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Abstract
In this article, we address a fully fuzzy triangular linear fractional programming (FFLFP) problem under the condition
that all the parameters and decision variables are characterized by triangular fuzzy numbers. Utilizing the computation of
triangular fuzzy numbers and Lexicographic order (LO), the FFLFP problem is changed over to a multi-objective function.
Consequently, the problem is changed into a multi-objective crisp problem. This paper outfits another idea for diminishing
the computational complexity, in any case without losing its viability crisp LFP issues. Lead from real-life problems, a couple
of mathematical models are considered to survey the legitimacy, usefulness and applicability of our method. Finally, some
mathematical analysis along with one case study is given to show the novel strategies are superior to the current techniques.

Keywords Fully fuzzy linear programming · Linear fractional programming · Linear programming · Multi-objective linear
programming · Triangular fuzzy number · Lexicographic order

Introduction

One of the most incredibly used methods in real world prob-
lems consistent with empirical surveys is linear fractional
programming (LFP) problem. LFP problem is lead to an
important rule to apply in real life problem such as the finan-
cial sector, business, economics, engineering, health care,
etc. Various complexities have been raised during LFP prob-
lem solution by considering the classical approaches. Linear
programming (LP) constitutes a particular case of the LFP
where the denominator is taken as the constant function
1. Last few years, many researchers have been developing
various methods to solve LFP problem [1–7, 18–22]. Well-
defined data which contain a greater cost of information are
required for LFP problems. But in real-life problems, the pre-
cision of data is overwhelming deceitful and this affects the
optimal solution of LFP problems. Probability distributions
failed to transact with inaccurate and unclear information.
Prediction is an important work in the early stage of deci-
sion making. Accurate prediction is one of the necessary
conditions for correct decision making and is of vital guid-
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ing significance to decision making. In the real-life problem
(industrial sector), due to the rapid, electricity, fierce, destruc-
tive, far-reaching and other characteristics of real-life, the
impact of decision-making mistake is often more serious.
The correctness of decision-making is directly related to the
success or failure of the current and future practical problem,
so making a reasonable decision is crucial to the practical
problem. To better guide in the practical situation and make
correct practical strategy, fuzzy numbers play an important
role to represent the ambiguous data. LFPP with fuzzy num-
bers termed as fuzzy linear fractional programming problem
(FLFPP) being a powerful mathematical tool can model such
situations efficiently.

The notion of fuzzy set was pioneered by Zadeh [8] and
since then it has been found extensive applications in various
fields. Various researchers have dedicated their endeavor to
the arena of fuzzy LFP (FLFP) models and fully fuzzy LFP
(FFLFP) models [9–13]. Many researchers have also keen
to interest to use the lexicographic technique to solve FFLP
problems [13, 14, 17]. Fuzzy logic has also been applied
in medical science like in heart disease and diabetes pre-
diction [30, 31]. Das et al. [16]. proposed a technique for
taking care of the FFLFP issue into a multi-objective LFP
(MOLFP) issue by utilizing lexicographic requesting, which
is considered as a definite ideal arrangement of the FFLFP
issue viable. By using lexicographic technique the crisp LFP
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issue is changed over to a crisp LP issuewith the assistance of
Charnes–Cooper strategy and that can be explained utilizing
the standard simplex technique. Here, we rearrange the LFP
issues got from the proposed approach by Das et al. [16]. We
consider all the parameters are non-negative triangular fuzzy
numbers. Das et al.’s [15] have proposed another method to
solveFFLFPproblembasedonmulti-objectiveLFPproblem.
Multi-target fuzzy linear fractional programming (MOFLFP)
issue is concerned with simultaneous optimization of multi-
ple objective functions, where every target is in the form of
a FLFP problem.

The fundamental commitments of this paper are summed
up as follows:

• We present another strategy to tackle FFLFP issues using
lexicographic technique ordering triangular fuzzy num-
bers inwhich all the parameters are non-negative triangular
fuzzy umbers.

• According to our newmethod, FFLFP issue is changed into
a multi-target LFP issue (MOLFP) with three objective
functions.

• The LFP issue is changed over into crisp LP problem by
using change strategy and that can be solved with the con-
ventional simplex techniques.

• The ideal arrangements of these issues give the fluffy ideal
arrangement of fresh LP viable.

• A genuine issue is illuminated by the proposed strategy.
• We show that the proposed method is very simple and
computationally more effective than existing strategies
ordinarily utilized in the writing.

Motivation

Fuzzy sets, play an important role in uncertainty modeling.
The development of uncertainty theory plays a fundamental
role in the formulation of the real-life scientific mathemati-
cal model, structural modelling in engineering field, medical
diagnoses problem, etc. Recently, a question will come up,
how can we convert a FLFP equivalent to a crisp number
in the logical and scientific way? Several works has been
already published in FLFP arena till now and the need of
Crispification is also explained in dissimilar articles. How
canwe implement it in a linear programming based operation
research problem? Is it possible to apply in real life problem?
Still there is no method for applying in linear fractional pro-
gramming problem having triangular fuzzy numbers with
less complexity. From this aspect we try to extend this
research article.

Staying of this paper is summarized as follows: "Pre-
liminaries" surveys the essentials of fuzzy sets and fuzzy
numbers utilized all through the article. In "Das et al.’s
method [16]", the proposed technique by Das et al. [16] is
improved dependent on the lexicographic strategy of trian-

gular fuzzy numbers. In "Proposed approach" arrangements
with the proposed technique to take care of FFLFP issues.
Focal points of the proposed technique over the current strate-
gies for taking care of fuzzy FP issues are examined in
"Numerical model" and "Case study".To show the utiliza-
tion of the proposed method a genuine issue is established in
"Example 6.1: Transportation problem [16]" and is trailed by
the finishing up comments "Advantages of proposed method
and result analysis".

Preliminaries

In this section, we have introduced some fundamental idea
of fuzzy triangular number, which was valuable in this paper.

Definition 2.1 [16] Let Z signifies a universal set. At that
point a fuzzy subset Ã of Z is characterized by its enroll-
ment µ Ã : Z → [0, 1]; which doled out a genuine number
µ Ã(Z ) in the span [0, 1], to each component z ∈ Z , where
the estimations of µ Ã(Z ) shows the evaluation of participa-
tion of z in Ã. A fuzzy subset Ã can be described as a lot
of requested sets of component z and grade µ Ã(Z ) and is
regularly composed Ã � (z, µ Ã(z)) : z ∈ Z is known as a
fuzzy set.

Definition 2.2 [16] A fuzzy number Ã � (d, e, f ) is sup-
posed to be a triangular fuzzy number if its membership
function is given by:

µ Ã(Z ) �

⎧
⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(z − d)

(e − d)
, d ≤ z ≤ e,

( f − z)

( f − e)
, e ≤ z ≤ f ,

0, else.

