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Abstract:

The problem of transport is one of the most important methods that contribute
to the appropriate decision-making in the transport of goods or materials from
their sources of manufacture or production to their requesting entities at the
lowest possible cost. In this research we will clarify the mathematical transport
model of the transport problem of different cost vehicles and using a modern
algorithm that contributes to the optimal solution. This model has proven its
efficiency in reducing the total transportation costs of the product, and the results
show that the final cost of the stores is as high as (19) thousand dinars compared
to the budget set for the cost of transportation which amounted to (50) thousand
dinars and itis clear from the application of this model that it has achieved profits
in value (31) thousand dinars, so the modern algorithm is one of the methods that
helps decision makers to make the right decision in productive and economic
establishments being easy to apply and more efficient in application.

Key terms of research: transfer model for different cost vehicles, budgeted,
optimal solution.

First Search

1-1 Introduction:

The transport problem is one of the most important problems concerned with
transporting goods and raw materials from their storage to their requesting
destinations, which requires the construction of a mathematical model that
reduces the cost of transportation using written programming or one of the
methods of optimal transportation solution. This model is known as the general
model in which the vehicle is of one type and the quantities offered and required.
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With the evolution of methods of solving the transport problem, the problem
requires a planning study of transport from its sources to its requesting party,
since the mode of transport with a different transport cost, hence the need to
build a mathematical model in which the means of transport and its cost are
different.

2-1: Research Problem

From the previous studies and research, it is clear that the transport problems
dealt with the transport of goods from the source of the processed at a specific
cost, but the actual reality does not exist. Therefore, a realistic and efficient model
has to be found that contributes to solving the problem. In this research, we will
address the problem of the transport of food products to the Ministry of Trade for
flour, given the urgent need for the substance and the varying quantity of demand
for it which makes it difficult to determine the actual final cost of transporting the
substance. This algorithm has therefore been used and has proven to be efficient
in determining the final cost and within the transport budget.

3-1: Research objective:

The aim of the research is to develop the mathematical model of the public
transport problem by adding a budget entry for the purpose of solving the
transport problem when there are two transport vehicles to optimize the solution
of the lowest possible transportation cost.

The research includes three themes:

First ": includes the introduction, the problem of research and its purpose from
this study

Second ": The theoretical theme that clarifies the basic concepts of the transport
model and the problem of transport and the formulation of its own mathematical
model

Third ": The practical theme of data documentation for the application of the
modern algorithm to solve the problem of transport when there are two costs
with results analysis.

IV ": conclusions and recommendations

Included the most important findings and recommendations of the research and
analyzed them in the light of the findings.
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2- Theoretical aspect

1-2: linear programming concepts

It is an analysis tool to find the optimal use of the capabilities and resources
available to the enterprise to come up with the decision facing management in the
enterprises, Programming is one aspect of this method, which is the possibility of
using this tool. It does not find the different programs in order to invest all the
resources available in that institution because there are limitations on the
available capabilities and by choosing the best programs that achieve the goal
that the establishment seeks, either with regard to the other side the linear
degree. Linearity means all linear programming equations (i.e. limitations) that
are first class and that are represented in a straight line.

The most important components of the linear programming model of three are:
1. Objective function is of the kind that reduces the cost or maximizes profits.

2. Decision variables to be determined.

3. Structural constraints to be achieved in solving the problem (1).

2-2: Transport Model

The concept of the transport model is based on the economic transfer of the units
produced in the installations in the sense that there is one substance transported
from one or more production sources to several requesting or consuming entities
to achieve the lowest mechanized costs. The most important conditions to be met
in this model are:

1. Harmonization of all transferred units

2. Balancing supply quantities with required quantities

3. The cost of transferring the unit from the source to the requisitioner is fixed

4. Transportation cost has no direct link to the number of units transferred (2)

3-2: Mathematical version of the transport model

The transport form consists of m: sources of processing and n: applicants in

addition to the following (6):

- a;: Units displayed in sourcesi=1,2,.., m

- bj: Number of units required forj=1,2,..,n

- ¢;; : Cost of moving one unit from source i to location j

- x;j : represents the quantity transferred from source i to location j
Minimize (z) = {2, X7=q Cij%Xij
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Subject to
=q;  i=1.2,.,m j=1 i
(1)
= b j=1,2,.n ()21 xy
xj =0, i=12,.....m,j=

Methods used to solve transport problem

Common ways to reach the first basic solution are:

