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Abstract. This article proposes a new ranking method for ordering Triangular

Intuitionistic Fuzzy Number (TIFN) based on area of both membership and nonmembership parts of the number. Firstly, the membership part is split into two
regions. Then the area between the midpoints of the centroids of the membership
part is calculated to order the TIFN. Later on, the same procedure is adopted to
calculate the area of non-membership value also. This ranking procedure is
applied to solve Intuitionistic Fuzzy Linear Programming Problem (IFLPP). The
IFLPP, in which, the objective function may be maximization or minimization
and/or the constraints may be equality or inequality is considered and
demonstrated using Intuitionistic Fuzzy Dual Simplex Method. Numerical
examples are provided to illustrate our new approach.
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1. Introduction
The first and most fruitful industrial applications of linear programming are in the
petroleum industry, including oil extraction, refining, blending, and distribution. The
computational task is then to devise an algorithm for these systems for choosing the best
schedule of actions from among the possible alternatives. Since 1947, there have been so
many algorithms for solving linear programming problems [11]. Zadeh’s paper on Fuzzy
sets [21] has influenced many researchers and has been applied to decision making,
mathematical programming, fuzzy optimization, and fuzzy linear programming.
In 1986, Atanassov [1] launched the concept of intuitionistic fuzzy sets (IFS)
which generalized the fuzzy set theory (FS). Out of several higher order fuzzy sets, IFS
[1] have been found to be highly useful to deal with vagueness. Here, the degree of
satisfaction and rejection are considered so that the sum of both values is always less than
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or equal to one. In 1997, Angelov [18] introduced intuitionistic fuzzy optimization (IFO)
for linear programming problem in which the non-membership function is considered as
the complement of membership function. The main advantages of the IFO problems are
that they give the richest apparatus for the formulation of optimization problems and the
solution of IFO problems satisfies the objective with a higher degree of determinacy than
the fuzzy and crisp cases. In the research field of IFO, first comes ordering an
Intuitionistic Fuzzy Number (IFN). Ranking Fuzzy numbers under different concepts are
discussed in [10,20]. Also, ranking intuitionistic fuzzy numbers (IFN) are investigated in
[13,14,15,17]. In recent years, many researchers have paid great attention to Intuitionistic
fuzzy optimization methods and few works are here: Bharati et al. study on the
application of IFO in multi objective linear programming [2, 3], IFO applies to medical
diagnosis [4, 5], pattern recognition [6], multi objective optimization [12], Mahapatra and
Roy have used triangular intuitionistic fuzzy number (TIFN) in reliability evaluation [16]
and so on. Li defined a method for solving multi attribute decision making with interval
valued intuitionistic fuzzy sets in [7]. Dubey et al. [8, 9] formulated the intuitionistic
fuzzy linear programming problem (IFLPP). Being able to deal with vague and imprecise
data, IFLPP is growing with branches in all areas.
The motivation of the current study is to give a unique ranking procedure for
ranking triangular intuitionistic fuzzy number (TIFN). This proposed ranking procedure
is applied to solve IFLPP. IFLPP is a useful tool for understanding complex problems.
The IFLPP can be viewed as a resource allocation model in which the objective is to
maximize revenue subject to the availability of limited resources. Looking at the problem
from this point, the associated dual problem offers interesting economic interpretations of
the IFLPP resource allocation model. From the literature survey, we understand that there
is a wide opportunity to work in dual problem, as an extension of duality in FLP [19]. So
an algorithm based on duality for solving IFLPP is proposed and it is applied to obtain
solution for investment planning.
This paper is organized as follows: Section 2 introduces the necessary definitions
and concepts of IFLPP and its related terminologies. Section 3 deals with the proposed
ranking method and dual simplex algorithm for IFLPP. The effectiveness of the proposed
algorithm is illustrated with examples in section 4. Finally, in Section 5, the paper is
concluded.
2. Preliminaries
In this section some basic definitions and operations on TIFNs and IFLPP are reviewed.
2.1. Triangular fuzzy number
A fuzzy number Ã (a1, a2, a3) is a Triangular Fuzzy Number if its membership
function
is given by
Where a1, a2, a3 are real numbers

2.2. Intuitionistic fuzzy number (IFN)
An intuitionistic fuzzy number

is
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i)
ii)

an intuitionistic fuzzy subset of the real line,
normal, that is, there is some
such that
, that is,

iii) convex for the membership function

iv)

concave for the non membership function

, that is,

.
2.3. (α, β) – level intervals or (α, β) – cuts
, where α, β ϵ [0,1] are fixed numbers such that
A set of (α, β) – cut generated by IFS
α + β is defined as

