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ABSTRACT

Fuzzy linear programming problems are models in which
all parameters as well as the variables are represented by
fuzzy numbers and are known as FFLP problems. In this
paper a new method is proposed to find the fuzzy optimal
solution of FFLP problems including both equality and
inequality constraints. Numerical examples are solved to
show capability of the proposed method in real life
situations that the inherent fuzziness of a decision
problem demands a fuzzy decision to be taken. The main
advantage of the proposed method is simplicity of
computations.

Keywords: Fully Fuzzy Linear Programming Problems,
Triangular Fuzzy numbers, fuzzy ranking.

1. INTRODUCTION
The first application of FST to decision-making processes
was presented by Bellman and Zadeh (1965) and the
concept of fuzzy mathematical programming on general
level was first proposed by Tanaka et al. (1973). The first
formulation of fuzzy linear programming (FLP) is
proposed by Zimmermann (1978).Various fuzzy linear
programming techniques are surveyed in literature which
are classified into two main classes: fuzzy linear
programming (Verdegey 1982, Warners 1987a, Warners
1987b, Zimmerman 1976, Chanas 1983, Verdegey 1984a,
Verdegey 1984b) and possibilistic linear programming
(Carlsson and Corhonen 1986, Ramik and Rimanek 1985,
Tanaka Ichihashi and Asai 1984, Lai and Hwang 1992,
Rommelfanger Hanuscheck and Wolf 1989, Buckley
1988). For the sake of simplicity, usually these techniques
consider only crisp solutions of the fuzzy problems
(Stanciulescu Fortemps Install and Wertz 2003).
Generally speaking, in fuzzy linear programming
problems, the coefficients of decision variables are fuzzy
numbers while decision variables are crisp ones. This
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means that in an uncertain environment, a crisp decision
is made to meet some decision criteria (Tanaka Guo and
Zimmermann 2000), thus the decision-making process is
constrained to crisp decisions that hide the fuzzy aspect of
the problem. Buckley and Feuring (2000), have developed
a kind of fuzzy linear programming problems in which all
the parameters as well as the variables are represented by
fuzzy numbers which is known as FFLP problems. Then
some other authors have proposed different methods to
solve FFLP problems under two categories: FFLP
problems with inequality constraints (Maleki Tata and
Mashinchi 2000, Buckley and Feuring 2000, Hashemi
Modarres and Nasrabadi 2006, Allahviranloo Lotfi
Kiasary Kiani and Alizadeh 2008) and FFLP problems
with equality constraints (Dehghan Hashemi and Ghatee
2006, Lotfi Allahviranloo Jondabeha and Alizadeh 2009,
Kumar Kaur and Singh 2011). As pointed out by Buckley
and Feuring (2000), searching for the optimal solutions of
FFLP problems is very difficult. They used evolutionary
algorithm to find the solution.

The paper is organized as follows: in section 2, some
basic definitions of fuzzy set theory and arithmetic
between two triangular fuzzy numbers are reviewed; In
Section 3 formulation of FFLP problems are discussed; In
Section 4 a new method is proposed for solving FFLP
presented in section3; To illustrate the proposed method,
numerical examples are solved in Section 5; Conclusion is
drawn in Section 6

2. PRELIMINARIES
Definition 2.1.

A fuzzy number A = (mg, wg, W) is a LR type if and only
if:
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Where my is the center (core) and wg and wy are the
left and right bandwidths of A~ respectively. This is a

parametric form of fuzzy numberA’, so we can show it as a
triangular shape as follow:

A =mw ,w)
A A LR

Definition 2.2.

A LR type Fuzzy number is said to be a triangular fuzzy
number if and only is its membership function is as
follow:

mg=S
1 wa m —wg<x<msg

£

() ={1 -5 m <x<ms +wg

wa

£
0 otherwise

The graphical display of a triangular fuzzy number A
is shown in figure (1).

1
m - wy m m o+ Wy

Figure 1: Graphical display ot a triangular tuzzy number

Definition 2.3.

Given two triangular fuzzy numbers A" = (a,wgWg)r
and B = (b,ws,Ws)Lr, B < A if and only if:

b<a and then wg+w > wgt+wg
And B = A if and only if

b=a and Wp W = we4w,

Definition 2.4.

