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ABSTRACT

This paper deals with a class of bi-level linear programming problem (BLPP)
with fuzzy data. Fuzzy data are mainly considered to design the real-life BLPP.
So we assume that the coefficients and the variables of BLPP are trapezoidal
fuzzy numbers and the corresponding BLPP is treated as fuzzy BLPP (FBLPP).
Traditional approaches such as vertex enumeration algorithm, Kth-best
algorithm, Krush-Kuhn-Tucker (KKT) condition and Penalty function approach
for solving BLPP are not only technically inefficient but also lead to a
contradiction when the follower’s decision power dominates to the leader’s
decision power. Also these methods are needed to solve only crisp BLPP. To
overcome the difficulty, we extend Technique for Order Preference by
Similarity to ldeal Solution (TOPSIS) in fuzzy environment with the help of
ranking function. Fuzzy TOPSIS provides the most appropriate alternative
solution based on fuzzy positive ideal solution (FPIS) and fuzzy negative ideal
solution (FNIS). An example is included how to apply the discussed concepts of
the paper for solving the FBLPP.

1. Introduction

Bi-level linear programming problem (BLPP) is an optimization problem in which the constraints are also;
and there exist two decision makers (DMs) namely leader and follower. The leader who moves first and want to
optimize his/her own objective function and thereafter who reacts in leader’s action becomes the follower. Also
BLPP can be defined as two-person zero-sum Stackleberg game that solves decentralised planning problem with
two executors in a hierarchical system. In real world system, there exists a complexity due to insufficient data or
imprecise data or lack of information and then the problem cannot be solved by considering crisp BLPP.
Therefore fuzzy set theory is introduced into the problem which becomes FBLPP that can be applied in large

practical problem.

Bialas and Karwan [6] worked in two level linear programming problems. They examined the geometric
characteristic of the problem and represented an algorithm for two level linear problems. Roy [17] applied fuzzy
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programming technique for Stackelberg game. Maity and Roy [15] solved fuzzy transportation problem using
multi-choice goal programming. Maity et al. [14] represented multi-objective transportation problem with cost
reliability under uncertain environment. Maiti and Roy [13] solved multi-choice stochastic bi-level
programming problem in cooperative nature via fuzzy programming approach. Lee [12] represented fuzzy
multilevel programming with max min operator. Anandalingam [2] formulated a mathematical programming of
decentralized multi-level system. Shih et al. [24] discussed fuzzy approach for multi-level programming
problem. Roy and Maiti [19] analyzed stochastic bi-level programming with multi choice for Stackelberg game
via fuzzy programming. Roy and Mula [21] solved matrix game with rough payoffs using genetic algorithm.
Shih [25] introduced an interactive approach for integrated multi-level system in fuzzy environment. Sultan et
al. [26] developed a fuzzy approach for solving a three-level large scale LPP, where each level maximizes
separately. Roy et al. [18] proposed an approach to solve multi-objective two-stage grey transportation problem
using utility function with goals. Zheng et al. [28] found an interactive fuzzy decision making method for
solving bi-level programming problem. Ren and Wang [16] represented an interval approach based on
expectation optimization for fuzzy random bi-level linear programming problem. Roy et al. [20] introduced a
conic scalarization approach to solve multi-choice multi-objective transportation problem with interval goal.
Roy and Maity [22] proposed an approach in minimizing cost and time through single objective function in
multi-choice interval valued transportation problem. Roy et al. [23] represented a new approach for solving
intuitionistic fuzzy multi-objective transportation problem. Chen [7] extended the TOPSIS for group decision-
making problem in fuzzy environment. Jahanshahloo et al. [11] described TOPSIS method for decision making
problem with fuzzy data. Abo-Sinna et al. [1] incorporated TOPSIS for large scale multi-objective non-linear
programming problems with block angular structure. Awasthi et al. [3] designed fuzzy TOPSIS for multi-
criteria decision making approach for location planning in urban distribution where the centres are under
uncertainty. Baky and Abo-Sinna [4] used TOPSIS approach for bi-level multi-objective decision making
(MODM) problems. Dymova et al. [9] represented an approach to generalize the fuzzy TOPSIS method. Dey et
al. [8] applied TOPSIS approach in linear fractional bi-level MODM problem based on fuzzy goal
programming. Baky [5] introduced an interactive TOPSIS algorithm for solving multilevel non-linear MODM
problem.

