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Abstract.

This paper comes side by side with the complement paper (Original Methods for Obtaining the Initial
Solution in Neutrosophic Transportation Problems), these two papers regarded as twins, they are
both dedicated to sounding the transportation problems from the perspective of neutrosophic theory,
having kinds of indeterminacy in three aspects are:

1- The entries of the payment matrix are neutrosophic values (i.e. Nc; = [c;; * €] ); the indexes i&j
have their usual meaning representing the transportation cost of one unit from the production center
i to the consumption center j. Assume the indeterminate € = [A,2;].

2- The available and the required quantities are both having neutrosophic values represented by
Na; = a; + & , Nb; = bj + §; respectively, where & = [Aj1, Aiz] , 8 = [Wj1, Hj2]-

3- This kind of neutrosophic transportation problem is represented gathered from the above two

cases.

Keywords: Linear Programming; Neutrosophic Transportation Problem (NTP); Neutrosophic
Production Quantities; Neutrosophic Consumption Quantities.

Introduction

The operation research specifically mathematical programming is used in the daily recurrent
problems that appear each time when we need to transfer materials from the production centers to
the consumption centers.

After the transportation problems have been formulated, the yielded linear models will be solved by
simplex method and its modifications. [1-5]. This manuscript contains a modeling study
transportation problems using neutrosophic logic that first adopted by F Smarandache (1995) [6-9] is

took recently a huge solicitude in effectively addressing the potential uncertainties in the real world,
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neutrosophic logic comes as a replacement to the fuzzy logic presented by L. Zadeh (1965) [10],
intuitionistic fuzzy logic presented by K. Atanassov (1983) [11].

1. Discussion and the General Formulation of the NTP

There is no doubt of the TP importance in any Inc., because of the high costs paid by institutions
and companies to secure their needs of raw materials or through the marketing of their products or
even the process of transferring their administrative and functional members, so it was necessary to
present a study that keeps with the frontiers of modern science in which this article studies
transportation issues using the neutrosophic logic that takes into account all the changes that can
occur during work, and provides companies with a safe working environment.

Assume that one material may be transferred from the production center 4;,i = 1,2,..,m to the
consumption center Bj,j = 1,2,...,n,where ay,a,,..,a, are available quantities, b,,b,,...,b, are
required quantities, C;; is the transfer cost of one unit from the production center i{ to the
consumption center j, and are represent the entries of the payment matrix C = [c;;]. To construct the
mathematical model, x;; denotes the transferred amount of material from the production center i
to the consumption center j. The following tableau contains the basic symbols of the any

transportation problems, so any later table will be read out of this table:

PC cc B, B, B By AQ
Ay C11 C12 C13 Cin a
X11 X12 X13 X1n

Ay C21 C22 C23 Con as
X1 X22 X23 X2n

Az €31 C32 C33 C3n as
X31 | X32 X33 X3n

Am Cm1 Cm2 Cm3 Cmn am
Xm1 Xm2 Xm3 Xmn
RQ by b, bs by
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In any TP, there are two cases:

1- Balanced model satisfying Y%, a; = Y7, b;.

2- Unbalanced model at Y%, a; # Xj-1 b;.

For the purposes of generalizing any mathematical symbol in the above-mentioned tableau from its
classical model to its neutrosophic meaning, it is enough to add a prefix N to indicate that this
symbol will hold some indeterminacy as follow:

a. The matrix of transferring cost of one unit from the production center i to the consumption
center j in its neutrosophic value is Nc;; = [c;; & €], where € = [1;,4;] represents the
indeterminate value.

b. The symbol Nx;; refers to the materials” amount that transported from the production
center I to the consumption center j, so the matrix of the unknowns is written as NX =
[Nx; j].

c. The neutrosophic meaning of the available quantities and the required quantities are Na; =
a; &, Nbj = b; + §; respectively, where ¢&; = [A4;1,4;2], 6; = [Wj1, Ujz]-

d. The neutrosophic encoding of the objective function in the linear programming is NZ =

i=1 Xj=1 Ncijxij , or NZ = Y%, ¥ g ¢ij Nxyj, or NZ = Y2y Yy Nejj N

So, in this article, the authors assumed the representation of neutrosophic numbers as intervals

such as & = [4;1,4i2], 8; = [Hj1, Kj2]- It is important to notice that the authors did not adopt