A triangular fuzzy number A = (a,wg W 5)z is said to
be non-negative fuzzy number if and only if a —wg > 0

Definition 2.5.
Given two fuzzy numbers A = (a,wg Wg)g and B =
(b, wp, W p) g with continuous nondecreasing function

over [0, o), fuzzy Arithmetic operations are defined as
follows:

A+B= (a+b,WAE+WB,W1El}‘ WB)LR
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A— E = (Cl - b,WE + V\;B:WE + WB)R

(a,w[éw/E)LR. (b,,wB,wB)lRNz (a. b, aw, + bWAa' aw +
bwg)r for A >0 akd B >0

(a,w ,Ww

)
£ K LR
bws, —aws + bws)r

.(bbbw ,Ww ) = (a. b,—aw +
B B'LR ~ ~B

forA < 0akdB >0

3. FULL FUZZY NUMBER LINEAR
PROGRAMMING PROBLEMS (FFLP)

A Full fuzzy number linear programming problem type
(FFLP) is defined as:

Max (or Mik) Z = (€ &™)
<

Subject to: A & ~(=)b (3.1)
=
x=0
Where & = (Xm, W, W),C = (c,we, W), 4 =
(A,wa, Wa),b = (b,by, by), xm = core (%),c =
core(C), A = core(A), b = core (b) and

W, W, W¢, We, Wa, Wy, bywandby, are the left and right
bandwidths of % €, A and b respectively.
%eFn,beFM, A = [ayM*neFMxn, CeFn,

Therefore the above FFLP problem can be written as:

Max (or Mik) Z =Y (g,w ,We ) &x j,wj, W)
=1

Subject to:

<
Zn (aij’Vﬁ i _’V,Va_ ) ® (xj' VV]'V’V]) (=) (biﬂwb_'wb_)
=1 ij ij i i
>

vi=12,.,.M,j =1,..,k
(%5, w5, W;) kok — kegativej =1, ..,k (3.2)

Definition 3.1.
We say that fuzzy vector x™ = (xj, wj, W;)is a fuzzy

feasible solution to the problem (3.2) if ¥ satisfies the
constraints of the problem.

Definition 3.2.
A fuzzy feasible solution ¥* is a fuzzy optimal solution for
(3.2), if for all fuzzy feasible solution x~ for (3.2), we have

Tl A G Toll <
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4. PROPOSED METHOD TO FIND THE FUZZY
OPTIMAL SOLUTION OF THE FFLP
PROBLEM.

In this section, a new method is proposed to find the fuzzy

optimal solution of the FFLP problems:

First, using the arithmetic operations presented in

definition (2.5), the problem (3.2) is written in the form of

problem (4.1):

Max (Mik) = B ;_; ¢jx;, (cjw; + x,-wcj) +

igCp
2igc —GW; + 5w, ), (GW; + x3W, ) +
igC . .
P j P j
Yigc, (—GW + W]
s.t[XM ynoax,X w+xw )+
i=1 j=1 ijj  aigh ij j j oaij

Lo g, (—ai Wy + xWa ) 'Zai-gffp (@i Wy +x;Wq; ) +

Zal]g‘ﬂap( al]vv] +x]Wa )] ( )(bl,Wbl,Wb)
>

vi=12,.,M,j =1,.,k (4.1)

(%, w5, W) kok — kegativej =1,..,k

Where:
C, ={jIG Iis kok kegative}
Cs = {jlg is kegative}
A ={jld;; is kok kegative}
Ay ={jld;jis kegative}

The objective function denotes a triangular fuzzy

number which its center, left side and right side
bandwidth are as follows:

Zm =2_1G%
Wz = ngCp (6w + ijcj) + ngcﬁ (=W + ijcj)
WZ = Z]gcp (C]V,V] + XJVIVC]) + ngcﬁ (_C]W] + x]V’VC])

Furthermore the left hand sides of the constraints are
triangular fuzzy numbers as well. The components are as
follows:

(AX) = XM X j=a ¥4X)w

Yo gr (@iswi+ow )+ gr (—aiWj +5wWa )
ij p ij ij

P ij
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AX)w =
Ya gr (@il +x5Ww ) +E__g1€ (—aiw; +x5W, )
ij p ij ij p ij

As mentioned in the definition (2.3), a triangular
fuzzy number will be larger than another triangular fuzzy
number, if its center is larger and its bandwidths are
smaller than the other one. So, to maximize (minimize)
the value of the objective function that is a triangular
fuzzy number, we can maximize (minimize) the mean and
minimize (maximize) the bandwidths. In addition,

constraints show a comparison of two triangular fuzzy

number and we can use the definition (2.3) for such a
comparison.

