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Transportation problem (TP) has its uses in real life because it has versatile applications. Real-life problems are often uncertain due
to which it is difficult to find the accurate cost. The fuzzy set and intuitionistic fuzzy set are useful for handling the uncertainty, but
these also have some limitations. For that reason, in this study, we worked on another set of values called bipolar single-valued
neutrosophic set (BSNS) which is the generalization of crisp sets, fuzzy sets, and intuitionistic fuzzy sets to handle the uncertain,
unpredictable, and insufficient information in real-life problems. In this study, we develop a new technique for solving
transportation problems based on bipolar single-valued neutrosophic sets having nonnegative triangular bipolar single-valued
neutrosophic numbers (TBSNNs). A score function is used to transform bipolar single-valued neutrosophic numbers (BSNN’s)
into crisp numbers. We compare our proposed model with fuzzy transportation and intuitionistic fuzzy transportation models
and proved that bipolar single-valued neutrosophic transportation model is more admirable than the existing models. Fur-
thermore, we apply the proposed technique to fully solve the bipolar single-valued neutrosophic transportation (FBSNT) model.

1. Introduction

Nowadays, there is great competition among organizations
to find better methods to create and give better services to
their customers. They need a cost-effective method to send
the products to their customers. This is a more challenging
task. The models for transportation provide an effective
framework to encounter this challenge. They guarantee the
effective movement of raw materials and find products.

1.1. Motivation. In the mathematical programming prob-
lem, the linear programming problem is very well-known
and it has a wide scope to cover various fields. Among these,
transportation problem is the commonly used field. The TP
has its own importance in the field of logistics, supply chain
management, supplier selection problem, etc. The TPs have
great importance in many real-life applications. It works to
maintain the supply from source to destination. It is gen-
erally considered that transversal costs of supply and de-
mand are expressed in terms of crisp numbers. These values

are often not precise. As a result, various researchers have
been working on different TPs in fuzzy [1-3] and intui-
tionistic fuzzy [4, 5] environments, respectively. We pro-
posed a new technique to solve TPs in the bipolar single-
valued neutrosophic environment, which is a more gener-
alized form.

1.2. Literature Review. Zadeh [6, 7] proposed the concept of
fuzzy sets and fuzzy numbers to reduce uncertainty and
incomplete information. Atanassove [8] gave the idea of
intuitionistic fuzzy sets (IFSs), which is a generalization of
fuzzy sets. In an IFS, we consider the problem in both angles’
positive side and negative side to handle uncertainty. In an
IES, truth membership and falsity membership are inde-
pendent, while indeterminacy-membership depends on
their sum. Smarandache [9] proposed the notion of neu-
trosophic set theory. Smarandache [9] and Wang et al. [10]
defined single-valued neutrosophic sets (SNSs), which are an
extension of FSs and IFSs. In an SNS all membership
functions truth, falsity, and indeterminacy are independent.
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Deli et al. [11] suggested the idea of bipolar single-valued
neutrosophic set, which is the generalization of single-valued
neutrosophic sets [10].

The TPs are related to the transportation of raw ma-
terial from different sources to different destinations in
such a way that the total transportation cost is minimized.
Hitchcock [12] was the first to develop a basic trans-
portation problem. The transportation problem can be
elaborated as a standard linear programming problem. This
can be solved by the simplex method. It was found that the
simplex method when applied to the transportation
problem becomes more effective when evaluating the
simplex method information. Basirzadeh [1] proposed a
method to solve fuzzy transportation problems. Ladji et al.
[13] proposed a two-step method for solving fuzzy
transportation problems where all of the parameters are
represented by triangular fuzzy numbers i.e., two interval
transportation problems. Pratihar et al. [14] have modified
the classical vogel’s approximation method for solving the
fuzzy transportation problem. They also worked on the
interval type 2 fuzzy set and used it in a fuzzy trans-
portation problem to represent the transportation cost,
demand, and supply. Cam et al. [15] worked on the for-
mulation of a linear programming model for the vehicle
routing problem to minimize idle time. In fuzzy linear
programming problems (FLPPs), many scholars have
contributed. By using multiobjective function, Zimmer-
man [16] gave a technique to solve LP problem. After that,
to solve the transportation problems, Zimmerman’s fuzzy
linear programming has developed into several fuzzy op-
timization methods. In a fuzzy environment, Bellman and
Zadeh [6] introduced the different concepts of decision
making. Lotfi et al. [17] considered FFLP problems in
which all parameters and variables are triangular fuzzy
numbers. Allahviranloo et al. [18] solved FFLP problem by
using a kind of defuzzification approach. Behera et al. [19]
suggested two new methods to solve fuzzy linear pro-
gramming (FLP) problems. They solved two types of
problems with two different methods. Kaur and Kumar
[20] gave an introduction to FLP problems. Kaur and
Kumar [21] suggested an approach to find the exact fuzzy
optimal solution to FFLP problems by using unrestricted
fuzzy variables. Kaur and Kumar [22] proposed a new
method for finding the fuzzy optimal solution to fuzzy
transportation problems in which the transportation cost
are represented by generalized fuzzy numbers. Najafi and
Edalatpanah [23] suggested a better technique to solve the
FFLP problem than Kumar et al. [21].

Intuitionistic fuzzy linear programming problem is an
extension of the fuzzy linear programming problem. Many
researchers have worked on different methods to solve LP
problems in an intuitionistic fuzzy environment by using
intuitionistic fuzzy numbers (IFNs) and LR-type IFNs. Singh
and Yadav [4, 5] suggested two different techniques to solve
an intuitionistic fuzzy transportation problem (IFTPs) by
using triangular intuitionistic fuzzy numbers (TIFNs).
Abhishekh and Nishad [24] suggested a novel ranking
function for finding an optimal solution to fully LR-intui-
tionistic fuzzy transportation problem. In an intuitionistic
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tuzzy environment, Edalatpanah [25] designed a model of
data envelopment analysis with triangular intuitionistic
fuzzy numbers (TIFNs) and established a strategy to solve it.
Kabiraj et al. [26] solved IFLP problems by using a method
based on a method suggested by Zimmerman [16]. Malathi
and Umadevi [27] worked on IFLP problems in an intui-
tionistic fuzzy environment. Pythagorean fuzzy linear pro-
gramming is an extension of intuitionistic fuzzy linear
programming. Akram et al. [28, 29] suggested a technique to
solve Pythagorean fuzzy linear programming problems by
using Pythagorean fuzzy numbers and LR-type Pythagorean
fuzzy numbers. Akram et al. [30] used two different tech-
niques to solve Pythagorean fuzzy linear programming
problems having mixed constraints.

