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In the name of God, the most gracious, the most merciful
God Almighty says (And say, “My Lord, increase me in knowledge.”)

Dear colleagues, we present to you this humble work, which
Is an episode of a series of works presented by a number of
researchers and those interested in Neutrosophic science,
entitled

(Neutrosophic transport and allocation issues)

We all know that problems of transportation and allocation appear
frequently in practical life. We need to transfer materials from production
centers to consumption centers to secure the areas’ need for the
transported material or allocate machines or people to do a specific job at
the lowest cost, or in the shortest time. We know that the cost factors
Time is one of the most important factors that decision-makers care about
because it plays an “important” role in many of the practical and scientific
issues that we face in our daily lives, and we need careful study to enable
us to avoid losses. For this, the linear programming method was used,
which is one of the research methods. Processes, where the problem data
is converted into a linear mathematical model for which the optimal
solution achieves the desired goal. Since these models are linear models,
we can solve them using the direct simplex method and its modifications,
but the specificity that these models enjoy has enabled scholars and
researchers to find special methods that help us in obtaining the optimal
solution. Whatever the method used, the goal is to determine the number
of units transferred from any material from production centers to
consumption centers, or to allocate a machine or person to do a job so that
the cost or time is as short as possible. These issues were addressed
according to classical logic, but the ideal solution was a specific value
appropriate to the conditions in which the data was collected and does not
take into account the changes that may occur in the work environment. In
order to obtain results that are more accurate and enjoy a margin of
freedom, we present in this book a study of transport issues and
neutrosophic allocation issues and some methods for solving them. By



neutrosophic issues we mean These are the problems in which the data
are neutrosophic values, i.e. the required quantities and the available
quantities. Neutrosophic values are of the form a; € a; + €; , where ¢; is
the indeterminacy of the produced quantities. It can be taken in the form
&; € [A;1, Aiz]and the quantities required are also neutrosophic values of
the form Nb; € b; + §;, where §; is the indeterminacy of the required
quantities. One can take the form &; € [u;y, 1;2], as well as the costs or
profit, that is, the cost (or the return profit) of transporting or uniting the
material from the production center i to the consumption center j or
allocating a machine Or a factor to accomplish some work, it is
Nc;; = ¢;j * &, where g;;is indeterminacy and takes one of the forms
Ncij =[cij £&;] or &;€{A, A for otherwise, which is any
neighborhood of the value c;; that we get While collecting data on the
issue, the cost (or profit) matrix becomes Nc¢;; = [cij + sl-j]. The need
for a study that provides us with more results is what prompted us to
prepare this book, which includes five chapters:
Chapter I: Neutrosophic transport models at the lowest cost.
Chapter Il: Methods for finding the initial solution to neutrosophic
transport Problems.
Chapter 111: The optimal solution for neutrosophic transport models
based on an initial solution.
Chapter 1V: Neutrosophic transport models with the shortest time.

Chapter V: Optimal neutrosophic Allocation and the Hungarian Method.

We hope to God Almighty that | have succeeded in doing so.

The authors
Florentin Smarandache and Maissam Ahmad Jdid
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Chapter |
Neutrosophic transport models at the lowest cost

1.1. Introduction

1.2. Formulating neutrosophic transport issues at the lowest
cost

1.3. Types of neutrosophic transport models at the lowest cost:
1.3.1. Equilibrated transportation models
1.3.2. Unbalanced transport models
1.3.2.1. A state of surplus production.
1.3.2.2. Production shortage.
1.4. Building neutrosophic transport models at the lowest cost
1.4.1. the cost of transportation is neutrosophic values
- Formulating the issue

- Building a mathematical model if the model is
balanced

- Building a mathematical model in case the model
is unbalanced

A state of surplus production
A production deficit

1.4.2. Available quantities and required quantities are
neutrosophic values

- Formulating the issue
- Building a mathematical model if the model is
balanced

- Building a mathematical model in case the model
Is unbalanced
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1.4.3.

A state of surplus production
A production deficit

The cost of transportation, the quantities supplied,
and the quantities required are neutrosophic values

- Formulating the issue

- Building a mathematical model if the model is
balanced

- Building a mathematical model if the model is
unbalanced

A state of surplus production
A production deficit
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1.1. Introduction:

In any production or service institution, the cost of transportation is
considered one of the costs that affect the budget of this institution, so
decision makers seek to make this cost as low as possible,. To obtain the
lowest cost of transportation, scientific methods that help in making the
optimal decision for the institution's workflow must be used. This is what
prompted those interested in the science of operations research to present
a study dealing with transportation issues using the linear programming
method, and this was helped by the special nature of transportation issues.
In this chapter, we present a study of transportation models at the lowest
possible cost using the concepts of neutrosophy, the modern science that
has brought about a major revolution in all fields. Science through the
thought put forward by the founder of this science, the American scientist
Florentin Smarandache, in 1995, through his belief that there is no
absolute truth, which is in line with modern living conditions, which is
the instability of the surrounding conditions of the work environment, and
therefore the data collected about any system carries something. It is not
clear which neutrosophic values should be taken to guarantee the
institution a safe working environment, and therefore the transportation
models with the lowest cost take the following formulation.

1.2. Formulating neutrosophic transport problems at the
lowest cost:

These issues were found to help companies and institutions obtain the
lowest cost for transporting materials from production centers or storage
centers A;, wherei = 1,2, ...,m, knowing that the quantity available in
production center i is a;, to consumption centers B;, where j = 1,2, ...,n
and the need of the j consumer center is b;. These issues were addressed
according to classical logic, and, below, we reformulate them using the
concepts of neurosophic science.

The transport issue is neutrosophic if the quantities required, the

quantities available, and the cost of transportation are neutrosophic
values, one or all of them, i.e.:
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The available quantities are Na; = a; + &;where the indeterminacy of the

quantities is produced; it may be any neighbor of the true value a; i.e.

& € [Aj1,Aix] or g € {4;1, A;2}0r otherwise.

The quantities required are Nb; = b; + &; , where §; is the indeterminacy

of the quantities produced, and it may be any neighborhood of the true

value bj, i.e. §; € [uj1,uj2] or 8; € {1, 1j>} or something else.

The cost of transporting one unit from production center i to consumption

center j is Nc¢;j =c;; £ & where g; is the indeterminacy of the

production cost and it may be any neighborhood of the true value ¢, i.e.

&ij € [Aij, Azij] Or & € {1, 225} Then the payments matrix becomes

Neij = [ey £ &)

1.3. Types of neutrosophic transport models at the lowest
cost:

By comparing the quantities required and the quantities available, we
distinguish the following types:

1.3.1. Balanced transport models:

The transportation model is balanced if the available quantities are equal
to the required quantities, i.e.:

m
:E:]Vdi::
1

i=

Nb;

n
J

j=1

1.3.2. Unbalanced transport models:

The transportation model is unbalanced if the quantities available do not
equal the quantities demanded, i.e.:

m n
ZNal- :FZNb]
i=1 j=1

Among the unbalanced transport models, we have two cases:
1.3.2.1. A state of overproduction:

The sum of the quantities produced is greater than the sum of the required
quantities, i.e.:
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m n
ZNai >2Nb]

i=1 j=1
We transform it into a balanced model by adding an artificial consumption

center Whose need is:
m n
an+1 = z Nai bl Z Nb]
i=1 j=1

1.3.2.2. Production shortage:
The total quantities produced are less than the total available quantities, i.e.:

m n
ZNai < Zij
i=1 j=1

We transform it into a balanced model by adding an artificial production
center With its production capacity:

n m
Nam+1 = ZNbl —ZNal-
j=1 i=1

In two cases (b & a), a surplus in production and a deficit in production,
we obtain a balanced model.

Noting the necessity of determining the type of transportation model

before starting to build the mathematical model, as we will see in the

following paragraph:

1.4. Building neutrosophic transport models at the lowest
cost:

When dealing with the issue of transportation according to neutrosophic
logic, we encounter one of the following forms:

1.4.1. the cost of transportation, neutrosophic values:

That is, the cost of transporting one unit from production center i to
consumption center j is Nc¢;; = ¢;j + €;;, where g;; is the indeterminacy
of the production cost, and it may be &;; € [y, 5] or &; € {414, 405}
Then the payments matrix becomes Nc¢;; = [c;; + &;].



NEUTROSOPHIC TRANSPORT AND ASSIGNMENT ISSUES

Formulation of the issue:

Suppose that we want to transfer a material from production centers A;,
where i = 1,2, ..., m, to consumption centers B;, where j = 1,2,...,n, s0
that the transportation cost is as low as possible, bearing in mind that the
quantities available in the production centers are a,, a,, ..., a,

The quantities required in the consumption centers are by, by, ..., by,

and the cost of transporting one unit from production center i to
consumption center j is N¢;; = ¢;; £ €;; Where ¢;; is indeterminacy and it
may be &; € [A1;;, 2] or &; € {A1:j, 25} then the payments matrix
becomes N¢;; = [¢;; * &)
To build the appropriate mathematical model, we symbolizethe quzntities
transferred from te production center i to the consumption center j by x;;.
Then we can put the unknowns of the problem in the following matrix
form: X = [x;;]

We place the data in the problem in the table as follows:

nsumption centers Available
. B, B, B; B, o
Production cen quantities
Aq Nci1 | Ncip | Negs Ncip
a,
X11 X12 X13 X1n
Ay Ncy1 | Ncyy | Neas Ncoy
a,
X21 X22 X23 Xon
Az Nc3; | Ncg, | Ness Ncs,
as
X31 X32 X33 X3n
An Nc1 | Neja | Nops Ncon
am
Xm1 Xm2 Xm3 Xmn
Required quantities b, b, bs b,

Table No. (1) Issue data cost neutrosophic values
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Building the mathematical model in case the model is balanced, i.e.:

m n
ai=2bj

i=1 j=1
The mathematical model is given by the following formulation:

Find
m n
NZ = ZZNCUXU - Min
i=1 j=1
Conditions:
n
le] =12, .., m
j=1
m
qu =b;j;j=1, 2,.
i=1
xij =0 ; ; 1 2 ] = 1 2
Example:

It is intended to ship a quantity of oil from three stations A;, A,, A;to four
citiesB,, B,, B3, B,. The quantities available at each station, the quantities
required in each city, and the transportation cost are shown in the
following table:

sumption centers Available
_ P B, B, Bs B, "
Production cente quantities
Aq 7+¢ 4+¢ 15+¢ |9+¢
120
Xq1 X12 | X13 X14
A, 11 +¢ 2+¢ 7+¢ 3+¢ 80
*21 X22 X23 X24
As 4+¢ S5+¢ 2+¢ 8+¢
100
X31 X32 X33 X34
Required quantities 85 65 90 60

Table No. (2) Example data cost neutrosophic values
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Where ¢ is the indeterminacy and we take it as € € [0,2]

From the data of the problem, we note that:

m n
Sa-5
i=1 j=1

That is, the model is balanced, and the mathematical model is written in
the following formula:
Find
NZ € {[7,9]x11 + [4,6]x,, + [15,17]x13 +[9,11]x14 + [11,13]xy; + [2,4]x5,
+ [7,9]x53 + [3,5]x24 + [4,6]x31 + [5,7]x3, + [2,4]x35
+ [8,10]x34} = Min
Conditions:
4
inj =300 ;i=1,23
=1

x;; =300 ;j =1,23,4

DM 5

=

L=

x;20;i=123 ,j=1234

Building a mathematical model in case the model is unbalanced, i.e.:

m n
Y
i=1 j=1

A state of overproduction:
The total quantities produced are greater than the total available

quantities, i.e.:
m
Z a; > Z b]

i=1 j=1
We transform the model into a balanced model by adding an artificial
consumption center B,,,;whose need is:

m n

bpi1 = Zai -
1

i=

b

j=1
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The cost of transporting one unit from all production centers to this
artificial ~ consumer center is equal to zero, i.e., cj,41 =0, wWhere
i=1,2,..,m. To build the appropriate mathematical model, we
symbolize x;; to indicate the quantity transferred from the center.
Production i to consumption center j Then we can put the unknowns of
the problem in the following matrix form: X = [x;;]

We place the information in the question in the table as follows:

Produc:t?gr:n Etlon . B, B, B By Bnis QJV:r:It?tti)lees

A Ncyy | Negp | Negs Ncyy | Nepnga a
X11 X12 X13 X1in Xin+1

Ay Ncyy | Neaz | Negs Ncan | Neansa a,
X21 X22 X23 Xan Xon+1

Az Nc3y | Nesp | Ness Nc3p | Nesnya as
X31 X32 X33 X3n X3n+1

Am Ncml NCmZ NCmB Ncmn Ncmn+1 a
Xm1 Xm2 Xm3 Xmn Xmn+1 "

Required quantities b, b, b b, b,.q

Table No. (3): Issue data cost neutrosophic values, surplus

Mathematical model:

Find
m n+1
NZ = z z Nc;jxij > Min
i=1 j=1
Conditions:

m

xl-j = b] ;j = 1,2,...,n+1
=1

i
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xl-j >0;i= 1,2,...,m,j = 1,2,...,7’1
Example:

It is intended to ship a quantity of oil from three stations A;, A,, A;to four
citiesB;, B,, B3, B,. The quantities available at each station, the quantities
required in each city, and the transportation cost are shown in the
following table:

umption centers Available
Production cé B By Bs Bs quantities
Ay 7+¢ 44c¢ 15+¢ |9+¢
120
X11 Y12 X13 X14
A, 11+¢ |2+c¢ 7+¢ | 3+¢ 95
X21 X22 X33 Xog
As 4 +¢€ 5+e |2+¢ |[8+¢
100
X31 X32 X33 X34
Required quantities 85 65 90 60

Table No. (4) Example data cost neutrosophic values, surplus

Where ¢ is the indeterminacy and we take it as € € [0,2]
From the data of the issue, we note that:

3 4
Zai :FZb]
j=1

i=1
BecauseY.;_; a; = 315and X.j_, b; = 300, that is,

3 4
Zai >Zb]
j=1

i=1
The model is an unbalanced state of surplus production, so we add an
artificial consumer center B, its need:

3 4
b =Zai—2bj —315-300 = 15
i=1 j=1

_10_
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We get the following table:

umption centers Available
Productiornsenters B, B, Bs B, B quantities
A 7+¢ 44+¢ |15+ |9+¢ |0
120
X11 X12 X13 X14 | %15
A, 11+e| 2+¢|7+c¢ 3+¢ |0 95
X21 X22 Xy3 X24 | X35
Aj 4+¢ |5+ | 24+¢ | 84+ | O
100
X31 X32 X33 X34 | X35
Required 85 | 65 | 90 | 60 | 15
quantities

Table No. (5) Example data cost neutrosophic values with imaginary center

Mathematical model:
Find

NZ € {[7,9]x11 + [4,6]x1, + [15,17]x15 + [9,11]x14 + 0. x4
+ [11,13])621 + [2,4‘]X22 + [7,9]XZ3 + [3,5]XZ4_ + 0'x25
+ [4,6]x31 + [5,7]x32 + [2,4]x35 + [8,10]x34 + 0. x35}
- Min
Conditions:

5
inj = 315 ;i = 1,2,3
j=1
3

le-j =315 ;j = 1,2,3,45
i=1

x;20;i=123,j=12345

_11_
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Production shortfall:
If the total quantities produced, are less than the total quantities required,
that is:

m n
z a; < Z b;

i=1 j=1

We transform the model into a balanced model by adding an artificial
production center A,,,,whose needs are:

n m

l

We get the following table and the cost of transporting one unit of it to all
consumption centers is equal to zero, i.e., ¢;u41; = 0 Wherej = 1,2, ..., n.
To build the appropriate mathematical model, we denote x;; to denote the
quantity transferred from the Production center i to the consumption
center. Then we can put the unknowns of the problem in the following
matrix form: X = [x;;]

We place the information in question in a table as follows:

sumption centers Available
) B B B B -
Production cé 1 2 3 n quantities
Al NC11 NC12 NC13 NClTl a
T 1
X11 X12 X13 X1n
A, Ncy, Ncy, Ncys Ncyy, a
T 2
X21 X22 X23 Xon
As Nc3, Ncs, Nc3s Nc3, 4
3
X31 X32 X33 X3n
Am Ncml NCmZ NCmS Ncmn
am
Xm1 Xm2 Xm3 Xmn
Ami1 Ncma Ncpm Ncpm Ncm
Ams1
Xm+11 | Xm+12 | ¥m+13 Xm+1n
Required quantities b, b, b b,