Definition 2.3 A triangular fuzzy number (d, e, f ) is sup-
posed to be non-negative (non-positive) triangular fuzzy
number if just if d ≥ 0( f ≤ 0).

Definition 2.4 [15] Two triangular fuzzy number Ã � (d, e,
f ) and B̃ � (g, h, i) are supposed to be equivalent, if and
just if d � g, e � h, f � i .

Definition 2.5 [2] A ranking is a function R : F(R) → R
where F(R)is a set of fuzzy number defined on set of real
numbers, which maps each fuzzy number into the real line,
where a characteristic request exists. Let Ã � (d, e, f ) is a
triangular fuzzy number then �( Ã) � d+2e+ f

4 .

Definition 2.6 [16] Let Ã � (d, e, f ), B̃ � (g, h, i) be two
triangular fuzzy numbers then the fuzzymath is characterized
as follows:

(i) Ã + B̃ � (d, e, f ) + (g, h, i) � (d + g, e + h, f + i),
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(ii) − Ã � (− f , −e, −d),
(iii) Ã− B̃ � (d, e, f )− (g, h, i) � (d − i , e−h, f − g),
(iv) Let Ã � (d, e, f ) be any triangular fuzzy number

and B̃ � (g, h, i) be a non-negative triangular fuzzy
number then one may have,

Ã ⊗ B̃ � Ã B̃ �

⎧
⎪⎨

⎪⎩

(dg, eh, f i) i f d ≥ 0,

(di , eh, f i) i f d < 0, f ≥ 0,

(di , eh, ei) i f e < 0,

(v) Division: Let Ã � (d, e, f ) be any triangular fuzzy
number and B̃ � (g, h, i) be a non-negative triangular
fuzzy number then one may have,

Ã

B̃
� d

i
,
e

h
,

f

g
.

Remark 2.7 Let Ã � (d, e, f ), B̃ � (g, h, i) be two tri-
angular fuzzy numbers. We state that Ã is moderately not
exactly B̃, if and just if:

• d < g or
• d � g and (d − e) � (g − h) or
• d � g, (d − e) � (g − h) and ( f + d) � (i + g).

Note: It is clear fromDefinition 2.7 thatd � g, (d−e) �
(g − h) and ( f + d) � (i + g) if and only if Ã � B̃.

Das et al.’s method [16]

In this section, we consider the model of FFLFP issue in
which the parameters, constraints and variables are triangular
fuzzy numbers. Supposing examine an overall arrangement
of completely fuzzy LFP problem as follows:

Max Z̃0 � c̃t0 x̃0 + q̃0

d̃ t0 x̃0 + r̃0

S.t. Ã0 x̃0 ≤ b̃0

x̃0 ≥ 0.

(1)

To start with, we change model (1) in to a completely
fuzzified LP issue utilizing Charnes–Cooper change [1], and
acquire the accompanying issue:

Max c̃t0 ỹ0 + q̃0 t̃0

Subject to Ã0 ỹ0 − b̃0 t̃0 ≤ 0̃,

d̃0 ỹ0 + r̃0 t̃0 ≤ 1̃,

ỹ0, t̃0 ≥ 0.

(2)

Considering all the parameters x̃0, c̃0, q̃0, d̃0, r̃0, b̃0 and z̃0
are described as a triangular fuzzy numbers ((x0)p, (x0)q ,
(x0)r ), ((ct0)

p, (ct0)
q , (ct0)

r ), ((q0)p, (q0)q , (q0)r ), ((dt0)
p,

(dt0)
q , (dt0)

r ), ((b0)p, (b0)q , (b0)r ), ((r0)p, (r0)q , (r0)r )
and ((a0)p, (a0)q , (a0)r ), respectively. We put our defi-
nition 2.2 and 2.3, the model of Eq. (2) may be rewritten
as:

Max(z1, z2, z3) � ((ct0 y0)
p , (ct0 y0)

q , (ct0 y0)
r ) + ((qt0)

p , (qt0)
q , (qt0)

r )

S.t. ((a0)
p , (a0)

q , (a0)
r ) ⊗ ((y0)

p , (y0)
q , (y0)

r ) − ((b0t0)
p , (b0t0)

q , (b0t0)
r ) ≤ 0̃,

((dt0 y0)
p , (dt0 y0)

q , (dt0 y0)
r + (r0t0)

p , (r0t0)
q , (r0t0)

r ) ≤ 1̃,

((y0)
p , (y0)

q , (y0)
r ) ≥ 0.((t0)

p , (t0)
q , (t0)

r ) ≥ 0. (3)

We approach a method for understanding FFLFPP can be
summed up as:

Step 1: Utilizing the Definitions 2.2 and 2.3 the model (3),
may be written as:

Max((ct0y0 + q0t0)
p, (ct0y0 + q0t0)

q , (ct0y0 + q0t0)
r )

S.t.

((a0y0)
p, (a0y0)

q , (a0y0)
r ) − ((b0t0)

p, (b0t0)
q , (b0t0)

r ) ≤ 0̃,

((dt0y0 + r0t0)
p, (dt0y0 + r0t0)

q , (dt0y0 + r0t0)
r ) ≤ 1̃,

((y0)
p, (y0)

q , (y0)
r ) ≥ 0. ((t0)

p, (t0)
q , (t0)

r ) ≥ 0. (4)

Step 2: Using the definition 2.4, the model (4) can be
presented as:

Max((ct0y0 + q0t0)
p, (ct0y0 + q0t0)

q , (ct0y0 + q0t0)
r )

S.t.

(a0y0)
p − (b0t0)

r ≤ 0,

(a0y0)
q − (b0t0)

q ≤ 0,

(a0y0)
r − (bt0)

p ≤ 0,

(dt0y0 + r0)
p + t p0 ≤ 1,

(dt0y0 + r0)
q + tq0 ≤ 1,

(dt0y0 + r0)
r + tr0 ≤ 1,

(y0)
q − (y0)

p ≥ 0, (y0)
r − (y0)

q ≥ 0, (y0)
p ≥ 0,

(t0)
q − (t0)

p ≥ 0, (t0)
r − (t0)

q ≥ 0, (t0)
p ≥ 0, (5)

Step 3: Based of the Definition 2.6 the model (5) is
changed over to a newmodel with three crisp objective func-
tions. Now the model may be written as:

Max (ct0y0 + q0t0)
p

Max (ct0y0 + q0t0)
p − (ct0y0 + q0t0)

q

Max(ct0y0 + q0t0)
p + (ct0y0 + q0t0)

r

S.t

(a0y0)
p − (b0t0)

r ≤ 0,

(a0y0)
p − (b0t0)

r − ((a0y0)
q − (b0t0)

q ) ≤ 0,

(a0y0)
p − (b0t0)

r + ((a0y0)
r − (b0t0)

p) ≤ 0,
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(dt0y0 + r0)
p + t p0 ≤ 1,

(dt0y0 + r0)
p + t p0 − (dt0y0 + r0)

q + tq0 ≤ 0,

(dt0y0 + r0)
p + t p0 + (dt0y0 + r0)

r + tr0 ≤ 2,

(y0)
q − (y0)

p ≥ 0, (y0)
r − (y0)

q ≥ 0, (y0)
p ≥ 0,

(t0)
q − (t0)

p ≥ 0, (t0)
r − (t0)

q ≥ 0, (t0)
p ≥ 0, (6)

Step 4: Now using the lexicographic method in objective
functions, we will get the result of the model (6). Therefore,
we can write:

Max(ct0y0 + q0t0)
p

S.t.