For human judgement or time pressure or due to lack of information, BLPP is analysed in fuzzy
environment, and we extend the BLPP for finding the best solution among the set of feasible solutions with the
help of TOPSIS approach (proposed by Hwang and Yoon [10]). TOPSIS is one of the best, well known
approaches where all the variables are controlled by the leader and find compromise solution with highest
usefulness of majority and least uselessness for minority. Also the obtained solution is always non-dominated.
Here we extend TOPSIS which is free from all limitations of other methods and apply in various fields such as
supply chain management, military system, government policy where the DMs need a leader who provides the
best preference of all alternatives.

The aim of the paper is to determine a compromise solution of BLPP with fuzzy variables and coefficients.
We introduce an improved method which gives the solution closest to fuzzy positive ideal solution (FPIS) and
farthest to fuzzy negative ideal solution (FNIS). We solve the BLPP in fuzzy system with a new approach where
the DMs play a non-cooperative game independently among themselves. One of DMs may consider as leader
according to the ranking order. Then the leader provides a better solution for controlling the other DMs
sequentially according to their rank by TOPSIS approach. Hence we overcome the restriction that the leader
only controls the lower level decision variables. FBLPP or fuzzy multi-level linear programming problem
(FMLPP) is a useful process in energy network system, agriculture, economic system, conflict resolution. The
aim of FBLPP may be different but most of cases it is applied in real-life system such as environmental studies,
chemical engineering, biology, transportation, and game theory etc.

The rest of the paper is organized as follows. In Section 2, we define some basic definitions of fuzzy set and
in Section 3, the theoretical background is given. In Section 4, a numerical application is given to illustrate the
proposed approach. Finally, Section 5 presents the conclusion with future study.
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2. Preliminaries

Here we review some basic definitions of fuzzy set which was introduced by Zadeh [27].
Definition 1: A fuzzy set A in a universal set X is characterized by a membership function u;(x) which
associates with each element x in X a real number in the interval [0, 1]. In fuzzy set, trapezoidal fuzzy number
is a quadruplet defined as A= (ay,a,,a3,8,) Where a <a, <a; <a,. Therefore for a trapezoidal fuzzy number A
, the membership function x4 (x) is defined as follows:

0, if x<@g
X—a
7 if a<x<a,
(x) -
~(X) = .
HA 1, if a2SXSag
s — X
4—, f ag<x<ay
a4—a3

Definition 2: A fuzzy set A is normal if Sup uz(x)=1. A fuzzy set A is convex iff for every pair of points
X1, X in X, the membership function of A satisfies the inequality 1z (5% +(1-3)xp) > minfuz (%), 1z (%)},
where §<[0,1].

Definition 3: A fuzzy number A is a convex normalized fuzzy set of the real line R with continuous
membership function.
Definition 4: The « -cut of a fuzzy set A is a crisp subset of X and denoted by A, ={x: uz(x) = a}, where

uz(x) is the membership function of A and a<(0,1] . The « -cut of a trapezoidal fuzzy number
a=(a,a,a3,84) IS given by [a!,a"], where a!, is the lower bound and a', is the upper bound of the interval
and they are defined as, respectively a!, = (a, —a))a+a;, al, =a, —(a, —a3)c .

Definition 5: Assume that &= (a,a,,a3,84) and b= (by,b,,bs,b,) be two trapezoidal fuzzy numbers. The
distance between these trapezoidal fuzzy numbers & and b is d(&b) which can be calculated as follows:

d(&5) = \/%[(al—boz +(3g =bp)" + (33 ~b)" + (34 ~04)°]

If both & and b are two real numbers then the distance measurement is identical to the Euclidean distance.
Definition 6: Consider two positive fuzzy numbers m and i and the positive real number «, then « -cut of

two fuzzy numbers are m, =[m!,,n"] and fi, =[n},.n"], «<(0,1], respectively. Therefore by the interval
arithmetic of fuzzy numbers m and i can be expressed as below:

(i) (M+A), =[m}, +nl,mf +nl1;
(ii) (M-f)g =[m}, —n,mf, —nb1;

(iii)) (M.A), =[(m),.nL), (ME.n5)];

A N m!x my, ..