(α, β) – level interval or (α, β) – cut denoted by
elements of x which belong to
at most to the degree β.

is defined as the crisp set of

at least to the degree α and which does belong to

2.4. Triangular intuitionistic fuzzy number (TIFN)
is an intuitionistic fuzzy set in R
A Triangular intuitionistic fuzzy number (TIFN)
with the following membership function
and non-membership function
and
where a1’ ≤ a1 ≤ a2 ≤ a3 ≤ a3’ and
This TIFN is denoted
by
2.5. Arithmetic operations of triangular intuitionistic fuzzy number based on (α, β) –
cut method:
i) If
and
are
two TIFNs, then their sum
is also a TIFN.
ii) If
two TIFNs, then their difference

and

are
is

also a TIFN.
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Figure 2.4.1. Membership and non-membership functions of TIFN
iii) If
two TIFNs , then their product

and

are
is also a TIFN.
and

iv) If TIFN
y = ka (with k > 0) then
also a TIFN.
v) If TIFN
y = ka (with k < 0) then
a TIFN.
vi) If

=

is
and
is also

=
and

two positive TIFNs , then

are

is also a TIFN ,
.

2.6. Intuitionistic fuzzy linear programming
Linear Programming with Triangular Intuitionistic Fuzzy Variables is defined as
Subject to

,
are (mxn), (1xn),
for i = 1,2,....m , j = 1,2,......n , where
(mx1), (nx1) intuitionistic fuzzy matrices consisting of Triangular Intuitionistic
Fuzzy Numbers (TIFN).
2.7. Accuracy function
Let

be a TIFN, then
,

an accuracy function of

, is used to defuzzify the given number.
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3. Proposed method
3.1. Proposed ranking method

Figure 3.1.1.
Divide the triangle
Consider the TIFN
corresponding to the membership function
into two plane figures as given in fig.
3.1.1. These two planes are triangles AEB and BEC. Let the centroids of these two
triangles be G1 & G2 respectively. The centre of these centroids G1 & G2 is taken as a
point of reference to define the ranking of TIFN. The reason for selecting this point as a
point of reference is that each centroid points G1 & G2 are balancing points of each
individual triangles and the centre of these centroid points is a much more balancing
point for a TIFN. The centroids of these plane figures are
respectively. The centre of these centroid
points are nothing but the midpoint of G1 and G2.

Now define

.

Similarly we divide the triangle DBF corresponding to the non-membership function
into two plane figures. These plane figures are triangles DBE & EBF. Let these
triangles be G1’ & G2’ respectively. Then the centre of these centroids of the nonmembership part of TIFN is
Now define

.

Using the above definitions we define the rank of a TIFN. Let
and
TIFNs. The working procedure to compare A and B is as follows:
Step 1:
Compute
Case(i)
Case(ii)
Case(iii)
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Step 2:
Compute
Case(i)
Case(ii)
Case(iii)
3.2. Duality
The dual of IFLPP given in equation (2.1) is

Subject to
i = 1,2,....m , j = 1,2,......n , where
,
are (nxm), (1xn), (mx1),
(nx1) intuitionistic fuzzy matrices consisting of triangular intuitionistic fuzzy numbers
(TIFN).
3.3. Rules between primal and dual
The Table 3.3.1 gives the correspondence rules between Primal and Dual IFLPPs.
Table 3.3.1
S.No
Primal
Dual
1.
Objective : Minimize
Objective : Maximize
2.
Objective co-efficients
RHS of dual
3.
RHS of Primal
Objective co-efficients
4.
Co-efficient matrix
Transposed co-efficient matrix
5.
Primal relation
Dual variable
i) (ith) inequality : ≥
i)
ii) (ith) inequality : ≤
ii)
iii) (ith) equation : =
unrestricted in sign
iii)
6.
Primal Variable
Dual relation
i) (jth) inequality : ≤
i)
ii) (jth) inequality : ≥
ii)
iii) (jth) equation : =
iii)
unrestricted in sign
3.4. Theorem
The dual problem of a dual is a primal problem.
Proof: Consider IFLPP as stated in (2.1), which is the primal problem.
Subject to
The dual of this IFLPP is given in (3.1), as follows:
Subject to
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The dual of the IFLPP (3.2), is as follows:
Subject to
Hence the proof.
3.5. Intuitionistic fuzzy dual simplex algorithm for solving IFLPP
In the dual simplex, the IFLPP starts at a better optimal solution but infeasible.
Successive iterations remain infeasible but better than optimal, until feasibility is restored
at the last iteration.
Step 1: Convert the problem into a maximization problem, if it is initially in the
minimization form.
Step 2: Convert the equations, if any, into inequalities. (i.e., if

for some i &

for some j, then convert it into two inequalities as

).