(a0y0)
p − (b0t0)

r ≤ 0,

(a0y0)
p − (b0t0)

r − ((a0y0)
q − (b0t0)

q ) ≤ 0,

(a0y0)
p − (b0t0)

r + ((a0y0)
r − (b0t0)

p) ≤ 0,

(dt0y0 + r0)
p + t p0 ≤ 1,

(dt0y0 + r0)
p + t p0 − (dt0y0 + r0)

q + tq0 ≤ 0,

(dt0y0 + r0)
p + t p0 + (dt0y0 + r0)

r + tr0 ≤ 2,

(y0)
q − (y0)

p ≥ 0, (y0)
r − (y0)

q ≥ 0, (y0)
p ≥ 0,

(t0)
q − (t0)

p ≥ 0, (t0)
r − (t0)

q ≥ 0, (t0)
p ≥ 0, (7)

On the off chance that we get a special ideal arrangement,
at that point it is an ideal arrangement of the issue (3) and
stop. In any case go to following stage.

Step 5: Solve the accompanying issue over the ideal
arrangements that are accomplished in Step 4 as follows:

Max(ct0y0 + q0t0)
p − (ct0y0 + q0t0)

q

S.t.

(ct0y0 + q0t0)
p � l∗

(a0y0)
p − (b0t0)

r ≤ 0,

(a0y0)
p − (b0t0)

r − ((a0y0)
q − (b0t0)

q ) ≤ 0,

(a0y0)
p − (b0t0)

r + ((a0y0)
r − (b0t0)

p) ≤ 0,

(dt0y0 + r0)
p + t p0 ≤ 1,

(dt0y0 + r0)
p + t p0 − (dt0y0 + r0)

q + tq0 ≤ 0,

(dt0y0 + r0)
p + t p0 + (dt0y0 + r0)

r + tr0 ≤ 2,

(y0)
q − (y0)

p ≥ 0,

(y0)
r − (y0)

q ≥ 0,

(y0)
p ≥ 0,

(t0)
q − (t0)

p ≥ 0,

(t0)
r − (t0)

q ≥ 0,

(t0)
p ≥ 0, (8)

where l∗ is the ideal estimation of issue (7). On the off chance
that the issue (7) has a one of a kind ideal arrangement, at
that point it is an ideal arrangement of issue (3) and stop. In
any case go to following stage.

Step 6: Solve the accompanying issue over the ideal
arrangements that are accomplished in Step 5 as follows:

Max(ct0y0 + q0t0)
p + (ct0y0 + q0t0)

r

S.t.

(ct0y0 + q0t0)
p − (ct0y0 + q0t0)

q � k∗

(ct0y0 + q0t0)
p � l∗

(a0y0)
p − (b0t0)

r ≤ 0,

(a0y0)
p − (b0t0)

r − ((a0y0)
q − (b0t0)

q ) ≤ 0,

(a0y0)
p − (b0t0)

r + ((a0y0)
r − (b0t0)

p) ≤ 0,

(dt0y0 + r0)
p + t p0 ≤ 1,

(dt0y0 + r0)
p + t p0 − (dt0y0 + r0)

q + tq0 ≤ 0,

(dt0y0 + r0)
p + t p0 + (dt0y0 + r0)

r + tr0 ≤ 2,

(y0)
q − (y0)

p ≥ 0, (y0)
r − (y0)

q ≥ 0, (y0)
p ≥ 0,

(t0)
q − (t0)

p ≥ 0, (t0)
r − (t0)

q ≥ 0, (t0)
p ≥ 0, (9)

where k∗ is the ideal estimation of issue (8).Hence, the ideal
arrangement of the issue (3) is gotten by taking care of issues
(9).

Presently by hypothesiswe explain the lexicographic ideal
arrangement of the issue (7) can be considered as a definite
ideal arrangement of the issue (3).

Theorem 3.2 If ỹ∗
0 � (y∗

0 )
p, (y∗

0 )
q , (y∗

0 )
r be an optimal

solution of issues (7)-(8), at that point it is likewise a def-
inite optimal solution of the issue (8).

Proof By the technique of inconsistency, let ỹ∗
0 � (y∗

0 )
p,

(y∗
0 )

q , (y∗
0 )

r be an optimal solution of (7)–(8), however, it is
not the specific optimal solution of the issue (3).Here,we take
up ỹ0l � (y0l )

p, (y0l )
q , (y0l )

r , at the point of maximization:

(ct0y
∗
0 )

p, (ct0y
∗
0 )

q , (ct0y
∗
0 )

r ≺ (ct0y
0
l )

p, (ct0y
0
l )

q , (ct0y
0
l )

r .

In light of definition (2.7), there are three conditions as
follows:

Case(i) In the event of maximization, we take (ct0y
∗
0 )

p ≺
(ct0y

0
l )

p. Also, regarding with presumption we have:

(Ay0l )
p � (b0)

p,

(Ay0l )
p − (Ay0l )

q � (b0)
p − (b0)

q ,

(Ay0l )
p + (Ay0l )

r � (b0)
p + (b0)

r ,

(y0l )
p − (y0l )

q ≥ 0, (y0l )
r − (y0l )

q ≥ 0, (y0l )
p ≥ 0.

In thismanner, (y0l )
p, (y0l )

q , (y0l )
r is a feasible solution of

issue (7) in which the objective value in (y0l )
p, (y0l )

q , (y0l )
r
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is greater than the objective value in (y∗
0 )

p, (y∗
0 )

q , (y∗
0 )

r .
However, it is logical inconsistency.

