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Abstract: In this paper, a new definition of intuitionistic fuzzy linear programming problem (IFLPP) is
given in which the technological co-efficients are intuitionistic fuzzy numbers with linear membership and
non-membership functions. Intuitionistic fuzzification of objective function and constraints has also been
done.The determination of a crisp maximizing decision is used for defuzzification. Stepwise algorithm is
given for solving an IFLPP and it is checked with a numerical example using fuzzy decisive set method.
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INTRODUCTION

The subject of decision making is the study of how
decisions are actually made and how they can be made
better or more successful. In this case, the decision mak-
ing problem becomes an optimization problem of maxi-
mizing / minimizing the expected utility. In fuzzy deci-
sion making problems, the concept of maximizing deci-
sion was first proposed by Bellman and Zadeh [1]. The
first formulation of Fuzzy Linear Programming Problem
(FLPP) was proposed by Zimmermann [2]. FLPP with
fuzzy coefficients was formulated by Negoita [3] and
called robust programming.

Shaocheng [4] considered the FLPP with fuzzy con-
straints and defuzzified it by first determining an upper
bound for the objective function. Further he solved the
so obtained crisp problem by using the fuzzy decisive set
method introduced by Sakawa and Yana [5]. Gasimov
and Yenilmez [6] solved FLPP with linear membership
functions.

Fuzzy set theory has been extensively used to cap-
ture uncertainty and vagueness in decision making prob-
lems. However, there is no way to model hesitancy in
fuzzy set theory. Intuitionistic Fuzzy (IF) set theory in-
troduced by Atanassov (1986) [7] and developed by An-
gelov, Yager and many others, addresses this issue of un-
certainty. Here the degree of rejection and satisfaction

are considered so that the sum of both values is always
less than or equal to one.

The concept of IFS, can be viewed as an alternative
approach to define a fuzzy set, in case where available in-
formation is not sufficient for the definition of an impre-
cise concept by means of a conventional fuzzy set. Thus,
it is expected that IFS can be used to simulate human
decision-making process and activities requiring human
expertise and knowledge that are inevitably imprecise or
totally reliable.

Burillo et al [8] proposed the definition of Intuition-
istic Fuzzy Number (IFN) and studied perturbations of
IFN. B.S.Mahapatra and G.S.Mahapatra [9] have pre-
sented intuitionistic fuzzy fault tree analysis using trape-
zoidal intuitionistic fuzzy number. Angelov Plamen [10]
introduced Intuitionistic Fuzzy Optimization (IFO) for
LPP in which the non-membership function is consid-
ered as the complement of membership function. Lisy
Cherian and Sunny Kuriakose [11] proposed an IFLPP
with a non-membership function. Lei Yang et al [12]
proposed a normalization technique for ascertaining non-
membership functions of IFS.
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This paper introduces LPP in an IF environment

by constructing membership and non-membership func-
tions for objective functions and constraints of IFLPP. It
also explains a solution procedure for IFLPP in which the
technological coefficients are intuitionistic fuzzy num-
bers.
The paper is organized as follows: Section 2 briefly
describes the basic definitions and notations of IFS,
IFN and FLPP. Formulation of IFLPP with intuitionistic
fuzzy technological coefficients and the conversion of

IFLPP into classical optimization problem have been
done in Section 3. In Section 4, the algorithm of the
intuitionistic fuzzy decisive set method is presented and
the application of this method is illustrated. The paper is
concluded in Section 5.

PRELIMINARIES

Definition 1. [2] An Intuitionistic Fuzzy Set (IFS)
A in X is defined as an object of the form A
= {<z,ua(z),va(x) >: x € X}}where the functions
A:X = [0,1]]andvs : X — [0,1] define the de-
gree of membership and the degree of non-membership
of the element x € X respectively, and for every x € Xin
A, 0< pag(x) +va(zr) <1 holds.
Note: Here after, in this paper, |1 represents membership
values and v represents non-membership values.

Definition 2. [2] For every common fuzzy subset A on
X, Intuitionistic Fuzzy Index of x in A is defined as
ma(x) =1—pa(z)—va(x). Itis also known as degree
of hesitancy or degree of uncertainty of the element x in
A. Obviously, foreveryx € X , 0 < my(z) < 1.

Definition 3. [9] An Intuitionistic Fuzzy Number (IFN)
Al s

i) an intuitionistic fuzzy subset of the real line,

ii) normal, that is, there is some xo € R such that
par(@o) =1, vii(zo) =0,

iii) convex for the membership function i 5, (x), that is,
tar(Azy + (1= Nag) = min(p 41 (21), 14 (22)),
Jorevery xi,x2 € R, A €[0,1],

iv) concave for the non-membership function v 4(x), that
is,

vir(Azy + (1 = Nax2) < max(v i (1), v 5 (22))
Jorevery x1,x2 € R, X €0,1].