(iv) (F)a -[E,EL
(v) (mk), =[ml k,n" K],k >0;
|

&, My _.m, n
(vi) (?)a = [Tv

W|Q—‘

1,k >0.
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Weighting concept: In BLPP, the weight is an important factor for solving it. Weighted method that generally
assigns a set of weights to aggregate the multiple objectives into a single objective by a preference of structure
provided by the DM. For different DMs with different ideas if the weights are represented by a fixed number,
then values are derived from real situation. Therefore we consider the weight in such a way such that sum of all

n
the variables is equal to one. Thus the weight can be defined as w = (w,w,,...,w,) with satisfying > w; =1.
i=1

3. Mathematical Structure of BLPP

A mathematical programming that contains an optimization problem in the constraints is called BLPP. This
problem can be solved in different ways:

(1) A logical extension of mathematical programming.

(2) Generalization of a particular problem in game theory.

The player who takes decision, in first, is known as leader and the remaining player who reacts to the
leader’s decision is known as follower. In real-life system, a BLPP can be considered as:

Model 1
max f1 = 1% +Cip%p,

1

where X, solves
max f, = Cp1% +CooXo,
X;

subject to, Ajxy + ApXo <D,

X 20,% 20,(x,X%) €S,
where S is the feasible region. ¢;1,¢, and cy,cy, are 1xm and 1xn real matrices, respectively, and b is the
column vector with component (by,bs,....1b) and X = (X1, X2, Xm)' s Xo = (Xo1, X9, Xon)t . Also A and A,
are the Ixm and Ixn real matrices, x and x, are decision variables with assuming x, is the decision variable
of leader and x, is the decision variable of follower.

But in real-life situation, for human judgement or time pressure or due to lack of information, the data are
not always crisp. Therefore these problems cannot be solved in traditional approach as the data become fuzzy.
So we transform this BLPP into fuzzy system where all the constraints, decision variables are taken as fuzzy;
and the BLPP becomes FBLPP. In FBLPP, we consider two fuzzy decision variables % = (xq1, X2, X3, X4) and
%y = (X1, X990, Xo3, Xo4) AS trapezoidal fuzzy numbers. Assume here the coefficients such as ¢, ¢, €y, €y, and
the column vector with components b, and b, are trapezoidal fuzzy numbers. Also A and A,are the Ixm and
I xn fuzzy matrices. In BLPP, the leader moves first and optimizes its own objective function. The follower
observes to the leader’s action and then takes decision in such a way to optimize its own objective function. But
here one can consider as leader who optimizes the upper level problem with a better solution. The other
becomes as a follower and only solves the lower level problem. Therefore the mathematical structure of FBLPP
is formulated as:

Model 2
mx?x fi = (€1 ®%) (6 ®Ky), 1)
where x, solves 2)
n:(ax fz = (621 ® Xl) @ (622 ® )~(2), (3)
subject to, (A ®%) ® (A, ®%,) <b, 4)
% >0, %, >0, ®)

where ® denotes the fuzzy multiplication and @ denotes the fuzzy addition.
The formulated problem is solved by the TOPSIS approach to find the leader’s solution and hence to obtain
the compromise solution. We extend TOPSIS from crisp system to fuzzy system.
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A new modified approach to extend the TOPSIS in fuzzy environment is presented here. This method is
easy to apply in decision-making problem under fuzzy system. Here we consider the rating of each alternative in
trapezoidal fuzzy number. To avoid the complicated normalized formula which is used in classical TOPSIS

X..
method, we normalize the fuzzy number = (;, 5,53, 5) by fj = ———=; =12, =1,2,34.

4

2

,/Z Xj
=

Hence the range of normalized trapezoidal fuzzy number belongs to [0, 1]. Considering the different
importance of each criterion, we consider the weighted normalized fuzzy number V; = (vi;,Vi5, Vi3, Vis) With

4
weight vector w; = (W, Wp, Wiz, Wi4) Such that > w; =1,i=1,2; and ¥ =w; *f; ; Therefore ¥ (i=1,2) becomes
j=1
weighted normalized trapezoidal fuzzy number and its ranges belong to [0, 1]. Next we define the fuzzy positive
ideal solution (FPIS) and fuzzy negative ideal solution (FNIS) as FY =(f, 5, f5 f7) and
FY= = (11, T2, fi3, fiz) respectively, where ffj =max{f;j:j=1,234}; fj; =min{f;;:j=1,2,3,4} .
Now the Euclidean distance for each alternative from FPIS and FNIS which can calculated by

k 4 kK+y2 k 4 k—\2 k
di t= z (Vij _Vij+) and di T = Z (Vij —Vij_) i=1,2; j,k =1,2,3,4 ; where Vij+ = PIS and Vij_ = NIS;
j=1 j=1

i=1,2;j=1,234.
The closeness coefficient of the alternative is defined to determine the ranking order of the alternatives
k- 2/ 2
which is calculated as R¥ =kd'—;i =1,2,k=1234 . K(xkl,vi,)ze_HXk'_""H /o
di + +dik_