Case(ii) In the event of maximization, we take (ct0y
∗
0 )

p �
(ct0y

0
l )

p. and (ct0y
∗
0 )

p − (ct0y
∗
0 )

q � (ct0y
0
l )

p − (ct0y
0
l )

q fur-
thermore, regarding the suspicion we have:

(Ay0l )
p � (b0)

p,

(Ay0l )
p − (Ay0l )

q � (b0)
p − (b0)

q ,

(Ay0l )
p + (Ay0l )

r � (b0)
p + (b0)

r ,

(y0l )
p − (y0l )

q ≥ 0, (y0l )
r − (y0l )

q ≥ 0, (y0l )
p ≥ 0.

Therefore, (y0l )
p, (y0l )

q , (y0l )
r is a feasible solution of

issue (3) in which the objective value in (y0l )
p, (y0l )

q ,
(y0l )

r is greater than the objective value in (y∗
0 )

p, (y∗
0 )

q ,
(y∗

0 )
r .However, it is logical inconsistency.

Case(iii) In the event of maximization, we take up (ct0y
∗
0 )

p �
(ct0y

0
l )

p. (ct0y
∗
0 )

p − (ct0y
∗
0 )

q � (ct0y
0
l )

p − (ct0y
0
l )

q and
(ct0y

∗
0 )

p +(ct0y
∗
0 )

r < (ct0y
0
l )

p +(ct0y
0
l )

r . Furthermore, regard-
ing the suspicion we have:

(Ay0l )
p � (b0)

p,

(Ay0l )
p − (Ay0l )

q � (b0)
p − (b0)

q ,

(Ay0l )
p + (Ay0l )

r � (b0)
p + (b0)

r ,

(y0l )
p − (y0l )

q ≥ 0, (y0l )
r − (y0l )

q ≥ 0, (y0l )
p ≥ 0.

Long these lines, (y0l )
p, (y0l )

q , (y0l )
r is a feasible solution

of issue (8) in which the objective value in (y0l )
p, (y0l )

q ,
(y0l )

r is greater than the objective value in (y∗
0 )

p, (y∗
0 )

q ,
(y∗

0 )
r . However, it is logical inconsistency.

In this manner ỹ∗
0 � (y∗

0 )
p, (y∗

0 )
q , (y∗

0 )
r is an exact opti-

mal solution of issue (3).

Shortcomings and limitations of Das et al.’s method

There are a few techniques in writing that can be utilized to
take care of FFLP issues by using lexicographic technique,
ranking criteria, membership function and yield arrange-
mentswith remarkable ideal fuzzy qualities. Be that as itmay,
those techniques must be utilized to locate the extraordinary
objective fuzzy solution of FFLP issues with inequality con-
straints. In this segment, we remark on the deficiencies and
impediments of some current strategies for taking care of
FFLFP issues, including those utilizing lexicographic posi-
tioning rules. The current lexicographic technique (Hashemi
et al. 2006) can’t be utilized to take care of FFLP issues in

which the boundaries and choice factors are subjective L-
R fuzzy numbers. The ranking functions utilized with the
current strategies [15, 18]) do not have the all-out request
properties; thus, these techniques cannot be utilized to locate
the unique optimal fuzzy estimation of FFLFP issues. To take
care of FFLFP issues by utilizing the enrollment capacity of
Veeramani and Sumathi [22, 24], there is a need to rough all
the difficult boundaries and limitations to their relating trian-
gular fuzzy numbers. Along these lines, got arrangements are
estimated and don’t fulfill the issue requirements precisely.
The current technique [25] utilizes Pareto ideal arrangement
and the boundaries are taken just fuzzy triangular numbers
to take care of FFLFP issues. Nonetheless, the Pareto ideal
arrangement calculation doesn’t ensure to fulfill the issue
precisely. Besides, their strategy can’t be used to locate the
unique optimal fuzzy estimation of the FFLFP issues [23]
proposed a procedure for taking care of FFLFP issues with-
out changing them into old style fresh issues. Their procedure
utilizes parametric strategy on trapezoidal fuzzy numbers.

In outline, as far as we could possibly know, the cur-
rent techniques [2, 15, 16, 18, 22–25] cannot be utilized to
locate the one of a kind unique fuzzy optimal solution of the
FFLFP issue with non-negative triangular fuzzy numbers. In
the above existing strategies, they have taken different tech-
nique for taking care of FLFP issue. Be that as it may, we
consider just lexicographic requesting which was proposed
by the current technique [16]. Thus, we needn’t bother with
the above existing strategies [2, 15, 16, 18, 22–25] to contrast
and our proposed technique. Consequently, we just contrast
the proposed technique and the current strategy [16]. Table 1
outlines a few highlights of the above referred to techniques
for taking care of FFLP issues, and the commitment of the
current investigation.

Das et al.’s method [16] has the accompanying weakness
and impediments, which make it unsatisfactory for discov-
ering arrangements of FIFLP problem (1) with remarkable
optimal objective values:

• In general, the current technique proposed a strategy to
tackle LFP issue with fuzzy number utilizing MOLFP
issue in which the constraints and factors are triangular
fuzzy numbers. Be that as it may, they have not taken non-
negative fuzzy number.

• Due to more constraints and factors, the computational
multifaceted nature is high.

In the following segment, we propose a few changes to the
technique forDas et al.’s. [16] to dispensewith the previously
mentioned inadequacies and confinements.
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Table 1 Features of some current strategies for taking care of FFLFP issues and commitment of the current examination

Existing method Fuzzy number Criterion Equality Inequality

Veeramani and Sumathi [22] Triangular fuzzy number Membership function – Yes

Veeramani and Sumathi [24] Triangular fuzzy number Zadeh extension principle – Yes

Stanojevic and Stanojevic [25] Triangular fuzzy number Pareto Optimal solution – Yes

Stanojevic and Stanojevic [23] Triangular fuzzy number Parametric method – Yes

Bogdana Pop and Stancu-minasian [2] Triangular fuzzy number Kerre’s method – Yes

Das et al. [15] Triangular fully fuzzy number Simple ranking method Yes Yes

Das et al. [16] Triangular fully fuzzy number Lexicographic ordering – Yes

Das et al. [18] Triangular fuzzy number Ranking function Yes Yes

Present study Triangular fully fuzzy number Lexicographic ordering Yes Yes

Proposed approach

In light of the past section, we are prepared to adjusted their
technique and consider that the loose information are nonneg-
ative triangular fuzzy numbers. In this segment, we examined
about the computational multifaceted nature of an issue. The
computational intricacy of LFP issue is straightforwardly
corresponding to the quantity of its limitations and factors.
The upside of calculation multifaceted nature is lessening
the imperatives and factors of issue LFP models. We chiefly
center that the ideal arrangements are nonnegative triangular
fuzzy numbers.

Let us consider an overall arrangement of FFLFP issue as
follows:

Max(Min)Z̃0 � c̃t0 x̃0 + q̃0

d̃ t0 x̃0 + r̃0

S.t.