Table No. (6): Issue data, cost neutrosophic values, deficit

_12_
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Mathematical model:

Find
m+1 n
NZ =" Neyxy - Min
i=1 j=1
Conditions:
n
inj —a;;i=12 .. m+1
j=1
m+1
Xij = b; ;J=12,...,n
i=1
xj=20;i=12,.,m+1,j=12,..,n
Example:

It is intended to ship a quantity of oil from three stations A;, A,, A;to four
citiesB,, B,, B3, B,. The quantities available at each station, the quantities
required in each city, and the transportation cost are shown in the

following table:

umption centers Available
Production cé B, B, B, B, quantities
Ay 7+¢ |4+¢e | 15+¢|9+¢
120
X11 X12 X13 X14
A, 11+¢ |2+¢ 7+¢ |3+¢ 80
X21 X22 Xy3 X24
A, 4+¢ 5+4¢ |24¢ |8+c¢
100
X31 X32 X33 X34
Required guantities 85 100 90 60

Table No. (7) Example data cost neutrosophic values, deficit
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Where ¢ is the indeterminacy and we take it as € € [0,2]
From the data of the issue, we note that:
3 4
Z a; # 2 b;
i=1 j=1
Because Y7, a; = 300 and Y.}_, b; = 335, that is, the model is
unbalanced because Y.2_, b; > X7, a;

A production deficit, so we add a fictitious production center A, to its
production capacity:

4 3
s =ij —Zai — 335 — 300 = 35
= i=1

The cost of transporting one unit of it to any consumer center is equal to
zero, i.e.:cy; = 0;j = 1,2,3,4, we get the following table:

mption centers Available
Production ¢ s By B, Bs By quantities
Aq 7+¢ 4+¢|154+¢€ | 9+¢
120
X11 X12 | X413 X14
A, 11+¢e| 2+c¢ 7+¢| 3+¢ 20
X21 X22 Xy3 X4
Az 4+¢| S5+e| 2+e| 8+c¢
100
X31 X32 X33 X34
A, 0 0 0 0
35
X41 X42 X43 Xa4
Required quantities 85 100 90 60

Table No. (8) Example data cost neutrosophic values, artificial center
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Mathematical model:
Find
NZ € {[7,9]x11 + [4,6]x1, + [15,17]x15 + [9,11]xy4 + Oxyc +
[11,13]x51 + [2,4]x2, + [7,9]x,5 + [3,5]x54 + Oxy5 + [4,6]x3, +
[5,7]x3, + [2,4]x33 + [8,10]x34 + Ox35} = Min

Conditions:
5
inj = 315 ;i = 1,2,3
j=1
3

le-j =315 ;j = 1,2,3,4,5
i=1
xij >0 ;i = 1,2,3 ,j = 1,2,3,4,5

1.4.2. Available quantities and required quantities. neutrosophic
values:

The available quantities are neutrosophic values, i.e. Na; = a; *+ &,
where ¢g;is the indeterminacy related to the quantity available in
production center i, and it may be ¢; € [A;1,4;2] or & € {A;1,4;2} or
otherwise. And the quantities required are neutrosophic values, i.e.
Nb; = b; + §;, where §;is the indeterminacy related to the quantity
required in the j the consumption center, and it may be &; € [llj1;llj2]0r
8; € {uj1, 12 Jor something else.

Formulation of the issue:

Suppose that we want to transfer a material from production centers A4;,
where i = 1,2, ...,m, to consumption centers B;, where

j =1,2,...,n, so that the transportation cost is as low as possible, bearing
in mind that the quantities available in these centers are

a; * &,a, + &y, ..., a, T &, . And the quantities required in
consumption centers by + 61, b, + 65, ..., by, £ 8,

The cost of moving one unit from the production center i to the
consumption center j is c;;, where &;; then the payments matrix becomes

cij = [cyj]
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To build the appropriate mathematical model, we symbolize x;; to

7]

indicate the quantity transferred from the production center i to the
consumption center j. Then we can put the unknowns of the problem in

the following matrix form: X = [x;;]

We place the data in the problem in the table as follows:

tion centers Available
Production ce By B, Bs Bn guantities
Aq Ncqq Nci, | Ncqs Ncy
X X x nx G té
11 12 13 1n
A Nc Nc Nc Nc
2 21 22 23 2n a + e,
X21 X22 X23 Xon
A Nc Nc Nc Nc
3 31 32 33 3n as + &
X31 X32 X33 X3n
An Ncpa Ncpyo Ncys Ncpn a, + e,
i _ Xm1 Xm2 Xm3 Xmn
Required quantities | by +68; | b, + 6, | by + 654 b, + 6,

Table No. (9) Issue data: Available quantities and required quantities. eutrosophic values

Building the mathematical model in case the model is balanced, i.e.:

Mathematical model:

Find

Conditions:

m
i=1 1

m n
z Nal- = z Nb]
i=1 j=1

n

j=
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Example:

It is intended to ship a quantity of oil from three stations A;, A,, A;to four
citiesB,, B,, B3, B,. The quantities available at each station, the quantities
required in each city, and the transportation cost are shown in the

following table:

umption centers Available
Production ce B, B, B3 B, guantities
A4 7 4 15 9
120 + &
Nxy4 Nxy; Nxy3 Nxi4
A, 11 2 7 3
80 + &y
Nx3, Nx3, Nxy3 Nxzy
Az 4 5 2 8
100 + &3
Nx3q Nx3, Nx33 N3y
Required quantities | 85+ §; | 65+ 6, | 90+ 65 | 60 + &,

Table No. (10): Example data Available quantities and required quantities
Neutrosophic values

Where ¢; is the indeterminacy of the available quantities and we take it as

follows:

g €10,35],¢&, €0,10], &5 € [0,15]

Where §; is the indeterminacy of the required quantities, we take it as

follows:

6, €[0,7],6, € [0,18], 85 € [0,25], 5, € [0,10]
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From the above we get the following table:

umption centers Available
Production céen B, B, Bs B, quantities
A 7 4 15 9
1 [120,155]
Nxyq Nxy, Nxy3 Nxi4
A, 11 2 7 3 80,90]
Nx,, Nx,, Nxy3 Nxy, '
A 4 5 2 8
3 [100,115]
Nx3q Nx3; Nx33 Nix3y
Required quantities [85,92] | [65,83] | [90,115]| [60,70]

Table No. (11): Example data: Available and required quantities neutrosophic
values, Overproduction

From the data on the issue, we note:

Z Na; = [120,155] + [80,90] + [100,115] = [300,360]

=1

[85,92] + [65,83] + [90,115] + [60,70] = [300,360]

IIM-P

We note that Y3, Na; = 1.1 Nb; = [300,360], meaning that the model
is balanced.

Mathematical model:
Find

NZ € (7Nxy; + 4Nxy5, + 15Nx;3 + ONxy4 + 11Nxy; + 2Nx,,
+ 7Nx23 + 3Nx24, + 4‘NX31 + SNX32 + 2Nx33 + 8NX34)
- Min
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Conditions:

3
ZNXU = Nai ,_] = 1,2,3,4

i=

1

4

j=1
Nx;;=0;i=123,j=1234

Building a mathematical model in case the model is unbalanced, i.e.:

m n
ZNal- * ZNb]
i=1 j=1

A state of surplus production:
The total quantities produced are greater than the total quantities

demanded, i.e.:
m n
Z Nal- > Z ij
i=1 j=1

We transform the model into a balanced model by adding an imaginary
consumer center B,,,.;whose need is:

m n
an+1 = ZNai —Zij
i=1 j=1

The cost of transporting one unit from all production centers to this
artificial consumer center is equal to zero, i.e. cj+1 =0, where
i=12,..,m. To build the appropriate mathematical model, we
symbolize x;; to indicate the quantity transferred from the Production
center i to the consumption center j Then we can put the unknowns of the
problem in the following matrix form: X = [x;;]
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Mathematical model:

Find
m n+1
NZ:Z Ncijxij - Min
i=1 j=1
Conditions:
n+1
Nx;j = Na; ;i = 1,2,..,m
j=1
m
Zinj =Nb; ;j=12,..,n+1
i=1
Nx;; =20;i=12,.,m,j=12,.,n+1
Example:

It is intended to ship a quantity of oil from three stations A;, A,, A;to four
citiesB,, B,, B3, B,. The quantities available at each station, the quantities
required in each city, and the transportation cost are shown in the
following table:

mption centers Available
Production cen By B, Bs B, quantities
Ay 7 4 15 9
120 + &
Nxqq Nxi; Nxi3 Nxi4
A, 11 2 7 3
95 + &y
Nxzq Nxz, Nx33 Nixy4
As 4 5 2 8
100 + &
Nx3, Nx3; Nx33 Nix34
Required quantities | 85+ 6§, | 654+68, | 90+ 6, | 60+ 6,

Table No. (12): Example data: Available and required quantities Neutrosophic
values, Overproduction

Where ¢; is the indeterminacy of the available quantities and we take it as
follows:

g €10,35],¢&, € [0,10], &5 € [0,15]
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Where §; is the indeterminacy of the required quantities, we take it as
follows:

6, €10,7],6, €[0,18], 65 € [0,25], 8, € [0,10]
From the above we get the following table:

mption centers Available
Production Centers B B, Bs By quantities
A 7 4 15 9
! [120,155]
Nxqp Nxqp Nxy3 Nxy4
A, 11 2 7 3 (95,105]
Nx,,q Nx,, Nxy3 Nxoy ’
A 4 5 2 8
; [100,115]
Nx34 Nx3, Nx33 Nx3,4
Required quantities | [85,92] | [65,83] | [90,115] | [60,70]

Table No. (13): Example data: Available and required quantities Neutrosophic
values, Overproduction

From the data on the issue, we note:

Z Na; = [120,155] + [95,105] + [100,115] = [315,375]

[85,92] + [65,83] + [90,115] + [60,70] = [300,360]

M4>

j=1
We note that Y3_, Na; > Y11 Nb; , state of surplus production.

We transform the model into a balanced model by adding an artificial
consumer center B,,,;whose need is:

Nbs = zNai - Z Nb; = [315,375] - [300,360] = [15,15]
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The transportation cost from all production centers to this imaginary
consumer center is zero.
We get the following table:

Col tion centers Available
Productio ters By B, Bs By Bs quantities
Ay 7 4 15 9 0
[120,155]
Nxqq Nxq, Nxq3 Nxq4 Nxq5
Ay 11 2 7 3 0
[95,105]
Nx,q Nx,, Nx,3 Nxyy Nx,5
As 4 5 2 8 0
[100,115]
N.x31 Nx32 Nx33 Nx34_ Nx35
Required quantities [85,92] [65,83] [90,115] [60,70] [15,15]

Table No. (14): Example data: Available and required quantities. Neutrosophic
values with artificial consumption center

Mathematical model:
Find
NZ € (7Nxy; + 4Nx;5 + 15Nx;3 + ONx;4 + 0. Nx;s + 11N x5,
+ 2Nxy, + 7Nxy3 + 3Nxy4 + 0. Nxys + 4Nx3, + 5Nxs3,

+ 2NX33 + 8NX34, + O.N.X35) - Min

Conditions:

3
ZNXU = Nai ,_] = 1,2,3,4‘,5

i=1
5
ZNXU = Nb] ;i = 1,2,3
j=1

Nx;; =0 ;i=123,j=1234,5

Production shortage:
If the total quantities produced are less than the total quantities required,

that is:
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m n
:E:]V&i<::E:]Vbi
1 j=1

i=
We transform the model into a balanced model by adding an artificial
production center A,,,,whose needs are:

n m
]VChn+1 :::EZIVbi—':Ezlvai
j=1 i=1

The cost of transporting one unit to all consumption centers equals to
zero, that is, ¢;41; = 0, where j = 1,2, ..., n. For the table, we add a row

Ams -
Mathematical model:
Find
m+1 n
NZ = Z ZNcijxij - Min
i=1 j=1
Conditions:
n
Zinj =Na; ;i=12,...,m+1
j=1
m+1
z Nx;; = Nb; ;j=12,..,n
i=1
Nx;j=20;i=12,..m+1,j=12,..,n
Example:

It is intended to ship a quantity of oil from three stations A, A,, Asto four
citiesB4, B,, B3, B,. The quantities available at each station, the quantities
required in each city, and the transportation cost are shown in the
following table:
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umption centers Available
Production c& B B, Bs By quantities
Aq 7 4 15 9
120 + &
Nxyq Nxqp Nxq3 Nxi4
A, 11 2 7 3
80 + &y
Nx3q Nx3, Nxy3 Nx3,4
Az 4 5 2 8
100 + &3
Nx3q N3, N33 Nx3y
Required quantities | 85+ §; | 100+ 6, | 90 + &, 60 + 6

Table No. (15) Example data Available and required quantities neutrosophic
values, production shortfall

Where ¢; is the indeterminacy of the available quantities and we take it as

follows:

follows:

g €10,35],¢&, € [0,10], &3 € [0,15]
Where §; is the indeterminacy of the required quantities, we take it as

6, € [0,7],6, € [0,18],85 € [0,25], 5, € [0,10]

From the above we get the following table:

sumption centers Available
Production c& B, B, B, B, quantities
Ay 7 4 15 9
[120,155]
Nxqq Nxy; Nxy3 Nxi4
A 11 2 7 3
2 [80,90]
Nxyq Nx3, Nx33 Nxz4
A 4 ) 2 8
3 [100,115]
Nx3q Nx3;, Nx33 Nx3,4
Required quantities | [85,92] | [100,135] | [90,115] | [60,70]

Table No. (16) Example data Available and required quantities neutrosophic
values, production shortfall
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From the data on the issue, we note:

=1
4
z [85,92] + [100,135] + [90,115] + [60,70] =

We note that:
3 4
Z Nal- * Z Nb]
i=1 =

Because Y.7_; Na; = [300,360] and X?_, Nb;

Z Na; = [120,155] + [80,90] + [100,115] = [300,360]

[335,395]

= [335,395], that is,
the model is unbalanced because ¥.?_, Nb; > ¥3  Ng;

A production deficit, so we add an artificial production center A, to its
production capacity:

Na, = ) Nb; = ) Na; =[335,395] - [300,360] = [35,35]

The cost of transporting one unit of it to any consumer center equals zero,

i.e.
€4j =0;j=1234
We get the following table:
mption centers Available
Production ¢ By B, By B, quantities
A 7 4 15 9
1 [120,155]
Nxy4 Nxqp Nxy3 Nxi4
A, 11 2 7 3 80,90]
Nx,q Nx,, Nx,3 Nx,, ’
A 4 5 2 8
3 [100,115]
Nx3q Nxs3, Nx33 Nx3,4
Ay 0 0 0 0 [35,35]
Nx4q Nx4, Nx43 Nxyq4 ’
Required quantities | [85,92] | [100,135] | [90,115] | [60,70]

Table No. (17) Example data Available and required quantities neutrosophic values
artificial production center
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Mathematical model:
Find
NZ € (7Nxy1 + 4Nx;, + 15Nx13 + ONxy4 + 11Nxy; + 2N x5,

+ 7Nxy3 + 3Nxy4 + 4NXx31 + 5Nx35 + 2Nx33 + 8Nx3,
+ 0.Nx4q +0.Nxyy + 0.Nxy3 + 0. Nxy,) - Min

Conditions:

4
ZNXU = Nai ,_] = 1,2,3,4

=1

4
ZNXU = Nb] ;i = 1,2,3,4
j=1

Nx;j=0;i=1234,j=1234

1.4.3. The cost of transportation, available quantities, and required

guantities. neutrosophic values:
The transportation cost is a neutrosophic value, meaning that the cost of
transporting one unit transported from production center i to consumption
center j isNc;;, where Nc¢;; = ¢;j & &, and g;; is indeterminacy, and it
may be &; € [Ay:j, Azij]or & € {A11j, A2i;} Or other. Then the payments
matrix becomes N¢;; = [c;; + €]
Available quantities are neutrosophic values Na; = a; + €; Where ¢; is
the indeterminacy related to the available quantity in production center i.
It may be g;; € [A4;,45;] or &; € {A4;,4;;30r otherwise, the quantities
demanded are neutrosophic values Nb; = b; + &; where §; is the
indeterminacy related to the quantity available in the j consumer center, it
may be &; € [wy), p2;] Or & € {11, uz;} or otherwise.
Formulation of the issue:
Suppose that we want to transfer a material from production centers A4;,
where i = 1,2,...,m, to consumption centers B;, where j = 1,2, ...,n, SO
that the transportation cost is as low as possible, knowing that the
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quantities available in these centers are a; + &;,a, * &, ..., a,, £ &, and

the quantities required in the consumption centers are:
by +61,b, £ 65, ...,b, + 8,