In daily life routine, we meet a variety of situations
depending on multiple factors like uncertainty in judge-
ments. Often it becomes difficult to get relevant data for
cost parameters. The data of this type cannot always be
represented by random variables obtained from the
probability distribution. These data may be represented by
bipolar single-valued neutrosophic numbers. So, a bipolar
single-valued neutrosophic method to make the decision is
needed. Abdel-Basset et al. [31] suggested a technique to
solve the fully neutrosophic linear programming (FNLP)
problems. Hussian et al. [32] suggested a linear pro-
gramming model based on neutrosophic environment.
Bera and Mahapatra [33] developed the Big-M simplex
method to solve the neutrosophic linear programming
(NLP) problem. Das and Chakraborty [34] considered a
pentagonal NLP problem to solve it. Das and Dash [35]
solved NLP problems with mixed constraints. Edalatpanah
[36] presented a direct algorithm to solve the linear pro-
gramming problems. Khalifa et al. [37] solved the NLP
problem with single-valued trapezoidal neutrosophic
numbers. Ahmed [38] suggested a technique to solve LR-
type single-valued neutrosophic linear programming
problems by using unrestricted LR-type single-valued
neutrosophic numbers. He proposed the ranking function
to transform LR-type single-valued neutrosophic problems
into crisp problems. Deli et al. [11] gave the idea of bipolar
single-valued neutrosophic set. Akram et al. [39] suggested
a technique to solve LR-bipolar fuzzy linear system.
Mehmood et al. [40, 41] defined LR-type bipolar fuzzy
numbers and their arithmetic operations. They also in-
troduced the ranking for LR-type bipolar fuzzy numbers
and solved numerical examples. Ahmed et al. [42] sug-
gested a technique to solve bipolar single-valued neu-
trosophic linear programming problems in which all the
coeflicients, variables, and right-hand side are presented by
bipolar single-valued neutrosophic numbers. Kumar [43]
presented the cut of single-valued pentagonal neutrosophic
numbers and also introduced the arithmetic operation of
single-valued pentagonal neutrosophic numbers. By using
two different objective functions, Singh et al. [44] for-
mulated the journey of a vaccine from its manufacture to its
delivery using bilevel transportation problems in a neu-
trosophic environment. Veeranani et al. [45] solved the
multiobjective fractional transportation problem by using
the neutrosophic goal programming approach [46-48].
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1.3. Our Contribution. Considering all the available data,
there are no methods in literature for TPs under the bipolar
single-valued neutrosophic environment. So, there is a need
to introduce a technique for BSN'TPs. As a result of our facts,
there are no optimization models available for TPs under
bipolar single-valued neutrosophic environment. This has
urged us to develop a new technique to solve TP with the
bipolar single-valued neutrosophic environment, which is
solved for the first time with the proposed technique. Bipolar
single-valued neutrosophic set theory is a well-known
technique to deal with uncertainty in the optimization
problem. This study has been categorized as follows: In
Section 2, basic concepts of BSNS, BSNN, TBSNNs, and

their arithmetic operations are discussed. In Section 3,
methodology for solving FBSNT problems are explained. In
Section 4, a mathematical transportation model is solved. In
Section 5, comparative analysis is discussed. In Section 6, the
advantages of the proposed method are discussed. In Section
7, the limitations of the proposed method are given, and the
conclusion is given in Section 8.

2. Preliminaries
Definition 1 (see [11]). Let Y be a nonempty set. A bipolar

single-valued neutrosophic set (BSNS) 1in Y is an object
having the form

p) :{<y,T§(y),1§<y),F§ D TE). (), Fi ()2 y € Y}, (1)

where Tf (y),IIP (y),Ff (»:Y —[0,1] and T-;i(y),l-}
(»), F,}(y): Y — [-1,0]. The positive membership degree
Tf( ¥), If( ¥), Fxp (») denotes the truth membership, inde-

terminate membership, and falsity membership of an ele-
ment y € Y corresponding to a bipolar neutrosophic set A
similarly negative membership degree Tl;«( y),Iif( y),F-;~ (»

A= <([.“1”’1’”1a91];)(p)’([!42”’2’”2’92]%/31))>([.‘43>V3a”3>93]5 Cp)’ (lyo 101 )5 ),
([v2: 12 12 K2 ] 90)s ([ V35 1135 13, K3 )5 9,)>

where x,,,,¢, € [0,1] and «,, ¢,,,7, € [-1,0] CR

S%"(}’)’ WrSY=Vp
s V), <y<Tm,
TT\‘P()’) _ X;p; 1) 1 n
S, m<y<o,
0, otherwise,

S% (») and U¥ (y) are continuous and increasing func-
tions satisfying the following conditions:

St(u) =08t (n) =y, » and UF(y) =a,Ur(n) =0,
while S®(y) and U%(v) are continuous and decreasing
functions and satistying the following condition:

S{(Y) W <y<y,

(=9,
Sr(y), m<y<0,,

1, otherwise,

[3p, v, Ly < Ty,

denotes the truth membership, indeterminate membership,
and falsity membership of an element y € Y to some implicit
counter-property corresponding to a bipolar neutrosophic
set A.

Definition 2 (see [33]). A BSNN on R is a BSN set such that

(2)
The truth membership values are given as
Ur(»): yi<ys<m,
a,, <y<i,

Ur(y), n<y<k,

0, otherwise.

S?(”l)sz’S;{"(el) =O>Ué(11) =0’U§(K1)=‘xn’ (4)

where Xp € [0,1],«, € [-1,0].
The indeterminacy-membership functions are given as

Ur(»), 12<y<ms
P> Mm<y<h, (5)
Uf(y), L, <y <k,
-1, otherwise.



Sf (») and U% (y) are continuous and increasing func-
tions satisfying the following conditions:
SR(my) = B, SF(6,) = 1, Uk(y,) =-1,Uk(n,) = 9,,, while
S} (y) and U? (y) are continuous and decreasing functions
and are satisfying the following conditions:

S1L~"(y)’ Us<y <73,

¢, V3 <y <715,
Er() =11 3

Sp(y), m3<y<b;,

1, otherwise,

SX(y) and UL (y) are continuous and increasing func-
tions satisfying the following conditions:

S?(”a) =C ’S§ (65) = 1’U1LD (vs) = _1>U1L: (13) = v (8)

SE(y) and UR(y) are continuous and decreasing func-
tions and are satisfying the following conditions:

S1L: (u3) = I)va (v) = Cp’U§ (13) = v U§ (r3) = -1, )
where (P € [0,1],», € [-1,0].
Based on [49], we define some basic definitions.
Definition 3. We define a TBSNN defined on R
A= <( (145> > ﬂi];Xp’ﬁp’Cp)’ ([vi> 1> 1] @ o ¥) > (10)

is said to be nonnegative TBSNN if and only if
u; >0and p; >0, where i =1,2,3suchthaty; <v;<m; simi-
larly Vi< <y also Xp>Bp>Cp € [0,1] and
X PV € [-1,0] CR .

Definition 4. We define a T,BNN defined on R
A= <( (11> Vi> 35 ei];Xp’ﬁp’[p)’
([ 11 112 835 0y 910 V) >

is said to be positive T,BSNN if and only if y4; > 0and y; >0,

(11)

where i=1,2,3andy; <v;<m; <0, Similarly,
y; <1; <1; < K;,also Xp>Bp>Cp € [0,1] and
X @V, € [-1,0] € R.
Y-t
EANE <y<
7’1_[41XP, Hi1=y=7p
Xp> VISYST,
-7 (y) = 1
0, -y
5, _ﬂlxp, m<y<o,
0, otherwise,
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S (1) = 1,7 (1) = B Ur (1) = 90U () = =1, (6)

where f, € [0,1],¢, € [-1,0].The falsity membership
functions are given as

Ur(») v3<y<ns,
n n> S Sl >
F (y) — . }73 y 3 (7)
Ur(»), 5<y<xs,
-1, otherwise.
Definition 5. A TBSNN
X = <([sv6 1] X0 Bos € )s ([V05 1105 115 @ 90 7,)
(12)
is said to be zero if y, =0,v,=0,m =09 =0,
171=0,tl=O,Xp=0,ﬁp=0,{p=0,an=0,<pn=0, and
v, = 0.

Definition 6. Two TBSNNs

<( (41715 ”1]§Xp’/3p’ <p)’ (e 1> 15 & @ V) >

<( (225 ”2]§X;’ﬁé> (;Iz)’ ([v2 120 12]5 0> @ V) >
(13)

L
L

are said to be equal if yy = p,, vy = V5,71 =7y, Y1 = P 1y =

! ! ! ! i
Mot =Xy = XpBp=Bplp=Cpay=anp, =9, and
Vn = Vn.