Ã0 x̃0 ≤ b̃0

x̃0 ≥ 0. (10)

Let us expect that all the boundaries x̃0,c̃0,q̃0,d̃0,r̃0,b̃0
and z̃0 are taken by nonnegative triangular fuzzy numbers
((x0)p, (x0)q , (x0)r ),((ct0)

p, (ct0)
q , (ct0)

r ),((q0)p, (q0)q ,
(q0)r ),((dt0)

p, (dt0)
q , (dt0)

r ), ((b0)p, (b0)q , (b0)r ), ((r0)p,
(r0)q , (r0)r ) and ((a0)p, (a0)q , (a0)r ), respectively. In the
wake up figuring the fuzzy quantities concerning definitions
2.2 and 2.3 we change the expansion the objective function
and constraints function depicted by a nonnegative triangular
fuzzy number with the maximization of three values of the
fuzzy number. At that point we can change the referenced
FFLFP issue as follows:

Max(z1, z2, z3)

� ((ct0x0)
p , (ct0x0)

q , (ct0x0)
r ) + ((q0)p , (q0)q , (q0)r )

((dt0x0)
p , (dt0x0)

q , (dt0x0)
r ) + ((r0)p , (r0)q , (r0)r )

S.t.

((a0)
p , (a0)

q , (a0)
r ) ⊗ ((x0)

p , (x0)
q , (x0)

r ) ≤ ((b0)
p , (b0)

q , (b0)
r ),

((x0)
p , (x0)

q , (x0)
r ) ≥ 0. (11)

The proposed technique for understanding FFLFPP can
be summed up as follows:

Step 1: With regard to Definition 2.4 the issue (11), can
be changed as:

Max
((ct0x0 + q0)p

((dt0x0 + r0)p
,
((ct0x0 + q0)q

((dt0x0 + r0)q
,
((ct0x0 + q0)r

((dt0x0 + r0)r

S.t.

(a0x0)
p ≤ (b0)

p, (a0y0)
q ≤ (b0)

q , (a0y0)
r ≤ (b0)

r ,

(x0)
q − (x0)

p ≥ 0, (x0)
r − (x0)

q ≥ 0, (x0)
p ≥ 0, (12)

Step 2: As to 2.6 the issue (12) is changed over to the
MOLFP issue with three objective functions as follows:

Max (Min)
(ct0x0 + q0)q

(dt0x0 + r0)q
,

Min (Max)
(ct0x0 + q0)r

(dt0x0 + r0)r
− (ct0x0 + q0)p

(dt0x0 + r0)p
,

Max(Min)
(ct0x0 + q0)p

(dt0x0 + r0)p
+
(ct0x0 + q0)r

(dt0x0 + r0)r
,

S.t

(a0x0)
p ≤ (b0)

p,

(a0y0)
q ≤ (b0)

q ,

(a0y0)
r ≤ (b0)

r ,

(x0)
q − (x0)

p ≥ 0, (x0)
r − (x0)

q ≥ 0, (x0)
p ≥ 0,

(a0x0)
p ≤ (b0)

p, (a0y0)
q ≤ (b0)

q , (a0y0)
r ≤ (b0)

r ,

(x0)
q − (x0)

p ≥ 0, (x0)
r − (x0)

q ≥ 0, (x0)
p ≥ 0, (13)

Step 3: In objective functions the lexicographic method
will be utilized to acquire the optimal solution of the issue
(13). Thus, we obtain:

Max(Min)
(ct0x0 + q0)q

(dt0x0 + r0)q
,

123



Complex & Intelligent Systems (2022) 8:687–699 693

S.t.

(a0x0)
p ≤ (b0)

p,

(a0y0)
q ≤ (b0)

q ,

(a0y0)
r ≤ (b0)

r ,

(x0)
q − (x0)

p ≥ 0, (x0)
r − (x0)

q ≥ 0, (x0)
p ≥ 0, (14)

In the event that we get an exceptional optimal solution,
at that point it is an optimal solution of the issue (11) and
stop. In any case go the following stage.

Step 4: Solve the accompanying issue to the ideal solutions
that are accomplished in Step 4 as follows:

Min(Max)
(ct0x0 + q0)r

(dt0x0 + r0)r
− (ct0x0 + q0)p

(dt0x0 + r0)p
,

S.t.

(ct0x0 + q0)q

(dt0x0 + r0)q
� l∗

(a0x0)
p ≤ (b0)

p,

(a0y0)
q ≤ (b0)

q ,

(a0y0)
r ≤ (b0)

r ,

(x0)
q − (x0)

p ≥ 0, (x0)
r − (x0)

q ≥ 0, (x0)
p ≥ 0, (15)

where l∗ is the ideal solution of issue (14). On the off chance
that the issue (14) has a remarkable ideal solution, at that
point it is an ideal solution of issue (11) and stop. In any case
go to following stage.

Step 5: Solve the accompanying issue to the ideal arrange-
ments that are accomplished in Step 4 as follows:

Max(Min)
(ct0x0 + q0)p

(dt0x0 + r0)p
+
(ct0x0 + q0)r

(dt0x0 + r0)r
,

S.t.

(ct0x0 + q0)r

(dt0x0 + r0)r
− (ct0x0 + q0)p

(dt0x0 + r0)p
� k∗.

(ct0x0 + q0)q

(dt0x0 + r0)q
� l∗

(a0x0)
p ≤ (b0)

p,

(a0y0)
q ≤ (b0)

q ,

(a0y0)
r ≤ (b0)

r ,

(x0)
q − (x0)

p ≥ 0, (x0)
r − (x0)

q ≥ 0, (x0)
p ≥ 0, (16)

where k∗ is the optimal value of issue (15).Hence, the optimal
solution of the issue (11) is acquired by taking care of issues
(16).

Main results

In this section, here we solve a new problem which is equiv-
alent to the problem (14). We just guarantee that the optimal

solutions are nonnegative triangular fuzzy numbers. Along
these lines, we take care of the accompanying issue rather
than issue (14):

Max(Min)
(ct0x0 + q0)q

(dt0x0 + r0)q
,

S.t.

(a0x0)
q ≤ (b0)

q ,

(x0)
q ≥ 0, (17)

We change the Problem (17) in to a crisp LP issue by
utilizingCharnes–Cooper change [1], and acquire the accom-
panying issue:

Max(ct0y0 + q0t0)
q

Subject to

(a0y0)
q − (b0t0)

q ≤ 0,

(d0y0 + r0t0)
q ≤ 1,

(y0)
q , t0 ≥ 0. (18)

In the objective function of issue (15) includes the con-
straints (x0)p and (x0)r . Along these lines, the constraints
which are regarding of (x)q are jobless and a long way from
the feasible solutions of issue (15). Thusly, we tackle the
accompanying issue rather than issue (15):

Min(Max)
(ct0x0 + q0)r

(dt0x0 + r0)r
− (ct0x0 + q0)p

(dt0x0 + r0)p
,

S.t.