To build the appropriate mathematical model, we symbolize the quantity
transferred from the production center i to the consumption center j by
Nx;;. Then, we can put the unknowns of the problem in the following

matrix form: NX = [Nx;;]

We place the information in the question in the table as follows:

sumption centers Available
) B; B, B; B, ..
Production cen guantities
Aq Ncyq Ncy, Ncy; Nci,
a, &
Nxq, Nxq, Nx,; Nxqp
A, Ncyy Nc,, Ncys Ncy,
a, e
Nx,, Nx,, Nx,3 Nx,,
A Nc3q Ncs3, Nc3s Ncs,
as; T &;
NX31 NX32 Nx33 NX3n
An Ncpa Ncp, Ncps Ncpn
am t &m
Nxp,q Nxp,» Nxp,3 Nxpn
Required quantities b8, | b8, | byt 65 b, + &,

Table No. (18) Issue data: transportation cost, available quantities, and required

quantities. Neutrosophic values

Building the mathematical model in case the model is balanced, i.e.:

m n
Z Nal- = Z Nb]
i=1 j=1

Mathematical model:

Find

m
NZ = Z
i=1

n

j=1
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Conditions:
n
ZN’C” =Na; ;i=12,..,m
j=1
m
D Nay = Nby 5j=12,..,n
i=1
Nx;j=0;i=12,...m,j=12,..,n
Example:

It is intended to ship a quantity of oil from three stations A;, A,, A;to four
citiesB,, B,, B3, B,. The quantities available at each station, the quantities
required in each city, and the transportation cost are shown in the
following table:

mption centers Available
Production S By B, B3 B, quantities
Ay 7+¢ 4+¢ 15+¢ 9+¢
120 + &
Nx1q Nxy; Nxy3 Nxi4
A, 11+« 2+¢ 7+¢ 3+¢
80 + &y
Nx34 Nxz; Nx33 Nxz4
Az 4+¢ 5+¢ 2+¢ 8+¢
100 + &5
Nx34 Nx3; Nx33 Nixz4
Required quantities | 85+ 8, | 65+ 68, | 90+ 65 | 60+ &,

Table No. (19): Example data: transportation cost, available and required

guantities. Neutrosophic values

Where ¢ is the indeterminacy and we take it as € € [0,2]
Where ¢; is the indeterminacy of the available quantities and we take it as

follows:

g €10,35],¢&, €0,10], &5 € [0,15]

Where §; is the indeterminacy of the required quantities, we take it as

follows:

6, €[0,7],6, € [0,18], 85 € [0,25], 5, € [0,10]
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From the above we get the following table:

mption centers Available
Production centers B, B, ) B, quantities
A 7,9 4,6 15,17 9,11
1 [7,9] [4.6] | 1 | [911] (120,155]
A 11,13 2,4 7,9 3,5
2 [ 11241 |[79] [3,5] (80,90]
Nxyq Nxy, Nxy3 Nxyy
A 4,6 5,7 2,4 8,10
3 [4,6] [57] | [24] [8,10] (100,115]
Nx3q Nx3; Nx33 N34
Required quantities | [85,92] | [65,83] | [90,115] | [60,70]

Table No. (20): Example data: transportation cost, available quantities, and
required quantities. Neutrosophic values

From the data of the issue, we note that:

ZNal [120,155] + [80,90] + [100,115] = [300,360]

=1

ZNb [85,92] + [65,83] + [90,115] + [60,70] = [300,360]

We note that:

4
ZNal ZNb] [300,360]

j=1
Mathematical model:
Find
NZ € {[7,9]x11 + [4,6]x1, + [15,17]x15 + [9,11]x14 + [11,13]x5,
+ [2,4]x2, + [7,9]x23 + [3,5]x24 + [4,6]x31 + [5,7]x3,
+ [2,4]x33 + [8,10]x35,} = Min
Conditions:

ZNXU = Nai ;j = 1,2,3,4

i=1
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4
Zinj = ij ;i = 1,2,3
j=1

Nx;;=0;i=123,j=1234
Building a mathematical model in case the model is unbalanced, i.e.:

m n
ZNal- * ZNb]
i=1 j=1

A state of overproduction:

The total quantities produced are greater than the total available
quantities, i.e.:
m n
z Na; > z Nb;
i=1 j=1
We transform the model into a balanced model by adding an artificial
consumer center B,,,;whose need is:

m n
an+1 = ZNCIL' — ZNb]
i=1 j=1

The cost of transporting one unit from all production centers to this
imaginary consumer center is equal to zero, i.e., cj41 =0, Where
i=1,2,..,m. To build the appropriate mathematical model, we
symbolize x;; to indicate the quantity transferred from the center.
Production i to consumption center j. Then, we can put the unknowns of
the problem in the following matrix form: X = [x;;]
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Mathematical model:

Find
m n+1
NZ:Z Ncijxij - Min
i=1 j=1
Conditions:
n+1
Nx;j = Na; ;i = 1,2,..,m
j=1
m
Zinj =Nb; ;j=12,..,n+1
i=1
Nx;; =20;i=12,.,m,j=12,.,n+1
Example:

It is intended to ship a quantity of oil from three stations A;, A,, A;to four

citiesB,, B,, B3, B,. The gquantities available at each station, the g

uantities

required in each city, and the transportation cost are shown in the

following table:

mption centers available
Production centers By B, Bs B, quantities
A 7+¢ 4+¢ 15+¢ 9+¢
120 + &
Nx1q Nxi, Nxi3 Nxi4
A, 11+¢ 2+c¢ 7+c¢ 3+c¢
95 + ¢,
Nx34 Nxz; Nx33 Nxz4
As 4+¢ 5+¢ 2+¢ 8+¢
100 + &3
Nx34 Nx3; Nx33 Nx3z4
Required quantities | 85+ §; | 65+ 8, | 90+ 65 | 60 + &,

Table No. (21): Example data: transportation cost, available, and required

guantities Neutrosophic values, overproduction
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Where ¢ is the indeterminacy and we take it as € € [0,2]

Where ¢; is the indeterminacy of the available quantities and we take it as
follows:

€ [0,35],&, € [0,10],e5 € [0,15]
Where §; is the indeterminacy of the required quantities, we take it as
follows:
6, €[0,7],6, € [0,18], 85 € [0,25], 5, € [0,10]
From the above we get the following table:

mption centers available
Production rs By B, Bs By quantities
Nxq4 Nxq, Nxi; Nxi4 '
Nle NXZZ Nx23 NXZ4_ ’
Nx3q Nx3, Nx33 Nx3, '
Required quantities [85,92] | [65,83] | [90,115] | [60,70]

Table No. (22): Example data: transportation cost, available, and required
quantities Neutrosophic values, overproduction

From the data on the issue, we note:

Z Na; = [120,155] + [95,105] + [100,115] = [315,375]

4
z [85,92] + [65,83] + [90,115] + [60,70] = [300,360]
=1

We note that Y3, Na; > Y.2_1 Nb;, state of surplus production.

We transform the model into a balanced model by adding an artificial
consumer center B; whose need is:
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3 4
Nbg = Z Na; — z Nb; = [315,375] — [300,360] = [15,15]
i=1 =

we get the following table:

Co tion centers Available
Production Tenters B Bz Bs B, 15 quantities
A 7,9 4,6 15,17 9,11 0
1 [7,9] [4,6] [ I |[9.11] (120,155]
Nxqq Nxq, Nxy3 Nxq4 | X5
A 11,13 2,4 7,9 3,5 0
2 [ 1] 12,4] [7,9] [3,5] (95,105
Nxyq Nx3, Nx,3 Nxyy | X35
A 4,6 5,7 2,4 8,10 0
3 [4,6] [5,7] [2,4] [8,10] (100,115]
Nx3q Nxs3, Nx33 Nx34 | X35
Required 15
quantities [85,92] | [65,83] | [90,115] | [60,70]

Table No. (23) Example data Transportation cost, available and required

guantities, neutrosophic values, artificial consumption center

Mathematical model:

Find

NZ € {[7,9]x11 + [4,6]x15 + [15,17]x15 + [9,11]%14 + 0. %,

Conditi

+ [11,13])621 + [2,4‘]X22 + [7,9]XZ3 + [3,5]XZ4_ + 0'x25
+ [4,6]x31 + [5,7]x32 + [2,4]x35 + [8,10]x34 + 0. x35}

- Min

ons:

l

3
ZNXU = Nai ;j = 1,2,3,4,5

=1
5
j=1

Nx;; =0 ;i=123,j=1234,5
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Production shortfall:
If the total quantities produced are less than the total quantities required,

that is:
m n
:E:]Vai<< :E:]Vbj
i=1 j=1

We transform the model into a balanced model by adding an artificial
production center A4,,., whose needs are:

n m
1Vanr+1 ==:E:1Vbi—-:E:1Vai
j=1 i=1

The cost of transporting one unit of it to all consumption centers is equal
to zero, that is, ;41 = 0, where j = 1,2, ..., n. For the table, we add a

row 4,41
Mathematical model:

Find
m+1l n
NZ = z ZNcijxij - Min
i=1 j=1
Conditions:
n
Zinj =Na; ;i=12,..,m+1
j=1
m+1
Z Nxi; = Nb; ;j =12, ..,n
i=1
Nx;;=20;i=12,.,m+1,j=12,..,n
Example:

It is intended to ship a quantity of oil from three stations A, A,, Asto four
citiesB;, B,, B3, B,. The quantities available at each station, the quantities
required in each city, and the transportation cost are shown in the
following table:
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mption centers Available
Production c& B, B, Bs By quantities
Ay 7+¢ 4+e 15+¢ 9+¢
120 + &
Nxqq Nx12 Nx13 Nx14
A, 11+¢ 2+¢ 7+¢ 3+¢
80 + &,
Nx3q Nxz, Nxz3 Nx3,4
Az 4+¢ 5+¢ 2+c¢ 8+¢
100 + &3
Nx34 Nx3; Nx33 Nx34
Required quantities 85+38; | 100+6, | 90+ 385 | 60+ 6,

Table No. (24) Example data Transportation cost, available and required quantities
Neutrosophic values, production shortfall

Where ¢ is the indeterminacy and we take it as € € [0,2]
Where ¢; is the indeterminacy of the available quantities and we take it as
follows:

g €10,35],¢&, € 0,10], &5 € [0,15]
Where §; is the indeterminacy of the required quantities, we take it as
follows:

6, € [0,7],6, € [0,18], 85 € [0,25], 5, € [0,10]

From the above we get the following table:

umption centers Available
Production rs B, By Bs Ba quantities
Aq [7,9] [4,6] [15,17] [9,11] [120,155]
Nxq4q Nxq, Nxq3 Nxq, ’
A, [11,13] | [2,4] [7,9] [3,5] (80,00]
Nx21 NxZZ Nx23 Nx24_ ’
As [4,6] | [5,7] [2,4] [8,10] (100,115]
N.X31 NX32 NX33 Nx34_ ’
Required quantities | [85,92] | [100,118] | [90,115] | [60,70]

Table No. (25) Example data Transportation cost, available, and required
guantities Neutrosophic values, production shortfall
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From the data on the issue, we note:

Z Na; = [120,155] + [80,90] + [100,115] = [300,360]

i=1
4
z Nb; = [85,92] + [100,118] + [90,115] + [60,70] = [335,395]

W note that:

Because);_, Na;

3 4
ZNal- * ZNb]
i=1 j=1

=[300,360] and X%
model is unbalanced because Y.}, Nb; > ¥.?_; Na;

= [335,395], that is, the

A production deficit, so we add an artificial production center A4, to its
production capacity:

Na,= Y Nb; — Y Na; =[335,395] — [300,360] = [35,35]
]

The cost of transporting one unit of it to any consumer center is equal to

Zero, i.e.:
Caj = 0;j=1234
We get the following table:
umption centers Available
Production rs By B, By B, quantities
Nxq; Nx, Nx3 Nxy4 ’
Nle N'xZZ Nx23 Nx24_ ’
Nx3q Nx3, Nx33 Nx3, ’
A 0 0 0 0
4 [35,35]
Nxyq Nxy, Nxy3 X34
Required quantities | [85,92] | [100,118] [90,115] | [60,70]

Table No. (26) Example data Transportation cost, available and required quantities
Neutrosophic values, artificial production center
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Mathematical model:
Find
NZ € {[7,9]x11 + [4,6]x1, + [15,17]x15 + [9,11]x14 + [11,13] x5,
+ [2,4]x55 + [7,9]x23 + [3,5]x24 + [4,6]x31 + [5,7]x3,
+ [2,4]x35 + [8,10]x34 + 0.x41 + 0.4, + 0.x,45
+ 0.x44} = Min

Conditions:

4
ZNXU = Nai ;j = 1,2,3,4

i=1

4
ZNXU = ij = 1,2,3,4
j=1

Nx;; >0 ;i=1234,j =1234

]
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Chapter 11

Methods for finding the principled solution to
Neutrosophic transport problems

2.1. Introduction
2.2. North-west corner method
2.2.1. the cost of transportation is Neutrosophic values
2.2.2. The quantities available in production centers and the
quantities required in consumption centers are
neutrosophic values
2.2.3. The cost of transportation, the quantities available in
production centers, and the quantities required in
consumption centers are neutrosophic values
2.3. The least - cost method
2.3.1. the cost of transportation is Neutrosophic values
2.3.2. The quantities available in production centers and
the quantities required in consumption centers are
neutrosophic values
2.3.3. The cost of transportation, the quantities available
in production centers, and the quantities required in
consumption centers are neutrosophic values
2.4. Vogel’s Approximation Method
2.4.1. the cost of transportation is neutrosophic values
2.4.2. The quantities available in production centers and
the quantities required in consumption centers are
neutrosophic values
2.4.3. The cost of transportation, the quantities available
in production centers, and the quantities required in
consumption centers are neutrosophic values
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2.1. Introduction:

In the first chapter, we looked at the neutrosophic transport models at the
lowest cost, and, to find the optimal solution for them, we must obtain an
initial solution. We present in this chapter some methods through which it
Is possible to obtain an initial solution for any transport model, noting that
the initial solution must consider the balance between what is required
and what is available. The number of unknowns of the rule in this initial
solution must be the number of linear conditions, i.e.,n +m — 1.

2.2. The North-West Corner Method:

In this method, we start from the North-west Corner (upper left), which is
located at the intersection of the first row and the first column, and we
place in it the largest possible quantity. This quantity is the smaller of the
two quantities, the quantity available in the first production center and the
quantity required in the first consumption center, if the quantity is
available in the first production center is greater than the quantity required
in the first consumer center. We move to the right and place in the
adjacent cell the smaller of the two quantities, the quantity remaining in
the first production center and the quantity required in the second
consumer center. However, if the quantity required in the first consumer
center is greater than the quantity available in the first production center,
we descend to the bottom cell next to it, and we put in it the smaller of the
two quantities, the quantity available to satisfy the need of the first
consumption center and the quantity available in the second production
center, and so we continue in the same way until we satisfy the needs of
all consumption centers and empty all production centers. We obtain what
resembles a staircase that descends from left to right, and thus we have
arrived. To the first initial solution, the number of cells we occupy must
equal n + m — 1 and then we calculate the total cost corresponding to this
initial solution.