(trapezoidal numbers, pentagonal numbers, or any other neutrosophic numbers which need to

specify using the membership functions, this kind of neutrosophic numbers or parameters

represented by intervals have been firstly introduced by Smarandache F. in his main published

books [12-14]),

2. Types of Unbalanced Neutrosophic Transportation Problems
Without loss of generality, any solver can faces unbalanced NTP (i.e. Yi2; Na; # ¥j_; Nb;) in which
two types of problems can be extracted:

1. Overproduction problems occur when Y%, Na; > Z}l:l Nb;. To treat this case, the solver

should balance this problem by adding an artificial consumption center B, .; has need of
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Nb, .y = Xi%i Na; — ¥j-1 Nbj, where the transformation cost of one unit from the all
production centers to this artificial consumption center equal to zero (i.e. ¢; 41 = 0;1 =
1,2, ...,m), also, in the data table, the solver should add a new column concerning the new
consumption center. The conditions of this linear programming problems that should be
satisfied are:

THNx;; =Na; ; YR Nx;=Nb; ; Nx;20;j=12.n+1;i=12,..,m
production deficient case (type of problems having production shortfall) occur when

iz1Na; < Y%, Nb;. The same above strategy of balancing the problem has been applied by
adding an artificial production center A4,,,; has production power of Na,,,; = ¥7-; Nb; —

1 Na;, where the transformation cost of one unit from this artificial production center to
all consumption centers equal to zero (i.e. ¢;y11; = 0;j = 1,2,...,n), also, in the data table,
the solver should add a new row concerning the new production center. The conditions of

this linear programming problems that should be satisfied are:

Z;-l:leU=Nai ; ﬁqle”:Nb] ; NXUZO ,]=1,2,,n,l=1,2,,m+1

3. Miscellaneous NT Problems

In the upcoming subsections (3.1,3.2,3.3), the problem text will be: A quantity of fuel is intended to

be shipped from three stations A;, A,, A3 to four cities Bj, B, B3, B;. The available quantities at each

station, and the demand quantities in each city, with the transportation costs in each direction are

demonstrated in accompanied tables;

3.1 Balanced Neutrosophic Transportation Problem (NTP)

b CC B, B, B, B, AQ
A 7+e 4+¢ 15+¢ 9+e 120+ &
Nxyq Nxy, Nxy3 Ny,
A, 11+¢ 2+4¢ 7+e¢ 3+4¢ 80 + &,
Nxy, Nx3, Nxy3 Nxz4
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As 4+¢ 5+¢ 2+¢ 8+c¢ 100 + &5
Nx34 Nx3, Nx35 Nxzy

By assuming

[0,10], the above table can be rewritten as:

E = [0,2], 81 = [0,35], 82 = [0,10], 83 = [0,15], 61 = [0,7], 52 = [0,18], 63 = [0,25], 54_ =

oC cC B, B, B; B, AQ
A [7,9] [4,6] [15,17] [9,11] [120,155]
Nxqq Nx, Nxq3 Nxq4
A, [11,13] [2,4] [7,9] [3,5] [80,90]
Nxyq Nxyy Nxy3 Nxyy
A, [4,6] [5,7] [2,4] [8,10] [100,115]
Nx3q Nx3; Nx33 Nx3y
RQ [85,92] [65,83] [90,115] [60,70]

Obviously, the problem is balanced cause Y7_, Na; = ¥}, Nb; = [300,360]

The model of the linear programming is

Min NZ = [7,9]Nx,; + [4,6]Nx;5 + [15,17]Nxy5 + [9,11]Nxy, + [11,13]Nxy; + [2,4]1Nxy, + [7,9]N 55

