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1 Introduction

Transportation problem (TP) consists on minimizing cost transportation from sources to
destinations. However, the crisp version [31] fails to deal with the inherent uncertainties. Several
authors have used fuzzy logic [46], and especially intuitionistic fuzzy logic [4] to model such
situation [1-3, 10-12, 14-16, 30, 32-43].

Two main approaches exist to deal with fuzziness. In the first, we preserve information with
the encompassed uncertainty as long as possible, delaying eventual defuzzification till the end.
While in the second, defuzzification occurs in first steps. The same reasoning applies to Fuzzy
TP (FTP), some methods adapt classical methods that permit preserving the inherent fuzziness
[13], while other authors prefer converting the FTP to a crisp equivalent [14, 16, 30].

The rest of this manuscript is as follows: Section 2 presents a review of Intuitionistic FTP
(IFTP). In section 3, a brief presentation of the TP and the Balanced TP (BTP) is proposed.
Section 4 contains the needed fuzzy logic tools. Section 5 introduces the proposed approach.
Section 6 gives an illustrative example to ease comparison. Section 7 concludes this work.
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2 Intuitionistic fuzzy transportation problem review

Being a part of Fuzzy LP (FLP), FTP could be understood by revising FLP models [9]. Hence,
fuzziness could be in: aspiration level of the objective function Z, aspiration level of constraints
coefficients S; and 5]-, objective function coefficients ¢;;, constraints coefficients S; and l~)j and
decision variables X;;. What makes 5 intuitionistic fuzzy TP (IFTP) models.

Joining Zimmerman’s approach [47] to FLP, a first category includes fuzzy aspiration level
of the objective function, as presented by Kour et al. [34]. Their model used the first IFN
definition restricted to a single value of membership and non-membership function.

In the second category, IFTP with Fuzzy cost coefficients [2, 3, 16, 30, 32, 41]. Singh and
Yadav [41] studied the dual problem. Gupta and Anupum [30] used TrIFN, their method aims to
speed up the resolution procedure. Aggrawal and Gupta [3] presented a Sensitivity Analysis of
Intuitionistic Fuzzy Solid TP. The same authors used signed distance to evaluate this problem
[2]. Ebrahimnejad and Verdegay [16] proposed an equivalent multi-objective crisp problem.
Hunwisai et al. [32] modeled the intuitionistic fuzzy costs by their centroids.

A third class contains fuzzy constraints coefficients and fuzzy cost coefficients. Chakraboty
et al. [12] studied arithmetic operations for generalized IFN that they applied to the IFTP. Roy et
al. [39] converted the problem to a multi-objective crisp one that they compared to a goal
programming approach. The example treated showed that intuitionistic fuzzy programming
achieves better than goal programming. Jana [33] used Generalized type 2 IFN. Chakraboty et al.
[14] studied a multi item IFTP with type 2 TIFN. Bharati and Singh [11] opted for interval valued
IFN and an early transformation using expected value. Bharati and Malhotra [10] used a two
stage method and focused on the acceptance rejection degree of the optimal value. Rani and
Gulati [38] studied unbalance IFTP considering available budget and aimed safety level.

In the fourth, we find fuzzy decision variables and fuzzy constraints coefficients, as presented
by Singh and Yadav [40]. However, their method occurs on negative value.

The last category contains what we call Intuitionistic Fully Fuzzy TP (IFFTP), in which all
variables and parameters are represented by IFN. Kumar et al. [35] studied the balanced and
unbalanced TP with TrIFN. Abhishekh and Nishad [1] used LR IFN. The previous two methods
in addition to the methods proposed by Singh and Yadav [42, 43] all produce negative values.
Hence the comparison will be made with the methods proposed by Ebrahimnejad and Verdegay
[15] and Mahmoodirad et al. [37].

The problem could also be treated as an index matrix [6], with further applications in
[44, 45].

3 Transportation problem

The TP consists on minimizing the transportation cost from m sources i =1,..,m to n
destinations j = 1, ..., n. The problem could be written as follows:
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( m n
minz = Zz Cijxij

i=1j=1
subject to

n
{szSSi i=1,...,m (1)

\ xUZO

where S; is the total supply available at source i, D; is the total demand at destination j, and c;;

is the cost per unit for shipping one unit from source i to destination j.
If the total supply equals the total demand, the TP is called BTP, otherwise the problem is
called Unbalanced TP (UTP) (Eqg. 1) [35]. The BTP could be written as follows:

( m n
minz = ZZCU‘XU‘

i=1 j=1
subject to

xl-szl- i=1,...,m (2)

\ xl-jZO

As early as the 1960s, it was realized that the classical models could not represent faithfully
the reality. This is how fuzzy logic was introduced in many real life applications [46], including
Linear Programming (LP) [47]. The TP, being a particular case of LP, benefited from the
contribution of fuzzy logic in the matter. Hence, the original TP [31], that used only crisp
variables, has been adapted to the fuzzy context, and recently to intuitionistic fuzzy sets [1-3,
10-12, 14-16, 30, 32-43].

