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Abstract. Transportation problems offer a structured approach to optimize the allocation of resources, mini-
mize transportation costs, and improve overall efficiency in supply chain and logistics management, leading to
several advantages for businesses and organizations. Fuzzy transportation problems are particularly relevant
in supply chain and logistics management when dealing with uncertain demand, fluctuating costs, or imprecise
data and the intuitionistic fuzzy transportation problem is a more advanced modeling technique that takes into
account the nuanced handling of uncertainty and imprecision using intuitionistic fuzzy sets(IFS). It provides a
more realistic approach to decision-making in situations where classical or fuzzy models may not capture the
subtleties of uncertainty in data. In this article, we demonstrate a novel approach to resolving transportation
problems in a neutrosophic atmosphere. Neutrosophic set is an extension of fuzzy and IFS and it is classified by
three independent membership grades: truth, indeterminacy, and falsity membership grade. These sets are bet-
ter suited to handle imprecise parameters. Transportation cost and demand are taken as neutrosophic numbers.
Vogel’s approximation method is used to get the optimum solution of this neutrosophic transportation problem.

Also, we performed a numerical instance to figure out the successful outcome of our suggested technique.

Keywords: Neutrosophic Sets; Neutrosophic Triangle Fuzzy Numbers; Ordering of Triangle Fuzzy Numbers;
Neutrosophic Minimum Total Cost; Vogel’s Approximation Method.
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1. Introduction

In the current landscape of intense market competition, several firms are actively seek-

ing more effective strategies to enhance their ability to generate and provide value to their
consumers, therefore fortifying their overall position. The task of efficiently and securely deliv-
ering items to clients while minimizing costs has grown more complex. In order to address this
formidable task, transportation models provide a robust foundation. The optimization issue
discussed is well recognized within the field of operational research and was first formulated by
Hitchcock in 1941.The primary objective of the transportation problem is to ascertain the op-
timal shipment schedule that reduces the overall shipping cost, while simultaneously meeting
the constraints of supply limitations and demand needs. The classical transportation problem
pertains to a distinct category of linear programming problems.
In [1-8], many authors developed the concept of transportation in fuzzy, intuitionistic fuzzy
and neutrosophic environments. According to these findings, in this paper, alternative sim-
ple methods are proposed for solving neutrosophic fuzzy transportation promblems and for
solving neutrosophic fully fuzzy transportation problems. Vogel’s approximation method is
used to find initial basic feasible solution for neutrosophic fuzzy and neutrosophic fully fuzzy
transportation problems.

The transportation problem, while the cost for shipping a single unit of a good from a
particular source to a target is quantified by neutrosophic numbers, however the availability
and demand can be illustrated with real numbers, is usually referred to as the neutrosophic
transportation problem.

The transportation problem, when the characteristics such as the cost of transmitting a unit
amount of a product from a particular source to a specific destination, the availability, and
the demand, are presented as neutrosophic numbers, is commonly known as the neutrosophic
fully fuzzy transportation problem. Problem pertaining to the distribution of goods and
services, wherein the cost involved in transporting a singular unit of a particular item from
a designated origin to a specified destination is quantified using neutrosophic fuzzy numbers,
while the accessibility and requirement is indicated using real numbers, is referred to as the
neutrosophic transportation problem.

The only difference between the classical methods and the neutrosophic fuzzy methods
is that in the neutrosophic fuzzy numbers, the arithmetic operations of neutrosophic fuzzy

numbers are used instead of arithmetic operations of real numbers.

2. Preliminaries

Definition:1 |9

Let x be any element belongs to the universal set X. A neutrosophic set A in X is demonstrated
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by truth T4, indeterminacy I4 and falsity-membership function F4. Here, T (z), Ia(z) and
F4(x) are nothing but the real standard or non-standard elements of [0,1]. i.e.,
Ta: X — [0,1]
Iy: X —[0,1]
Fa:X —[0,1]

and no restriction on the sum of T4 (X),/4(X) and F4(X), and also
0 < supTA(X) + supls(X) + supFs(X) < 3.