Subject to

4 — .
Zj:leij =a

3.2 Unbalanced Overproduction NTP Case Study

+ [3,5]Nx24 + [4,6]NX31 + [5,7]Nx32 + [2,4]Nx33 + [8,10]NX34

N3 Nx;=b; ; Nx;j=0;j=1234;i=123

CC B B B B AQ
1 2 3 4
PC
Ay 7+¢ 4+¢ 15+¢ 9+c¢ 120 + &
Nxqq Nxq, Nxq; Nxiy
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A, 11+¢ 2+¢ 7+e¢ 3+¢ 95+
Nxyy Nxy, Nxy3 Nxy4
As 4+¢ 5+¢ 2+¢ 8+c¢ 100 + &5
N3y Nx3, Nx33 N3,
RQ 85+ 6; 65+ 6, 90 + 45 60 + 6,

By assuming ¢ =[0,2],& =[0,35],&, =[0,10], &5 = [0,15], 6, = [0,7], 8, = [0,18], 85 = [0,25],6, =

[0,10], the above table can be rewritten as:

o cC B B, B, B, AQ

A, [7,9] [4,6] [15,17] [9,11] [120,155]
Nxiq Nx;, Nx;3 Nxi,

A, [11,13] [2,4] [7,9] [3,5] [95,105]
Nxyq Nx,, Nx,3 Nxyy

43 [4,6] [5.7] [2,4] [8,10] [100,115]
Nx3q Nx3, Nx33 Nx3,

RQ [85,92] [65,83] [90,115] [60,70]

It is obvious that Yj_, Na; = [315,375] > X%, Nb; = [300,360] ; this lead to add an artificial
consumption center bs has need of the value bs=X[,a; —¥7.,b; =[315375] —[300,360] =
[15,15] = 15
Hence, the value of the objective function is
MinNZ = [7,9]Nx,; + [4,6]Nxy, + [15,17]Nx;5 + [9,11]Nxy4 + 0. Nxy5 + [11,13]Nxy; + [2,4]Nxpy
+ [7,9]1Nxps + [3,5]1N X0, + 0. Nxp5 + [4,6]Nxs; + [5,71Nxs5 + [2,4]1Nx35 + [8,10]Naxsy
+ 0. Nx35
Subject to

YiaNxg=a; ; XiiNx;=bj; Nx;=0;j=12345;i=123

M. Jdid, H. E. Khalid “ Neutrosophic Mathematical formulas of Transportation Problems



Neutrosophic Sets and Systems, Vol. 51, 2022 936

3.3 Unbalanced Production Deficient NTP Case Study

CcC B B B B AQ
1 2 3 4
PC

A 7+e 4+¢ 15+¢ 9+e 120+ &
Nxyq Nxy, Nxy3 Nxiy

A, 11+¢ 2+¢ 7+e¢ 3+4¢ 80 + &,
Nxyq Nx,, Nx,s Nx,,

As 4+¢ 5+¢ 2+¢ 8+¢ 100 + &5
Nx3q Nxs, Nx33 Nx3,

Where, ¢ =1[0,2],& = [0,35],& = [0,10], &5 = [0,15],8, = [0,7], 8, = [0,18], 85 = [0,25],8, = [0,10] ,

the above table can be rewritten as:

o CC B, B, B, B, AQ
Ay [7,9] [4,6] [15,17] [9,11] [120,155]
Nxqq Nxq, Nxq; Nxiy
A, [11,13] [2,4] [7.9] [3,5] [80,90]
Nxyq Nx,, Nx,3 Nxyy
As [4,6] [5,7] [2,4] [8,10] [100,115]
Nx3q Nx3, Nx33 Nx3,
RQ [85,92] [100,118] [90,115] [60,70]

It is worthy to mention that ¥?_; Na; = [300,360] < ¥}, Nb; = [335,395] ; this lead to add an
artificial production center a, has production power equal to a, = ¥}_,b; — X}, a; = [315,395] —
[300,360] = [35,35] = 35

Hence, the model of the linear programming is
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Min NZ = [7,9]Nx;; + [4,6]Nx;5 + [15,17]Nx15 + [9,11]Nx14 + [11,13]Nxp; + [2,4]1N Xy, + [7,9]N%xy5
+ [3,5]Nxy4 + [4,6]Nxs; + [5,7]Nxs5 + [2,4]Nx35 + [8,10]Nxs4 + 0. Nx4y + 0. Nx,,
+ 0.Nx43 + 0.Nxyy
Subject to