(a0x0)
p ≤ (b0)

p,

(a0x0)
r ≤ (b0)

r ,

(x0)
p ≤ (x∗

0 )
q ,

(x0)
r ≥ (x∗

0 )
q ,

(x0)
p ≥ 0, (19)

Here (x̃∗
0 )

q � ((x̃∗
1 )

q , (x̃∗
2 )

q , (x̃∗
3 )

q ) has an optimal solu-
tion.

In the above problem (19), there are two types of con-
straints involved namely (x)p and (x)r . Therefore, the
problem is decomposed into the following two LFP prob-
lems as follows:

Max(Min)
(ct0x0 + q0)p

(dt0x0 + r0)p

S.t.

(a0x0)
p ≤ (b0)

p,

0 ≤ (x0)
p ≤ (x∗

0 )
q . (20)
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With the assistance of Charnes–Cooper [1] technique, we
changed the issue (20) into crisp LP issue and the model can
be written as:

Max(ct0y0 + q0t0)
p

Subject to

(a0y0)
p − (b0t0)

p ≤ 0,

(d0y0 + r0t0)
p ≤ 1,

0 ≤ (y0)
p ≤ (y∗

0 )
q , t0 ≥ 0, (21)

Min(Max)
(ct0x0 + q0)r

(dt0x0 + r0)r

S.t.

(a0x0)
r ≤ (b0)

r ,

(x0)
r ≥ (x∗

0 )
q . (22)

We changed the issue (22) in to a crisp LP issue by utiliz-
ing Charnes—Cooper change [1], and obtain the following
problem.

Max(ct0y0 + q0t0)
r

Subject to(a0y0)
r − (b0t0)

r ≤ 0,

(d0y0 + r0t0)
r ≤ 1,

0 ≤ (y0)
r ≤ (y∗

0 )
q , t0 ≥ 0. (23)

In the event that both the issues (21) and (23) have a one of
a kind of optimal solution as (y∗

0 )
p and (y∗

0 )
r respectively, at

that point the ideal arrangement of issue (1) is ỹ∗
0 � ((y∗

0 )
p,

(y∗
0 )

q , (y∗
0 )

r ) and stop.
In the wake of getting the above optimal solution, we put

in the issue (1) and get the solution is x̃∗
0 � ((x∗

0 )
p, (x∗

0 )
q ,

(x∗
0 )

r ).

Computational discussion

In this section, we compare the complexity of the LFP mod-
els derived by our proposed approach with those obtained by
proposed method by Das et al. [16]. It is very well-known
that the computational complexity of the problem depends
directly on the number of the constraints and the variables of
LFP problems. In what follows, we are going to compare the
number of the constraints and variables of problem (7) and
(14). Problem (7) has (6 m + 5n) constraints, while problem
(14) has (3 m + 3n) constraints. This shows that problem (7)
has (3 m + 2n) constraints more than problem (14). Also,
the standard form of problem (7) has 5n variables (consid-
ering slacks), while the standard form of problem (14) has
3n variables (considering slacks). Thus, problem (7) has 2n
variables more than problem (14). Thus, utilizing problem
(14) gives us a computational advantage compared to prob-
lem (7), regarding the number of constraints and variables. In

a similar way, we compare the number of the constraints and
variables of problems (8) with problems (15) or (16). Hence,
regarding the above discussion utilizing problems (14), (15)
and (16) is preferred to problems (7), (8), and (8) because of
their computational advantages.

Numerical model

In this segment, we show the proposed strategy to solve
FFLFP issue and afterward analyze the computational intri-
cacy of the proposed techniquewithDas et al.’s strategy [16].

Example 5.1 [16]. Let us consider the accompanying LFP as
follows:

Max z � x1 − x2 + 1

x1 + x2 + 2

S.t.

x1 + x2 ≤ 2,

x1 − x2 ≤ 1,

x1, x2 ≥ 0.

The optimal solution of the problem is x1 � 1, x2 � 0 and
the optimal value of z is 2/3 � 0.66667.

In this manner, the completely fuzzy LFP issue which we
need to understand is as per the following:

Max z � (0, 1, 2)x̃1 − (−2, − 1, 0)2 x̃2 + (0, 1, 2)

(0, 1, 2)x̃1 + (0, 1, 2)x̃2 + (1, 2, 3)
(24)

S.t.

(1, 2, 3)x̃1 + (1, 2, 3)x̃2 ≤ (1, 2, 3),

(0, 1, 2)x̃1 − (−2, −1, 0)x̃2 ≤ (0, 1, 2), ,

x̃1, x̃2 ≥ 0.

Presently the issue is as per the following:

Max
(0, 1, 2) ⊗ ((x1)

p , (x1)
q , (x1)

r ) − (−2, − 1, 0) ⊗ ((x2)
p , (x2)

q , (x2)
r ) + (0, 1, 2)

(0, 1, 2) ⊗ ((x1)p , (x1)q , (x1)r ) + (0, 1, 2) ⊗ ((x2)p , (x2)q , (x2)r ) + (1, 2, 3)

S.t.

(0, 1, 2) ⊗ ((x1)
p , (x1)

q , (x1)
r ) + (0, 1, 2) ⊗ ((x2)

p , (x2)
q , (x2)

r ) ≤ (1, 2, 3),

(0, 1, 2) ⊗ ((x1)
p , (x1)

q , (x1)
r ) − (−2, − 1, 0) ⊗ ((x2)

p , (x2)
q , (x2)

r ) ≤ (0, 1, 2),

(x1)
p , (x1)

q , (x1)
r , (x2)

p , (x2)
q , (x2)

r ≥ 0. (25)
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As indicated by Step 2, we get the accompanying numer-
ous objective LFP issue as follows:

Max(Min)
1(x1)q − (−1)(x2)q + 1

1(x1)q + 1(x2)q + 2

Max(Min)
2(x1)r − 0(x2)r + 2

2(x1)r + 2(x2)r + 3
− 0(x1)p − (−2)(x2)p

0(x1)p + 0(x2)p + 1

Max(Min)
0(x1)p − (−2)(x2)p

0(x1)p + 0(x2)p + 1
+
2(x1)r − 0(x2)r + 2

2(x1)r + 2(x2)r + 3

S.t.