Therefore, an alternative must closest to FPIS and farthest to FNIS. According to the closeness coefficients,
we determine the ranking order of all alternatives and select the best among the set of feasible alternatives.
Hence we consider the best alternative as the leader and the leaving alternative is simultaneously as follower.

The algorithm for decision making problem in fuzzy system with TOPSIS approach is described as follows:

» Step 1: Formulate a fuzzy bi-level linear programming problem where all the variables are trapezoidal
fuzzy numbers.

« Step 2: Transform the fuzzy problem into equivalent crisp sub-problems in both levels.

» Step 3: Solve only upper level sub problem with all constraints and obtain the value of two decision
variables in fuzzy interval that optimizes the upper level objective function.

« Step 4: Normalized the fuzzy number and then construct the weighted normalized fuzzy number.

« Step 5: Obtain FPIS and FNIS; and then derive the Euclidean distance for each alternative from FPIS and
FNIS.

« Step 6: Calculate the relative closeness coefficient to the alternative for determining the ranking order of
the alternatives.

« Step 7: Rank the alternatives according to their closeness coefficients and select the best alternative which
is closest to FPIS and farthest to FNIS with highest closeness coefficient. Also set the corresponding solution as
upper level solution, i.e., for leader’s solution.

« Step 8: Set the upper level variable at zero level and solve the lower level sub problem.

» Step 9: Find the solutions and set the best alternative by ranking method.

» Step 10: Obtain the new solution, in which upper level solution is already obtained in Step 3 and the lower
level solution is calculated in Step 9.

* Step 11: Find the optimum value of objective function from Model 2 using a-cut of the variables which
obtained in Step 10.

» Step 12: Stop.
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4. Numerical example

We consider a production planning problem in coal field which is controlled by both state government and
central government. There exist two DMs and they control two variables x; and x, . The respective capacity and
necessary data are given in Table 1. Therefore two DMs are state government and central government; and each
of them is controlled only single decision variable. This problem becomes a bi-level linear programming
problem. The goals of leader and follower are to maximize their own profits and revenues. In this bi-level
system, one government becomes the leader and other government becomes the follower. Here we consider the
leader who maximizes the revenue among themselves and the other is known as follower who optimizes the
profit on production. According to the various conditions such as long time, vast area, land condition,
environment pollution/condition, and the data involving in the problem are not precise. So to tackle the data, we
choose them as trapezoidal fuzzy numbers.

Table 1: Data in trapezoidal fuzzy system

Coal field 1 Coal field 2 Resource
Labour (2.5,3,3.5,4) (4,4.5,5,5.5) (20,25,30,35)
Time (1,15,2.5,3) (2,3.5,4.5,5) (10,15,15,20)
Transportation cost (3.5,4,4,4.5) (5,6,6.5,7) (25,30,35,40)
Investment cost (2,3,4,4.5) (1,1,15,2) (15,20,25,35)
Revenue (2,3,4,4.5) (1.5,2,2.5,3)
Profit (1,2,2.5,3) (2.5,3,3.5,4)

Utilizing Table 1, we formulate the mathematical structure of FBLLP as in Model 3.

Model 3

max f, = ((2,3,4,4.5)® (X1, %12, X3, %44)) ® ((1.5,2,2.5,3) ® (Xp1, Xp2, X3, Xp4)):
bl

where X, solves,

X
2
subject to

((2.5,3,3.5,4) ® (%1, X12, X3, %14)) @ (4, 4.5,5,5.5) ® (Xo1, Xpp, Xo3, X04)) < (20, 25,30, 35),
((1,1.5,2.5,3) ® (X1, X2, %13, X14)) @ ((2,3.5,4.5,5) ® (Xpq, X9, X23, X24)) < (10,15,15, 20),
((3.5,4,4,4.5)® (%1, %12, %13, %14)) @ ((5,6,6.5,7) ® (Xp1, X072, X3, X24)) < (25,30,35, 40),
(2,3,4,4.5) ® (%1, X12: %13, %14)) D ((1,1,1.5,2) ® (Xp1, X022, X3, X24)) < (15, 20, 25, 35),
where
X1 2 0,Xq1 < X2, %12 < X3, %3 < X414,
X1 2 0, %91 < X2, %99 < Xa3, Xp3 < Xo4,