Definition 7. Based on [50], we define T,BSNN defined R
denoted by
A(Y) = <( (#1711, 01];Xp)’ ( (2> V2, 3, 92];ﬁp)’
) ([.‘43’1’3’”3’93];%) (v 11> 1o 15 )
([y2r 112 22 |3 @)s ([¥35 1130 135 K3 ]5 90)

(14)

whose truth, indeterminacy, and falsity membership func-
tions are presented by
(Y~ V1
O VISYST,
M=y
%> msysih,
TI" (y) =1
K1~y
«, LW SYSKp,
o~ " 1S)VsK
L 0, otherwise.
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i (”2_)’)+ﬁp(x_.“2)

>

>

V)~ My
By
HFm=1"
(y—m)+PB,(6,- )
0, - m,
L 1,
(3= 9)+ (v —ws)
V3~ U3 ’
{p
F (y) =1 P
(J’_”3)+(p(93_)’)
05 — 14
[ 1,

>

U= Y=Yy
V, S Y<TI,,
ﬂzsyseza

otherwise,

U< Y<3,
'V3SyS7T3;
3 < y<0;,

otherwise,

where Xp,[)’P, (p € [0,1] and «,,¢,,7, € [-1,0] c R.

Remark 1. If we set v; = m; and #; = 1; in Definition 7, the
triangular bipolar single-valued neutrosophic number

(TBSNN) is obtained, where i = 1,2, 3.

SQA) =

(TP +1-TF () +1-FP () +1+T"(y) - T"(y) - F"(y))

5
) _) 4 B
(n=2)*+ ey =12) e yEn,
=72
() P> MmEy<ih,
-~ y = 3
1
b-u) el -y) L<y<r,
K=l
L -1, otherwise,
[ (13 =)+ 7, (¥ —v3)
> S SVI >
s — 75 Y3sY=s1;
; V> N3y <3
F‘X (y) =1 (15)
(y —13) + 7, (x5 _J’)) 1<y <Ky,
K3 — I3
L -1, otherwise,

Definition 8 (see [51]). Let A =<(TP (»), IP (), F? (y),
T"(y),I" (y), F" (y))> be a BSNN then the score function is
presented by

Definition 9. Based on [52], let

( [l/‘s’ Ve> Te> 96]; V,lq)> and

([Y6’ Mo o> Ko Vﬁ)>

be two nonnegative T,BSNN’s, then,

Ti@hy = <[y + v+ + 0,6, + “1]§X:,/\)(f,)v (I + 2%, + 11575 + 15,0, + Kz]iﬁ:;vﬁi)v
( (lps +y3, V3 + 113, 713 + 13,05 + "3]1{;\/(;)! ([t + Vas Vs + 0o 7y + 14,64+ 1] o, Ve,
([5 + Vs> Vs + 1155 5 + 15, 05 + K] 0uAQR), ([ + Voo Ve + e T + 1 O + Kgls YAV >

Yok, = <(luy = k1w =1, = 1,6, = )’1]5)@1'/\)(;)» [ty = Ko vy = 13,11, = 1, 6, = yZ]:ﬁ;Vﬁ;)’
(2) Clty == 131y = 1308, = s CVERD ([t = 03y = 147, = 100, =, v,
(L5 = 65, v5 = 15,715 = 15,05 = 515 9uA@R), ([ts = K55 V5 = ks T = N B = Vol VyAV2)>

(3) )Ll ®/\2 = ([ﬂa)’yVsﬂzx”z’zxesk,z]l(;V(;)x ([}441'4»“’4’74»”4‘4’94"4]3“;11\/“?1)’

3. Methodology to Solve FBSNT Problems

_ (16)
6
X = <L v 001 Xp )s ([ v2 712 6515 By ) (135 73 13, 6515 ), ([0 Vs 7145 05 00, ), ( [15 755 7155 655 9,),
~ 2 2 2 2 2 (17)
Ay = <( [y 1> 11 K1]§Xp)’ ( (V2> 112> 12 Kz]%ﬁp)’ ( (V3> 113> 13, %35 (P)’ ((Y4’ M > Ky ); “ﬂ)’ ( [¥s: 115015, 5] (P“)’
m n —_—
MinimizeZ = Y Y CJ] ® X}, (18)
i=1 j=1
subject to
et " X B '
WY "1 Tl 1"1]:)(;,/\)(‘0)’ ([l‘szvVzﬂzvﬂl‘l'elxz]’ﬂPvﬁP)‘ Z Xl] = Ei = Supply’ Vi= 1’ 2’ 3) e
(Lusys vshis: msts, Osxs]; ‘Pi/\(l’f,)v ([4sY6 Vsl Mot Bsksl; VyAvR)> s
m
ZX}’}’:]“:‘?I:Demand,Vj=1,2,3,---,’% (19)
i=1

In this section, we present a new method that is based on the
formulation of FBSNLP to solve FBSNT problems. We
discuss the steps to calculate the bipolar single-valued
neutrosophic optimal solution of FBSNT problems with

nonnegative TBSNNGs:

>0,Vi=1,2,3,...,mVj=1,23,...,n

where 6?}’,)2?}’, E:N, and F}N are all TBSNNG.



Step 1. Determine total bipolar single-valued neutrosophic
availability and total bipolar single-valued neutrosophic
demand.

If

YE =YE, (20)

= a balanced bipolar single-valued neutrosophic trans-
portation problem (BSNTP).
If,

>H

Jj=1

E;. (21)

s

I
—

An unbalanced BSNTP.
That is,

<( [t tho tic]5 X o B {p)> ([Vio Wi Xk ]5 Q> @0 ¥0) >
£ <[5 thuf)s 0 B C1), (vl xl: gy )
k=1,2,3.
(22)
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Then one of the following case arise.

Case 1. sp<sp, tp—Sp<ti—5Sp, Ue—te< U —tL v
! ! ! ! !

Svk, wk—'Vkka—Vk, xk—wkﬁxk—wk.

Case 2. sp=sp, b= S2ti—5Sp,  We—te2u— LV

ZVIQ, wk—VkZlU]i—V’é, xk—wka,i—w,é.

Case 3. When the above two cases do not hold, then there
may exist infinitely many TBSNNGs,
<([si>ti,ui];x}ﬁ/3},,<”),([v}pwi,ka U P )

1 1 i
<([Sk’tk>uk] Xp> ﬁp )([Vk’wk’xk] n’(Pn’ n) >

k=123,
(23)

such that

<([5k»fk>”k]5xps/3ps(p)’ ([vio Wi Xk |5 ¥> @ Vs )>€B<([5k’tk’uk] Xpsﬁps ) ([wak»xk] “n’(Pn’ )> =

<([shtiotel: g By €y (v wioxil gt @ <([stoth ol iy 83065 ). ([0 kot

But we have to determine such TBSNNs
<([st0 tio ks B ) ([vio wio ks s 03 70)>

IS U U B LS LS LS LS L PR LIRS LN
<([Sk,tk,uk]7Xp)ﬂp)(p))(|:vk)wk’xk]7“71’(/)"’%1)>’
k=1,2,3,

(25)

ol ooy (24)
n’q)n’ n

which satisfy the following conditions.

@) <([Sk’tk>uk] Xp’ﬁp’{ ) ( Vk’wk’xk] “wﬁ"w” )>
and <([sk,tk,uk] Xp ﬁp C ) ([vk ,wk ,xk] oc
<pn v ")> are nonnegative TBSNNs.