Step 3: Convert ≥ type constraints, if any, into ≤ type by multiplying both sides of such
constraints by -1.
Step 4: Convert all the inequalities obtained after step (2) & step (3) into equations by
adding of slack variables and obtain the initial intuitionistic fuzzy feasible solution.
Express the above information in the form of a table known as the Intuitionistic Fuzzy
Dual Simplex table.
Step 5: Compute
Case(i) If all

for every column. Three cases arise:
are either negative or zero and all
are non-negative, the solution

obtained above is the optimal intuitionistic feasible solution.
Case(ii) If all
are either negative or zero and at least one
to step(6).
Case(iii) If any

is negative, then go

is positive, the method fails.

Step 6: Intuitionistic fuzzy dual feasibility condition
Select the row that contains the most negative . This row is called the key row or the
pivot row. The corresponding basic variable leaves the basis.
Step 7: Intuitionistic fuzzy optimality condition
i)
If all the elements of the key row are positive, the problem does not have
a feasible solution.
ii)
If at least one element is negative, find the ratio of the corresponding
elements of
row to these elements. Ignore the ratios associated with
positive or zero elements of the key row. Choose the smallest of these ratios. i.e.,
compute
The corresponding column
entering variable.

.
is the key column, and the associated variable is the
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Step 8: Make the key element unity. Perform the row operations as in the Simplex
method for solving IFLPP and repeat the steps (5) to (7) until either an optimal feasible
solution is obtained or it is indicated that there exists no feasible solution.
4. Numerical illustration
Example 4.1.
Let
= {(1,2,3);(0.5,2,3.5)} and
Here

= {(2,3,4);(1,3,4.5)} be two TIFNs.

Example 4.2.
and
=
be two
TIFNS. Here
. Since both are equal, we
compute for non-member
i.e.,
. Hence
Example 4.3.
An individual wishes to invest his savings over the next year in two types of
investments: Investment Plan A & Investment Plan B. Based on statistical surveys, he
decided to invest twice the amount in Investment Plan A as in Investment Plan B, so as to
yield at least a minimum profit without any loss. The following table provides the
available policies in each investment plan and their respective claim(s), and the data are
intuitionistic in nature
Policies

Investment Plan A
(in lakhs)

Investment Plan B
(in lakhs)

Risk cover
Home loan
Higher
Education
The government has fixed some common criteria for each claim for every individual, it
doesn’t matter on the number of Plans he or she has. They are

i) Minimum Rs.
coverage
ii) Each individual can claim Rs.
for housing loan
iii) At least
higher education

lakhs have to be given for risk
lakhs and above
lakhs rupees have to be given for

Suggest an optimum solution to the investor
Solution: Let the investor decide to invest in
quantity in Plan A and
Plan B.
Mathematical formulation of the given problem:
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,

,

,

where

Rewrite the problem in standard form:
,
Here the co-efficient of

are given by

.
Using the arithmetic operations in the section (2.4)& (2.5) of this paper , and applying
the proposed algorithm the following results are obtained :
Final Iteration:
CB

BV

The co-efficient of first row corresponding to
;

are:
;
;

;
The co-efficient of second row corresponding to
;
;

;
The co-efficient of third row corresponding to

are:

are:
;

;
;
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are:

The co-efficient of fourth row corresponding to
;
;

;
The co-efficient of fifth row corresponding to
;

are:
;
;
;

The optimum solution is
Therefore,
The investor is suggested to invest 0.6 lakhs rupees in Plan A and 1.2 lakhs rupees in
Plan B to get a guaranteed return of 2.4 lakhs rupees.
5. Conclusion
In this work, a new method that ranks Triangular Intuitionistic Fuzzy Number is
proposed, which is simple and concrete. Though dual simplex methods are not recent, we
have adopted them to solve Intuitionistic Fuzzy Linear Programming Problem because
any kind of objectives and constraints can be solved without introducing any artificial
variables and artificial constraints. Finally, numerical illustrations are carried out to
describe the proposed study. In the future, we will continue working on the application of
the proposed method to other domains.
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