We explain the above through examples of neutrosophic transport
models according to the three forms presented in the first chapter:
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2.2.1. the transportation cost is neutrosophic values:

The cost of transporting one unit from the production center i to the
consumption center j is Nc;; = ¢;j & & where ¢;; is the indeterminacy
of the production cost and it may be any neighborhood of the true
valuec;;, i.e. &; € [Ay;j, 2] or & € {A1;,22;;} Then the payments
matrix becomesNc¢;; = [c;; + &)

Example (1):

It is intended to ship a quantity of oil from three stations A,, A,, A5 to four
citiesB;, B,, B3, B,. The quantities available at each station, the quantities
required in each city, and the cost of transportation in each direction are
shown in the following table:

umption centers Available
Production ce B, B, B, B, quantities
Ay 7+¢ | 4+¢ |15+ | 9+¢
120
X11 X12 X13 X14
A, 11+¢ [0+¢ 7+¢ | 3+¢ 80
X21 X22 X723 Xo4
As 4+¢ | 5+¢ | 24+ | 8+¢
100
X31 X32 X33 X34
Required quantities 85 65 90 60

Table No. (1) Data for example (1)

Where ¢ is the indeterminacy and we take it as € € [0,2].
From the data of the problem, we note that:

m n
i=1 j=1

That is, the model is balanced. Substituting € [0,2] , we get the following
table:
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erocuiongmes. | 1| B2 | B | B | G
Aq [7,9] [4,6] |[15,17] | [9,11] 120
A, [11,13] | [0,2] | [7,9] [3,5] 80
As [4,6] [5,7] [2,4] | [8,10] 100
Required quantities 85 65 90 70 300
300

Table No. (2) Data for example (1)

We use the north-west corner method to find an initial solution:

We start from the North-west corner that is, opposite the first production
center and the first consumption center and put Min{85,120} = 85. Thus,
we have fulfilled the need of the first consumption center from the first
production center, and the quantity remaining in the first production
center is 120 — 85 = 35. We move to the right cell. If the first row
intersects with the second column, and we set Min{65,35} = 35, the
quantities available in the first production center become equal to zero,
and the quantities required in the first consumption center equal to zero,
and the second consumption center needs 65 — 35 = 30. We go down to
the cell located at the intersection of the second row and the second
column, and we put Min{30,80} = 30, then we have met the need of the
second consumption center, and what remains in the second production
center is 80 — 30 = 50. We continue in the same way until we empty all
the production centers and satisfy the needs of all the consumption
centers. We get the following table:
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mption centers Available
) 4 B; B, B3 B, .
Production cen quantities
A 7,9 4,6 15,17 9,11
1 [7,9] [4.6] | [ 1| [911] 120
85 35
A, [11,13] | [0,2] | [7.9] [3,5] 80
30 50
A 4,6 5,7 2,4 8,10
3 [4.6] [5,7] [2,4] | [810] 100
40 60
Required quantities 85 65 90 60 300
300

Table No. (3): Initial solution for example (1)

From the previous table we find:
x11 =85 ,x1, =35,x,, =30,
X33 = 50 ,x33 = 40,x3, = 60
X13 = X14 = X1 = X34 = X317 = X33 =0
We have m = 3,n =4, Thereforen + m — 1 = 6. This means that the
initial solution satisfies the condition.
We calculate the cost corresponding to this initial solution and replace it
with the following cost function:
L = c11Xx11 + C12X12 + C13X13 + C14X14 + C21X21 + C22X22
t C23X23 + C24X24 + C31X31 + C32X32 + C33X33
1 C34X34
We get the cost corresponding to the initial solution.
NL € {[7,9].85 + [4,6].35 + [15,17].0 + [9,11].0 + [11,13].0
+[0,2].30 4 [7,9].50 + [3,5].0 + [4,6].0
+ [5,7].0 + [2,4]. 40 + [8,10]. 60}
= [1645,2245]
It is the cost corresponding to the initial solution.
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2.2.2. The quantities available in production centers and the
guantities required in consumption centers are neutrosophic
values.

Example (2):

It is intended to ship a quantity of oil from three stations A4, 4,, A3 to four
cities By, B,, B3, B,. The quantities available at each station, the quantities
required in each city, and the cost of transportation in each direction are
shown in the following table:

Produc:i:rrw)tcl::n . B, B, Bs B, ::JV:;L?ELZ
Aq 7 4 15 9 120 + &
A, 11 0 7 3 80 + &,
Aj 4 5 2 8 100 + &3
Required quantities | 85+ §; | 65+ &§; | 90 + &,
60 + &;

Table No. (4) Data for example (2)

Where ¢, €,, &5 is the indeterminacy over the quantities available at the
stations, ¢; is the indeterminacy over the quantities produced, i.e.
€ € [A1;,A5;] or g € {414, A5;}, in this example we will take
g €[0,11],e, € [0,9], and &5 € [0,15]8;,, 85, &3, &4 . Is the indeterminacy
over the quantities available at the stations, &; is the indeterminacy over
the quantities produced, i.e., & € [y, 1z;] Oré8; € {uyj, 125}, in this
example we will take

6, € [0,8],6, € [0,12], 65 € [0,9], and 6, € [0,6]
We get the following table:
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ot | B | B | B | B | hee
A 7 4 15 9 [120,131]
A, 11 0 7 3 [80,89]
A 4 5 2 8 [100,115]
Required quantities | [85,93] | [65,77] | [90,99] | [60,66] 0,335]
[300,33

Table No. (5) Data for example (2)

We note that 3:7_, Na; = ¥}, Nb; = [300,335] and therefore the model
is balanced.

We use the northwest corner method to find an initial solution:

We start from the northwest corner that is opposite the first production
center and the first consumption center, and put
Min{[85,93],[120,131]} = [85,93]

Thus, we have fulfilled the need of the first consumption center from the
first production center and it remains in the first production center.
Quantity [120,131] — [85,93] = [35,38], We move to the right of the
cell located at the intersection of the first row and the second column and
put Min{[65,77],[35,38]} = [35,38] in it, it becomes the quantities
available in the first production center equal zero, and the quantities
required in the first consumption center equal zero, and the second
consumption center needs [65,77] — [35,38] = [30,39] .We go down to
the cell located at the intersection of the second row and the second
column. We put in{[30,39],[80,89]} = [30,39] , then we have met the
need of the second consumer center, and the second production center
remains [80,89] — [30,39] = [50,50] .We continue in the same way until
we empty all production centers and satisfy the needs of all consumption
centers. We obtain the following table:
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umption centers Available
Production cé B, By Bs B, quantities
Ay 7 4 15 9
[120,131]
[85,93] | [35,38] 0 0
A, 11 0 7 3
[80,89]
0| [30,39] | [50,50] 0
As 4 5 2 8
[100,115]
0 0 | [40,49] | [60,66]
300,335]
Required quantities | [85,93] | [65,77] | [90,99] | [60,66]
[300,33

Table No. (6): Initial solution for example (2)

From the previous table we find that:

Nxy, € [85,93], Nxy, € [35,38], Nx,, € [30,39],
Nx,3 € [50,50], Nx35 € [40,49], Nxs, € [60,66],

Nxi3 = Nxqi4 = Nxy; = Nxyy = Nx3; = Nx3, =0
We have m = 3,n =4, Thereforen + m — 1 = 6. This means that the
initial solution satisfies the condition.
We calculate the cost corresponding to this initial solution and replace it
with the following cost function:
L = c11X11 + C12X12 + C13X13 + C14X14 + C21X21 + Co2X22 + C23X23
t C24X24 t C31X31 + C32X32 + C33X33 + C34X34

We get the cost corresponding to the initial solution:

NL € {7.[85,93] + 4.[35,38] + 15.0 + 9.0 + 11.0 + 0.[30,39]
+7.[50,50] + 3.0 + 4.0 + 5.0 + 2.[40,49] + 8.[60,66]}

= [1645,1779]

It is the cost corresponding to the initial solution.
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2.2.3. The cost of transportation, the quantities available in
production centers, and the quantities required in consumption
centers. neutrosophic values:

Example (3):

It is intended to ship a quantity of oil from three stations A,, A,, A5 to four
cities B;,B,, B3, B,. The quantities available at each station, the
quantities required in each city, and the cost of transportation in each
direction are shown in the following table:

Producl:i:zt::(:an o B, B, Bs B, ml?t?;z
A 7+¢ 4+c¢ 15+¢ 94+¢ | 120+ &
A, 11+ ¢ 0+¢ 7+¢ 3+¢ 80 + ¢,
Az 4 +¢ 5+¢ 2+¢ 8+¢e | 100 + &
Required quantities | 85+ 6; | 65+ 3, | 90+ 65 | 60 + 6,

Table No. (7) Data for example (3)

Where ¢ is the indeterminacy and we take itas ¢ € [0,2].
Where ¢, €,, &5 is the indeterminacy over the quantities available at the
stations, &; is the indeterminacy over the quantities produced, i.e.,
€ € [A1;,A5;] or g € {414, A5;}, in this example we will take
g €10,11],&, € [0,9], and &5 € [0,15]8;,, 85, &3, &4 . Is the indeterminacy
over the quantities available at the stations, &; is the indeterminacy over
the quantities produced, i.e., & € [y, pz;] Oré8; € {uyj, 125}, in this
example we will take

6, € [0,8],6, € [0,12], 55 € [0,9], and 6, € [0,6]
We get the following table:
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sumption centers Availgple
Productiorreenters B, B, B B, quantities
Ay [7,9] [4,6] [15,17] [9,11] | [120,131]
00,335]
Required quantities 85,93 65,77 90,99 60,66
auired quanites | [85,93] | [65,77] | [90,99] | [60,66] | 0"s

Table No. (8) Data for example (3)

We use the northwest corner method to find an initial solution:

We start from the North-west corner, that is, opposite the first production
center and the first consumption center and put

Min{[85,93],[120,131]} = [85,93] thus, we have fulfilled the need of
the first consumption center from the first production center and it
remains in the first production center.

Quantity [120,131] — [85,93] = [35,38].We move to the right of the cell
located at the intersection of the first row and the second column and put
[65,77] — [35,38] =[30,39] in it. The quantities available in the first
production center are equal to zero, and the quantities required in the first
consumption center are equal to zero, and the second consumption center
needs [65,77] — [35,38] = [30,39]. We go down to the cell located at
the intersection of the second row and the second column. We put in it
Min{[30,39],[80,89]} = [30,39] ,then we have met the need of the
second consumer center and the second production center remains
[80,89] — [30,39] = [50,50] . We continue in the same way until we
empty all production centers and satisfy the needs of all consumption
centers. We obtain the following table:
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umption centers Availgple
Productioneenters By B, B3 B, quantities
A 7,9 4,6 15,17 9,11
: 799 1461 | [1547] | [911] | 0o
[85,93] | [35,38] 0 0
A 11,13 0,2 7,9 3,5
: [1113] [[02] | [79] | [35] 180,89]
0| [30,39]| [50,50] 0
A 4,6 5,7 2,4 8,10
: 46 [[57) 1241 |[B10] | oo
0 0| [40,49] | [60,66]
00,335]
Required quantities 85,93 65,77 90,99 60,66
quired g [ 1] 111 1] ] 300,33

Table No. (9): Initial solution for example (3)

From the previous table we find that:
Nx;, € [85,93], Nx;, € [35,38], Nx,, € [30,39],
Nx,3 € [50,50], Nx33 € [40,49], Nx3, € [60,66],
Nxi3 = Nxqi4 = Nxy; = Nxyy = Nx3; = Nx3, =0
We have m = 3,n =4, Thereforen + m — 1 = 6. This means that the
initial solution satisfies the condition.
We calculate the cost corresponding to this initial solution and replace it
with the following cost function:
L = cy1%11 + C12X12 + C13X13 + C14X14 + C21X21 + C22X22 + C23X23
t C24X24 + C31X31 + C32X32 + C33X33 + C34X34
We get the cost corresponding to the initial solution:
NL € {[7,9].[85,93] + [4,6].[35,38] + [15,17].0 + [9,11].0
+[11,13].0 + [0,2].[30,39] + [7,9].[50,50] + [3,5].0
+ [4,6].0 + [5,7].0 + [2,4].[40,49] + [8,10].[60,66]}
= [1645,2449]
It is the cost corresponding to the initial solution.
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2.3. The Least- Cost Method:

This method depends on satisfying the cells with the least cost first, so it
Is better than the northwest corner method. We begin by supplying the
square with the least cost in the problem as a whole and provide it with
the order it needs from the inventory corresponding to this cell. We
continue to fill the cells with the least cost sequentially until we supply all
centers. Consumption of quantities available in production centers

2.3.1. the cost of transportation is neutrosophic values:

The cost of transporting one unit from production center ito consumption
center j is Nc;; = ¢;j + &;; where g;; is the indeterminacy of the production
cost and it may be any neighborhood of the true value ¢, i.e.,

& € [Aij, Azij]or & € {A1i, 221} Then the payments matrix becomes
Neyj = [cij £ &

Example (4):

It is intended to ship a quantity of oil from three stations A,, A,, A5 to four
cities B4, B,, B3, B,.The quantities available at each station, the quantities
required in each city, and the cost of transportation in each direction are
shown in the following table:

sumption centers Available
Production cen B, B, By B, quantities
A 7+¢ 4+¢ 15+¢|9+¢
120
X11 x12 x13 X14
A, 11+¢ |0+¢ |7+¢ |3+c¢ 80
X21 X22 X33 X4
As 4+¢ 5+¢ |2+¢ |8+¢
100
X31 X32 X33 X34
Required quantities 85 65 90 60

Table No. (10): Data for example (4)
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Where ¢ is the indeterminacy and we take it as € € [0,2].
From the data of the problem we note that:

m n
zai=2bj — 300
i=1 =

That is, the model is balanced. Substituting ¢ € [0,2] ,we get the
following table:

sumption centers Available
Production cen B, B, B, B, guantities
A [7,9] [4,6] |[15,17] | [9,11] 120
300
Required quantities 85 65 90 70
300

Table No. (11): Data for example (4)

We use the least cost method to find an initial solution. We notice that the
least cost is [0,2], which is located in the cell resulting from the
intersection of the second row and the second column. Therefore, we put
Min{65,80} = 65 in it. Thus, we have met the need of the second
consumer center from the production center. The second, and the
remaining quantity in the second production center is 80 — 65 = 15. We
move to the least cost among the remaining costs, which is [2,4]. We find
it located in the cell resulting from the intersection of the third row and
the third column, in which we put Min{90,100} = 90. Thus, we have met
the need. The third consumption center comes from the third production
center, and the remaining quantity in the third production center is

100 — 90 = 10. We continue in the same way until we satisfy all
consumption centers and empty all production centers. We obtain the
following table:
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sumption centers Available
Production cen B B, B, By quantities
A 7,9 4,6 15,17] | [9,11
1 [7,9] [4.6] |I[ 1{[911] 120
75 45
65 15
A 4,6 5,7 2,4
3 [46] | [57] | [24] (8,10] 100
10 90
300
Required quantities 85 65 90 70
300

Table No. (12): Initial solution for example (4)

From the previous table we find:
X1 =75 ,%14 = 45,x,, = 65
Xy4 =15 ,x3; =10,x33 =90
Xi2 = X13 = X1 = X33 = X33 = X34 =0
We have m = 3,n = 4, Thereforen + m — 1 = 6. This means that the
initial solution satisfies the condition.
We calculate the cost corresponding to this initial solution and replace it
with the following cost function:
L = cy1%11 + C12X12 + C13X13 + C14X14 + C21X21 + C22X22 + C23X23
t C24X24 + C31X31 + C32X32 + C33X33 + C34X34
We get the cost corresponding to the initial solution:
NL € {[7,9].75 + [4,6].0 + [15,17].0 + [9,11].45 + [11,13].0
+[0,2].65 + [7,9].0 + [3,5].15 + [4,6].10 + [5,7].0
+ [2,4].90 + [8,10].0} = [1195,1795]
It is the cost corresponding to the initial solution.
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2.3.2. The quantities available in production centers and the
guantities required in consumption centers are neutrosophic

values.

Example (5):

It is intended to ship a quantity of oil from three stations A,, A,, A5 t0
four citiesBy, By, B3, B,. The quantities available at each station, the
quantities required in each city, and the cost of transportation in each
direction are shown in the following table :

umption centers Available

Production cé B, By Bs B, quantities

Aq 7 4 15 9 120 + &

A, 11 0 7 3 80 + &,

As 4 5 2 8 100 + &3
Required quantities | 85 + &, 65 + 6, 90 + 6, 60 + &,

Table (13) data for example (5)

Where ¢, €,, &5 is the indeterminacy over the quantities available at the
stations, &; is the indeterminacy over the quantities produced, i.e.,
€ € [A1;,A5;] or g € {414, A5;}, in this example we will take
g €[0,11],e, € [0,9], and &5 € [0,15]8;,, 85, &3, &4 . Is the indeterminacy
over the quantities available at the stations, &; is the indeterminacy over
the quantities produced, i.e., & € [y, 1z;] Oré8; € {uyj, 125}, in this
example we will take

6, € [0,8],6, € [0,12], 65 € [0,9], and 6, € [0,6].
We get the following table:
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prodactongomers. | B, Bs Br | Guaniti
A, 7 4 15 9 [120,131]
A, 11 0 7 3 [80,89]
As 4 5 2 8 [100,115]
Required quantities | [85,93] [65,77] [90,99] [60,66] [3000:;335]

Table (14) data for example (5)

We note that X7 ,Na; = Xj_, Nb; =[300,335] and therefore the
model is balanced.