(ii) It satisfies

<(Tsio tio il 1o By ) (Vo wio %5 @ @ )> @ <([ 310 tio 1] 3o By € )» ([Vio w00 25 0 939, )> =

<([shtho ) 2By 0 (vl whoxi): gl @ <([skottuf Jsy B0 ) ([ vkt |

(iii) Further, if there exists two nonnegative TBSNNs
< ([mg 1> 01 s Vo ) ([P1> i Tids s Co 0)>

n’¢n’ n

LY 1’>. (26)

and < ([m{,n, 0); 1, vy 1)y ([pis G T4); s G
6,)> such that

<([Sk)tk’ uk];Xp’ﬁp’Cp)’ ([Vio wi> x4 5 “n>¢n’vn)>$<([mk’ > Ok ] U Vp’”p)’ ([P @ 7] 1> C 60)> =

<([stio i xpo By Cp)s ([vio wio X1 @y @ 9> @ <( [ s o5 v,

then

’ ror I w1l (27)
ﬂp)’ ([pk’ s rk]; > (n’ en)>’
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2R<( (M ”k»ok]Wp) Vps ﬂp)’ ([P 9 i) > C 0,)> 2 ER<( [511 tllc’ “11]5)(}/3;: (},), ( [Vllowllc’ xi]? “;11’ 90;11’ ”;11)>

R<( il 0l g v g (Lot il o G 00> > R [ttt af Jsxy 83065 ) ([ ok Jih ol ool )

(28)
—W
Step 2. Suppose  C;; <([cU,cU,cl] 1 vij wig)s
4 5 67.81 41 1
([Cij>cij’ci]']7Eij’Wij’wij)>)
W 4
Xij = <([xip x5 x5 s 0 1o ), ([ 255 3]s 0 73, 03f) > (29)

s
Il

B\ = <([ehelve]i ot ). ([elsefsef ] kX 0)> and B = <([£ £ L) (15 £50 S5 )i ))>

Then FBSNTP (18) can be transformed as

m n
MinZ = 224[% ij ij];gij’%j’wi) ([C?J’CU’CU] &ijp vip @i )>®<([x1],x12],x3]] Oij» Tij» Vij ) ([le’ ij 11] T Tip UiJ,')>’
i=1 j=
(30)
subject to
n
5 <[5l 0. ([ 55> = <([eh el im0, ([ el o)
- (31)
2 <Dy xih 0w (i i s o i i) = <55 75 F5 ki 3 (P53 15 £33 €03)>
=
C T 1 2
where <([x xl] xl]] 0> Tij» Vij ), ([xl] x] x6j] O'l],TIJ, MinZ = zz<([d1]’d1]’d ] .”z]"szp”lz])
v;)> are nonnegatwe TBSNNG. i=1 j=1 (32)
dld,ds w8
Step 3. By applying arithmetic operations as described in ([ g ] Hi Oip i )
Deﬁnition 9 and putting subject to
<([¢};r cjc” ‘Eu Vij» U)([C!JCUCU] Euwu U)>®<([Xuxu x,]]a \T; v”)([xu i x)]a T "u)
»= <([d,‘, dd s 8o, (Lo dly iy 0, mi)> s
then the FBSNTP (30) can be transformed as
n
Z<([X xl]’xIJ] 01]’ l]’ ) ([xl,l’x xl]] Gl]’ lJ,’ ) ([e” € ?];Ki’li’ei)’([e?’ef’ef];K;’/\;’G;‘)>’
=1
- (33)
2 <l xip s o i) (i s i i) = (L5 15 F5 L i ) (L5 5 S5 €5 03)>
=
m n ) 3
where <([X l]’ 1]] Ul]’Tl]’ULJ) ([x,]) ij ?j];ai],')Ti]," Mlnz:zz S<([ ’J’dll’d ] y’]’(sl]’nll)
v;;)> are nonnegatlve TBSNNG. =1 j=1 (34)

4 45 16

([ i iy ]s s 05 i) >
Step 4. Now applying the score function, the FBSNTP (32)
can be transformed as subject to
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n m n
1
1 1 . : 1 3 4 5 6
injzei,V1=1,2,3,...,m, MinZ = Zzg(3+d —dij+di].—dij—dij), (36)
j=1 i=1 j=1
n .
Y= Vi=1,23,. . ,m, subject to
j=1 n
n Y oxi=e,Vi=1,23,...,m,
Zx?j=e?,Vi=l,2,3,...,m, =1
j=1 n
n Y X =€ Vi=1,2,3,...,m,
fo‘j:e?,Vi:I,Z,&...,m, j=1
j=1 n
n Y X =€, Vi=1,23,...,m,
Y X =€, Vi=1,23,...,m, =
j=1 n
n Zx?j:e?,Vizl,Z,&...,m,
Y X =€, Vi=1,2,3,...,m, =1
j=1 n

n foj=e?,Vi=1,2,3,...,m,
Y oAk, i =1,2,3,...,m, i1
j=1 n

foj :e?,Vi: 1,2,3,...,m,
ZTUVA Vi=1,2,3,...,m, i=1

n
Y oAk, Yi=1,2,3,...,m,
ZUUVG Vi=1,2,3,...,m, j=1

ZTUV)L Vi=1,2,3,...,m,

NgE
.-.x,_.

I
—

i=fpYi=1,23,..,n,

ZUUVGP\# =1,2,3,...,m,

2 .
.»ij,V]=1,2,3,...,n, =1 (37)

M=
kst
SN

]
—

X=fpVi=123,...,n,

x
S

™M=z Vs

Il
—

4 .
1j=fj’v_]= 1,2,3,...,n,

Mz
kas
o

= fVi=1,23,...,n

M=
®
o

Il
—

= fVi=123,...,n,

n
Y oV, Yi=1,23,...,n
j=1

ZT,J/\A’ Vi=1,23,...,n

Mz Iz IVs EMS EMs E’M§ "

j=1 i=1
i n
Y i Vi=1,2,3,...,m, (35) Y oKLV =1,2,3,....n,
j=1 j=1
where <([x},x2, x315 00015 0;:), ([xF, 75, %815 0%,
2 i g T tij T i i i
T,-], )> are nonnegative TBSNNG. Z;TU/\)‘ Vji=L23....n
j=
n
Step 5. To obtain fuzzy optimal solution, the following crisp vi}/\@i Vi=123,...,n
linear/nonlinear programming problem is solved: =1



Mathematical Problems in Engineering

1 3,2
> - xl> -x% > > - X}

6le§0 xl] X520, x5 — x3; Ox] Ox] xU_O

xij = x7;20, 05, 7,5, v € [0,1] and 0,5, Tl], v;j € [-1,0]

Vi=1,2,....,mVj=12,...,n
Step 6. An optimal solution is obtained by solving a crisp

linear/ nonlinear programming problem: H

1 2 4
X l .{x]x]x]x]
X X055 Tisy Uk, O' T

ij Xij Gijp Tipp U¥ijp Oip Tijo Vi

Step 7. Find the bipolar single-valued neutrosophic optimal
of the FBSNTP (18) by putting the values of

i ip M i T i Dip Hjp T P J

. W
in Xj
= <([xfjy x5 %551 0355 T v3), ([ 555 %515 00 T35 037>

. =W
solution X; J

xbox2 xd xt x2 xS 04, T, U, 0 T andv]'

Step 8. The minimum bipolar single-valued neutrosophic
transportation cost/bipolar single-valued neutrosophic op-
timal value of the FBSNTP (18) are found by setting the
values of X ;> as obtained in Step 7, in Y, 37 C}?’ ®Xf}’

%,,8%,, = <([70,100,130]; 1,0,0.4), ([55, 100, 155];
X, 8%,, = < ([50,70,90]; 1,0,0.3), ([35,70, 115];
%,,8%, = <([50,60,70]; 1,0,0.2), ([30, 60, 100];

%,8%,, = < ([40,70,100]; 1,0,0.1), ([40, 70, 100];

where X,,, X5, X,;, and X,, are nonnegative TBSNNGs.