So in the second stage the problem (4.1) is converted to

the following crisp LP problem using the fuzzy ranking
method defined in definition (2.3).:

Max (Mik) =2 cx
m j=11jj

Mik (Max)(wz + Wz) = ngcp (oW +x5we;) +
(6% + 26ey) + Biac, (—6 W + 25wey ) + (—Gw; +
ij’Vc]-)

<
s. t. N Xy aix(=)b;

Zai g, (AW +6Wa, ) + (@i W5 + XM, ) +
(- w +xw )+

ai jg&p ij j j oaij
>
(Caiw; +5W ) () Wy + Wy,
<
vi=12,.,.M,j =1,..,k (4-2)
Where:

C, ={jlg 1is kok kegative}
Cs ={jlg; is kegative }
Ap = {j|@i; is kok kegative}
Ap = {jla;;is kegative}

In the next stage we find the optimal solution x;, w;
and W; by solving the problem (4.2). Then we put the
values xj, wj, Wj in X = (Xjm, wj, W;) and find the fuzzy

optimal solution. Finally, we calculate the fuzzy optimal

value of the objective functlon by putting X in
Zn C];WC 'WC éx ]!VV];VV]
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5. EXAMPLES

In this Section two FFLP examples including equality and
inequality constraints as well as some negative fuzzy
coefficients are solved to show the capability of the
proposed method in different situations.

Example 5-1:

To illustrate the efficiency of the method we consider an
example used by Kumar Kaur and Singh (2011).
Choosing this example is intentionally to compare the
efficiency of our method with the efficiency of their
method. This example includes equality constraints with
dij =20,i=1,.,Makd j =1,...k.

In the form we have presented our equations and
models in our paper, the Kumar example can be rewritten

as bellow:

Male = (21111) @x 1m» W1, V’Vl) + (3:1r1) ®
(x2m, W2, W 2)

s.t. LD mw, W)+ (2L
(X2m W2, W 2) = (10,8,14)

(2L1) @x 1y Wi, W1) + (LL1) @X 2m, Wo, W) =
(8,7,13)

According to the proposed method the above LP is
converted to:

Max2x 1m + 3X2m

Min 2X 1 + 2Xom + 2wy + 2W 1 + 3w, + 3W ,
Subject to:

X1m + 2Xom = 10

X1m + Xom + 1w+ 2w, =8
Xim + Xem + 1W 1 + 2W 2 = 14
2X{m + Xom =8

Xim + Xom + 2wy +wy =7
Xim + Xgm + 2W 1+ W, =13
Xim— W1=0, X0 — W2 >0
The solution of the problem is:
(Xtm W1, W 1)= (2,0, 0)

(sz, Wa, w 2) = (411:0)
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Z*=(16,9,6)
The optimal solution of the Kumar approach is:
Kim W1, W )= (2,1,1)
(Xzm W2, W 2) = (4,2,2)
7Z*=(16,12,17)

Based on the definition (2.3), our solution finds more
precise value for decision variable and better (larger
value) for objective function. In a fuzzy environment a
more precise decision is more helpful to decision makers.

Example 5-2:
Let us consider the following FFLP and solve it by the
proposed method. This example includes inequality
constraints in which:
diakdj, G; <0.
i=1,..,Mj=1,.k

The problem is:

MaxZ 1= (6,5,3) @ZX 1m,W1,W1) + (3,1,5) ®
(sz'WZ'V,v 2)

s.t. (311) @(x mWL W) +21LDQ
(X2m, W2, W3) < (16,10,14)

(1,21 @ 1m w1, W) + (321D ®

(X2m, Wo, W) < (17,16,13)

The above LP is converted to:

Max 6x 1m + 3Xom

Min 8x 1 + 6Xpm, + 6W1 + 6W 1 + 3wy + 3W ,
Subject to:

3Xim + 2Xm < 16

2X1m + 2X2m + 3wi1 + 2wz + 3W 1 + 2W 2 = 24
X1m + 3Xom < 17

3X1m + 3Xpm — W1 + 3wy, —W 1+ 3W , = 29
Xim— W1 =20, Xom—wy =0

The solution of the problem is:
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(le! wy, W1)= (5 33'0'1 22
(x2m, w2, W 2) = (0,0,4.76)
7+ = (31.98,26.65,37.89)

As it can be seen, the proposed approach can deal
with Fuzzy linear programming problems which contain
inequality constraints and some negative fuzzy coefficient
as well.

6. CONCLUSION

In this paper a new method is proposed to find the fuzzy
optimal solution of FFLP problems; using the proposed
method the fuzzy solution of FFLP problems, occurring in
real life situation, can be easily obtained .With the aid of
this, decision makers are able to obtain fuzzy decisions to
reflect the inherent fuzziness of a decision problem, so the
need to do sensitivity analysis after obtaining a crisp
solution decreases. To illustrate the proposed method
FFLP examples including equality and inequality
constraints as well as some negative fuzzy coefficients are
solved and result shows the capability of the method in
different mentioned situations. The main advantage of the
proposed method is simplicity of computations.