4 Fuzzy logic preliminaries

Fuzzy sets were introduced by Zadeh [2] to deal with uncertainties. A fuzzy subset F is defined
in a universal set X as follows [5, 17, 21]:

F = {(x, up(x))|x € X} 3)
where ug(x) describes the membership degree of x in F in the unity interval:
up:X - [0,1]. 4)

A fuzzy set F is convex if and only if:

pr(Axg + (1= Dxy) = min(.uF(xl)uuF(xZ)) (5)
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forall x,,x, € Xand A € [0,1].

A fuzzy set F is normalized if sup(ur) = 1.

A fuzzy number is a convex normalized fuzzy set of the real line R* whose membership
function is piecewise continuous. A fuzzy number N is called positive, denoted by N > 0, if its
membership function py (x) = 0 forall x < 0.

To ease computation, while preserving the entry information, we can use trapezoidal fuzzy
numbers (TFN) [27—29]. A trapezoidal fuzzy number A is denoted by a 4-tuple (a', a?, a3, a%),
as follows [25, 26]:

a<x<a
a2 — al’
1, a*<x<ad
pa(x) =1 4 (6)
x—a 3 4
3 o a <x<a
ad—a
\ 0, otherwise.

If 0 < a' the TFN is called a positive TFN. If a? = a3 the TFN is called a triangular FN (TrFN).
If al = a? = a® = a* the TFN is reduced to a real number.

Given two positive TFNs A = (at,a? a®,a*) and B = (b',b?, b3 b*), the arithmetic
operations are defined by the following:

e Addition A®B=(a'+ b, a®+b?, a®+ b3, a* +b?). (7)
e Substraction AO B = (a' —b* a? - b3, a®—b?, a* - bY). (8)
e Multiplication AQ® B = (a' *b", a? xb?, a® = b3, a* * b*). (9)

Intuitionistic fuzzy sets (IFS) extended fuzzy sets by introducing a non-membership function
as follows [4, 19, 22]:

F = {(x, up(x), vp(x))lx € X} (10)

where u,(x) and v,(x) are respectively the membership function and the non-membership
function, with the following conditions:

ppX - [01], x€X - up(x) €[0,1]
vg: X - [0,1], x€X - vp(x) €[0,1]
us(x) +ve(x) <1, Vx € X.
The hesitancy function can be computed by the following:
mp(x) =1—[us(x) +ve(x)], Vx €X.
An IFS is convex if:
pur(Axg + (1= Dxy) = min(ﬂﬁ(x1),ﬂﬁ(x2)) and
vp(Axy + (1 = D)xp) < max(vp(xy), ve(x2)) (11)

forall x;,x, € Xand A € [0,1].
An IFS is normalized if there is an x, such that uz(x,) = 1 and vs(x,) = 0
An Intuitionistic Fuzzy Number (IFN) is a convex, normalized IFS.
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A Trapezoidal IFN (TIFN) 4 is described by 8-tuples (a?,a?, a3 a* a",a?,a%,a*), as
follows:

!

(x — al (x —a? : :
1 2 - 1 2
g & =x=a 7 g & =¥=4
1, a’<x<ad 2 <x<a¥
wio={ ", p=4 & @ sxsa (12)
x—a 3o < d x—al N W
a3_a4,a—x—a m,a <x<a
0, otherwise. 1, otherwise.
whereal <al<a? <a?<a®<a® <a*<a?.
If a? = a3 = a? = a¥, the TIFN is called a Triangular IFN (TrIFN).
If a¥ = a? =a3 =a* =al = a? = a® = a*, the TIFN is reduced to a real number.
5 Proposed approach
The balanced IFFTP (BIFFTP) could be written as follows:
( m n
minzz: 6ij®iij
i=1j=1
subject to
n
j=1
m
zfijgﬂ\’]]:l' ,n
i=1

F; 20 i=1,...mj=1.,n
where > and = stands for the fuzzy version of > and = respectively.