<([15,17,18];1,0,0.2), ([16,17,19];

<([20,22,24];1,0,0.3), ([21,22,23];

Minimize

<([25,28,30];1,0,0.4), ([27,28,29];

<([30,40,50];1,0,0.1), ([35,40,45];

4.1. Step 1. Now as,

total supply = <([120,170,220];1,0,0.3), ([
90,170,270];-1,0,-0.3)>

Total demand =<([90,130,170];1,0,0.2), ([
70,130, 200]; -1,0,—-0.4)>

= an unbalanced FBSNTP. So, we add dummy rows and
dummy columns to make a balanced TP.

4. Numerical Example

Example 1. FFC Transportation Model

Fauji Fertilizer Company (FFC) has two plants in
Gujranwala and Karachi and two main centers in Lahore and
Peshawar. The capacities of producing urea at plants are
<([70, 100, 130]; 1,0, 0.4), ([55, 100, 155]; —1,0,-0.3)> and
<([50,70,90]; 1,0,0.3), ([35,70, 115]; 1,0, -0.2)> and the
demands at the two delivery centers of urea for the same
time are < ([50, 60, 70]; 1,0, 0.2), ([30, 60, 100]; —-1,0,-0.1)>
and  <([40,70,100];1,0,0.1), ([40, 70, 100]; -1, 0, —0.4)>,
respectively. The trucking association in charge of trans-
porting the wurea charge <([5,6,7];1,0,0), ([3,6,10];
-1,0,-0.1)> Rs. per ton urea. Thus, the transporting costs
per ton urea on different routes are given in Table 1.subject
to

-1,0,-0.3)>,

-1,0,-0.2)>,
(38)
-1,0,-0.1)>,

-1,0,-0.4)>,

-1,0,-0.3)>® %@

-1,0,-0.4)> @ X1,®
, (39)
-1,0,-0.5)>®%,,®

-1,0,-0.1)>®X%,,

Dummy row = <([10,30,30];1,0,0.1), ([0, 30,40
1;-1,0,-0.2)>

Dummy column = <([40, 70, 80]; 1,0, 0.2), ([20, 70,110
]:-1,0,-0.3)>

So, by assuming bipolar single-valued neutrosophic
transportation cost of unit quantity of product from
dummy source to all destinations and from all sources to
dummy destination to be zero bipolar single-valued neu-
trosophic numbers, then FBSNTP (38) can be transformed
as follows.
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<(F0—01-*[00T ‘0£“0%]) (T°0 ‘0 ‘T :[00T ‘0L ‘O%]) > <(1°0- ‘01— *[00T ‘09 “0€]) “(z°0°0 ‘T :[0£ 09 ‘0S]) > puewaq

<(T0—-0“1-*[STT 0L ‘G€]) “(€'0°0 T [06 ‘0L ‘0S]) > <(1°0— 01— *[S¥ ‘0% ‘S€]) “(1°0 ‘0 ‘T *[0S ‘0% “0€]) > <(5'0— 01— *[6Z ‘8T "£T]) “(¥'0 0T ‘[0€ ‘8T ‘ST]) > Tyoerey]
<(€0— ‘0“1 *[SST 00T ‘SS]) “(¥°0 ‘0“1 :[0€T ‘00T “0L]) > <(F0—01-*[eT TT TT]) “(€°0°0 ‘1 :[¥T TT0T]) >~ <(€0— 01— [61LT°OT]) (T0O0 ‘T :[£T ‘91 CT]) > eemueIng
Addng TeMeYUSaJ aI0yERT sjue[d

‘[epowr uoneyrodsuer) D T I14V],
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4.2, Step 2.

<([15,17,18];1,0,0.2), ([16,17,19]: ~1,0,-0.3)> ® X,,®
<([20,22,24];1,0,0.3), ([21,22,23];-1,0,-0.4)> @ X1,®

<([0,0,0];1,0,0), ([0,0,0];-1,0,0)> ® X ;@

<([25,28,30];1,0,0.4), ([27,28,29];-1,0,-0.5)> @ X,,®
Minimize| <([30,40,50];1,0,0.1), ([35,40,45];-1,0,-0.1)>®X%,,® |, (40)
<([0,0,0];1,0,0), ([0,0,0]; -1,0,0)> ® X,,®
<([0,0,0];1,0,0), ([0,0,0];-1,0,0)> ® X5, ®

<([0,0,0];1,0,0), ([0,0,0];-1,0,0)> ® X5,®

<([0,0,0];1,0,0), ([0,0,0];-1,0,0)> ® X,

subject to

%, 0% ,®X%,; = <([70,100,130]; 1,0,0.4), ([55, 100, 155]; —1,0,-0.3)>,

X, ©X,,®%,; = < ([50,70,90]; 1,0,0.3), ([35,70,115];~1,0,-0.2)>,

X5, 0%5,®%5; = < ([10,30,30]; 1,0,0.1), ([0, 30,40]; 1,0, -0.2)>,

X,,8%,, 8%, = < ([50,60,70]; 1,0,0.2), ([30,60,100]; —1,0,-0.1)>, )
X,,8%,,8%5, = < ([40,70,100]; 1,0,0.1), ([40,70, 100]; —1,0,-0.4)>,
X,,8%,;8%5; = < ([40,70,80]; 1,0,0.2), ([20,70,110]; -1,0,-0.3)>,
where X,;, X5, X3 X1, Xy X3, X31, X35, and Xj;, are  4.3. Step 3. By assuming
nonnegative TBSNNGs.
Xn = <([hmys i B é0)s ((hn s mals ms Bt 1) >
X1y = < ([T migs 0|3 710 Bra $12)> ([ia 112 13)s 711, Bz 12) >
Xi3 = < ([l myz 3]s 71030 Brss b13)s ([Liz Mz 3]s 703 Buss 613) >
X1 = < ([l Moy, 11 |3 15 Bors @21)s ([t a1 11 |3 70215 Bt 621) 7
%30 = < ([l M0 133 ]3 71305 By 622) ([lazs M3 133 ] 722 Bz $22) > (42)
Xp3 = <([La3s 133, 133 ] 703 Bz $23)» ([Lass 123 13 )s a3 s $23) >
%31 = < ([l map 31| 731, Bt $31)> (Lt st 1] 7031 Bt 1) >
X33 = < ([Ls 30113 ]3 713, B3y 632) (L2 133 133 )3 733 Bz $32) >
X33 = <([La3, 33,1133 )3 733, Bz $33)> (L33 133 1133) 7033 Bz 33) >
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where X,;, X5 X135 X35> Xp3» X235 X315 X3y, and X3 are 4.4 Step 4.
nonnegative TBSNNs, then the FBSNPP (40) can be
transformed as follows.