where f; = (fiy, fip, fis, fra)and 5 = (foy, f0, f3, f24) -

Since Model 3 is fuzzy LPP, we split the problem into four crisp sub-problems. Therefore the upper level
sub-problems are defined in Model 4A as follows:
Model 4A
max fiq = 2%1 +1.5Xy1,

max fio = 3% +2Xy5,

max fi3 = 4%3 +2.5%y3,

max fi4 = 4.5% 4 +3Xo4,

subject to

2.5%1 +4X91 <20, 3Xp +4.5%5, <25, 3.5%3 +5%p3 <30, 4X4 +5.5%y4 <35,
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X1 +2%p1 <10, 1.5%5 +3.5Xy <15, 2.5%3 +4.5Xy3 <15, 3X4 +5Xo4 < 20,
3.5%11 +5X%p1 <25, 4X5 +6Xpp <30, 4X3+6.5Xy3 <35, 4.5%14 + 7Xo4 <40,
2%11 + Xo1 <15, 3o + Xgo < 20, 4%3 +1.5X93 <25, 4.5%4 +2X94 < 35,
X1 20,%q1 < X2, %12 < X3, X3 < X145 X1 > 0, X1 < X, Xp < X3, X3 < X4
Here we solve the upper level problem, that is Model 4A by LINGO 13.0 iterative scheme separately and
find X; =((6,6,6,6).(0,0,0,0.4)), X, =((0,6,6,6.67),(0,0,0,0)), X3=((0,0,6,6),(0,0,0,0.4)) and

X4 =((0,0,0,6.67),(0,0,0,0)).
Now using TOPSIS method, we normalize this solution. After that we construct the weighted normalized

number Vi = (i1, Vi2, Vi3, Via) With weight vector w; = (wi;, wio, Wiz, Wis) such that Zwij =landV; =w; xFf; i=1,2
; j=1,2,3,4. Hence, we considerwij =%;i =1,2; j=1,2,3,4.
Here X? and X'j give the maximum and minimum values of the objective functions f;;, j=12,3,4. Thatis

X and X; are the PIS and NIS respectively.

Now
=((6,6,6,6),(0,0,0,04)) ,X; =((6,6,6,6),(0,0,0,0.4)),

((6.6,6,6),(0,0,0,0.4)), X, =((0,6,6,6.67),(0,0,0,0)) ;
1 =((0,0,0,6.67),(0,0,0,0)), X', =((0,0,6,6),(0,0,0,0.4)),

=<(o,0,o, 6.67),(0,0,0,0)),X 'y =((6,6,6,6),(0,0,0,0.4)).
Now we obtain PIS and NIS from Table 2.

Xy =
X3

Table 2: Positive ideal solution and Negative ideal solution

f11 f1o fi3 fl4
XI 12* 18* 24* 28.2
X; 0 18 24 30.015*
X; 0 0 24 28.2
XZ 0 0 0 30.015

Therefore PIS = FY" = (f,, f15, fi3, f14) = (12,18,24,30.015) and NIS = F!~ = (f;7, fi3, fi3, fi2) = (o 0,0,28.2).

Z(v., -

Next we obtain the Euclidean distance for each alternative from PIS and NIS as df* =

Z(v,J V)2, i=1,2; k=1,2,34; where, vif =PIS, vjj =NIS . df* =0, d{" =0255 df* =0134,

dZ” =0.157, d¥* =0.196, d =0.193, d* =0.217, d} =0.255 dit =0, di =025 d3* =025 d3 =0.25
d3* =0, d3" =025 dj* =0, dy =0.25.

Calculating the relative closeness to the alternatives with ranking function such as R¥ :W
i T

i=1,2,k=1,2,3,4; , we get R =1, R? =0.53951, R =0.4961, R =0.5402 an R} =1,RZ =0.5,R3 =1,R3 =1.
Since R > R} >RZ >R3, and R} =R3 =Rj =1>RZ, we conclude that (6,6,6,6) is a better alternative than
others for leader. Therefore we consider the upper level DM is the leader as % and the lower level DM is the
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follower as %, . Now % = (6,6,6,6) is the upper level solution.