Two mindsets oppose, in the first, the problem is solved by retaining the fuzziness
contained. In which classical TP resolution procedures are adapted. The second way is to turn the
problem into its classic equivalent. Note that the methods dealing with the IFFTP that lead to
positive values have both opted for a conversion to crisp equivalent, which justifies our choice.

Introducing ranking function the BIFFTP becomes:

miniifk(é”@fu)

(

i=1 j=1
subject to
n
4 Zﬂe(azij) =R(S)i=1..,m (14)
j=1

R(E;)=R(D;) j=1,...n

E

1l
ey

L

=N

\ ij >6l= 1,...,m;j=1,...,n
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Then the crisp equivalent problem is resolved as a classical linear problem.

Different defuzzification [7, 8] and ranking [18, 23, 24] methods could be found in the
literature. Here, we adapt the ranking function used in [15, 37] for TrIFN. Let
A(at,a? a3 a",a?,a®) and B(b', %, b3 b",b?,b*") be two TrIFN. The ranking function is
defined as follows [37]:

al+2+a’+a®+a +2+a® +a¥
= .

R(4) =
Then
A=BifR(A) =R(B). (15)

6 lllustrative example

The only two methods that permits treating the BIFFTP, with positive outcomes are [15, 37].
Hence, we choose the example treated by both to able comparison. This dataset was also used
in [36]. In which 3 Suppliers delivered from 3 Destinations. The following table (Table 1)
resumes the intuitionistic fuzzy demands, costs and supplies.

D, D, D, Supply

S1 (1,49;0,4,12) | (3,13,14;2,13,15) (4,6,16;1,6,33) (6,7,10; 2,7,11)

S, (4,57;1,59) |(510,15;0,10,39) | (7,16,24;0,16,41) | (6,15,23;1,15,29)

S, (1,3,6;0,3,10) | (5,13,21;5,13,35) | (8,18,27;6,18,48) | (2,10,16;0,10,21)

Demand | (3,8,16;0,8,19) (1,6,7;0,6,14) (10,18,26; 3,18,28)

Table 1. BIFFTP example

The equivalent BIFFTP is:

( min(1,4,9;0,4,12)®%,, @ (3,13,14;2,13,15)®%,, D (4,6,16; 1,6,33) @5
@ (4,5,7;1,5,9)®%,, & (5,10,15; 0,10,39)®%,, ® (7,16,24; 0,16,41) @5
@ (1,3,6;0,3,10)®@%s, @ (5,13,21; 5,13,35)®%s, @ (8,18,27; 6,18,48) @55

subject to
.7?11 @ .7?12 @ .7?13 = (6,7,10, 2,7,11)
< .7?21 @ .7?22 @ .7?23 (6,15,23, 1,15,29) (16)

~
~

K31 @ X3, ® %33 = (2,10,16;0,10,21)
X1 @ Xy B %3 = (3,8,16;0,8,19)
Ry @ Koo ® %3, = (1,6,7;0,6,14)
%13 @ Xp3 @ %33 = (10,18,26;3,18,28)
L %jx0i=1..3j=1..3

74



Introduction ranking function (Eg. 15) and non-negativity conditions, the problem (Eg. 16)
becomes (Eq. 17).