subject to

Minimize

<([15,17,18]:1,0,0.2), ([16,17,19]: =1,0, ~0.3)> ®
<([Lsmys g ] B 61)s (s mats w5 700 B 611) @
<([20,22,24]:1,0,0.3), ([21,22,23]: =1,0, -0.4)> ®
< ([l Mz 1o |3 7010 Bras $12)> ([Ligs M2 115)5 15 Brgs h12) >
<([0,0,0];1,0,0), ([0,0,0];-1,0,0)>®
<([hasmizoms]s 15 Buss 13)s ([Ligs g 3]s 7003, Brss h13) >@
<([25,28,30];1,0,0.4), ([27,28,29];-1,0,-0.5)>®
< ([0, 31 |3 70205 Bars 021)> ([Tt mats a1 |3 7215 Bots 1) @
<([30,40,50];1,0,0.1), ([35,40,45];-1,0,-0.1)>®
< ([T Mps 1y |3 7205 B 22> ([Lags Mg 03] 72, By h23) @
<([0,0,0];1,0,0), ([0,0,0];-1,0,0)>®
<([La3s M3 133 ] 723 Bazs $23)> ([Lazs M35 13 )5 235 Bas h23) >
<([0,0,0];1,0,0), ([0,0,0];-1,0,0)>®
<([I31sm31sm31 |3 7030 Bars $31)> ([La1> M5 131 ]5 71315 Bag 31 ) >@
<([0,0,0];1,0,0), ([0,0,0];-1,0,0)>®
<([I32s m3ps 135 ]3 733 Bans $32)> ([Lags M35 133)5 35 By h37) >
<([0,0,0];1,0,0), ([0,0,0];-1,0,0)>®

< ( [l33) Ms3, ”33]? 733, Bss» ‘/’33)) ( [133,’ m33', ”33’]5 7733”!333’7 ¢33,)>

; (43)

< ( [111’ myy, ”11]§ 1 Birs @11)s ([111” m11’> ”11/]; 7111’,/311', ‘/511,)> ®< ( [112’ mMys» ”1z]§ 12> Pras ¢12)’
([l 12103 ]3 70135 Brgs 12)> @ < ([L13 M3 15 ] 7013 Brzs D13)s ([Lrzs 103 113 )5 7035 Brss h13)>
= <([70,100,130]; 1,0, 0.4), ([55, 100, 155]; ~1,0,~0.3)>
< ([l M1 151 )3 7015 Bt $21)s ([t 1> 151 7101 Bots §21)> © < ([Lyos M0, 13 5 000 Brgs 633
( [l2zl’ mzz,) ”22,]§ 7722’> ﬁzzl ‘/’22I)> &< ( [123’ My3» ”23]; 23 Bz $23), ( [123,’ ’”23,’ ”23,]; 7723’) ﬁzé ‘/523,)>
= <([50,70,90];1,0,0.3), ([35,70,115];-1,0,-0.2)>
< ([0, maps 3, |3 7030 Bags @31)s ([La1s M1 131 ] 7031 Bats h31)> @ < ([Lags M35 135 |5 7395 Bags $32)
(132 M35 1133 ]; 7335 Bs 32)> @ < ([ L33 M3, 133 ]; 733 Bazs D33)s ([La3s M35 133)5 71335 Bazs h33)>
= <([10,30,30]; 1,0,0.1), ([0, 30,40]; ~1,0, —0.2)>
<([Lmypng i ms B ¢11)s (Lm0 Buts @11)>@ < ([l M1 19, 5 701 Bots 621)s
([Tt a1, 131 )3 1, Bats 621)> @ < ([I31 31, 1131 s 7031, Bays @31)> (L1 M1 131 | 731 Bt 1) >
= <([50,60,70];1,0,0.2), ([30,60,100]; -1,0,-0.1)>
< ([l Mg 15 )i 7105 Bras $12)s ([Ligs M35 113) 710 Bras @12)> @ < ([ Lo M0, 1103 )5 0 B $55)s
( [lzzl’ mzz,’ ”22,]5 7'[22,> /322,’ ¢22I)> &< ( [132’ M3;s ”32]? 7355 B3 ‘1532)’ ( [132I> m3zl> ”32I]§ 7'[32’, ﬁszl’ ‘I532I)>
= <([40,70,100];1,0,0.1), ([40,70,100]; -1,0,—0.4)>
<([Li3s Mz 3] 70135 Bizs $13)> ([L3 M3 113 )5 71035 Brzs 913)> @ < ([Lags M3 1153 ]5 71035 Bass $23)s
([La3 ma3s 3] 73 Bozs 923)> @ < ([ L33, M3 11335 733 Bazs B33)s ([ L33 M3 133 ] 7033 Bazs ha3) >

= <([40,70,80];1,0,0.2), ([20,70,110];-1,0,—0.3)>.

(44)
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4.5. Step 5. By applying arithmetic operations, the FBSNTP
(43) can be transformed as

<([15};,17my,, 18n,,]; 1A, OVB1, 0.2V, ), ([ 16141, 17my 1, 19n,1];
=1V |, 0ABy 1, —0.3A$, 1 ) >@< ([201,,, 22m,,, 24ny, |; 187, OV, 0.3Ve,,),
(0113, 03, 05 ];
INTT13, 0VBy3, 0V
<([250,1,28m,,, 301y, |5 1Ay, OVB,;, 0.4V, ), ([271,1, 28m,1, 291, ];
o =1V, 0AB,1, —0.5A¢,1 ) >@< ([301,,, 40my,, 501y, |5 1AM, 0VfB,,, 0.1V, ),
Minimize N
([3502, 403, 45m,, |; =1V 733, 0Ny, =0.1A¢5,) @< ([Oly3, 0rmiys, Origs ]
1AL, 0Vy3, 0VEy3), ([0Ly3, 0y, 0mys]; =1Vy3, 0AB,3, OAG3) >
<([0L3;, 0mgy, Oms |5 1A, OVBsy, OV, ), ([011, Oy, Ongy 5
—1V731, 0ABs1, 0731 ) @< ([0, 0misy, Onisy |5 1ATT35, OV Bs,, OV, ),

([21113,22m,3,23n3]5 =15, 0ABy, _0-4/\¢12,)>®<< >> ([0113,0my3, 0my3]; ~ 13, 0ABy3, 0Ny 3) >

([0133, 0ms5, 0m3, |5 =1V7135, OABs5, OAD3;) @< ( [0l33, 0, O ];
1ATE33, 0Vs3, 0V@s3), ([033, 0ms3, 0nys]; —1V7s3, 0ABs3, 0As3) >

(45)

subject to

N[myAmpnms] =1

VI[B11 VB VB3] =0
3 3 3 3 > 3 V[ Vo, V5] = 0.4
< DL =70, my; =100, ny; =130, ¥ I} =55 m,} =100, n}= 155,); [$11Vo Vo)
=1 =1 =1 =1 =1

= V[my Vi) = -1
/\[ﬁn’/\ﬁlz’/\ﬁla’] =0
L A[$1iAp1A13] = -0.3 / |
r Ny ANy =1\ ]
V([B21VB2 V] =0
3 3 3 3 3 3 VbV Vil = 0.
<,-_1lzj = 50,] = 70,];712]. =90, j;lz]’. = 35,;%]’. = 70,;;12]’. = 115,); V[[iz,vizviﬁ _ :3
/\[ﬁzll/\ﬁzzl/\/szé] =0
L N[$2iN2N$3] = -0.2 / ]
[ N Ampimgs] =1\

V[B31VB3 VB3] = 0

3 3 3 3 3 > V[¢51Vs, Vs3] = 0.1
( 213;‘ =10, Zm3j = 30,2 ny; = 30, 213]’. = O)Z”%} = 3()’2”3]{ - 40,>; (6313, Ve33] ’
: : P P

V[ms Vs viy] = -1
/\[ﬁ31,/\/332,/\/333l] =0
L A[p31A3AP33] = =02/

j=1 j=1 j=1 j=1
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where

3 3 3 3 3 3
< D hy =50, my =60, my =70, Y L{=30,) m =60, n= 100,>;
k=1 k=1 k=1 k=1 k=1 k=1