Definition:2 [9]
A single valued triangular neutrosophic number ((a, b, ¢); wg, vz, ya), is a unique neutrosophic
set on the real number R, of which the truth, indeterminacy and falsity-membership functions

are given as follows:

%ﬁgé (a <z <b)
pale) = § GH b<z<o

0, otherwise

peel, (a<o <)

vi(z) = ¢ L=brusles) (< g <o)

0, otherwise

Coriusle-a) (g <o < b)

Aa(z) = %, (b<z<ec)

0, otherwise

Definition:3 |9

Let wg, ua, ya € [0,1] and a1, az, a3, as € R such that a; < as < az < ay. Then a single valued
trapezoidal neutrosophic number, a = ((a1, a2, as, a4); wa, ua, ya) is a unique neutrosophic set
on the real line R, of which the truth, indeterminacy, and falsity-membership functions are

given as follows:

wg (=), foray <z < ao

ag2—ai
pa(z) = Wa, foras <z <ag
a - p—
w&(a(tf_é,% foraz <z <ay
0, otherwise,
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a2—ztua(@—a1) forar <z <ay

as—a1 )
() Uz, foraz <z <ag
Va\r = r—a alas—
3tug(as—)
—aias o Joraz<r<ay
1, otherwise,
as—z+ys(z—ar)
a5 Jorar <z <ag
Nam) = {4 U foras <z <ag
a - z—az+ys(as—x)
aimas foraz <x<ay
1, otherwise,

where wg,ug, and yz implies the maximum truth, minimum indeterminacy and minimum
falsity membership degree, respectively. A single valued trapezoidal neutrosophic number
a = ((a1,a2,as,a4); wa, ua, ya) may approximately identical to [ag,as] and it is denoted to be

an ill-defined quantity about a.

2.1. Arithmetic Operations on Triangular Neutrosophic Fuzzy Numbers

AN _ o /i " RPN __ Y Y/ 1
Let AY = (a1,a92,a3;a),a2,a5; a7, a2,a3) and BY = (by,ba, bs; b}, ba, b5; by, ba, b5) be two

triangular neutrosophic fuzzy numbers.Then

i) AN @ BN =
(a1 + b1, az + ba,as + bs; ay + V), ax + be, al + b af + b, ag + ba, af + V%)
i) AN & BN =
(a1 —bg,az — by, a3 — by;al — by, a0 — ba,aly — b);af — b5, as — ba,a — bY)

i) AN @ BN = (my, ma, mg; m), ma, ml; my, ma, my), where

my = min{albl,albg, a3b1, agbg}, mg(: m/2 = m’2’) = (12[?2,

mg = mazx{aib, a1bs, asbi, asbs}, my = min{al b}, a by, asbl, asbl},
my = maz{ai by, ai by, agby, azby}, my = min{ayby, afb3, azby, azbs},

" 1"yl 1"yl "yl "yl
my = maz{ayby, aybs, azby, azbs},

_ a1, Aao, Aas; Aa)y, Aag, Aak; Aa’l, Aag, Aas); A > 0,
iv)AAN:(l 2, Aag; Aay, Aag, Aag; Aay, Aag, Aag)

(Aas, Aag, Aai; Aaf, Aag, Aal; Aaf, Aag, Aaf); A < 0,
2.2. Ordering of Triangular Neutrosophic Fuzzy Numbers

Let AN = (a1,a2,a3;ay,az,a%; a7, az,ay) and BN — (b1, b2, ba; by, ba, b3 b, bo, bY) be two
triangular neutrosophic fuzzy numbers.Then
i) AN = BNifR(AN) > R(BN)
i) AN ~ BNifR(AN) = R(BY)
where R(AN) _ [a1+2a2+a3+a’1+2{122+a’3+a’1’+2a2+a’3’

and R(B’N) _ [b1+2bo+b3+b) +2by+b5+b7 +2b3+b5]
12
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2.3. Arithmetic Operations on Trapezoidal Neutrosophic Fuzzy Numbers