0(x1)
p + 0(x2)

p ≤ 1,

2(x2)
p ≤ 0,

(x1)
q + (x2)

q ≤ 2,

(x1)
q − (−1)(x2)

q ≤ 1,

2(x1)
r + 2(x2)

r ≤ 3,

2(x1)
r ≤ 2

(x j )
q − (x j )

p ≥ 0, j � 1, 2,

(x j )
r − (x j )

q ≥ 0, j � 1, 2,

(x j )
p ≥ 0, j � 1, 2, (26)

With respect to (20) we initially tackle the accompanying
issue:

Max(Min)
1(x1)q − (−1)(x2)q + 1

1(x1)q + 1(x2)q + 2

S.t

(x1)
q + (x2)

q ≤ 2,

(x1)
q − (−1)(x2)

q ≤ 1,

(x j )
q ≥ 0, j � 1, 2, (27)

The issue (27) is a crisp LFP issue, which can be changed
over into a crisp LP issue by utilizing Chranes–Cooper [1]
strategy. The changed LP issues are illuminated by old style
strategies.

The optimal solution of issue (27) is gotten as

((x∗
1 )

q , (x∗
2 )

q ) � (1, 0).
In the above issue we see that the

adjusted technique is exceptionally less factors and less lim-
itations when contrasted with the current strategy Das et al.’s
strategy. Be that as it may, the current technique Das et al.’s
strategy [16] contains nine limitations and six factors; how-
ever, in our concern (27) contains just two requirements and
two factors.

In the subsequent stage, we utilizing the optimal solution
of issue (27) and the issue (20) and (21), the accompanying
issues are fathomed as follows:

Max
0(x1)p − (−2)(x2)p

0(x1)p + 0(x2)p + 1
S.t

0(x1)
p + 0(x2)

p ≤ 1,

2(x2)
p ≤ 0,

(x1)
p ≤ 1, (x2)

p ≤ 0,

(x1)
p, (x2)

p ≥ 0, (28)

The issue (28) is a crisp LFP issue, which can be changed
over into a crisp LP issue by utilizing Chranes–Cooper [1]
technique. The changed LP issues are fathomed by old style
techniques.

Min
2(x1)r − 0(x2)r + 2

2(x1)r + 2(x2)r + 3

S.t.

2(x1)
r + 2(x2)

r ≤ 3,

2(x1)
r ≤ 2

(x1)
r ≥ 0, (x2)

r ≥ 3,

The issue (29) is a crisp LFP issue, which can be changed
over into a crisp LP issue by utilizing Chranes–Cooper [1]
technique. The changed LP issues are fathomed by old style
techniques.

The optimal solutions of problem (28) and (29) are
obtained as ((x∗

1 )
p, (x∗

2 )
p) � (0, 0) and ((x∗

1 )
r , (x∗

2 )
r ) � (1,

0), respectively.
Since, the problem (27) and (29) get an unique optimal

solutions and use the optimal solution of above problem we
get the optimal solutions of problem (24) as follows and stop.

At that point the arrangement of the issue is:

x̃∗ � {
x̃∗
1 � ((x∗

1 )
p, (x∗

1 )
q , (x∗

1 )
r ) � (0, 1, 1),

x̃∗ � {
x̃∗
2 � ((x∗

2 )
p, (x∗

2 )
q , (x∗

2 )
r ) � (0, 0, 0),

The triangular fuzzy number z̃∗ � (0, 0.66667, 4).
The acquired outcome is actually the ideal solution of the

difficulties which start with the first issue and accurate worth
those depending on existing calculation proposed by Das
et al.’s strategy [16]. In any case, by contrasting proposed
strategy results and the existing technique [15, 16], it is a
lot simpler, more proficient and computational multifaceted
nature more productive.

Case study

In this section, a genuine issue given in [15, 16] is com-
prehended by the proposed technique and making an exam-
ination with other exploration of a similar model. In this
segment, to show the utilization of proposed technique the
genuine issue is tackled by the proposed strategy.
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Table 2 Supply of the plants
Source Changhua Touliu Hsinchu

Supply (thousand dozen bottles) (7.2, 8, 8.8) (12, 14, 16) (10.2, 12, 13.8)

Table 3 Demand of the
destinations Destination Taichung Chiayi Kaohsiung Taipei

Demand (thousand dozen bottles) (6.2, 7, 7.8) (8.9, 10, 11.1) (6.5, 8, 9.5) (7.8, 9, 10.2)

Table 4 Profit of the company
Source Destination

Taichung Chiayi Kaohsiung Taipei

Changhua (8, 10, 10.8) (20.4, 22, 24) (8, 10, 10.6) (18.8, 20, 22)

Touliu (14, 15, 16) (18.2, 20, 22) (10, 12, 13) (6, 8, 8.8)

Hsinchu (18.4, 20, 21) (9.6, 12, 13) (7.8, 10, 10.8) (14, 15, 16)

Example 6.1: Transportation problem [16]

Dali Company is the leading producer of soft drinks and
low-temperature foods in Taiwan. Currently, Dali plans to
develop the South-East Asianmarket and broaden the visibil-
ity ofDali products in theChinesemarket.Notably, following
the entry of Taiwan to the World Trade Organization, Dali
plans to seek strategic alliance with prominent international
companies and introduced international bread to lighten the
embedded future impact. In the domestic soft drinks market,
Dali produces tea beverages tomeet demand from four distri-
bution centers in Taichung, Chiayi, Kaohsiung, and Taipei,
with production being based at three plants in Changhua,
Touliu, and Hsinchu. According to the preliminary environ-
mental information, Table 2 summarizes the potential supply
available from the given three plants . The forecast demand

from the four distribution centers as is shown Table 3. The
profit of the company gained by each route is presented in
Table 4. Table 5 summarizes the unit shipping cost for each
route for the upcoming season. The environmental coefficient
and related parameters generally are imprecise numbers with
triangular possibility distributions over the planning horizon
due to incomplete or unobtainable information. For example,
the unavailable supply of the Changhua plant is (7.2, 8, 8.8)
thousand dozen bottles, the forecast demand of the Taichung
distribution center is (6.2, 7, 7.8) thousand dozen bottles,
profit per dozen bottles for Changhua to Taichung is (8, 10,
10.8) dollars and the transportation cost per dozen bottles for
Changhua to Taichung is (8, 10, 10.8) dollars. The manage-
ment of Dali is initiating a study to maximize the profit as
much as possible.