( min(xl, + 8xZ +9x3; + 8x%; + 12x3))
+(3xk, + 26x%, + 14x3, + 2x1, + 26x2, + 15x3;)
+(4xt; + 12x2; + 16x3; + x15 + 12x2; + 33x3;)
+(4xd; + 10x3, + 7x3; + x3; + 10xZ; + 9x3;)
+(5x1, + 20x2, + 15x3, + 20xZ, + 39x3,)
+(7x3; + 32x%; + 24x3; + 32x%; + 41x3;)
1 2 3 2! 3’
+(x3; + 6x3; + 6x3; + 622 + 10x3;)
+(5x3, + 26x%, + 21x3, + 5x1, + 26x2; + 35x3,)
+(8x3; + 36xZ; + 27x3; + 6x1; + 36x2; + 48x3;)
subject to
(x%1 +2x2 + x5 + xll’1 + 2x121 + xfi) + (x%2 + 2x2, +x3, + x%'z + 2x12; + xf;)
+(xis + 2xf5 + x5 + XLy + 2x% + xf;) =57
(x%1 + 2x2, + x3; + x%ll + szzi + xgi) + (x%2 + 2x2, + x3, + x%’z + 2x§; + x23;)
+(x33 + 2x3; + x35 + xL + 2x2 + x%) =119
(x%1 + 2x3, + x3; + x%ll + 2x§1 + xgi) + (x%2 + 2x3, + x3, + x%ll + 2x§; + xgi)
\ +(xcds + 2x2; + x35 + xkg + 2xZ; + x35) = 79 (17)
(xdy 4 2x2 + x5, + x11'1 + 2x121 + xfi) + (%3, 4+ 2x3, + x5, + lell + Zx% + xg’i)
+(ocdy + 2x3 + %3 +xby + 2x2 + x3;) = 70
(x1, + 262, + X3, + xiy + 2x2, + x3,) + (xdy + 2x2, + x3, + x3, + 242, + x3,)
+(x§2 + 2x3, + x3, + x%lz + 2x§; + xS;) =46
(x4 2625 + X35 + xiy + 2x25 + xd5) + (ks + 2x2; + x3; + xd5 + 2425 + x33)
+(x§3 + 2x3; + x3; + x§’3 + ngé + xgé) =139
X3 >x3 >a =x >xl >xl >0
11 = 411 = 411 — 411 = *11 = 411 =
xf; > x3, > x2, = xf; >xl, > x%lz >0
3’>3>2_ 2l 5 51 5,1 S
Xi3 = Xi3 = X{3 = X{3 = Xi3 = Xi3 = 0
3’>3>2_2’>1>1’>
Xp1 = X371 2 X571 = X313 2 X33 = X1 =0
X3 > x3, > x2, = x2 >x1 >x1 >0
92 = X3 = X5 = X5y = Xgp = Xap 2
3 5 03 s .2 — .2 5,1 5 1
Xy3 = X33 2 X33 = Xj3 = X33 2 X320
3 S 03 > 2 — .2 51 5,1 S
X371 = X317 = X313 = X571 = X313 = X3, =0

3 2 _ .2 1 1’
X390 = X35 = X359 = X5y = X35 = X35 =0

3’ 3 2 _ .2 1 1’
\ X33 = X33 = X33 = X53 = X33 = X33 =0

The resolution of the above linear problem (Eg. 17) in addition to the results obtained in
[15, 36, 37], are resumed in the following table (Table 2).
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D, D, D;
[36] 0 (6,7,10;2,7,11)
_ [15] 0 (0,0,1;0,0,2) (6,7,9;2,7,9)
5 [37] 0 0 (6,7,10;2,7,11)
proposed 0 0 7.125
[36] 0 (—14,4,23; -26,4,37) | (0,11,20; —8,11,26)
B [15] (1,1,3;0,1,6) (1,3,3;0,3,4) (4,11,17;1,11,19)
S2 371 | (1,1,3;0,1,3) (1,6,7;0,6,12) (4,813;1,8,14)
proposed 0 4.625 10.25
[36] (3,8,16;0,8,19) | (—14,2,13; —19,2,21) 0
_ [15] (2,7,13;0,7,13) (0,3,3;0,3,8) 0
53 [37] | (2,7,13;0,7,16) (0,0,0; 0,0,2) (0,3,3;0,3,3)
proposed 8.75 1.125 0
[36] (137,292,502; 12,292,961)
Objective | [15] (63,313,773;2,313,1726)
function [37] (63,310,757; 2,310,1806)
proposed (137.75,293.875,505.5; 12.75,293.875,962.625)
[36] 347.5
Ranking | 115 483.5
Objective
function [37] 477
proposed 349.27

While the method proposed by Kumar and Hussain [36] achieves the best objective
function (Table 2), it produces some negative values. Focusing on the remaining methods, with
non-negative IFNs, our method results on the lowest transportation cost. It outcomes also on
lower uncertainty, uncertainty being the area described by the IFN membership function [20],

Table 2. BIFTP example

. - ’ I 1
which can be computed for a TrIFN Z(z%, 22, z3; 2%, 2%, z3') as follows:

!
73—z 4+ 7% — 2

1!

U@z) =

2
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7 Conclusion

In this work, we proposed a method to resolve the balanced intuitionistic fully fuzzy
transportation problem, by transforming it to its crisp equivalent. Unlike some methods that result
in negative shifted quantities, all our method’s outcome are positive.

Facing the multiplicity of intuitionistic fuzzy sets types and generalizations, which one
represent faithfully reality, or at least, produce a sufficient enough approximation. In future work,
we intend studying generalized IFN, type 2 IFN, interval valued IFN and their applicability to
the IFTP.
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