Let AN = (al,ag,ag,a4,al,aQ,a3,a4,a1,a2,a3,a4) and

BN = (by,by,bs, ba; by, by, b, bly; b, 4,b4) be two triangular neutrosophic fuzzy num-

bers.Then

i) AN @ BN = (a1 + by, ag + by, a3 + bs, ag + by; a)y + b, aly + by, ay + by, ay + bl;

al + b, ay + b5, a + b5, alf + b))

ii)le GBN = (al — by, ag — ba, a3 — by, ag — by;a) — b, ay — by, ay — by, aly — b;
_ b", _ b//7 _ b//7 " b//)

111)AN @ BN = (ml,mg,m3,m4,ml,mQ,mg,m4,ml,mQ ,mf,mj), where

my = min{a1by, a1bg, asby, asby}, mo = min{agbs, asbs, asbe, asbs}

ma = mam{agbg, agbg, a3b2, a3b3} my = mam{albl, alb4, a4b1, a4b4}

my = min{a} b}, ajbly, aybl, ayby}, mbh = min{abbly, abbl, abbly, asbs},

mly = max{ahdly, atby, abl, agb’} m}y = max{a}by,a)bl, ajby, aybl},

mlll — mln{a” /! aa/ Z’a// /! } m2 — mln{a” /! a// g’ 14 // //b//}

" __ /AN /AN // /! /! AN/ /AN /AN
my = maz{asby, asby, a 27%5 h m = maz{aiby, ajby, aj 17“4 4

A1, A2, AAZ, AQ4; AQYy AQgy AAZy Ay AQY 5 Algy AAZ, AQy )5 > ;
Aar, Aas, Aag, Aa; A}, Aah, A, Aag; Aaf, Aalj, A, Aa); A > 0
AQAQZ 5 AQ2, AQL; AQ yAQg, Al y AQ7 5 AAYAGQ a2, Aay); A < U,
Aagdag, Aag, Aaq; Aayjhah, Aah, Aa; Aalf\af, Aag, Aaf); A < 0

iV)AAN =

2.4. Ordering of Trapezoidal Neutrosophic Fuzzy Numbers

Let AN (ala a2, as, a4; al? aQ? a3a a47 al ) a27 (13, a4) and
BN = (by,by,bs, ba; b, b, b5, bly; b, 05, b4, b)) be two triangular neutrosophic fuzzy num-
bers.Then
)AN = BMifR(AN)) > R(BW))

11)AN~B sz( (N)) R(B(N))

where R(AN) = lovtartastastayraytayairaytoyrayaf]
and R(BV) = [utbotbatbutby by bbby b+ b
12

3. A New Method For Solving Neutrosophic Fuzzy Transportation Problem Of
Type-I1

3.1. Notations:
c¢i;=Unit neutrosophic transportation cost;
a;=Neutrosophic availability:

dj=Neutrosophic demand:

x;j=Neutrosophic quantity.
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3.2. Algorithm for proposed method

The stepwise procedure of proposed method is carried out as follows.

Step (1): Construct a neutrosophic fuzzy balanced transportation problem as in below table.

Sources Destination D1 Destination D2 Destination Dn Availabilities
S1 ay, bin, s ahyg, bin, sy, bu, € | ana, big, caa; g, bia, €p; afly, bia, ¢y A1n, Oin, Cln; @4y, Din, s @, b1, a
Sy gy, ba1, can; ahy, bat, s aly, bar, €y | aza, baz, C20; b, bag, Chy; gy, bag, Coy A2n; ban, Cans Gy, ban, Chyys Ay, bon, oy b
Sn An1, bnts Cat; @pys Dnts Gy @y buts Cny | @n2, b2, €n2s Ao, bn2s Ca Gings Dngy Ena |+ | @nny bins Cans s nns G s D, G z
Demand A B ] VA
Step (2): In general, The above table may be expressed as follows:
Minimize
m n
! . / /s . /! .
R E E (Cijb Cij2, Cij3; Ci515 Cij2, €535 G515 Cij2, Cz‘jS)xU]
i=1 j=1

subject to the constraints

n
szj a;;t 1,2, ..... ,m,
j=1
m
Z.%‘ij— J,]—I,Q, ..... s
i=1
i > 05i=1,2,.....,m;j =1,2,...... N (1)
Step (3): Using the relation,
m n m n