We use the least cost method to find an initial solution. We note that the
least cost is zero, and it is located in the cell resulting from the
intersection of the second row and the second column. Therefore, we put
Min{[65,77],[80,89]} = [65,77] in it, thus we have demonstrated the
need of the first consumption center from the first production center and
the quantity [80,89] — [65,77] = [12,15] remains in the first production
center. We move to the least cost among the remaining costs, which is 2.
We find it located in the cell resulting from the intersection of the line.
The third and third column, we put Min{[90,99],[100,115]} = [90,99]
then we have met the need of the second consumer center and the second
production center remains [80,89] — [30,39] = [50,50] ,we continue in
the same way until we satisfy all consumption centers and empty all
production centers. We obtain the following table:
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Co tion centers Available
Productionceaters B B, B, By quantities
A, 7 4 15 9
[120,131]
[75,77] 0 0| [45,54]
A, 11 0 7 3
[80,89]
0/ [65,77] 0| [15,12]
As 4 5 2 8
[100,115]
[10,16] 0 | [90,99] 0
00,335]
Required quantities | [85,93] | [65,77] | [90,99] | [60,66] 3003

Table (15) Initial solution for example (5)

From the previous table we find:

Nxy, € [75,93], Nxy, € [45,54], Nx,, € [65,77],
Nx,4 € [15,12], Nx3; € [10,16], Nxs3 € [90,99],

Nx;, = Nxi3 = Nxy; = Nxp3 = Nx35, = Nx3, =0

We have m = 3,n =4, Thereforen + m — 1 = 6. This means that the

initial solution satisfies the condition.

We calculate the cost corresponding to this initial solution and replace it

with the following cost function:
L = c11X11 + C12X12 + C13X13 + C1aX14 + C21X21 + Co2X2p + C23X23

t C24X24 + C31X31 + C32X32 + C33X33 + C34X34
We get the cost corresponding to the initial solution:

NL € {7.[75,77] + 4.0 + 15.0 + 9.[45,54] + 0.[65,77] + 7.0
+3.[12,15] + 4.[10,16] + 5.0 + 2.[90,99] + 8.0}

= [1259,1323]

It is the cost corresponding to the initial solution.
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2.3.3. The cost of transportation, the quantities available in
production centers, and the quantities required in
consumption centers are neutrosophic values.

Example (6):

It is intended to ship a quantity of oil from three stations A4,, A,, Asto four
citiesB;, B,, B3, B,. The quantities available at each station, the quantities
required in each city, and the cost of transportation in each direction are
shown in the following table:

Producl:i:zt:;n o B, B, Bs B, C']A:JV:I:II?ELZ
A 7+¢ 4+c¢ 15+¢ 94+¢ | 120+ &
A, 11+« 0+c¢ 7+¢ 3+¢ 80 + ¢,
A, 4+¢€ 5+¢ 2+¢ 8+¢ | 100 + &
Required quantities | 854+ 8, | 65+ 68, | 90+ 65 | 60 + 6,

Table (16) data for example (6)

Where ¢ is the indeterminacy and we take itas ¢ € [0,2].

Where ¢, €,, &5 is the indeterminacy over the quantities available at the
stations, &; is the indeterminacy over the quantities produced, i.e.,
€ € [A1;,A5;] or g € {414, A5;}, in this example we will take
g €1]0,11],&, € [0,9], and &5 € [0,15]6,, 85, &3, &4 . Is the indeterminacy
over the quantities available at the stations, &; is the indeterminacy over
the quantities produced, i.e., & € [uy),uz;] or&; € {usj, pp;}, in this
example we will take

6, € [0,8],6, € [0,12], 55 € [0,9], and 6, € [0,6].
We get the following table:
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sumption centers Available
Production centers By B, Bs B, quantities
Ay [7,9] [4,6] [15,17] [9,11] [120,131]
A, [11,13] [0,2] [7,9] [3,5] [80,89]
A [4,6] [5,7] [2,4] [8,10] [100,115]
Required quantities | [85,93] | [65,77] | [90,99] | [60,66] 20,335]
[300,33

Table (17) data for example (6)

We use the least cost method to find an initial solution:

We use the least cost method to find an initial solution. We note that the
least cost is [0,2] and it is located in the cell resulting from the
intersection of the second row and the second column, so we put
Min{[80,89],[65,77]} = [65,77] thus, we have met the need of the
second consumption center from the second production center, and the
remaining quantity in the second production center is

[80,89] — [65,77] = [12,15]. We move to the least cost among the
remaining costs, which is[2,4]. We find it located in the cell resulting
from the intersection of the third row and the third column, and we put
Min{[90,99],[100,115]} = [90,99]in it. Thus, we have met the need of
the third consumption center from the third production center, and the
remaining quantity is in the third production center.

[100,115] —[90,99] = [10,16]We continue in the same way until we
satisfy all consumption centers and empty all production centers. We
obtain the following table:
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sumption centers Available
Production ¢ rs B, B, B3 B, quantities
A 7,9 4,6 15,17 9,11
1 [7,9] [4,6] [ 1] [911] (120,131]
[75,77] 0 0 [45,54]
A 11,13 0,2 7,9 3,5
2 [ 1 |[02] [7,9] [3,5] (80,891
0| [65,77] 0 [12,15]
A 4.6 5,7 2,4 8,10
3 [4.6] [5,7] [2,4] [8,10] (100,115]
[10,16] 0| [90,99] 0
Required quantiti [85,93] | [65,77] | [90,99] | [60,66] 00,335]
equired quantities , , , ,
[300,33

Table No. (18): Initial solution for example (6)

From the previous table we find:
Nx,, € [75,77], Nx,3 € [45,54], Nx,, € [65,77],
Nx,, € [12,15], Nx;3 € [10,16], Nx33 € [90,99],
Nxq, = Nxy5 = Nxyq1 = Nx33 = Nx3, = Nx3, =0
We have m = 3,n =4, Thereforen + m — 1 = 6. This means that the
initial solution satisfies the condition.
We calculate the cost corresponding to this initial solution and replace it
with the following cost function:
L = cy1%11 + C12X12 + C13X13 + C14X14 + C21X21 + C22X22 + C23X23
t C24X24 + C31X31 + C32X32 + C33X33 + C34X34
We get the cost corresponding to the initial solution:
NL € {[7,9].[75,77] + [4,6].0 + [15,17].0 + [9,11].[45,54]
+[11,13].0 + [2,4].[65,77] + [7,9].0 + [3,5].[12,15]
+ [4,6].[10,16] + [5,7].0 + [2,4].[90,99] + [8,10]. 0}
= [1195,1993]
It is the cost corresponding to the initial solution.
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2.4. Vogel’s Approximation Method:

This method often leads to the optimal solution or to a solution close to it,
and it is better than the previous two methods. To reach the initial
solution in this way, we follow the following steps:

We calculate the difference between the two least unequal costs in each
row and each column. We take the row and column with the largest
difference and choose the least cost cell in the chosen row or column and
work to satisfy the order of the consumption center in which this cell is
located from the production center it corresponds to. We recalculate the
difference again. For all columns and rows, we repeat the previous
process until we meet all the requests of the consumption centers from the
quantities available in the production centers.

2.4.1. the cost of transportation using neutrosophic values:

The cost of transporting one unit from production center i to consumption
center j is Nc;j = c;; £ & where g; is the indeterminacy of the
production cost and it may be any neighborhood of the true value c;j, i.e.
& € [Aij,Azij] or &j €{Ayj,A2;;} Then the payments matrix
becomes N¢;; = [c;; + &;].

Example (7):

It is intended to ship a quantity of oil from three stations A,, A,, A5 to four
cities By, B,, B3, B,. The quantities available at each station, the quantities

required in each city, and the cost of transportation in each direction are
shown in the following table:

Cgroducttlicc);cente;s By By Bs B, QJ\;?:L?'I?::
A 7+¢ 4+¢ 15+¢ 9+¢ 120
A, 11 +¢ 0+¢ 7+¢ 3+¢ 80
A, 4+ ¢ 5+¢ 2+c¢ 8+¢ 100
Required quantities 85 65 90 60

Table No. (19): Data for example (7)
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Where ¢ is the indeterminacy and we take itas ¢ € [0,2].
We get the following table:

sumption centers Available
Production-centers By B, Bs B, quantities
Aq [7,9] [4,6] [15,17] [9,11] 120
Az [4,6] [5,7] [2,4] [8,10] 100
00,335]
Required quantities 85 65 90 60
[300,3

Table No. (20): Data for example (7)

We calculate the difference between the two least unequal costs in each
row and each column, and here it is not correct for the difference to be
zero. We take the row and column with the largest difference and choose
the least cost cell in the chosen row or column and work to meet the order
of the consumption center in which this cell is located from the
production center that corresponds to it. We take the largest differences
and find them to be 5 and they are present in two cells. We choose one of
them, let it be column B,. Then we choose the cell with the least cost,
which is opposite the production center A,. We saturate this cell and put
Min{60,80} = 60 in it. Thus, we have met the need of the fourth
consumer center from the center. In the second productive position, we
cross out the fourth column, and the remaining quantity in the second
productive position is 80 — 60 = 20, as in the following table:
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nsumption centers row
Available | difference
. B, B, B; B, quantities
Production centers A,
Aq [7,9] [4,6] | [15,17] | [9,11] 120 3
A, [3,5] 3
11,13 0,2 7,9 80
Az [4,6] [5,7] [2,4] [8,10] 100 2
Required quantities 85 65 90 60 [308:335]
Column teams | A/ 3 4 5 5

Table No. (21) First differences for example (7)

We recalculate the difference again for all columns and rows except the
fourth column. We repeat the previous process until we meet all the
demands of the consumption centers from the quantities available in the
production centers, empty all the production centers, and satisfy the needs
of all the consumption centers. We obtain the following table:
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C mption centers Available difference
; B B B B quantities
Production-centers 1 2 3 4 A | A, | A,
[15,17] [9,11] 120
[75,77] | [45,54]
[0,2] [3,5] 3|17 |-
A 11,13 7,9 80
2 [11,13] [20,23] [7.9] [60,66]
As [5,7] [2,4] 2 2 2
[4,6] [90,99] | [8,10] 100
[10,16]
; 0,335]
4 pthal) cilsagt) 85 65 90 60
[300,3
© A’1 3 4 5 5
g
s A) 3 4 5 -
E
= A} 3 1 13 —

Table No. (22): Initial solution for example (7)

From the previous table we find:
Nxy; = 75, Nx;4 = 45, Nx,, = 65,
Nxy4 = 15, Nx3; = 10, Nx33 = 90,
Nxi, = Nxqi3 = Nx3; = Nxy3 = Nx3, = Nx34, = 0
We have m = 3,n =4, Thereforen + m — 1 = 6. This means that the
initial solution satisfies the condition.
We calculate the cost corresponding to this initial solution and replace it
with the following cost function:
L = cy1%11 + C12X12 + C13X13 + C14X14 + C21X21 + C22X22 + C23X23
t C24X24 + C31X31 + C32X32 + C33X33 + C34X34
We get the cost corresponding to the initial solution:
NL € {[7,9].75 + [4,6].45 + [15,17].0 4+ [9,11].0 4+ [11,13].0
+1[0,2].20 + [7,9].0 + [3,5].60 + [4,6].10 + [5,7].0
+ [2,4].90 + [8,10].0} = [1105,1705]
It is the cost corresponding to the initial solution.
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2.4.2. The quantities available in production centers and the
guantities required in consumption centers are neutrosophic
values:

Example (8):

A quantity of oil is to be shipped from three stations A;, A,, A; to four
cities By, B,, B3, B,. The quantities available at each station, the quantities
required in each city, and the cost of transportation in each direction are
shown in the following table:

umption centers Available

Productiomeenters B B, Bs By quantities

Aq 7 4 15 9 120 + &

A, 11 0 7 3 80 + ¢,

As 4 5 2 8 100 + &3
Required quantities | 85+8; | 65+, | 90+ 8, | 60 + &,

Table No. (23) Data for example (8)

Where ¢, €,, &5 is the indeterminacy over the quantities available at the
stations, &; is the indeterminacy over the quantities produced, i.e.,
g € [Aq;, ;] or g € {445, A,;}, in this example we will take
g €[0,11],e, € [0,9], and &5 € [0,15]6;, 85, &3, &4 . Is the indeterminacy
over the quantities available at the stations, &; is the indeterminacy over
the quantities produced, i.e., & € [uy),uz;] or&; € {usj, pp;}, in this
example we will take

6, € [0,8],6, € [0,12], 55 € [0,9], and 6, € [0,6].
We get the following table:
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Produc:i]c?:c::n Centzrs B, B, B; B, (ﬁl‘;ar:gki’éz
A 7 4 15 9 [120,131]
A, 11 0 7 3 [80,89]
A 4 5 2 8 [100,115]
Required quantities | [85,93] [65,77] [90,99] [60,66] 0,335]
[300,33

Table No. (24) Data for example (8)

We note that 3:7_, Na; = ¥}, Nb; = [300,335] and therefore the model
is balanced.

According to the difference between the two least unequal costs in each
row and each column, then we take the row and column with the largest
difference, choose the cell with the least cost in the chosen line or
column, and work to meet the order of the consumption center in which
this cell of the production center is located.

We take the largest differences and find them 5, which are located in two
cells. We choose one of them, let it be column B,. Then we choose the
cell with the least cost, which is opposite the production center 4,. We
saturate this cell and put it in it.Min{[60,66], [80,89]} = [60,66], thus,
we have met the need of the fourth consumption center from the second
production center. We cross out the fourth column and the remaining
quantity is in the second production center [80,89] — [60,66] = [20,23].

As in the following table:

_63_




NEUTROSOPHIC TRANSPORT AND ASSIGNMENT ISSUES

Consumption centers . -
Producfion ters B, B, B; B, g‘l;’:r'i?tki’z dlffeArfnce
Ax 7 4 15 9 | [120,131] 3
Az 11 0 7 |3 [80,89] 3
[60,66] [20,23]
As 4| 5 2| 8 |[w00115] | 2
Required quantities | [85,93] | [65,77] | [90,99] | [60,66] [300(;335]
difference | A} 3 4 5 5

Table No. (26) First differences for example (8)

We recalculate the difference again for all columns and rows except the
fourth column. We repeat the previous process until we meet all the
demands of the consumption centers from the quantities available in the
production centers, empty all the production centers, and satisfy the needs
of all the consumption centers. We obtain the following table:

Co ption centers Available difference
Production centers By Bz B B quantities Ay | A, | A
A 7 4 15 3 3 3
9 [120,131]
[75,77] | [45,54]
A, 11 0 7 3 (80,89] 3 7 -
[20,23] [60,66] '
43 * 7 2 8 [100,115] 212
[10,16] [90,99] ’
Required quantities [85,93] | [65,77] | [90,99] 0,335]
[60,66]
[300,3
© A, 3 4 5 5
(&)
& .
5 A, 3 4 5 -
= AL 3 1 13 -

Table No. (27): Initial solution for example (8)
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From the previous table we find:
Nx;; € [75,77], Nx;, € [45,54], Nx,, € [20,23],
Nx,, € [60,66], Nx3; € [10,16], Nx33 € [90,99],
Nxi3 = Nxq14 = Nxy; = Nxp3 = Nx3, = Nx3, =0
We have m=3,n =4, Thereforen + m — 1 = 6. This means that the
initial solution satisfies the condition.
We calculate the cost corresponding to this initial solution and replace it
with the following cost function:
L = cy1%11 + C12X12 + C13X13 + C14X14 + C21X21 + C22X22 + C23X23
t C24X24 + C31X31 + C32X35 + C33X33 + C34X34
We get the cost corresponding to the initial solution:
NL € {7.[75,77] + 4.[45,54] + 15.0 + 9.0 + 11.0 + 0.[20,23] + 7.0
+ 3.[60,66] + 4.[10,16] + 5.0 + 2.[90,99] + 8.0}
= [1105,1215]
It is the cost corresponding to the initial solution.
2.4.3. The cost of transportation, the quantities available in
production centers and the quantities required in consumption
centers are neutrosophic values:

Example (9):

It is intended to ship a quantity of oil from three stations A;, A,, A;to four
cities By, B,, B3, B,. The quantities available at each station, the quantities
required in each city, and the cost of transportation in each direction are
shown in the following table:

Consumption

Production cceente: o & B By (ﬁl\g:!titi):rz
Ay 7+¢ 4+¢ | 15+¢ 94+¢ | 120+ &
A, 114+ ¢ 0+¢ 7+ ¢ 3+4+¢ 80 + &,
A 4+e| S+e | 2+e 8+e | 100+ &

Required | 85+ 6, | 65+ 6, | 90
guantities + 55 60 + 6,

Table No. (28): Data for Example (9)
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Where ¢ is the indeterminacy and we take itas ¢ € [0,2].