Definition 4. [5] 4 linear programming problem with

fuzzy technological coefficients (FLPP) is defined as

n
Maximize z = Z CjT;
=1
n
subject to Zdijxj <b,1<i1<m
j=1

r; 20, 1<j<n

where at least one x; > 0 and a;; is a fuzzy number with
the following linear membership function

1 lf T < Q5
ijtdij— :
Ha, (.CC) = % if Qij <z < aij + di]‘
0 if x> aij+di

where x € Rand d;; > 0 for all i=1,2,...m ; j=1,2,...,n.

INTUITIONISTIC FUZZY LINEAR
PROGRAMMING PROBLEMS

Necessity of IFLPP

For the linear programming problems in the crisp
environment, the aim is to maximize or minimize a lin-
ear objective function under linear constraints. But in
many practical situations, the decision maker may not be
in a position to specify the objective function and/or con-
straints functions precisely but rather can specify them in
a fuzzy sense.

It is possible to represent deeply existing nu-
ances in problem formulation defining objectives and
constraints by IF sets. The main advantages of the In-
tuitionistic Fuzzy Optimization(IFO) problems are that
they give the richest apparatus for formulation of opti-
mization problems and the solution of IFO problems sat-
isfy the objective(s) with higher degree of determinacy
than the fuzzy and crisp cases.

Formulation of IFLPP

In the framework of IFLPP, there are no additional
assumptions about the nature of objective functions and
constraints. According to different hypotheses being
considered, distinct IFLP problems are obtained.

If the decision maker does not know exactly the val-
ues of the coefficients taking part in the problem(in this
paper a;j because the costs C;-S, b;-s and a:;-s are supposed
to be fixed throughout) and moreover, the vagueness is
not of probabilistic kind, the inexact values can be de-
termined by means of models using IF numbers. Here
the general form of such an IFLPP is considered and the
solution procedure is illustrated.
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Definition 5. An IFLPP with intuitionistic fuzzy techno-
logical coefficients is defined as

n
Maximize z = g CjT;
=1

n
subject todejxj <b;, 1<i<m (1)
j=1

z; >0, 1<j<n
where at least one x; > 0 and a; is an IFN.

Definition 6. Any vector x € R™ which satisfies the con-
straints and non negative restrictions of (1) is said to be
an Intuitionistic Fuzzy Feasible Solution.

Definition 7. Let S be the set of all intuitionistic fuzzy
feasible solutions of (1). Any vector xo € S is said to be
an Intuitionistic Fuzzy Optimum Solution to(1) if Cxg >
Cx for all x € S where C = (cq,ca,...,¢p,) and

Cx = cix1tceazot... te, .

Definition 8. The IF set of optimal values G which is a
subset of R", is defined as

0 if z<z
pals) =22 if a<z<a,
1 if 22>z,
and 2
1 l'fZ<Zl
va(z) =X 1—c—puc(z) if z1 <2<z,
0 if 2>z,

Here ‘c’ is called the intuitionistic fuzzy index and the
value of ‘c’ is chosen such that 0 < ¢ < ;“—__zzl < 1.

As ‘2z’ approaches its maximum value, the value of ‘c’
approaches ‘zero’.

Definition 9. The intuitionistic fuzzy set of the it" con-

straint, c;, which is a subset of R™ , is defined as

0

n
if b < Zaiﬂj

Jj=1

n
b;— E A5 5
j=1

pei(x) = D dijz
=1
if Y aimy <b; < > (aij + dij)z;
j=1 j=1
1
if b > (aij + dij);
j=1
and 3)
1
if b < Zaijxj
=1
l-—c— He; (I)
j=1 j=1
0
if b; > (aij + dij)z;

Jj=1

Definition 10. The linear membership and non-
membership functions of the IFN 6fj are defined as

1 lf T < Qi
Efj (:E) = % if Qjj <z < aij + di]‘
0 lf x Z 227 + dij
and “)
0 if < ;5
Vagj (I) =<{1—-c— /.Lailj (CE) if a;; < x < aj+ dij

1 if © 2> ai; +di

where x € Rand d;; > 0 foralli =1,2,...m; j =
1,2,....,nandalso 0 < c < ;“—__Zzl < 1.
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Intuitionistic Fuzzy Optimization Model

Generally, an optimization problem includes ob-
jectives and constraints. Intuitionistic fuzzy optimiza-
tion, a method of uncertainty optimization, is derived
from [2]. In [1], maximization of the degree of accep-
tance and minimization of the degree of rejection of the
IF objective function and constraints are defined as fol-
lows:

max p(x), min v(z)
subject to

wx) > v(x)

0 < wp@) + v < 1
w(x), v(z) > 0, = > 0

where p(z) and v(z) denote the degrees of acceptance
and rejection of x respectively. It is an extension of fuzzy
optimization in which the degrees of rejection of objec-
tives and constraints are considered together with the de-
grees of satisfaction. The above problem is equivalent to
the following:

max «, minf
subject to

o < p(x)