Z?lexij = a; ; Z?:leij = b] ; inj >0 ; ] = 1,2,3,4;i = 1,2,3,4

4. Conclusion and Results

This manuscript presented new insights into remodeling transportation problems from classical
models to the corresponding neutrosophic ones through three basic aspects containing some
indeterminacies either in transformation costs, or in the available quantities existed in production
centers side by side with required quantities existing in consumption centers, or in the general case
study that represents the existence of indeterminacies in all previous states. The solutions to these
neutrosophic transportation problems NTP give the solver a margin of freedom and reduce the loss
resulting from transporting process through the availability of the indetermination notion in
neutrosophic theory. This study was presented simultaneously with the paper entitled (Original
Methods for Obtaining the Initial Solution in Neutrosophic Transportation Problems) regarded as
complementary to this recent paper in which the authors discuss the initial solution for the NTP
models and study the modifications of this initial solution aiming to get the optimal solutions.
Acknowledgement: This research is supported by the Neutrosophic Science International
Association (NSIA) in both of its headquarter in New Mexico University and its Iraqgi branch at

Telafer University, for more details about (NSIA) see the URL http://neutrosophicassociation.org/ .

Funding Statement: This research received no external funding.

Conflicts of Interest: The author(s) declared no potential conflicts of interest with respect to the

research, authorship and publication of this article.

References

M. Jdid, H. E. Khalid “ Neutrosophic Mathematical formulas of Transportation Problems


http://neutrosophicassociation.org/

Neutrosophic Sets and Systems, Vol. 51, 2022 938

1.

10.

11.

12.

13.

14.

Alali. Ibrahim Muhammad, Operations Research. Tishreen University Publications, 2004. (Arabic

version).
Wael Khansa- Ola Abu Amsha. Operations Research (1), Faculty of Informatics Engineering -

Damascus University Publications , 2005

Al Hamid .Mohammed Dabbas , Mathematical programming , Aleppo University , Syria , 2010.

(Arabic version).

Linear and Nonlinear Programming-DavidG . Luenbrgrr.YinyuYe- Springer Science + Business

Media-2015.

Maissam Jdid Operations Research , Faculty of Informatics Engineering , Al-Sham Private University

Publications, 2021

F. Smarandache. Introduction to Neutrosophic statistics, Sitech & Education Publishing, 2014.

F. Smarandache, Neutrosophy and Neutrosophic Logic, First International Conference on
Neutrosophy , Neutrosophic Logic, Set, Probability, and Statistics University of New Mexico, Gallup,
NM 87301, USA,2002.

F. Smarandache, A Unifying Field in Logics: Neutrosophic Logic. Neutrosophy, Neutrosophic Set,
Neutrosophic Probability. American Research Press, Rehoboth, NM, 1999.

F. Smarandache, Neutrosophic set a generalization of the intuitionistic fuzzy sets. Inter. J. Pure Appl.
Math., 24, 287 — 297, 2005.

L. A. ZADEH. Fuzzy Sets. Inform. Control 8 (1965).

Atanassov .k, Intuitionistic fuzzy sets. In V. Sgurev, ed., ITKRS Session, Sofia, June 1983, Central Sci.
and Techn. Library, Bulg. Academy of Sciences, 1984.

F. Smarandache & Huda E. Khalid, 2018. "Neutrosophic Precalculus and Neutrosophic
Calculus". Secondenlarged edition, Pons asbl 5, Quai du Batelage, Brussels, Belgium,
European Union.

F. Smarandache, H. E. Khalid & A. K. Essa, 2018. “Neutrosophic Logic: The
Revolutionary Logic in Scienceand Philosophy”, Proceedings of the National
Symposium, EuropaNova, Brussels.

F. Smarandache, 2014. “Introduction to Neutrosophic Statistics”, Sitech & Education
Publishing.

Received: June 22, 2022. Accepted: September 25, 2022.

M. Jdid, H. E. Khalid “ Neutrosophic Mathematical formulas of Transportation Problems