Where ¢, €,, &5 is the indeterminacy over the quantities available at the
stations, &; is the indeterminacy over the quantities produced, i.e.,
g € [A4;,A5;] or g € {415, A,;}, in this example we will take
g €]0,11],e, € [0,9], and &5 € [0,15]6,, 85, &3, &4 . Is the indeterminacy
over the quantities available at the stations, §; is the indeterminacy over
the quantities produced, i.e., 8 € [uy),pa;] Oré8; € {uyj, 125}, in this
example we will take

6, € [0,8],6, € [0,12], 85 € [0,9], and 6, € [0,6].
We get the following table:

Consumption centers Available
Productioneenters B, B, B B, quantities
A, [7,9] [4,6] [15,17] | [9,11] | [120,131]
Required quantities | [85,93] [65,77] | [90,99] 300,335]
[60,66]
[300,3

Table No. (29): Data for example (9)

We calculate the difference between the two least unequal costs in each
row and each column, and here it is not correct for the difference to be
zero. We take the row and column with the largest difference and choose
the least cost cell in the chosen row or column and work to meet the order
of the consumption center in which this cell is located from the
production center that corresponds to it. We take the largest differences,
we find them 5, and they are present in two cells. We choose one of them,
let it be column B,, then we choose the cell with the least cost, which is
opposite the production center A,. We saturate this cell and put
Min{[60,66],[80,89]} = [60,66], we have thus fulfilled the need of the
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fourth consumer center from the second production center. We delete the
fourth column and the remaining quantity in the second production center

is [80,89] — [60,66] = [20,23] as in the following table:

nsumption centers Available | difference
Productioncenters B, B, B; B, quantities A
1
Al [7,9] [4P6] 3
[15,17] [9,11] | [120,131]
80,89
[11,13] [60,66] [ ]
A3 [57] | [24] 2
[4,6] [8,10] | [100,115]
Required quantities [85,93] | [65,77] | [90,99] 00,335]
[60,66]
[300,33
difference | A} 3 4 5 5

Table No. (30): First differences table for example (9)

We recalculate the difference again for all columns and rows except the
fourth column. We repeat the previous process until we meet all the
demands of the consumption centers from the quantities available in the
production centers, empty all the production centers, and satisfy the needs
of all the consumption centers. We obtain the following table.
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sumption centers Available difference
Production ce By Bz Bs B quantities Ay | Ay | A
A 7,9 4,6 15,17 3 3 3
! 171 [46] [15,17] [9,11] | [120,131]
[75,77] | [45,54]
Ay [0,2] [3,5] 3 7 -
[11,13] [7,9] [80,89]
[20,23] [60,66]
A 4,6 5,7 2,4 2 2 2
3 [46] 571 | [24] [8,10] | [100,115]
[10,16] [90,99]
Required titi [8593] | [6577] | [90,99] | [60,66] 00,335]
equire uantities , B ) )
a a [300,33
@ A} 3 4 5 5
[&)
5 ,
E A, 3 4 5 -
S Al 3 1 13 -

Table No. (31): Initial solution for example (9)

From the previous table we find:
Nx;, € [75,77], Nx;, € [45,54], Nx,, € [20,23],
Nx,, € [60,66], Nx3; € [10,16], Nx33 € [90,99],
Nx;3 = Nxq14 = Nxy; = Nxy3 = Nx3, = Nx3, =0
We have m = 3,n =4, Thereforen + m — 1 = 6. This means that the
initial solution satisfies the condition.
We calculate the cost corresponding to this initial solution and replace it
with the following cost function:
L = c11X11 + C12X12 + C13X13 + C14X14 + C21X21 + Co2X22 + C23X23
t C24X24 t C31X31 + C32X32 + C33X33 + C34X34
We get the cost corresponding to the initial solution:
NL € {[7,9].[75,77] + [4,6].[45,54] + [15,17].0 + [9,11].0
+[11,13].0 + [0,2].[20,23] + [7,9].0 + [3,5].[60,66]
+ [4,6].[10,16] + [5,7]. 0 + [2,4].[90,99] + [8,10]. 0}
= [11055,1885]
It is the cost corresponding to the initial solution.
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Chapter 111

The optimal solution for neutrospheric
transport models based on an initial solution

3.1. Introduction.
3.2. The Stepping-Stone Method.
3.3. Modified Distribution Method.
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3.1. Introduction:

After obtaining an initial neutrosophic solution using the methods
presented in the second chapter, we must test this solution whether it is
the optimal solution or not. If it is the optimal solution, then we have
reached what is required, but if the solution is other than that, we must
search for the optimal solution. Based on this, there are several methods
from which we study in this book the following two methods:

% The Stepping-Stone Method.
% Modified Distribution Method.

3.2. The Stepping - Stone Method:

*0

0

a. We find the initial solution using one of the methods mentioned in
Chapter Two, then we calculate the total cost according to the initial
solution.

b. We identify the basic variables from the non-basic variables from
the preliminary solution table.

c. We determine the indirect cost by finding closed paths, as each
closed path has its beginning and end as a non-basic variable and
consists of horizontal and vertical lines whose pillars are basic
variables, as it happens that there are two basic variables in the way
of the path, so we deviate from the basic non-basic variable and in
general the closed path represents in the following form:

mm» Non- Basic variable
W Basic variables

Figure NO. (1): A representation of ¢ path ways
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We calculate the indirect cost of each non-basic variable by giving the
cost of the non-basic variable a positive sign, and the cost of the basic
variables we give it alternating negative and then positive signs, and so
on. Of the basic variables are positive or zero, this means that the solution
that we got is an optimal solution and we stop. But if at least one of the
indirect costs is negative, then we must develop the solution by choosing
one of the non-basic variables to become basic and the exit of one of the
basic variables.

Note:

To determine the basic internal variable, we take the non-basic variable
that achieved the most negative in the indirect cost, and in order to make
the solution the best possible, we try to pass in it the largest possible
amount, we explain the above through the following example:

Example:

The following table represents the cost of transporting goods from
sources A; ; i =1,2,3,4 to distribution centers B; ; j= 1234 itis
required to use the mobile quarantine method to improve the solution and
obtain the ideal solution:

nsumption center Available
production cente B, B, B; quantities
Ay 2 4 0 150
A, {3,4.5} {1,2} {5,8} 200
As 6 2 4 325
A, 1 7 9 25
. - 700
required quantities 180 320 200 200

Table No. (1) Issue data

In this example the cost of transportation the product at the production
center A, has neutrosophic values we take it form c,; € {a12,-0‘22,-}
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The solution:
We find the initial solution using the least cost method; we get the
following preliminary solution table:

sumption centers Available
production cente B, B, B; guantities
Ay 2 4 0 150
150
A, {3,4.5} {1,2} {5,8} 200
200
A, 6 2 4 325
155 120 50
A, 1 7 9 25
25
required quantities 180 320 200 200 700

Table No (2) preliminary solution
We note that the number of occupied squaresisequaltom+n—1=16
The total transportation cost according to the preliminary solution is:
NZ; € {0 x 150 + {1,2} x 200 + 6 X 1554+ 2 x 120 + 4 x 50 + 1 x 25}
Forc,, =1=7Z; = 1595
Forc,, =2 =27, = 1795
That is, against this preliminary solution, we have a neutrosophic value
for the total transportation cost:
NZ; € {1595,1795}

Now we see whether this solution is an optimal solution or not?
For this we define basic variables and non-basic variables, it is clear that
the basic variables are:

X13,%X22,%X31,X32,X33 ,Xa1
and the non-basic variables are:

X11,%12,X21,%X23,X42 X43
We have six basic variables and six non-basic variables, so we get six
closed paths:
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Figure No. (2) Possible closed paths after finding the initial solution
The non- basic variables green

_73_




NEUTROSOPHIC TRANSPORT AND ASSIGNMENT ISSUES

The following table shows how the path is formed:

co tion center Available
production centers B, B, B; quantities
A, 2 4 0 150
150
A, {3,4.5} {1,2} {5,8} 200
200
A, 6 - 2 4 325
155 120 50
A, 1 7 9 25
25
required quantities 180 320 200 700
700

Table No (3) Closed path identification

We calculate the indirect cost, we find:

From the previous table and according to the drawn path, we explain
how to calculate the indirect cost:

We start from the cell (4,B;) we have the cost ¢;; = 2, we take
it with a positive sign because it is the cell of the non-basic
variable.

In the cell (A;B3) we have the cost c;3 = 0 we take here the
minus sign and the variable in this cell is definitely a basic
variable

Then to the cell (A3;B3;)we have the cost ¢33 = 4, we take here
the sign is positive, and the variable in this cell is definitely a
basic variable.

Then to the cell (A3B,) we have the cost c3; = 6 we take here
the minus sign, and the variable in this cell is definitely a basic
variable,

therefore, the indirect cost of the non- basic variable x4 is:
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X11:2_0+4‘_6:0

in the same way, we calculate the cost for all non-essential variables we

find:

becomes one of the basic variables and we exit instead of x5 .

X12:4‘_0+4_2:6
Xp1 : (3,45} — (1,2} + 2 — 6 = {~2,-3,-0.5,—1,5)
X23 " {5;8} —4+2- {1!2} = {2'1;5'4}

X42:7—14+6—-2=10
X43:9—-14+6—-4=10
We note that the indirect cost corresponding to the basic variable x,,; isa
negative amount and it is the only one, so we enter this variable, and it

We notice that we can pass the quantity x,; = 155, then it becomes:

We get the following table:

x31 = O, X32 = 275 y sz = 45

umption center Available
production cen B, B, B; quantities
Ay 2 4 0 150
150
A, {3,4.5} {1,2} {5,8} 200
155 45
As 6 2 4 325
275 50
A, 1 7 9 25
25
. . 700
required quantities 180 320 200 200

Table No (4) the first improvement

We note that the transportation cost is according to the previous solution:
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NZ, € (0 x 150 + {3,4.5} x 155 + {1,2} x 45+ 2 X 275+ 4 X 50 + 1 x 25)

Forc,y =3and ¢y, =1 = Z, = 1285
Forcy,y =3and ¢y, =2 = Z, = 1330
Forc,y; =45andc,, =1= 7, =1517.5
Forc,y, =45andcy,, =2 = 7Z, = 1562.5
Therefore:
NZ, € {1285,1330,1517.5,1562.5 }

V NZ, € {1285,1330,1517.5,1562.5 }
= NZ, < NZ, € {1595,1795}

This solution is better than the previous one, the question now is whether
this solution is the optimal solution, for this we define the basic variables
and the non-basic variables we find:

The basic variables are:

X41,X33,X32,X22 X21,X13
The non- basic variables are:

X43 ,X42 X31,%X23 X12 X11

We have six basic variables and six non-basic variables, so we get six
closed paths; we form the closed paths for the six non- basic variables:
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Figure No. (3) Possible closed paths after the first optimization
The non- basic variables green
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We calculate the indirect cost:

x1:2—-0+4— {12} +1-3={32}
X, 4—0+4—-2=8
X351 6 — 2+ {1,2} — {3,4.5} = {2,0.5,3,1.5}
X4yt 7 —{1,2} + {345} — 1 = {8,9.5,7,8.5}
X43:9—4+2—{1,2}+ {345} — 1 = {8,9.5,7,8.5}

We note that the indirect cost for each non- basic variable is positive, and
therefore we cannot introduce any non- basic variable to the basic rule,
I.e., the solution that we obtained in the first improvement is an optimal
vinegar, and the minimum transportation cost is the one that we obtained
previously:
Therefor the optimal solution is:
x13 = 150 y le = 155 ,sz = 45 ,x32 = 275 y X33 = 50 ,x4_1 = 25
The minimum cost of transportation is:

NZ, € {1285,1330,1517.5,1562.5 }

It is a neutrosophic value that can be any element of the set,

{1285,1330,1517.5,1562.5}
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The second method:
3.3. Modified Distribution Method:
This method is another method of finding the optimal solution for
transportation issues, and it is similar to the previous method (the mobile
stone method). Conjunction.
To find the optimal solution to the transportation issue according to this
method, we use the following steps:
1. We find the initial solution in one of the previously mentioned
ways.
2. We define the essential variables and non-basic variables for the
solution.
3. We associate with each row i multiplied by w;, and with each
column j multiplied, we call it v; , so it is:
For each basic variable, x;;we have:
U+ v =Cj
Where c;; is the cost from 4; to B;:

Since the number of basic variablesis m +n—1, we getthe m+n —1
equation from the previous figure (*) and by solving these equations we
must find the values of u;, v; which have m + n , so we must give one
of these multipliers an optional value, Then we solve these equations
according to this value.

After we find the values u;, v;, for each non-basic variable x;; we
calculate the gquantities:

Cq=Cij —Ui—

In a similar way to the moving stone method, but if one of these quantities
IS negative, then we must introduce a non-basic variable to the set of basic

variables and output instead a basic variable, and the primary variable
entered is chosen in the same previous way:

Example:

Let's take the previous example, where we found the preliminary solution
according to the cost method:
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sumption center vy Uy Vs Available
production-centers B, B, B, quantities
U A, 2 4 0 150
150
U, A, {3,4.5} {1,2} (5,8} 200
200
Us As 6 2 4 325
155 120 50
u, A, 1 7 9 25
25
required quantities 180 320 200 200 700

Transportation cost is: Z; = 1595

Basic variables:

Non- basic variables:

X13,X22 X31 ,X32 X33 X41

X11,%12 %21 ,X23 X42 X43

Multipliersis u; ;i = 1,2,3,4and v; ;j = 1,2,3.

For basic variables, we have:

For x;3 wehaveu; + v3 =0

For x,, we have u, + v, € {1,2}

For x3; wehaveuz; + v; =6
For X32 , we have Us + Uy, = 2
For X33 , we have Us + U3 = 4

For x4, wehaveu, + v; =1

Table No (5) the preliminary solution

It is six equations with seven unknowns. To solve them, we impose
u; = 0, so we find the rest of the variables:
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u1=0,u2=3,u3=4, u4=_1
171=2,172=—2,173=0
For non-basic variables, we have:

X11,X12 ,X21 X23 X42 X43

Forxiiitis:¢yy =ci1—uy—1v1=2-0-2=0

Forx;, itis: ¢y, =cip—uy—v, =4—-04+2=6

For x,, itis: Ncy; € (cpy —uy —v;) = {3,45}—3—-2={-2,-3.5}
For x,3 itis: Ncy3 € (cp3 —uy —v3) = {58} —3—0={2,5}
FOrx,, itis:Cyy =cCpp—uUy—v,=7+1+2=10

FOrx,s itis:Cys =C43—uy,—v3=94+1-0=10

We note that the quantity Nc,,; € {—2,—3.5} is a negative value, and
therefore the initial solution that we got is not an optimal solution, and we
must develop this solution, and for that, we form the closed path for the
non -basic variable x,, , so we find it from the shape:

Figure 4: Possible closed pathways for the non-basic variable x,,

We enter x,;into the set of basic variables, by giving it the value
x,; = 155, and we remove the variable x5, so it becomes a non-basic

_81_



NEUTROSOPHIC TRANSPORT AND ASSIGNMENT ISSUES

variable, and then it becomes x,, = 45 and x3;, = 275, so we get the
following table:

c mption center 21 2 Vg Available
productio ters B, B, B, quantities
u, A, 2 4 0 150
150
u, A, {3,4.5} {1,2} {5,8} 200
155 45
Us A, 6 2 4 325
275 50
Uy A, 1 7 9 25
25
required quantities 180 320 200 700
700

Table No (6) the first improvement

The new transfer cost is:

NZ, € {1285,1330,1517.5,1562.5 }

V NZ, € {1285,1330,1517.5,1562.5 } = NZ, < NZ, € {1595,1795}

This solution is better than the previous solution, but is it the optimal

solution?

