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minimization of distance from an ideal poin: znd maxirmization of distance from a nadir
point. This paper propos=s a fuzzy TOPSIS algorithm o solve bidevel multi-objective
decision-making { BL-MUODM ) problems, and inwhich the obecive function at each level
arz non-linear functicns which are to be maximized, The proposed model for getting the sat-
d 0 i : isfactory solution of the BL-MODM problems includes the membership furctions for the
:f;;?;ﬂl::md;:;:;:;ﬁ npper level decision variahles vertor with prssible tolerances, the memhership funcion of
Fuzey pmgr:mmng the distance function from the positive ideal solution (P15) and the membership funcion
TOFSLS of the distae uoction oo te pegative deal solution (NESL A owinerical illustative

example is ziver to clarify the propased TOPSIS approcch of this paper.
© 2012 Elsevier Inc. All rights reserved.
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1. Introduction

Technique for arder parformance by similarity to ideal solution (TOPSIS ), one of the known classical multiple criteria deci-
sivn making { MCDM) method, bases upon the concepl that the chosen alvermative should have the shortest distance [rom the
positve ideal solution [PIS] and the farthest from the negative ideal solution (NIS). It was first developed by Hwang and Yoon
[1 Jfor snlvinga multiple atrihnte decision making prohlem. A similar concept has alsn been pointed onthy Zeleny [2]. Liaet al
[3]extended the concept of TOPSIS to develop a methodology for solving multiple objective decision making [MODM | prob-
lems. Reczntly, Abo-5inna [4] extended [UPS1s approach to solve multi-cbjective dynamics programming (MOLP) problems.
As he showed that using the fuzzy max-min operator with non-linear membership functions, the obtained solutions are al-
ways non-dominated by the original MODP problemz, Further extension of TOPSIS for large scale multi-chjective non-linear
programming problems wilth block angular sroclure was presented by Abo-Sinna el al. in [5,6]. Deng et al, [7] formulated the
inter-company comparison process asa multi-criteria analysis model, and presented an effzctive approach by modifying TOP-
SIS for solving such a probhlem. Chen [R] extended the concept of TOPSIS to develop a methodnlogy for solving multi-person
multi-criteria decision-making problems in a fuzzy environment and he dzfined the fuzzy positive ideal solution (FPIS) and
the fuzzy negadve ideal solution (FNI3).

Generally, TOPSIS provides a broader princple of compromise for solving multiple criteria dedsion making problems. It
transfers m-objectives (criteria), which are conflicting and noncommensurable, into two objectives (the shortest distance
from the PIS and the lungest distance (rom the NIS) They are comnensurable and mwost of time conflicling. Then, the
bi-objective problzm can be solved by using membearship functions of fuzzy set theory to represent the satisfaction level
for both criteria and obtain TOPSIS's compromise solution by a second-order compromize The max-min operator is then
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cnnsidered as a snitahle one to resolve the conflict between the new criteria (fhe shortesr distance from the PIS and the
longest distance from the NIS) [5,6,3].

Abi-lzvel programming problem [BLPP) is formulated for a problem in which two decision makers {CMs) make decisions
successively. The two decision makers are located at two different hizrarchical levels, each independzntly controlling one set
of decision variables, with differnt and perhaps conflicting objectives. In the hierarchical decidon process, the lower-level
DM (LLDM) executes his'her decision powers, after the decisiors of the upper-lzvel DM (ULDM). Akhough the ULDM inde-
pendently optimizes its own benefits, the decision may be affected by the reaction of the LLDM. As a consequence, decision
deadlock arises frequently and the problem of distribution of proper decision power is encountered in most of the practical
decision situations. In other words, the basic concept of the bi-level programming technique is that the ULDM sets the goals
andjor decisions and then asks the LLDM for his optima which s calculared separardy; the LLDM decisions are then submit-
ted and modified by the [TTTIM with consideration of the over all henefits of the hi-level problem: and the process confinnes
until a satisfactory solution is reached [9-16].

Most of the d2velopmentz on BLFP problems focus on bi-level linear programming [14,17,18], and many others focus on
bi-level non-linear programming and bi-level multiobjective programming [2-1E6].

Several BLPP programming apprcaches and algorithms such as:

1. The hybrid extreme-point search algorithm [19],

2. Mixed-integer problem with complementary slackness [20],
3. The penalty function approach [20,15], and

4. The balance space approach [11-13]

are studied and introduced along with their solution mathods.

A bibliography of the related references on bi-level programming in both linear and non-linear cases, which is updated
biannually, can be foundin [21]. The use of the fuzzy set theory [22] for decision problems with several conflicting objectives
was first introduced by Zimmermann [33] Therzafter, various versions of fuzzy programming (FP) have been investigated
and widely circulated in literature [20,19,24-27).

Bi-level programming problems havea wide range of applications [28]. Candler and Townsley [29] have suggested appli-
cations of bi-level and mult-level programming in governmental problems invelving issues such as the setting of penalties
for illegal drug import, the fixing of import quotas and the development of transportation and communications infrastruc-
wre. Applicadons to sorategic weapons exchange problems and to the disribudon of federal budgers among states have
been described respectively by Bracken et al. [20] and Cassidy et al. [31] Anandalingam and Apprey [32] have given a
new approach to conflict resolution based on multi-level mathematical programming and have illustrated it with a real
world example of th Ganga water conflict problem between India and Bangladesh. In a typical bi-level programming situ-
ation, the higher level decision maker is the central government or a central authority which sets policies, and the lower level
decision makers are the state governments, industrial managers and the like, who work within the framework of these pol-
icies, The bi-level programming structure has been used to model problems concerning spatial competiton [33], facilicy
lzcation [34] signal optimization [35] and traffic assignment [36]. Ayed =t al. [37] have given a real-world bi-level program-
ming. For example, consider the traffic-planning problem. The planner or the dzcision-maker, the leader, s2eks to improve
the performance of the waffic network, while at ancther level the network users, the followers, make choicz with regard to
the details of their travel based on the network formed by the planner. Another example is the taxation problem, where the
government, the leader, decides the taxation rules and rates, while the axpayers, the fallowers, try to minimize their pay-
ments based on these rules or rates. Besides the above examples, bi-level programming structure can be found in diverse
areas such as economic systems, ecology and environmental studies, biology and chemical engineering, network design,
transportation, game theory, data bases, and the theory of classification

Real-world problems are generally characterized by the presence of many often conflicting and incommensurable objec-
tives and usually are of non-linear namre, which is why we need tools for bi-level non-linear programming capable of handling
several conflicting or incomme nsurable objectives. In this paper, the concept of TOPS1S isfurther extended to develop a meth-
odology for solving bi-level multi-objective decision-making problems (BL-MODM), and in which the objective functions at
each level arz non-linear functions to be maximized The remainder of this paper is organized as follows. Section 2 presents
the formulation of bi-level non-linear multi-objective dacision-making problems. Saction 3 briefly discusses the basic con-
cepts of distance measures of “closeness” and its normalization. The proposed fuzzy TOPSIS approach is developed in Section
4 forsolving BL-MOLM problems and Section 5 presents the agorithmof the TOPSIS approach for solving EL-MODM problems.
The following section presents an illustrative numerical examplein crder to demonstrate the proposed approach. Finally, the
concluding remarks are made in Section 7,

2. Problem formulation

Assume that there are two levels in a hierarchy structure with upper-level decision maker {ULDM ) and lower-level deci-
gon maker (LLDM). Let the vector of dedision variables x= (x,,2;) = R" be partitioned between the two decision makers. The