R[E E (aijabijac’ijaaijabz]acij7aijvb1]7cij)]_E E R(aljabl]7CZ]»az‘j7bljvcijaa7jjvbljacij)

i=1 j=1 i=1 j=1
,the above problem can be stated as
Minimize
m n
L ron "
E E R[(cijus cij2, Cijs; Ciji, Cijes Cijai Cijis Cig2s Cij3) Tij )]
i=1 j=1
subject to the constraints
n
g Tig = a1 =1,2,.....,m,
j=1
m
E Jiij—bj,j—l,Q, ..... ,n,
=1
x5 > 05i=1,2,.....om;j =1,2,...... T (2)

Step (4): The expression

R(Ax (a,b,c;a’,b,d5a”,b,d")) = Ax R(a,b,c;a',b,¢';a”,b, ") can be used to rewrite the above
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problem as
Minimize
m n

! . / /) . /! .
E E R(CijlaCij?)Cij3aCijla01]27Cij3,cijlyclj27cij3) X ml_j)

i=1 j=1

subject to the constraints

3)

Step(5) : With the help of R(a,b,c;d’,b,c;a”,b,c") = “Hb*c*“/”lb;d*a"*bJrCN, rewrite the

above problem

Minimize

/ / 1 I
[Cijl + 2Cij2 + ¢ij3 + Cij1 + 20@'2 + Cij3 + Cij1 + QCU‘Q + CijS]

m n
=1 j=

1

subject to the constraints

12

X Tij

Step(6) : Find the optimal solution by using Vogel’s approximation method.

Step(7) :The minimum neutrosophic fuzzy transportation cost is

m n

. /) i
E E (CijlycianCij37Cijlacij2acij3acij1aCij2acij3) X Tij

i=1 j=1

3.3. Numerical example

Step (1): The existing neutrosophic fuzzy balanced transportation problem can be given
below.
Sources Destination D1 Destination D2 Destination D3 Destination D4 Availabilities
S1 2,4,5;1,4,6;0.1,4,6.1 2,5,7;1,5,8,0.1,5,8.1 4,6,8;3,6,9;2.1,6,9.1 4,7,8;3,7,9;2.1,7,9.1 11
S 2 4,6,8;3,6,9;2.1,6,9.2 | 3,7,12;2,7,13;1.2,7,13.2 | 10,15,20;8,15,22;7.2,15,22.1 | 11,12,13;10,12,14;9.2,12,14.2 11
S3 3,4,6;1,4,8,0.2,4,8.5 | 8,10,13;5,10,16;4.1,10,16.2 2,3,5;1,3,6;0.2,3,6.2 6,10,14;5,10,15;4.2,10,15.1 11
S4 2,4,6;1,4,7:0.1,4,7.2 |  3,9,10;2,9,12;0.2,9,12.1 3,6,10;2,6,12;0.1,6,12.3 3,4,5;2,4,8;0.1,4,8.2 12
Demand 16 10 8 11
Step(2): The above problem can be transformed into the neutrosophic fuzzy linear program-

ming problem.

Minimize

[(2,4,5:1,4,6;0.1,4,6.1)211 @ (2,5,7;1,5,8:0.1,5,8.1) 212 ®
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(4,6,8:3,6,9:2.1,6,9.1)215 @ (4,7,8;3,7,9;2.1,7,9.1) 14 B
(4,6,8:3,6,9:2.1,6,9.2)z0 & (3,7,12;2,7,13; 1.2, 7,13.2)20 &
(10,15, 20; 8,15, 22; 7.2, 15, 22.1) 203 @ (11,12, 13; 10,12, 14; 9.2, 12, 14.2)zr04 &
(3,4,6:1,4,8;0.2,4,8.5)z3 & (8,10,13;5,10,16; 4.1, 10, 16.2)z32 &
(2,3,5:1,3,6;0.2,3,6.2)233 @ (6,10, 14; 5,10, 15; 4.2, 10, 15.1)z34 ®
(2,4,6;1,4,7;0.1,4,7.2)241 @ (3,9,10:2,9,12;0.2,9,12.1)240 &
(3,6,10;2,6,12;0.1,6,12.3)z43 & (3,4,5:2,4,8;0.1, 4, 8.2).44]
subject to the constraints
x11 + x12 + 213 + 214 = 11,
To1 + T2 + Ta3 + 24 = 11,
x31 + T32 + w33 + T34 = 11,
T41 + Ta2 + 243 + 244 = 12,
T11 + 21 + w31 + 241 = 16,
T12 + To2 + w32 + 242 = 10,
T13 + T23 + 33 + T43 = 8,
T14 + Xog + X34 + 44 = 11,
;> 0;0=1,2,3,4,5 =1,2,3,4.