For basic variables, we have:

For x;53 we have u, +
For x,; we have u, +
For x,, we have u, +
For x5, we have u; +
For x33 we have u; +

v3=0
v, =3
v, =1
vy, =2
v; =4
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For x,; wehaveu, + v, =1
We assume u; = 0 and solve the system of equations we find:

u1=0,u2=3 ,u3=4‘,u4=1

U3:0 ,UZZ_Z y ,U1:0,
For non-basic variables:

Forx,, itis:¢y; =cy1—u;—v1,=2—-0—-0=2

For x;,itis: ¢ = ¢ —u; — v, =4—-04+2=6

Forx;,itis:ic3; =c31 —uz3—v;, =6—-4—-0=2

For x,5 itis: Ncy3 € (cp3 —up, — v3) = {5,8} —3 — 0 = {2,5}
Forx,, then: ¢y, =c4p —uy—v, =7—-1+2=28

FOI‘X43 |t|SE4,3 =C43_U4_v3=9_1_0=8

We note that all quantities ¢;; are positive quantities, so the solution that
we got is an optimal solution, and the minimum cost of transportation is:

NZ, € {1285,1330,1517.5,1562.5 }

V NZ, € {1285,1330,1517.5,1562.5 } = NZ, < NZ; € {1595,1795}
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Therefor the optimal solution is:
x13 = 150 y x21 = 155 ,sz = 4‘5 ,X32 = 275 y x33 = 50 ,x4_1 = 25
The minimum cost of transportation is:

NZ, € {1285,1330,1517.5,1562.5 }

It is a neutrosophic value that can be any element of the set,

{1285,1330,1517.5,1562.5}
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Chapter IV

The fourth chapter shortest time neutrosophic
transport models

4.1. Introduction.

4.2. Formulate the neutrosophic transport problem in the
shortest time.

4.3. Building the mathematical model.
4.3.1. The balanced model.
4.3.2. The unbalanced model:
4.3.2.1. A case of surplus production.
4.3.2.2. A production deficit.

4.4. Building a mathematical model for neutrosophic transport
models with the shortest time.

4.5. A special method to find the optimal solution for
neutrosophic transport models in the shortest time.
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4.1. Introduction:

The time factor plays an important role in many issues, and the most
important of these issues is the issue of transportation. When we need to
transport perishable materials such as milk, medicines, blood... or develop
military plans to secure battle necessities of ammunition, food, and
soldiers... At maximum speed, we need an accurate scientific study to be
able to avoid losses, so the researchers studied transportation models in
the shortest possible time using classical values, and the ideal solution for
such models is a specific value that is subject to increase or decrease
because nothing is certain in real reality. The results of the studies are
related to the circumstances surrounding the system under study. Given
the sensitivity of these issues, they had to be reformulated according to
science that accounts for all the situations that the system may go through
so that we can take all possible precautions that help us reduce losses and
secure what is required in the shortest possible time.

4.2. Formulate the neutrosophic transport problem in the
shortest time:
Text of the issue:

Model of transporting materials in the shortest possible time using
neutrosophic values:

Based on the study contained in the research [19], we can formulate
the issue as follows:

The text of the issue in general form:

Suppose we want to move a material from production centers A; where
i =1,2,..,m ,whose production capacities are respectively

Nay,Nay, ..., Nay,, to consumption centers B; where j = 1,2, ...,n whose
needs are Nby,Nb,,...,Nb, It is in order, and let the matrix of times
necessary to transfer the appropriate quantity from the center i to the
center j be known and equal NT = [Nt;;], it is required to formulate the
appropriate mathematical model to transfer all the quantities ,available in
the production centers and meet the needs of all consumption centers in
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the shortest time. To build the appropriate mathematical model, we
denote Nx;; for the quantity transferred from the production center i
where i = 1,2,3, ..., m to the consumption center j where = 1,2,3,...,n ,
then we can put the problem unknowns in matrix form. NX = [le-j] :
and we put the information in the question in a table as follow:

sumption .
> B4 B, B; B, quantities
production
A Nty Nt,, Nty Nty, Na,
Nxqq Nx;, Nx;3 Nxi,
Nx,,q Nx,, Nxys Nxy,
Nx3q Nx;, Nxs4 Nxs,
An Nt Nt Nt3 Nt,n Nag,
Nxpq Nxpo Nx 3 Nxpn
Required quant Nb,y Nb, Nb, Nb,

Table No. (1) Data of the issue of transport in the shortest time

4.3. Building the mathematical model:

To build the appropriate mathematical model, we distinguish two cases:
4.3.1. the model is balanced:

The model is balanced if:

m

ZNCLL' ZZNb]
1

i= =1

4.3.2. Unbalanced Model:
The model is unbalanced if:
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m n
ZNai * ENb]
i=1 j=1

From this case, two cases result:
4.3.2.1. Overproduction:

This model is returned to a balanced model by adding an imaginary
consumer center that needs it:

m n
an+1 = ZNai —ZNb]
i=1 j=1

4.3.2.2. Deficit in production:

This model is returned to a balanced model by adding a fictitious
production center with a production capacity:

n m
Nam+1 = ZNbl —ZNai
j=1 i=1

In both cases(b & a), a case of surplus production and a deficit in
production, we get a balanced model.

4.4. Formulation of the mathematical model of transport
models in the shortest possible time:

Our symbol for the quantity transferred from the center i to the center j
with the symbol Nx;;then these variables must meet the following
conditions:

(i=123,...,m)

INE
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In these models, the objective function cannot be formulated with a
mathematical follower, so we extract its most important qualities and
properties through the following discussion:
To find the optimal solution for any transport model, we must find the
values of unknowns:

Nx;j; (i=123,...,m),(G =123,...,n)
In the second chapter, we presented methods for finding the initial
solution to transportation issues, we know that any optimal solution is
includes n+m-1 basic variable that are not equal to zero and against this
solution there is a set of times that we will symbolize as [Nt;;] .

It represents the time required to transport all materials available in all
production centers and meet the needs of all consumption centers.
The time required to finish the transfer process, which we will symbolize

as corresponding to the largest element of the matrix [Ntij]x must

achieve the following relationship:
Ntx = Maxi,j[Ntij]X

Since we have many acceptable solutions, the optimal solution is given by
the following relationship:

Nt; = MinNt, = Min(Max; ;[ N¢; j]X)
This means that we solve the model without a target function we get a
base solution and then we determine the number set from the matrix
[Ntij]x corresponding to this base solution.

Note 1:
If the issue is unbalanced and when adding an imaginary production
center or an imaginary consumer center, we determine the time according
to the following:
Since the time required to finish the transfer process achieves the
following relationship:

Nt, = Maxi,j[Ntij]X
So we take the time required to transfer the quantities available in this
imaginary production center to all consumption centers equal to zero.
And we take the time required to transport quantities from all production
centers to the imaginary consumer center is equal to zero.
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Note 2:
For the transport model to be a neutrosophic transport model, at least one
of the data in Table 1 must be a neutrosophic value.

4.5. A special method to find the optimal solution for
neutrosophic transport models in the shortest time:
The general method used to obtain the smallest transfer time is to move

from one neutrosophic base solution to another base solution using the
simplex method.

and the goal is to make the largest elements Nt, in the matrix NT =
[Nt;;],, as small as possible.

In this chapter, we will use a special method to solve neutrosophic
transport models according to time, which we explain through the
following example:

Example:

Four pharmaceutical plants distribute their production of one type to three
pharmacies the available quantities, the quantities required, and the times
required to transport them are shown in the following table:

Co tion center Required
. B, B, By -
Production cen guantities
A [1,1.5] [2,2.4] 6 11
Nxyiq Nxy, Nxy3
A, [3,3.2] 8 [1,1.5] 9
Nixy, Nixy, Nixy3
A, [7,7.5] 10 [4 ,4.6] 13
Nx3, Nx;, Nx33
A, 12 8 [5,5.1] 17
Nxyq Nxy, Ny
] ] 40
Available quantity 18 10 12 0

Table No. (2) Example data
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We look for the smallest time in the cells (i, ), we find that it is found in
two cells (1,1) and (3,2) :

Mln(NtU) = Ntll == Nt32 € [1,15]

We denote b.i Q, for all table stone except the two cells (1, 1) and (2, 3)

We saturate the two chambers opposite them (1,1) and (2, 3) then we
put in the other stone (*) we get the following table:

consumption Required
production quantities

A, 11 x x 11

A, * * 9 9

As * * * 13

A, * * * 7

Available quantities 18 10 12 40
40

Table No. (3) First Step

The first solution is xﬁ) = 11,x§§) =9 which expresses the total

quantities transferred and is equal to x;; = 11+ 9 =20 it crosses a

quantity less than the quantity required for that time solution from which
we started and the author of Nt,; = Nt,3 € [1,1.5] is an imperfect
solution to the problem at hand.

From the elements of the sat Q,, where Q, equals:
0, ={[3,3.2,[7,7.5],12,[2,2.4],8,10,8,6, [4 ,4.6],[5,5.1] }
We look for the smallest time we find:

néin(NtU-) = Min{[3,3.2],[7,7.5],12,[2,2.4],8,10,8,6, [4 ,4.6],[5,5.1]}
1
€ [2,2.4]
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Any smallest time is this Nt;, € [2,2.4] means that we must transfer the
quantities available in the production center A, to the consumption center
B, and this is not possible because the center A; no longer contains any
quantity and therefore this step is not useful.

We form the sat:

0, =1{[3,3.2],[7,7.5],12,8,10,8,6, [4 ,4.6],[5,5.1] }

Is the resulting Q, after deleting Nt,, € [2,2.4] and we choose from Q,
the smallest time we find:

r%in(Nti ;) = Min{[3,3.2],[7,7.5],12,8,10,8,6,[4 ,4.6], [5 ,5.1]}
2
€[3,3.2]

Any smaller time is this Nt,; € [3,3.2] ,means that we have to transfer
the quantities available in the production center A, to the consumption
center B, and this is not possible because the center A, no longer contains
any quantity and therefore this step is also not useful.

We form:
Q; ={[7,7.5],12,8,10,8,6, [4 ,4.6],[5,5.1] }

The sat, which is the resulting, sat Q, after deleting Nt,; € [3,3.2] and
choosing from the Q5 smallest time we find:

rr&in(Nti i) = Min{[7,7.5],12,8,10,8,6,[4 ,4.6], [5 ,5.1]} € [4 ,4.6]
3

Any smallest time is Nt33; € [4,4.6] this means that we must transfer the
quantities available in the production center A; to the consumption
center B; i.e. we put x33 = 12 and therefore we must shift the amount in
the cell (2,3) with the same time [1,1.5] to a cell with a time
immediately followed and located in the same row i.e. to the cell
(2,1) with the same time [3,3.2] and we put x,; = 9.
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Then we make a balance process for the quantities that have been
distributed and here we must reduce the quantity in the cell (1,1)
becomes x;; = 9 and we put the quantity that has been reduced in the cell
with the lowest time immediately following the time in that cell and in the
same row, i.e in the cell (1,2) we get x;, = 2 from this step we get the
following distribution:

x11:9‘ x12=2,x21=9,x33=12

But this solution is not ideal because the sum of the quantities that were
distributed is not equal to the 40 total quantities available, that is, the time
Nts; € [4,4.6] Not the shortest time, we proceed in the same way in the
eighth time to reach the distribution shown in the following table:

consumption Required
. B, B, B;
production amounts
A, 1 10 * 11
A, 9 * * 9
As 8 * 5 13
A, * * 7 7
. . 40
Available quantities 18 10 12 20

Table No. (4) Optimal Solution

In return for Min(Nt;;) = Nts; € [7,7.5] this time, the entire quantities

available in the production centers have been transferred and the needs of
all consumer centers have been met, the ideal solution is:

x11=1, x21=9, X31=8, x12=10, X33=5,X43=7
The rest of the variables is equal to zero, and the shortest time is:

_93_




NEUTROSOPHIC TRANSPORT AND ASSIGNMENT ISSUES

It should be noted that the same example was presented and solved
according to classical logic, and the data of the problem were as in the

following table:

The available quantities, the quantities required, and the times required
for their transportation are shown in the following table:

consumption Required
. B, B, B;
production amounts
A, 1 2 11
Nxi4q Nxq, Nx;5
A, 3 8 9
Nx, Nx,, Nxys
As 7 10 4 13
Nx34 Nx;, Nx35
A, 12 8 7
Nxy4q Nx4, Nxys
. 40
Available amounts 18 10 12 20

Table No. (5) Example data according to classical logic

The optimal solution was as follows:

Time Min(t;;) =ts; =7 and in exchange for this time, the entire
quantities available in the production centers have been transferred and
the needs of all consumer centers have been met, the best solution is:

x11:1 ,x21:9, x31:8, x12:10,X33:5,x43:7

The rest of the variables is equal to zero, and the shortest time is

t*=t31=7
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Chapter V

Optimal allocation Neutrosophic and
Hungarian method

5.1. Introduction.
5.2. Standard allocation issues:

5.3. Formulation of the standard Neutrosophic assignment
problem of the minimization type.

5.4. Building a mathematical model for the standard allocation
problem (data are classical values).

5.5. Building a mathematical model for the standard allocation
problem (data are neutrosophic values).

5.6. Hungarian neutrosophic Method.

5.7. Standard allocation problem and cost neutrosophic values.
5.8. Steps of the Hungarian method.

5.9. Important notes.
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5.1. Introduction:

Allocation issues are a special case of linear programming issues
concerned with the optimal allocation of various economic, productive,
and human resources to the various work to be accomplished, and we
encounter them frequently in practical life in educational institutions -
hospitals - construction projects... etc. To obtain an optimal allocation that
achieves the greatest profit and the least loss in all conditions that the
working environment can pass through. In this chapter, we present the
issue of optimal neutrosophic allocation and the Hungarian neutrosophic
method.

5.2. Standard assignment issues:

In these issues, the number of machines or people equals the number of
works, which we will address in this research.

5.3. Text of the minimum cost type neutrosophic normative
assignment problem:

If we have n machines, we denote them by M; , M, , ... ... ,M,, and we
have a set of works consisting of n different work we denote them by
Ny,Ny,\ ... , N, we want to designate the machines to do these jobs, cost
of doing any work j on the device i, itis Nc¢;; € ¢;; * &;;. Assuming any
machine can do only one job, it is required to find the optimal assignment
so that the cost is as small as possible.

Formulation of the mathematical model:
To formulate the linear mathematical model, we assume:

o {1 if job j was given to machine i
Y=o otherwise

Then write the target function as follows:

n n
Nz = Z Z (cij +&i)x;
=1 4=d j=1
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Conditions for machines:
Since each machine accepts only one action, we find:

n
z xl]=1 ,l=1,2,,7’l
j=1
Business terms:

Since each work is assigned to only one machine, we find:

n
z. xl]=1 ;j=1,2, ...... ,n
=1

Accordingly, the neutrosophic mathematical model is written as follows:
Find the minimum value:

n n
Nz =Z_ Z (cij * &)
=1 j=1
n
z XU=1 ;i=1,2, ...... ,n
j=1

Machine terms:

Business terms:

5.4. Formulation of the mathematical model for the
problem of standard assignment of minimum cost:
Example 1: (The data are classic values).

We want to find the optimal assignment for four jobs on four machines.
The cost of assignment is given in the following table:

Business Ny N, N, N,
The machi
M, 10 9 8 7
M, 3 4 5 6
M, 2 1 1 2
M, 4 3 5 6

Table No. (1) Table of Distribution cost table and classic values
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To formulate the linear mathematical model:
We impose:
1 if jobjwas given to machine i
Xij = {O otherwise ;i,j =1,23,4

Using the problem data, we get the following objective function:

Z = 10x1q + 9xq5 + 8x43 + 7x14 + 3x51 + 4x55 + 5xp3 + 6X54 + 234
+ X35 + X33 + 2X34 + 4X4q + 3x4p + 5x43 + 6X44

Machine terms:
X11+ X1 + X3+ x4 =1
X21+ Xz2 + X3 + X4 =1
X317+ X33 + X33 + X34 = 1
X41 + Xaz + X43 + X440 =1
Business terms:
X114+ X1 + X317+ x40 =1
Xip + Xop + X35+ X4y =1
X13 + Xo3 + X33+ X433 =1

x14 + +x24 + X34, + X44, = 1

Therefore, the mathematical model is written as follows:
Find the minimum value of the function:

Z = 10x1q + 9xq5 + 8x43 + 7x14 + 3x51 + 4x5, + 5x33 + 6Xy4 + 2x34
+ X35 + X33 + 2x34 + 4x4q + 3x4p + 5x43 + 6X4y

Within the conditions:
X11+X12 + X3+ x4 =1
X21 F Xp2 + X3 + X34 = 1
X317t X33 + X33 + X34 =1
X171+ X210 + X317 x4 =1
X1z + Xpp + X3 + X452 = 1
X13 X3 + X33 +X43 =1

x14 + +x24 + x34 + x44 = 1
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Where x;; it is either equal to zero or one.