Then we solve the lower level problem taking only lower level variable; and upper level variable at zero
level. Now we solve the lower level problem as
Model 4B
max fyq = 2.5%y,

max foo =3Xy,,

max fog = 3.5%y3,

max fos = 4%y,

subject to

4%y £20, 4.5Xyy <25,5Xy3 <30, 5.5%y4 <35,
2X%91 <10, 3.5x%9y <15,4.5x%93 <15, 5Xy4 <20,
5%yq <25, 6%y <30,6.5%93 <35, 7xy4 <40,
Xp1 £15, Xy <20, 1.5Xp3 <25,2xy4 <35,

Xp1 20, Xo1 S Xpp, Xpp < X3, Xp3 < Xog.

Now solving Model 4B by LINGO 13.0 iterative scheme and we get X, =(0.4,3.33,3.334),
%,° =(0,3.33,3.33,4), %° =(0,0,3.33,4), %" =(0,0,3.33,4) . Again by ranking method in TOPSIS we find PIS and
NIS. Also by the previous algorithm, we show that R} >R3 >R3 =R7 . Hence the best alternative is
%, = (0.4,3.33,3.33,4) .

Therefore the new solution is %, = (6,6,6,6) and %, =(0.4,3.33,3.33,4) .

Now we obtain the maximum values of f, and f, using « - cut, by choosing the value of « = % . Therefore

f1=((234,45)®(6,6,6,6))®((15,2,25,3)®(0.4,3.33,3.33,4)) = [18.26,35.58];
f, =((1.2.25,3)®(6,6,6,6))®((2.5,3,3.5,4)®(0.4,3.33,3.33,4)) = [14.13,30.25).

Here we say that this result is better than the other obtained result in previous approach which solves BLPP
in fuzzy environment. Also we overcome the condition whenever the follower’s decision power dominates the
leader’s decision power.

5. Conclusion

In this paper, we have analyzed a BLPP in fuzzy environment with taking trapezoidal fuzzy data. TOPSIS
algorithm has been extended in fuzzy environment for solving FBLPP. Also fuzzy TOPSIS has been used for
not only to find the leader between two decision makers by ranking method but also find the closest to the best
ideal solution. Hence our aim is to represent a new practical approach which may be useful in various fuzzy
multi-level linear programming problems. This approach is very simple as well as very suitable and practical to
solve FBLPP. It overcomes the condition in choosing the upper level decision maker and the lower level
decision maker. That is to find the leader and follower between two decision makers. We take upper level
decision maker which gives a better solution in solving first objective function by ranking method with the help
of TOPSIS approach. Next the upper level variable control the lower level decision maker to search the
optimum value with taking itself as zero at that time. Though TOPSIS was primarily developed for real data, but
here we extend TOPSIS method to decision making problem with fuzzy data. The advantage of this method is
that this method can be extended to solve large scale problems. In future, one may extend the presented model
with more than two decision makers in BLPP. Also this work will be extended to solve multilevel programming
problem with intuitionistic fuzzy number or the parameters are interval valued intuitionistic fuzzy number.
Another scope is also to consider non-linear multi-level programming problem.



S. Ghosh and S.K. Roy/ FOMJ 1(1) (2020) 1-10 9

Conflict of interest: The authors declare that they have no known competing financial interests or personal
relationships that could have appeared to influence the work reported in this paper.

References

1.  Abo-Sinna. M.A., Amer. A.H., Ibrahim. A.S. (2008), Extensions of TOPSIS for large scale multi-objective non-linear programming
problems with block angular structure, Applied Mathematical Modelling 32, 292-302.

2. Anandalingam. G. (1988), A mathematical programming model of decentralized multi-level systems, Journal of the Operational
Research Society 39(11), 1021-1033.

3. Awasthi. A, Chauhan S. S., Goyal. S. K. (2011), A multi-criteria decision making approach for location planning for urban
distribution centers under uncertainty, Mathematical and Computer Modelling 53, 98-109.