Step(3): By step (3) in the algorithm, we have
Minimize
R [(2,4,5;1,4,6;0.1,4,6.1)a11 © (2,5,7;1,5,8;0.1,5,8.1)z12 ®
(4,6,8:3,6,9:2.1,6,9.1)215 @ (4,7,8;3,7,9;2.1,7,9.1)z14
(4,6,8;3,6,9:2.1,6,9.2)a21 @ (3,7,12:2,7,13:1.2,7, 13.2)295 &
(10,15, 20; 8,15, 22: 7.2, 15, 22.1) 203 @ (11,12,13; 10,12, 14; 9.2, 12, 14.2)ar04 &
(3,4,6;1,4,80.2,4,8.5)z31 @ (8,10, 13; 5,10, 16;4.1, 10, 16.2) 232 &
(2,3,5:1,3,6;0.2,3,6.2)233 @ (6,10, 14; 5,10, 15; 4.2, 10, 15.1)z34
(2,4,6;1,4,7:0.1,4,7.2) 241 © (3,9,10:2,9,12;0.2,9,12.1) 240 &
(3,6,10;2,6,12;0.1,6,12.3)743 & (3,4,5:2,4,8;0.1, 4, 8.2).44]
subject to the constraints
11 + x12 + 213 + 14 = 11,
To1 + T2 + Ta3 + 24 = 11,
x31 + T32 + w33 + x34 = 11,
41 + T2 + @43 + 244 = 12,
r11 + 21 + w31 + 241 = 16,
T12 + To2 + w32 + 242 = 10,
713 + T23 + 233 + T43 = 8,
T14 + Toa + T34 + T44 = 11,
zij > 0;0=1,2,3,4;5 =1,2,3,4.
Step(4): Using step(4), the above problem becomes

Minimize
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[R([(2,4,5;1,4,6;0.1,4,6.1)z11) & R((2,5,7;1,5,8;0.1,5,8.1)x12) &
R((4,6,8;3,6,9;2.1,6,9.1)213) © R((4,7,8;3,7,9;2.1,7,9.1)214) ®
R((4,6,8;3,6,9;2.1,6,9.2)291) © R((3,7,12;2,7,13;1.2,7,13.2)292) ©
R((10,15,20;8,15,22:7.2,15,22.1)z03) @  R((11,12,13;10,12,14;9.2,12,14.2)x94) @
R((3,4,6;1,4,8:0.2,4,8.5)z31) ® R((8,10,13; 5,10, 16; 4.1, 10, 16.2)z32)
R((2,3,5;1,3,6;0.2,3,6.2)x33) & R((6,10, 14; 5,10, 15; 4.2, 10, 15.1)z34) &
R((2,4,6;1,4,7;0.1,4,7.2)z41) & R((3,9,10;2,9,12;0.2,9,12.1)242) &

R(3,6,10;2,6,12;0.1,6,12.3)z43 ® R((3,4,5;2,4,8;0.1,4,8.2)x44)]
subject to the constraints

11 + 12 + 713 + 214 = 11,

To1 + T2 + woz + T24 = 11,

r31 + T32 + w33 + 134 = 11,

41 + Ta2 + w43 + 244 = 12,

r11 + 21 + w31 + 241 = 16,

T12 + T22 + w32 + 242 = 10,

713 + T23 + 33 + T43 = 8,

14 + x24 + X34 + w44 = 11,

2y >0i=1,2,3,4;j =1,2,3,4.