This present reality issue can be demonstrated to the
accompanying FFLFP issue:

MaxZ �

⎧
⎪⎨

⎪⎩

(8, 10, 10.8)x̃11 + (20.4, 22, 24)x̃12 + (8, 10, 10.6)x̃13 + (18.8, 20, 22)x̃14+

(14, 15, 16)x̃21 + (18.2, 20, 22)x̃22 + (10, 12, 13)x̃23 + (6, 8, 8.8)x̃24+

(18.4, 20, 21)x̃31 + (9.6, 12, 13)x̃32 + (7.8, 10, 10.8)x̃33 + (14, 15, 16)x̃34

⎫
⎪⎬

⎪⎭

⎧
⎪⎨

⎪⎩

(1.5, 2, 2.5)x̃11 + (4, 5, 6)x̃12 + (1.3, 2, 2.5)x̃13 + (3, 4, 5)x̃14+

(2.5, 3, 4)x̃21 + (2, 3, 4)x̃22 + (2.3, 3, 4)x̃23 + (1.5, 2, 2.5)x̃24+

(3, 4, 5)x̃31 + (2, 3, 4)x̃32 + (1.5, 2, 2.7)x̃33 + (2, 3, 4)x̃34

⎫
⎪⎬

⎪⎭

(30)

Table 5 Shipping costs
Source Destination

Taichung Chiayi Kaohsiung Taipei

Changhua (1.5, 2, 2.5) (4, 5, 6) (1.3, 2, 2.5) (3, 4, 5)

Touliu (2.5, 3, 4) (2, 3, 4) (2.3, 3, 4) (1.5, 2, 2.5)

Hsinchu (3, 4, 5) (2, 3, 4) (1.5, 2, 2.7) (2, 3, 4)
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S.t.

x̃11 + x̃12 + x̃13 + x̃14 ≤ (7.2, 8, 8.8)

x̃21 + x̃22 + x̃23 + x̃24 ≤ (12, 14, 16)

x̃31 + x̃32 + x̃33 + x̃34 ≤ (10.2, 12, 13.8)

x̃11 + x̃21 + x̃31 ≥ (6.2, 7, 7.8)

x̃12 + x̃22 + x̃32 ≥ (8.9, 10, 11.1)

x̃13 + x̃23 + x̃33 ≥ (6.5, 8, 9.5)

x̃14 + x̃24 + x̃34 ≥ (7.8, 9, 10.2)

x̃i j ≥ 0, where x̃i j � (x1i j , x2i j , x3i j ), i � 1, 2, 3; j � 1, 2,
3, 4.

Using Step 2 the problem (30) is changed into theMOLFP
problem with three objective functions. Now using the Step3
and with regard to problem (20) we should first solve the
problem (20). After using Step 3, we observe that the LFP
problem has 7 constraints and 12 variables, while the LP
problem proposed by Das et al.’s method [17] involves 45
constraints and 60 variables.

After solving this problemby using steps4, 5 and Sect. 4.1,
we have:

x̃ �

⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

(0, 0, 0),

(0, 0, 0.25),

(0, 0, 0.625),

(7.64, 8, 8),

(0, 0, 0),

(0, 0, 0),

(0, 0, 1.45 ),

(12, 14, 14),

(5.8, 7, 7.5),

(8.8, 10, 11.25),

(6.4, 8, 8),

(5.8, 10, 12.5).

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

Presently the ideal solution of the issue may be forms as:
(Z̃ ) proposedmethod� ((Z1), (Z2), (Z3))� (2.26, 4.64,

9.48).
As we see that the issue has gotten solution is actually

the ideal solution of the issue which start with the first issue
and definitely worth those depending on existing calculation
proposed by Das et al.’s strategy [16]. Be that as it may, by
contrasting proposed results and existing strategy [16], it is a
lot simpler, more effective and computational unpredictabil-
ity more proficient.

Advantages of proposedmethod and result
analysis

In this section, we talked about the fundamental focal points
of the proposed technique over the current strategies for tak-
ing care of FFLFP issues.

• In our proposed technique, all the boundaries are non-
negative triangular fuzzy numbers which are not consid-
ered in the current strategies.

• In our detailed calculation, we utilize lexicographic tech-
nique which converts into three target capacities, which
are anything but difficult to handle with exceptionally less
requirements and factors and less computational weight
taking care of FFLFP issues.

• We get the outcomes which likewise acquired by Das et al.
[16] yet with simple and straightforward technique.

• Numbers of imperatives in our technique are the equiv-
alent of the first model; however when Das et al. settled
their model, the quantity of factors and imperatives is fun-
damentally expanded.

• Because of enormous increment in number of factors and
limitations of Das et al. technique [16], the multifaceted
nature of taking care of the issue by simplex increment and
computation time will be increment certainly.

In the proposed technique the FFLFP issue transforms into
a crisp LFP issue using LO method and that issue is changed
over into LP issue by utilizing Charnes–Cooper strategy [1].
Presenting the problem crisp LP model and settled by utiliz-
ing LINGO Version 11.0. Agreeing an optimal solution by
both the techniques is delineated in Figs. 1 and 2.

• In our proposed model, our results are better than existing
results. In our model, we introduced a new lexicographic
order method for solving fuzzy LFP problem and trans-
formed into a crisp LFP problem.

• In Figs. 1 and 2, we have compared our proposed tech-
nique with other existing technique, we have found that
the objective value of our proposed method is maximum
than to the existing method [16].

• Our model is very simple and efficient than existing
method [16].

• Our model is applied in real life problem and also large
scale problem.

Conclusions

In this paper, another tackling system has been proposed to
take care of the FFLFP issue.Herewe consider all boundaries
of the issue are nonnegative triangular fuzzy numbers. We
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Fig. 1 Membership elements of the optimal solution of current tech-
nique and existing technique [15, 16]

Fig. 2 Membership elements of the optimal solution by the current tech-
nique and existing strategy [15, 16]

also derived some crisp LFP problem from the FFLFP prob-
lem which is equivalent to the problem. However, in crisp
LFP problem involve lesser constraints and variables than
some other problems. It is our conviction that the proposed
technique arrangement of FFLFP issue, all things consid-
ered, the issue just as a basic issue might be of significant
enthusiasm for mathematician working in this field. A sim-
ple example and one real life problem has been provided to
verify the clarity of the proposed approach and to understand
its effectiveness along with the computational complexity
and compared with Das et al.’s [16] method. The extended
form of the proposed approach can be formulated to solve
unrestricted triangular fuzzy umber. The concept discussed
in this study is expected to be useful in real life problems such
as in the field of agriculture, inventory problems, production
planning, transportation problem etc. where linear fractional
problems arise with fuzzy parameters.

This investigation can be emerged not less than two head-
ings. From one viewpoint, the proposed technique in this
paper may be extended to solve FFLFP problem involv-
ing all kinds of triangular fuzzy numbers (non-negative and
non-positive) is exceptionally intriguing later on research.
Then again, the proposed technique in this investigation is
not applicable to FLFP issues with trapezoidal fuzzy num-
bers. The speculation of the proposed strategy to beat this
deficiency is left for the next work.
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