B = wv(x)

a>f and 0 < a+p<1l; a,>0; >0

where a denotes the minimal acceptable degree and
[ denotes the maximal degree of rejection. The IFO
model can be changed into the following certainty(non-
fuzzy) optimization model [1] as follows:

max(a — 3)

subject to

o < u(a) 5)
B> v(x)

() > ()

a>p; and 0 < a+p<1;, a,>0; z>0

Here a, 3 are treated as variables in the objective
function and so the linear programming problem is con-
verted into non-linear programming problem which can-
not be solved by using usual simplex methods. So, the
following method, which is being first of its kind, is used
to solve LPP in an IF environment.

THE INTUITIONISTIC FUZZY DECISIVE SET
METHOD

In this method, a combination of the bisection
method and phase one of the simplex method of linear
programming problem is used to obtain a feasible solu-
tion.

For fixed values of « and f3, the problem (5) is a lin-
ear programming problem. Obtaining the optimal solu-
tion (a*,5*) to (5) is equivalent to determining the max-
imum value of & and the minimum value of 3 so that the
feasible set is nonempty. The algorithm of this method
for (5) is presented below.

Algorithm for solving an IFLPP

Step 1 : Set , ( in the interval (0,1) such that 5 =1 —
¢ — awhere ¢ € (0,1) and the difference between a and
B should not approach the value zero and test whether a
feasible set satisfying the constraints of the problem (5)
exists or not using phase one of the simplex method.

If a feasible set exists,

setal =a; Bl =pBandal =p; R =a

Otherwise, set a” = 8 ; Y = aand af* = o ;
pi=p

and go to the next step.
Step 2 :

For the value of a = (o’ + afY)/2 and
B = (BY + %) /2, update the values of a*,a*,3% and
BT using the bisection method as follows :

(i) If feasible set is nonempty for o and 3, set al =
a and o't as it’s value in the preceding step. 3~ = 3 and
B as it’s value in the preceding step.

(ii) If feasible set is empty for a and 3, set ot = o
and o’ as it’s value in the preceding step. 3 = 3 and
BT as it’s value in the preceding step.

Consequently, for each a and f3, test whether a fea-
sible set of (5) exists or not, using phase one of the sim-
plex method and determine the maximum value o* and
the minimum value 5* satisfying the constraints of (5).

When the intuitionistic fuzzy decisive set method
is applied to a given IFLPP, the values of o and § in
(0,1) remain constant for a particular value of ‘c’ in (0,1)
which is the optimum solution.

Conversely when the solution is optimum, the value
of ‘c’ remains constant in (0,1).

A Numerical Example

A Company produces two types of products P; and Ps.
These products are processed on two different machines
M; and M. It is noted that the time required to man-
ufacture each product can vary from day to day due to
breakdown of machines, overtime work, etc. Atthe same
time, the time required to manufacture one unit of prod-
uct is some what close to 1 hour for P; and 2 hours
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for P, on machine M; and 4 hours for P; and 3 hours
for P, on machine M5, with hesitancy degree 0.2 each.
The capacity of the machine M; is 6 hours/day and that
of M> is 12 hours/day and the company wants to keep
the profit of Rs.7 for P, and Rs.5 for P,. The company
wants to determine the number of units of products P;
and P; to be produced per day to maximize it’s profit. It
is assumed that all the amounts produced are consumed
in the market.

Since the time required to manufacture each product is
uncertain with hesitancy degree 0.2, the given problem
can be Modeled as an IFLPP with intuitionistic fuzzy
technological coefficients. So, the problem is formulated
as follows:

Maximize 7x1 + 5xo

subject to
a4+ 272, <6 (6)
lel + §I$2 <
12
T, Ty >
0

which take intuitionistic fuzzy parameters as 1/ =
L(1,1), 2= L(2,4), 47 = L(4,2) and 37 = L(3,4)
asused in [5] and [12].

By using the IF optimization model, problem (6) can
be reduced to the following equivalent non-linear pro-
gramming problem:

maximize (o — /)

subject to
Txy+ 50 > 144+ Ta ; Txy + dxg >
19.6 + 75

and the least non-membership grade 8* with intuitionis-
tic index ¢ = 0.2. The Intuitionistic Fuzzy Decisive Set
Method

CONCLUSION

The new concept of LPP in an IF environment is intro-
duced in this paper. This concept allows to define a de-
gree of rejection which may not simply a complement
of degree of acceptance. A special type of membership
and non-membership functions have been proposed to
solve the IFLPP. Intuitionistic fuzzification of objective
function and constraints has also been done in this pa-
per. Also, an IFLPP is solved using intuitionistic fuzzy
decisive set method. The most important application of
this IFLPP is to fit data using IF linear regression. The
authors work on IF regression models to fit the data.
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