Step(5): The relation in step(5) connect the later problem into below one
Minimize

[R((2,4,5;1,4,6;0.1,4,6.1)211 & R(2,5,7;1,5,8;0.1,5,8.1)z12
R(4,6,8:3,6,9:2.1,6,9.1)a13 ® R(4,7,8:3,7,9;2.1,7,9.1)x14 &
R(4,6,8;3,6,9;2.1,6,9.2)x91 & R(3,7,12;2,7,13;1.2,7,13.2) x990 &
R(10,15,20;8,15,22;7.2,15,22.1)x93 ©® R(11,12,13;10,12,14;9.2,12,14.2)x94 @
R(3,4,6;1,4,8;0.2,4,8.5)x31 & R(8,10,13;5,10,16;4.1,10,16.2)z32 B
R(2,3,5;1,3,6;0.2,3,6.2)x33 ® R(6,10,14;5,10,15;4.2,10,15.1)z34 B
R(2,4,6;1,4,7;0.1,4,7.2)z41 © R(3,9,10;2,9,12;0.2,9,12.1) x40 ®
R(3,6,10;2,6,12;0.1,6,12.3)z43 ® R(3,4,5;2,4,8;0.1,4, 8.2) 244
subject to the constraints

T11 + 12 + 713 + 214 = 11,

x91 + T2 + waz + x24 = 11,

r31 + T32 + w33 + x34 = 11,

41 + Ta2 + w43 + 244 = 12,

r11 + 21 + w31 + 241 = 16,

T12 + T22 + w32 + 242 = 10,

713 + T23 + 33 + T43 = 8,

T14 + Tog + w34 + wgq = 11,

;> 0;0=1,2,3,4,5 =1,2,3,4.

. . / / " /1!
Step(6): Using the expression R(a, b, c;a’, b, c/;a”, b, ") = at2bteta +21b2+c ta”t+bte

, rewrite the
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above problem as

Minimize

(3.68x11 + 4.68x12 + 5.93x13 + 6.43x14 + 5.94w9; + 72299 + 14.9293 + 11.95294 + 4.2223; +
10.19z32 + 3.2x33 + 9.94x34 + 3.94247 + 7.775249 + 6.28x43 + 4.19244)

subject to the constraints

z11 + x12 + 213 + 214 = 11,

To1 + T2 + T3 + waq = 11,

T31 + T32 + 33 + w34 = 11,

Tg1 + T42 + 243 + 244 = 12,

r11 + 21 + w31 + 241 = 16,

T12 + w2 + w32 + w42 = 10,

713 + T23 + T33 + T43 = 8,

T14 + 24 + X34 + Taq = 11,

2 > 0;i=1,2,3,4;j=1,2,3,4.

Step(7): Solving the crisp linear programming problem by Vogel’s approximation method, the
obtained optimal solution is

11 = 1,212 = 10,213 = 0,214 = 0,291 = 11,2990 = 0,293 = 0, 294 = 0,

r31 = 3,232 = 0,233 = 8,241 = 1,249 = 0,243 = 0, 144 = 11.

Step(8): Using the optimal solution, the minimum neutrosophic fuzzy transportation cost is
(2,4,5;1,4,6;0.1,4,6.1) x 1 ® (2,5,7;1,5,8;0.1,5,8.1) x 10 ®

(4,6,8;3,6,9;2.1,6,9.2) x 11 @ (3,4,6;1,4,8;0.2,4,8.5) x 3®

(2,3,5;1,3,6;0.2,3,6.2) x 8 (2,4,6;1,4,7;0.1,4,72) x 1 &

(3,4,5;2,4,8;0.1,4,8.2) x 11 = (126,204, 282; 78, 204, 352; 26.5, 204, 359.7)

Conclusion:

In the proposed method, the new algorithm for finding optimal solution for the transporta-
tion problem under neutrosophic environment by Vogel’s approximation method is established.
The final results of the stated approach are investigated through a numerical example. Using
this concept, the comparision between existing methods and proposed method and various

applications in neutrosophic transportaion problems will be carried out in future.
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