of each applicant i3 calculated uzing OWWA operator and The "ot feast hal quantifier, with the paiwr (0, 5,

" [ 5 and azsociated weight wector w= (0 33, 033 033, 0 his used to aggregate the experts evaluations to obtain an overall score
1. 2 _
E ko (L for each plan The overall scares of plans are presented for homo geneous and heterogeneous group in Table 3.
Wy = —— , belDh
Zz[l = Pz'.i: = "‘E:;'.i: ] Table 4. Final score of alternative plans with respect ro values of O,
=1 del o Plan 1 Plan 2 Plan 3 Plan 4 Plan 3 Plan 6
i 1.02 0.97 0.08% 0.83 0.81 0.81
: : e : e b b, 0.99 1.00 54 0.86 0.84 0.82
The exponent & controls the rigorousness of the weight assigning to each DIV, and denotes preference given by DI (=1, . .q) Table 3. The final score and rank of each pian for homo/hererogeneous growg : d " . y
; e 0.2 1.01 104 0.90 0.89 0.87 (.85
to each altemative on attribute O (k=7 . m). Obviously, higher weight 1z assigned to DM closer opinion to DIVE Cwerall Plans
11— T 0.3 1.04 1.08 0.90 0.62 0.90 0.88
weight of DNE‘ according to other members' opinions 12 calculated by aggregation assigned weights to this decision maler as . - ; 061 " - o
Scoreof plan = homogenecus 102 097 098 083 08! 080 :
follows: o ) 0.5 1.12 1.15 0.92 008 0.96 1,94
GWJ‘H‘ Ii ::I {2} 'ﬂ A A) heter SEEDECLL 112 115 na? 008 0,06 0,04
M = e T s 0.6 1.15 1.19 0.95 1.02 0.99 0.97
d L J=la I+l T Rank of homogensons 1 3 2 4 3 5
In which ordered weighted averaging (OW A) is an aggregation operator with an associated vector of weights T, =Lw e 1" ik AN : & 31 4 5 " e — e B v L
rul . . . - .
s 0.8 1.2} 126 1.00 1.08 1.05 1.03
such that ( Vager, 1958, 1993, 190947 2
0.9 1.26 129 1.03 1.11 1.08 .06
H
al n 1 1.29 1.33 1.06 1.14 1.11 1.09
F,(x)=>w.b , xel &
5

with b denoting the fth largest element inx, .. x The weighting vector is calculated as follow (Yager, 19935):

RO alts R T R )
F s

For homogeneous group experts, plan 1 12 the most preferred altermative whereas, for heterogeneous group of expetts, plan
4 12 the most preferred alternative Table 50
The resultz of alternative ranking in these case studies indicate that consideration and calculation of the Dvz® weights

12 a linguistic quantifier that represents concept of Huwzy majorty and 15 used to calculate the weighting vector A hEzy should be an integral part of the group decision makng process for selection of the mast desirable altermative.

linguistic quartifier may be defined ag follows:
5- Conclusion

In a group decision making problem, decision makers (Dhis) have different lnowledge, proficiency and espeniences.

(B ez
o ) Hence, the group tmight assign different rmte of importtance to each decision maker against an attribute. In many cases this
2t o £ bEr=Za difference of lmowledge and expenences of experts have not been considered and equal weightzs hawe been assigned to al
1 i rah exzpetts i the decision maling process. Ignorance of rebtwre weights of experts does not seem to be mconsequential and may

create wnprecision and maccuracy i final zolutions.
Thiz paper, presented a new method for evalbiation of D' weightz i a group decision maling process. It integrated

where (a, by are the ranges of inguistic quantifier O swmbolically The most common linguistic fuzzy quantifiers used are
subjective preferences of group manager and aszessments of Dhizs by other members of the team stmultaneously. In the

propozed method, the final alternative was zelected i a two general stages. Stage | ewvaluated the DIviz' weights and second
stage calculated the agoregated and overall value for each atematrre For the first stage, experts’ weights with respect to other

“mast”, “at least half”, and “as many @5 possible”. Their ranges are given as (3, 8y, (0, .5 and (.5, 13, respectively
(Choudhurya et al, 2005,

In a real world problem, group manager may have different opinions ahout relative weights of Dviz and be destrous to consider metrhers' opiions ':wa'"} were evaluated. Ther appiving OWA operator, the owerall weight of each expert with respect to other

his/her opinion in the decision process. Assuming L) as the relative importance of DM, given by the group manager, final members' opinions (wj.} was calculted

weight of each decision maker 5 calculated as: Apphcation of the method to the real world water resources management problem resulted in different alternative ranling

in homogeneous and heterogensous group. It was concluded that relative weights of decision maleers should be taken mto

(6)

Ay =@+ Bow, ; a+8=1 account in a more rational decision making process. The results of atemative ranking in this case study indicated that

constderation and calculation of the DLIs® weights should be an miegral part of the group decision maling process for

selection of the most destable alternative.
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