4. Baky. I. A, Abo-Sinna. M.A. (2013), TOPSIS for bi-level MODM problems, Applied Mathematical Modelling 37, 1004-1015.

5. Baky. I. A. (2014), Interactive TOPSIS algorithms for solving multi-level non-linear multi-objective decision making problems,
Applied Mathematical Modelling 38, 1417-1433.
Bialas. W. F., Karwan. M. H. (1984), Two-level linear programming, Management Science 30(8), 1004-1020.
Chen. C.T (2004), Extensions of TOPSIS for group decision-making under fuzzy environment, Fuzzy Sets and Systems 114, 1-9.
Dey. P.P., Pramanik. S., Giri. B. C. (2014), TOPSIS approach to linear fractional bi-level MODM problem based on fuzzy goal
programming, Journal of Industrial Engineering International 10, 173-184.

9. Dymova. L., Sevastjanov. P., Tikhonenko. A. (2013), An approach to generalization of fuzzy TOPSIS method, Information Science
238, 149-162.

10. Hwang. C. L., Yoon. K. (1981), Multiple attribute decision making methods and applications, Springer-Verlag, Heidelberg, New
York.

11. Jahanshahloo. G. R., Lotfi. F. H., Izadikhah. M. (2006), Extension of the TOPSIS method for decision-making problems with fuzzy
data, Applied Mathematics and Computation 181, 1544-1551.

12. Lee. E. S. (2001), Fuzzy multiple level programming, Applied Mathematics and Computation 120, 79-90.

13. Maiti. S. K, Roy. S. K. (2016), Multi-choice stochastic bi-level programming problem in cooperative nature via fuzzy programming
approach, Journal of Industrial Engineering International 12, 287-298.

14. Maity. G., Roy. S. K., Verdegay. J. L. (2016), Multi-objective transportation problem with cost reliability under uncertain
environment, International Journal of Computational Intelligence Systems 9(5), 839-849.

15. Maity. G., Roy. S. K. (2017), Solving fuzzy transportation problem using multi-choice goal programming, Discrete Mathematics,
Algorithms and Application 9(6), 1750076.

16. Ren. A., Wang. Y. (2015), An interval approach based on expectation optimization for fuzzy random bi-level linear programming
problems, Journal of the Operational Research Society 66, 2075-2085.

17. Roy. S. K. (2006), Fuzzy programming technique for Stackelberg game, Tamsui Oxford Journal of Management Science 22(3), 43-
56.

18. Roy. S. K., Maity. G., Weber. G. W. (2017), Multi-objective two-stage grey transportation problem using utility function with goals,
Central European Journal of Operations Research 25 (2), 417-439.

19. Roy. S. K., Maiti. S. K. (2017), Stochastic bi-level programming with multi-choice for Stackelberg game via fuzzy programming,
International Journal of Operational Research 29(4), 508-530.

20. Roy. S. K., Maiti. G., Weber. G. W., Gok. S. Z. A. (2017), Conic scalarization approach to solve multi-choice multi-objective
transportation problem with interval goal, Annals of Operations Research 253(1), 599-620.

21. Roy. S. K., Mula. P. (2016), Solving matrix game with rough payoffs using genetic algorithm, Operational Research: An
International Journal 16, 117-130.

22. Roy. S. K., Maity. G. (2017), Minimizing cost and time through single objective function in multi-choice interval valued
transportation problem, Journal of Intelligent and Fuzzy Systems 32(3), 1697-1709.

23. Roy. S. K., Ebrahimnejad. A., Verdegay. J. L., Das. S. (2018), New approach for solving intuitionistic fuzzy multi-objective
transportation problem, Sadhana 43(1), 3, doi.org/10.1007/s12046-017-0777-7.

24. Shih. H. S, Lai. Y.J., Lee. E.S. (1996), Fuzzy approach for multi-level programming problems, Computers and Operations

Research 23(1), 73-91.



10

25.

26.

217.
28.

S. Ghosh and S.K. Roy / FOMJ 1(1 )(2020) 1-10

Shih. H. S. (2002), An interactive approach for integrated multilevel system in a fuzzy environment, Mathematical and Computer
Modelling 36, 569-585.

Sultan T. I., Emam. O. E., Abohany. A. A. (2013), A fuzzy approach for solving a three-level large scale linear programming
problem, International Journal of Pure and Applied Science and Technology 19(2), 22-34.

Zadeh L. A. (1965), Fuzzy sets, Information and control 8(3), 338-353.

Zheng. Y., Liu. J., Wan. Z. (2014), Interactive fuzzy decision making method for solving bi-level programming problem, Applied
Mathematical Modelling 38, 3136-3141.