3 3 3 3 3 3
< Dl =40, my, =70, ) my =100, Y Ly =40, my3 =70, n = 100,);
k=1 k=1 k=1 k=1 k=1 k=1

’ ' /
ﬂkj’ﬂkj’ (/)k] € [0> ]-],: ”kj’/jkj’ ¢k] € [—1, 0] and
lkj’ 7’,”](1 _,ij’ ,nk] - I;nk] >0, lk]
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Ay Ay Ay ] =1\ ]
V[B11VB V5] =0
V[¢11V¢21V¢31] =02
V[”11IV”21,V7731’] =-1
A[BiiABABs] = 0
A[$1i7$21A$5] = 0.1/ ]
A[mpAmpAms, ] =1
V[B12VB, VP, ] =0
V[¢12V¢22V¢32] =0.1
V[,V vy] = -1
A[B1sAB2ABs,] = 0
/\[¢12,/\¢22,/\‘/’32,] =-04/ ]
NmisNmpsAmss] =1\ ]
V[ﬁ13vﬁzsvﬁ33] =0

> 3 3 3 3 3 V([¢13Ve,3Vess] = 0.2
< D lis =40, ) Mg =70, myy =80, ) 5 =20, ) my5 =70, ) mys = 110,); [13025V913] » (46)
k=1 k=1 k=1 k=1 k=1 k=1

V[V Vi) = -1
A[B13AB2ABs3] = 0
/\[(/513//\‘/)23,/\‘/533,] =-03/

4.6. Step 6. By applying score function Definition 8, the
FBSNTP (45) can be transformed as

5 mkj—lk]-, nkj—mijO; k= 1,2,3;j= 1,2,3.

Minimize S

subject to

N

J

3 3 3 3 3 V[, Ve,V =0.4
( L =70, my; =100, Y ny; = 130, ZZI}=55,ZmU’.=100,2;11]’.:155,); [$11V4rV1s) ,
L &

151,, + 201, + 01,5 + 2515, + 30I,, + Ol,5 + O3, + 0I5, + 0I5 ]
+17m;, + 22my, + Omy3 + 28m,; + 40m,, + 0my; + Oms; + Omg, + Omags
+18n,, + 24n,, + 0ny3 + 30n,, + 50n,, + 0n,3 + Onz; + Onz, + Onss

, (47)
+161,1 + 211, + 01,5 + 271 + 3515, + 0l + O3] + Ols, + 0L+

17my; + 22my, + Omys + 28m,, + 40m,, + Om,; + Oy + Omy, + Omgs+

1911 + 231, + Ony3 + 291, + 451, + Onys + Ony| + Ony,y + Ongy

Al Al =10\ )

V[ﬁnvﬁlzvﬁls] =0

V[mvmvms] = -1
A[ﬁl{AﬁlzlAﬁISI] =0
A[¢11,/\¢12,/\¢13,] =-03/]

j=1 Jj=1 Jj=1 Jj=1
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N[y Ay Ay ] = 1
V(B VByuVBy] =0

3 3 3 3 > > V[, Ve, V5] = 0.3
<j_zllzj = 50,j:zlm2j = 70,;;12]. = 90, j:zllz]’. = 35,;1 my) = 70,;1 ny} = 115,); V[[ﬁzl{vizzvﬁzz% .
A[B2AB B3] = 0
L A[$1APApp3] = ~0.2
N[y AmppATs] =1

V[B31VB3,VB33] = 0

3 3 3 3 3 V(5 V3, Vs3] = 0.1

z: }: § ! z i z: i . 31 3277733
131210’, lm3j:30"1n3j:30’ A1l3j:0,A1m3].:30,A1n3j:40,>,

7= J= J= J= J=

3

/-~

V[75,Vi, Vi) = -1
A[B31AB3A\B33] = 0
L N[$517$521$53] = -0.2 / ]
N[y Ay Ay, ] = 1
V[ﬁllvﬁmvﬁﬁ] =0
2 S S S > > | Ve Ve Ve ] =02
<k; L = 50,];1 My = 60,; My = 70, k; L = 30,](21 My, = 60,1;1 el = 100,), VI vmivm] = 1
ABuABABs] =0
L /\[(/511//\‘/)21,/\‘/531,] =-0.1
AN, | = 1
V[B1,VBrVPs] =0
: : : > S > | VIgnVenVves,] =01
<z;lk2 40,];1 My, 70,;nk2 100, k;lkz 40,; m, 70,2‘1;1,(2 100,), V[l = 1
/\[/512’/\/322’/\ﬁ32’] =0
L A[¢12/A‘/522,/\‘/532l] =-0.4
A[msAmysAms ] =1
V[B13VBy3VPs3] = 0
Y : : > S > | VIgisVersVess] = 0.2
<z;lk3 40,];1mk3 70,k§:’ink3 80, k;lk3 20,;%(3 70,}{22’(1,(3 110,), Vi vmvnl] = 1
A[Br13ABy3ABs3] = 0
L A[$137$23$53] = 0.3

1

-

B

15

,  (48)

where 7, B, @y € [0, 1],, nkj'-,lﬂk]'-, ¢kj'» € [-1,0], and 47 Step 7. Now, we solve the following crisp linear pro-

lk;) Myj = lkj,’ My — My >0, L, my - gramming problem as
lkj’ nk]—kaZO, k = ].,2,3, ] = 1,2,3.

151,, + 201, + 01,5 + 25l,; + 301, + 0L, + Ol3; + Ol;, + 0I5
+17my, + 22my, + 0m 5 + 28m,, + 40m,, + 0m,; + 0ms; + Omg, + Omisy
1 +18ny; + 24n,, + Ony3 + 30n,; + 50n,, + 0ny; + Or15; + Or13, + Or155
Minimize — )
+16l,; + 211, + 01,3 + 271, ] + 35,5 + Ol,; + 0l5; + 0L, + Ol +

17my| + 22my, + Omy 5 + 28m,y| + 40my, + Omy; + Omg) + Omgy + Omgs +

19n,{ + 231y, + 0nys + 29n,] + 45n,, + Onys + Ong, + Ongy + Ongy

(49)
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subject to

A[mpAmpAms] =1\ ]
V[IgllvﬁIZVﬂl?ﬁ] =0
3 3 3 3 3 3 \% Vé,V =04
<lej =70,y my; =100, n,; =130, Y 1,1 =55 m,} =100, Y n,} = 155,); [$11V912V ]
j=1 j=1

! 1 !
j=1 j=1 V[ Vi) = -1

i1 =
/\[/511//\/312IAﬁlsl] =0
L Alp1Ad 1A 3] = =03/

N[y Ampimys] = 1
VI[B21VB2VPx3] =0
3 3 3 3 3 3 V[¢21V¢22V¢23] =03
L,: =50, ) my; =70, Y n,; =90, ¥ L,'=35% m,; =70, Y n,’ =115, |;
<j—1 ! 1:21 ! ]:Zl ! ]Zl ! ]:Zl ! FZI ! V[my Vi V) = -1
A[B2AB2ABy3] = 0
L /\[‘/521,/\‘/522,/\9‘523’] =-02/
N ArpAms] =1\ ]
V[ﬁ31vﬁ3zvﬂ33] =0
3 3 3 3 3 3 Vv Vs,V =0.1
< Zl3j - 10,Zm3j = 30’Zn3j =30, 2131’. = O’Zma} = 30,2,13]( _ 40,>; (31 V3, Vehss]
=1 =1 j=1 =1 =1