REFERENCES

Allahviranloo, T., Lotfi, F.H., Kiasary, M.K., Kiani, N.A,,
Alizadeh, L., 2008, Solving full fuzzy linear
programming problem by the ranking function,
Applied Mathematical Science, 2, 19-32

Buckley, ].J., 1988, Possibilistic Linear programming
with triangular fuzzy numbers, Fuzzy Sets and
Systems, 26, 159- 174.

Buckley, ].J., Feuring, T., 2000, Evolutionary algorithm
solution to fuzzy problems: fuzzy linear
programming, Fuzzy Sets and Systems, 109, 35-53.

Carlsson, C,, Corhonen, P., 1986, A parametric approach
to fuzzy linear programming, Fuzzy Sets and
Systems, 20, 17-30.

Chanas, S., (1983), The use of parametric programming in
FLP, Fuzzy sets and Systems, 11, 243-251.

Dehghan, M., Hashemi, B. Ghatee, M., 2006,
Computational methods for solving fully fuzzy
linear systems, Applied Mathematics and
Computations, 179, 328-343.

Hashemi, S.M., Modarres, M., Nasrabadi, E., Nasrabadi,
M.M., 2006, Fully fuzzified linear programming,
solution and duality, Journal of Intelligent & Fuzzy
Systems, 17, 253-261.

Kumar, A., Kaur, ], Singh, P, 2011, A new method for
solving fully fuzzy linear programming problems,
Applied Mathematical Modeling, 35, 817-823.

Lai, Y.J., Hwang, C.L., 1992, A new approach to some
possibilistic linear programming problems, Fuzzy
Sets and Systems, 49, 121-133.

Page | 809

UGC Care Group | Journal
Vol-11 Issue-01 - 2021

Lotfi, F.H., Allahviranloo, T., Jondabeha, M.A., Alizadeh,
L., (2009), Solving a fully fuzzy linear programming
using lexicography method and fuzzy approximate
solution, Applied Mathematical Modeling, 33,
3151-3156.

Maleki, H.R.,, Tata, M., Mashinchi, M., 2000, Linear
programming with fuzzy variables, Fuzzy Sets and
Systems, 109, 21-33.

Ramik, ]., Rimanek, J., 1985, Inequality relation between
fuzzy numbers and its use in fuzzy optimization,
Fuzzy Sets and Systems, 16, 123-138.

Rommelfanger, H. Hanuscheck, R. Wolf, ], 1989,
Linear programming with fuzzy objectives, Fuzzy
Sets and Systems, 29, 31- 48.

Stanciulescu , C., Fortemps, Ph., Install, M., Wertz, V.,
2003, Multiobjective fuzzy linear programming
problems with fuzzy decision variables, European
Journal of Operational Research, 149, 654-675.

Tanaka, H., Okuda, T, Asai, K, 1973, On fuzzy
mathematical programming, Journal of Cybernetics
Systems, 3, 37-46.

Tanaka, H., Ichihashi, H., Asai, K., 1984, A formulation
of fuzzy Linear Programming Problems based on
comparison of fuzzy numbers, Control and
cybernetics, 13, 186- 194.

Tanaka, H., Guo, P., Zimmermann, H.], 2000, Possibility
distributions of fuzzy decision variables obtained
from possibilistic linear programming problems,
Fuzzy Sets and Systems, 113, 323-332.

Verdegay, ].L., 1982, Fuzzy mathematical programming,
In fuzzy Information and Decision Processes, Gupta
MM, Sanchez E (eds), North-Holland, 231-236.

Verdegay, ].L., 19844, A dual approach to solve the fuzzy
Linear Programming Problem, Fuzzy Sets and
Systems, 14, 131-141.

Verdegay, ].L., 1984b, Application of fuzzy optimization
in operational research, Control and Cybernetics, 13,
229-239.

Warners, B. 1987a, Interactive Multiple Objective
Programming subject to flexible constraint,
European Journal Of Operational Research, 31,
342-349.

Warners, B., 1987b, An Interactive Fuzzy Programming
system, Fuzzy Sets and Systems, 23, 131-147.

Zadeh, L.A., 1965, Fuzzy sets, Information and Control,
8,338-353.

Zimmermann, H.J., 1978, Fuzzy programming and linear
programming with several objective functions, Fuzzy
Sets and Systems, 1, 45-55.

Zimmerman, H.J., 1976, Describing an optimization of
fuzzy systems, International Journal of General
System, 2, 209-216.

Copyright @ 2021 Authors