In the previous model, there is some indeterminacy in the assignment
process, as we do not know which machine will perform a certain work.
In addition to that, we will also use neutrosophic data. We will take the
cost of neutrosophic values, i.e. the cost of assignment machine i to
perform work j is N¢;; € ¢;; * &, where ¢; is the indeterminacy and
& € [Aij1, Aij2 |, which is any neighborhood to the value ¢;; then the
cost matrix becomes NC;; = [c;; + &;].

5.5. Building a mathematical model for the standard

allocation problem (data are neutrosophic values):

Example 2: (Cost is neutrosophic values):

We want to find the optimal assignment for four jobs on four machines.
The cost of assignment is given in the following table:

Business N, N, Nj N,
The machi
M; 10 + &4 9+ &5 8+ &3 7+ &4
M, 3+ &5 4+ &y, 54 &3 6+ &4
My 2+ &3 1+ &3, 1+ 33 2+ &34
M, 4+ &4 3+ &40 54 &43 6+ €44

Table No. (2) Table of allocation cost of neutrosophic values

Where ¢;; is the limitation on the costs of assignment and it can be any

neighborhood of the values contained in Table No. (1)
To formulate the linear mathematical model, we assume:

1 if jobjwas given to machine i ..

ij = ;L) =1234
*ij {O otherwise b

Using the problem data, we get the following objective function:
NZ € {(10 + &11)x11 + (9 + €12)x12 + (B + €13) %13 + (7 + £14) %14
+ B+ &20)%1 + (4 + €22)x22 + (54 &23)%23 + (6
+ €24)%24 + (2 + £31)%31 + (1 + €32)x35 + (1 + £33)%33
+ (24 €30)%34 + (4 + €41)x41 + B+ €42)%42 + (5
+ €43)%43 + (6 + €44)X44}
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Machine terms:
X11+ X1 + X3+ x4 =1
X1+ Xa2 + X3 + X4 = 1
X317+ X33 + X33 + X34 = 1
Xa1+ Xaz + Xa3 + X440 =1
Business terms:
X171+ X1 + X310+ x4 =1
X1p + X + X35 + X4 =1
X13 + X3 + X33 +x43 =1

x14 + +x24 + X34, + X44, = 1

Therefore, the mathematical model is written as follows:
Find the minimum value of the function:

NZ € {(10 + &11)x11 + (9 + €12)X12 + (B + €13)x13 + (7 + €14) %14
+ B+ e20)%1 + (4 + €22)x22 + (54 &23)%23 + (6
+ €24)%24 + (2 + £31)%31 + (1 + €32)x35 + (1 + £33)%33
+ (24 e30)x34 + (4 + €41)x01 + B+ €42)x42 + (5
+ €43)X43 + (6 + £44) X4}

Within the conditions:
X114+ X2+ X3+ x14=1
Xp1 + Xop + Xo3 + X34 =1
X371+ X33 + X33+ X35, =1
Xg1F Xgp + X453 +X44 =1
X114+ X1 + X371+ x4 =1
X12 F Xop + X35 + X4y =1
X13 + X3 + X33+ X433 =1

x14 + +x24 + x34 + x44 = 1
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Where x;; it is either equal to zero or one.

Since the number of works is equal to the number of machines, the issue
is a standard assignment issue, and the optimal solution can be obtained
using several methods, including the Hungarian method in this research.

This method was named after the scientist who created it, a
mathematician D. Konig. Its principle depends on finding the total
opportunity-cost matrix, references .

5.6. Hungarian neutrosophic Method:

Explanation of the method based on what was stated in the reference:

This method is based on a mathematical property discovered by the
scientist D. Konig.

If the cost is non-negative values, then subtracting or adding a fixed
number of elements of any row or any column in the standard allocation
cost matrix does not affect the optimal assignment, and specifically does
not affect the optimal values x;; .

The algorithm begins by identifying the smallest element in each row and
subtracting it from all the elements of the row, or by selecting the smallest
element in each column and subtracting it from all the elements of that
column, we get a new cost matrix that includes at least one element equal
to zero in each row or column. We do the assignment process using cells
with a cost equal to zero. If possible, we have obtained the optimal
allocation. For this assignment, the cost elements (c;;) are non-negative,
so the minimum value of the objective function cannot be

121 271 cij x;j is less than zero.

We will use the above to find the optimal assignment for the problem
in Example 2 based on the following information:

Taking the indeterminacy ¢;; = € € [0, 5], the problem becomes:
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5.7. Standard allocation problem and cost neutrosophic
values:
Example 3:

We want to find the optimal assignment for four jobs on four machines.
The cost of assignment is given in the following table:

Business N, N, Nj N,
The machi
M; [10,15] [9,14] [8,13] [7,12]
M, [3,8] [4,9] [5,10] [6,11]
M, [2,7] [1,6] [1,6] [2,7]
M, [4,9] [3,8] [5,10] [6,11]

Table No. (3) Table of Example data

To formulate the linear mathematical model:
We assume:
xis = { 1 if jobjwas given to machine i
J 0 otherwise
Using the problem data, we get the following objective function:
NZ € {[10,15]x; + [9,14]x15 + [8,13]x13 + [7,12]x14 + [3, 8]x21
+ [4,9]x5, + [5,10]x,3 + [6,11]x54 + [2, 7]x3;
+ [1,6]x3, + [1,6]x33 + [2, 7]x34 + [4,9]x4q
+[3,8]x4, + [5,10]x,3 + [6,11]x44}
Machine terms:

;L) =123,4

X114+ X2 +x13+x14=1
Xp1 + Xop +Xo3 + X34 =1
X371+ X33 + X33+ X35, =1
Xg1F Xgp + X453 +X44 =1
Business terms:
X117+ X1 + X371 + X410 =1
X12 + Xg2 + X33 + X4 = 1
X13 + X3 + X33 + X43 =1

x14 + +x24 + x34 + x44 = 1
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Therefore, the mathematical model is written as follows:
Find the minimum value of the function:

NZ € {[10,15]x1; + [9,14]x1, + [8,13]x13 + [7 ,12]x14 + [3, 8]x51
+[4,9]x5, + [5,10]x,5 + [6,11]x4 + [2, 7]x3,
+ [1,6]x3, + [1,6]x35 + [2, 7]x34 + [4,9]x4q
+[3,8]x4, + [5,10]x,3 + [6,11]x44}

Within the conditions:
X114+ X2+ X3+ x14=1
Xp1 + Xop +Xo3 + X34 =1
X371+ X33 + X33+ X35, =1
Xg1F Xgp X453 +X44 =1
X114+ X1 + X317+ x40 =1
X12 + Xop + X35 + X4y =1
X13 + X3 + X33+ X453 =1

X14 + +x24 + X34 + X4_4, = 1
Where x;; itis either equal to zero or one.

Solution using the Hungarian method:
From the table Number 3 we find the following:

Business
Nl Nz N3 N4-
The machi
M, [10,15] [9,14] [8,13] [7,12]
M, [3,8] [4,9] [5,10] [6,11]
M, [2,7] [1,6] [1,6] [2,7]
M, [4,9] [3,8] [5,10] [6,11]
Table No. (4)
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To form the opportunity cost matrix for the rows, we do the
following:

We form the opportunity cost matrix for the rows as follows:

In the first row, the lowest cost is [7,12] we subtract it from all the
elements of the first row.

In the second row, the lowest cost is[3, 8], we subtract from all elements
of the second row.

In the third row, the lowest cost is[1,6] , we subtract it from all elements
of the third row.

In the fourth row, the lowest cost is[3, 8], we subtract from all elements
of the fourth row.

We get the opportunity cost matrix for the following rows:

Business N, N, N; N,
The machi
M, 3 2 1 0
M, 0 1 2 3
M, 1 0 0 1
M, 1 0 2 3

Table No. (5) Table of Total opportunity cost matrix table

We try to make the assignment using cells with cost equal to zero we
find:

Dedicate the machine M, to get the job N,done.
Dedicate the machine M, to get the job N, done.
Dedicate the machine M, to get the job N5 done.
Dedicate the machine M, to get the job N, done.
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Thus, we have obtained the optimal assignment and the minimum
cost:

NZ € {[10,15] x 0+ [9,14] x 0 + [8,13] x 0+ [7,12] x 1+ [3, 8]
X14+1[4,9]x0+[5,10]x0+[6,11]x0+[2,7] X0
+[1,6] X0+ [1,6] x1+[2,7] X0+ [4,9] X0
+[3,8]x1+[5,10] x 0+ [6,11] x 0}

NZ e [7,12]1+[3,8] +[1,6] + [3,8] = [14, 34]
That is, the optimal allocation is:
Dedicate the machine M; to get the job N, done.
Dedicate the machine M,to get the job N;done.
Dedicate the machine M, to get the job N5 done.
Dedicate the machine M, to get the job N, done.
The cost:

NZ € [14,34]

5.8. Steps of the Hungarian method:

The Hungarian method is summarized based on what was stated in the

reference:

1- We determine the smallest element in each row and subtract it from
the rest of the elements of that row.

Thus, we get a new matrix that is the opportunity cost matrix for the
rows.

2- We determine the smallest element in each column of the opportunity
cost matrix for the rows and
Subtract it from the elements of that column. Thus, we get the total
opportunity cost matrix.

3- We draw as few horizontal and vertical straight lines as possible to
pass through all zero elements of the total opportunity cost matrix.

4- If the number of the straight lines drawn passing through the zero
elements is equal to the number of rows (columns). Then we say that
we have reached the optimal assignment.

5- If the number of straight lines passing through the zero elements is
less than the number of rows
(Columns). Then we move on to the next step.
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6- We choose the lesser element from the elements that no straight line
passed through and subtract it from all the elements that no straight
line. Then we add it to all the elements that lie at the intersection of
two lines. The elements that the straight lines passed through remain
the same without any change.

We get a new matrix that we call it the modified total opportunity
cost matrix.

7- We draw vertical and horizontal straight lines passing through all the
zero elements in the modified total opportunity cost matrix. If the
number of straight lines drawn passing through the zero elements is
equal to the number of rows (columns). Then we have reached the
optimal assignment solution.

8- If the number of the lines is not equal to the number of rows
(columns). We go back to step (1), we
Repeat the previous steps until reaching the optimal assignment that
makes the total opportunity cost equal to zero.

Example 4:

We have three machines M, , M,, M5 and three works N;, N,, N5 and each
work is done completely using any of the three machines and in return
each machine can perform any of the three works as well. What is
required is to allocate these mechanisms to the existing works so that we
get the optimal assignment , i.e. the assignment that gives us here the
minimum total cost, bearing in mind that the costs of completing these
works vary according to the different mechanisms implemented for these
works, and this cost is related to the performance of each work and is
shown in the following table:

Business N, N, Nj
The machine
M, [20,23] [27,30] [30,33]
M, [10,13] [18,21] [16,19]
M, [14,17] [16,19] [12,15]

Table No. (6) Table of allocation cost neutrosophic values example data
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Mathematical model:
Find the minimum value of the function:

NZ € {[20,23]x11 + [27,30]x1, + [30,33]x,5 + [10,13]x5;
+[18,21]x55 + [16,19]x55 + [14,17]x5; + [16,19]x5,
+ [12,15]x35}

Within the conditions:
X171+ X2 +x3=1
Xp1 + Xpp + X3 =1
X371+ X33 +x33 =1
X171+ X1 +x31 =1
X1p + Xgp + X35, =1

x13 + x23 +X33 = 1
Where x;; it is either equal to zero or one.

Finding the optimal assignment using the Hungarian ethod:
We take Table No. (5)

Business N, N, Nj
The machine
M, [20,23] [27,30] [30,33]
M, [10,13] [18,21] [16,19]
M, [14,17] [16,19] [12,15]
Table No. (7)

In the first row, the lowest cost is [20,23], which we subtract from all the
elements of the first row.

In the second row, the least cost is [10,13] and we subtract it from all the
elements of the second row.
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In the third row, the lowest cost is [12,15], which we subtract from all the
elements of the third row.

We get the opportunity cost table for the following rows:

Business N, N, N,
The machine
M, 0 7 10
M, 0 8 6
M, 2 4 0

Table No. (8) Table of opportunity cost matrix for lines
2.

In the first column, the lowest cost is 0 we subtract it from all the items in
the first column.

In the second column, the lowest cost is 4 we subtract it from all the items
in the second column.

In the third column, the lowest cost is 4 we subtract it from all the items
in the third column.

We get the table:

Business N, N, N,
The machine
M, 0 3 10
M, 0 4 6
M, 2 0 0

Table No. (9) Table of total opportunity cost matrix

3. We draw as few horizontal and vertical straight lines as possible to
pass through all zero elements of the total opportunity cost matrix.

4. If the number of straight lines drawn passing through the zero
elements is equal to the number of rows (columns), then we say
that we have reached the optimal assignment.
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5. If the number of straight lines passing through the zero elements is
less than the number of rows or columns, then we move on to the

third step.
Business N, N, N3
The machiné
M, 0 3 10
M, 0 4 6
M, 2 0 0

Table No. (10) Total Opportunity Cost Matrix

We Note that the number of lines is less than the number of rows
(columns).
Therefore, we go to (6).

a. We choose the lowest element through which no straight line
has passed. Smallest element is (3).
b. We subtract it from the rest of the elements through which
none of the lines drawn are passed.
c. We add it to all the elements at the intersection of two straight
lines drawn.
. Elements through which straight lines pass remain unchanged.
e. We draw vertical and horizontal straight lines passing through
all zero elements of the adjusted total opportunity cost matrix,

and we get:
Business N, N, N;
The machi
M, 0 0 7
M, 0 1 3
My 5 0 0

Table No. (11) Modified Total Opportunity Cost Matrix
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7. If the number of drawn lines is equal to the number of rows
(columns), then we have reached the optimal assignment.
From Table No. (8), we note that the number of drawn lines is
equal to the number of rows, meaning that we have obtained
the optimal assignment, which is as follows:
In the third column, we have zero only in the cell that is M3N5,
so the third machine is used to perform the third work.
M; — N;
We delete the third row and the third column, and we get the
following table:

Business N,y N,
The machine
M, 0 0
M, 0 1

Table No. (12)
In the same way. The first machine is used to perform the second work,
M, - N, .
The second machine used to perform the first work, M, — N;.

The minimum total cost is:
NZ € {[20,23] x 0 + [27,30] x 1 + [30,33] x 0 + [10,13]
x1+[18,21] x 0 4+ [16,19] x 0 + [14,17]
X 0+ [16,19] x 0 + [12,15] x 1}
NZ € [27,30] + [10,13] + [12,15] = [49,58]

That is, the optimal assignment is:

Machine M; is assigned to do N,work.
Machine M, is assigned to perform N,;work.
Machine Mj is assigned to perform Nswork.
The cost:

NZ € [49,58]
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5.9. Important notes:

When we study the issues of optimal assignment, we come across the

following:

1. There is two types of assignment issues according to the objective
function:

The first type:

It is required to obtain a minimum value for the objective function,

knowing that the cost of completing any work by a machine is a known

value, and therefore the total cost is as small as possible.

The second type:

What is required is to obtain a maximum value for the objective function,

and here it is known that we have the profit accruing from the completion

of any work, by a machine, and therefore the total cost is the greatest

possible.

In this type, we transform matter to the first type according to the

following steps:

a. Multiply the elements of the cost matrix by the value (-1).

b. If some elements of the matrix are negative, we add enough
positive numbers to the corresponding rows and columns so that
all elements become non-negative.

c. Then the issue becomes a matter of assignment and we want to
make the objective function smaller, and all elements of the cost
matrix are non-negative, so we can apply the Hungarian method.

2. There are two types of customization issues according to the
number of businesses and the number of machines:

In this research, we studied the standard assignment issues. It should be
noted that there are non-standard assignment issues. In these issues, the
number of works is not equal to the number of machines, and here we
convert them into standard issues by adding a fictitious work or a
fictitious machine and make the cost equal to zero So that the objective
function does not change, then we build the mathematical model as it is in
the standard models.
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