1 ! !
j=1 V[ Vs, Vss) = -1

A[B31AB3/\B33] = 0
L A[$517321$33] = ~0.2
A[my Ay Ay | = 1

V[ VB VB3] =0
3 3 3 3 3 3 \V2 \V V =0.2
< Dl =50, ) myy =60, my =70, Y L =30, ) my = 60, )y = 100>>; 9 V9V ,
k=1 k=1 k=1 k=1 k=1 k=1

(50)

V[m V] = -1
/\[ﬁn,/\ﬁzf/\ﬁnl] =0

- /\[‘/’11’/\‘/’21’/\‘/’31,] =-01/
NmpAmpim, =1\

V[B1,VB2VBs,] =0

3 3 3 3 3 3 V¢, Ve,V =0.1
< Y 5y =40, Y myy =70, my =100, Y L3 =40, Y mys =70,y nyg = 100,); 412922V
k=1 k=1 k=1 k=1 k=1 k=1

V[V V] = -1
N[B1aAB2MB3 = 0
. N@1A$Np3y] = ~0.4 /
A[misAmsAms] =1\ ]

V[B13VB; VB3] = 0
3 3 3 3 3 3 \V VsV =0.2
< Dl =40, ) mys =70, my =80, ) g =20, ) myg =70, ) ms = 110,); 915V V9]
k=1 k=1 =

V[mavisviy] = -1

ABi3ABy3ABs3] = 0
L Ap13Ady3A¢53] = =03 /
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TasLE 2: Comparison of optimal values.

FBSNTP <([2050, 3470, 5300]; 1,0, 0.4), ([1810, 3915, 6490]; —1, 0, —0.5)>
FIFTP [5] (2050, 3470, 5300); (2050, 3470, 5300)
FFTP [1] (2050, 3470, 5300)
1+
0.5 1
0 T T T T T
2000 3000 4000 5000 6000
-0.5 4
-1 4

—— Truth membership
—— Indeterminacy membership
Falsity membership

FIGURE 1: Graphical representation of bipolar single-valued neutrosophic transportation cost discussed in Example 1.

0.8 1

0.6

0.4 -

0.2 4

T T T T T T
2500 3000 3500 4000 4500 5000

—— Truth membership
Falsity membership

FIGURE 2: Graphical representation of intuitionistic transportation cost [5].
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4000 4500 5000

FIGURE 3: Graphical representation of fuzzy transportation cost [1].
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1 A
0.8
0.6 -
0.4 4
0.2 4
0 T T T
2500 3000 3500
—— Truth membership
! ! !
where . B i € [0, 1],, nkj,,ﬁkj, (ij € [-1,0], and

lkj’ mkj - lkj’ nkj - mkj 20, lkj’ mkj - lkj’ nk]-
-m;=0; k=1,2,3; j=1,2,3.

4.8. Step 8. By using the software MAPLE, we get optimal
solution

I, =0,1,=40,15 =301, =50, 1,, =0, L,; =0, I3, = 0, Ly, = 0, L; = 10, m,, = 10,

my, = 50, my3 = 40, m,,; = 50, m,, = 20, m,; = 0, mz;, =0, m;, = 0, my; = 30, n;; = 20,

ny, = 60, ny3 = 50, 1y; = 50, 1y, = 40, 1,5 = 0, 13, = 0, 13, = 0, 135 = 30, I4; =30, I, = 5,

l;3=20,1=0,1=351,;=0,1;1 =0, 1, =0, ;3 =0, m; =55, my, =5, my3 = 40,

(51)

! ! ! ! ! ! ! ! ! !
my, = 5, My, = 65, my3 = 0, my; =0, my, =0, my3 = 30, n; = 80, ny, =5, n;3 =70, ny,; =20,

I _ I _ I _ I _ I _
Ny, = 95, ny3 = 0, n3; = 0, n3, = 0, 133 = 40.

4.9. Step 9. 'The bipolar single-valued neutrosophic optimal
solution is

x,; = <([0,10,20];1,0,0), ([30,55,80];-1,0,0),

Xy, = <([40,50,60];1,0,0), ([5,5,5];-1,0,0)>,

X3 = <([30,40,50];1,0,0), ([20,40,70];-1,0,0)>,

X, = <([50,50,50];1,0,0), ([0,5,20];-1,0,0)>,

X,, = <([0,20,40];1,0,0), ([35,65,95];-1,0,0)>, (52)
X,; = <([0,0,0];1,0,0), ([0,0,0];-1,0,0)>,

X5 = <([0,0,0];1,0,0), ([0,0,0];-1,0,0)>,

X5, = <([0,0,0];1,0,0), ([0,0,0];-1,0,0)>,

X33 = <([10, 30, 30]; 1,0,0), ([0, 30,40]; —1,0,0)>.

4.10. Step 10. The minimum bipolar single-valued neu-
trosophic optimal value of FBSNTP is

<([2050, 3470, 5300]; 1,0, 0.4),

(53)
([1810,3915,6490]; -1,0,-0.5)>.

5. Comparison with Existing
Transportation Model

Singh et al. [5] and Basirzadeh [1] suggested different tech-
niques to solve intuitionistic fuzzy transportation problems and
fuzzy transportation problems, respectively. We have proposed
a method to solve an unbalanced FBSNTP. By using our
proposed method to Example 1, which is discussed in Section 3,
we have obtained the minimum total single-valued neu-
trosophic transportation cost < ([2050, 3470, 5300];1,0,0.4),
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([1810, 3915, 6490];
as follows:

—1,0,-0.5)>, which can be interpreted

(i) The smallest amount of the minimum total trans-
portation cost is 2050 units for positive membership
and 1810 units for negative membership

(ii) The achievable amount of the minimum total
transportation cost is 3470 units for positive and
3915 units for negative membership respectively

(iii) The largest amount of the minimum total trans-
portation cost is 5300 units for positive membership
and 6490 units for negative membership

Thus, the minimum total transportation cost for positive
and negative memberships will always be larger than 2050,
1810 units, and smaller than 5300, 6490 units respectively,
while for both memberships most probably the minimum
total transportation cost will be 3470, 3915 units.

Results of Example 1 and existing models [1, 5] are given
in Table 2 and are shown graphically in Figures 1-3.

From Figures 1-3 it is proved that single-valued neu-
trosophic transportation model is the most generalized model.

6. Advantages of Proposed Method

The proposed transportation model is based on a bipolar
single-valued neutrosophic environment. This method is
comparatively better than other methods in terms of
advantages.

(i) In literature there is no method to solve an unbal-
anced FBSNTP. So, this is a new and helpful ap-
proach for the decision makers.

(ii) A BSNT model is more powerful than an intui-
tionistic fuzzy model [5] and a fuzzy model [1]. Thus,
this technique is more general than fuzzy and
intuitionistic fuzzy environments respectively.

7. Limitations of the Proposed Method

In this section, the limitations of proposed method 3 are
pointed out.

(i) The proposed method 3 can be used to find the
minimum bipolar single-valued neutrosophic opti-
mal value of the balanced and unbalanced FBSNTP
by using nonnegative triangular and trapezoidal
bipolar single-valued neutrosophic numbers

(ii) The unbalanced transportation problem 4.1 is given
in Table 3

8. Conclusion

In this study, we have suggested a new technique to solve an
unbalanced FBSNT problem by using nonnegative triangular
bipolar single-valued neutrosophic numbers. A score
function has been applied to transform TBSNNs into crisp
numbers. We have solved the FBSNTP on the basis of bi-
polar single-valued neutrosophic linear programming for-
mulation. Furthermore, we have compared our method with

Mathematical Problems in Engineering

the existing fully intutionistic fuzzy transportation models
[5] and fully fuzzy transportation models [1].

We aim to extend our study to include the following
topic:

(1) bipolar single-valued neutrosophic rough trans-
portation models.
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