1. North West Corner Method

2. Low-cost method

3. Vogel's approximate method

In this study we will use the northwest corner method as it depends on the
location of the cells and not on the cost and the following are the most important
steps to apply this method (5)

Northwest Corner Method

This method is used in the event of emergency and disasters and does not take
into account the cost of transport from the source to its consumption center, but
rather the cell's location for the northwest corner of the transport schedule and
heads southward to reach the south-eastern corner and therefore does not
depend on the cost as a determining factor in the allocation method (4)

As for the process of improving the acceptable primary basic solution extracted
from the Northwest Corner method after confirming that the core cells are
achieving the basic requirement (m + n-1), Modified Distribution Method (MOD])
is used after ascertaining the possibility of developing the solution to optimize
the solution (2)

4-2: Two- vehicle cost varying transport problem

The classic transport problem in which a particular commodity is transferred
from the sources to all its requesting entities in order to reduce the final cost
while identifying the basic variables, i.e. the quantities that are transferred from
the sources to their consumers, but the economic enterprises seek to increase
their profits using all available means and developed methods.
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Through this, a modern method has been developed to solve the problem of
transportation with two types of vehicles intended for transportation and two
different costs, in addition to a restriction, which is a budget determined by the
enterprise for the total cost of transportation.

Suppose there are two types of vehicles and code themasV; , V, to transfer from

each source to each requesting entityC; ,C, represent the absorptive capacity of
the two vehicles V; , V, provided theyare C, > C;
R;j: represents the transport cost of the first and second vehicle, since
Riljrepresents the cost of one unit from source i to request j for the first vehicle

Rizj represents the per unit cost from source i to request j for vehicle II

The transport problem can be explained by the default table below.

D, D, D4 presentation
0, Rii. Rfi | Riz. Rf; | Riz. Riz a,
0, R31- R31 | R32- R3; | R3s. R3s a
O3 R31- R31 | R3z- R3; | R3s. Ris as
request b, b, b,

Table No. (1) shows the Two- vehicle cost varying transport problem

This model uses the Northwest Corner method to extract the initial solution to
the problem because it does not depend on the cost of transport but the location
of the cells and then uses the multiplier method to improve the solution after
ensuring that the number of fundamental variables achieves the requirement (m
+n-1).

5-2: The algorithm method for solving the two-vehicle transport problem (3)
5-2-1: In order to apply the modern algorithm to solve the problem, the cost
C;j must be determined according to the following:

Firstcase maxa; < C,;

5-2-2: Type I algorithm (TP1)

Step 1 - In this case the cost is not determined to be dependent on the quantity of
transport, as the Northwest Corner method was used because the method
depends on the location and not the cost as mentioned earlier and the cells are
allocated in the initial basic solution.



Researchlet Journal of
Analysis and Inventions

https://reserchjet.academiascience.org

57| Page

ISSN: 2776-0960 Volume 4, Issue 6 June, 2023

Step 2 - After the process of determining the quantities transferred x;; in the

north-west corner method, and to determine the core cells we identify the
C;j)that represent the cost of moving the unit from the 0;source of the order D;as

follows:
( Rilf if xi; < C;
Xij
Cij = 5 xRLZJ if C <xy <G e (3)
L l(J) if Xij = 0

Step 3: After the previous step, we identify the non-core cells after the process of
customizing the cells with the lowest presentation and request of the core cells
where we determine the cost of the non-core cells C;; which represents the cost
of transferring the unit from the source to the requisitioner according to the
equation below:

! Rilj if xi: < C
lf C1 < xij < Cz (4)
xij

In this case we turn the two- vehicle cost varying transport problem into the
traditional transport problem but C;; is not fixed, it is possible to change when the
allocation does not give optimal value during the ideal test of the problem.

Step 4: By testing optimal to solve the problem, some core cells are transformed
into non-core cells. Conversely, some non-core cells are transformed into core
cells depending on the allocation of the core cells, where we first modify C;; by
step (2) and non-core cells we correct the cost in step (3).

Step 5: We repeat the steps from 2 to 4 until the optimal solution to the transport
problem is reached.

5-2-3: Type Il algorithm (TP2)

Step 1: Determine the cost using the Northwest Corner method because the
method depends on the location and not the cost, and then we allocate the cells
in the first basic solution.
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Step 2 - After determining the quantities transferred x;; in the above manner,
after determining the core cells we identify the C;;)which represents the cost of

moving the unit from the 0;source of the request D;as follows:

( R}; _ <
l X =
xij f U 1
R2.
J if €, <x; < G ..(5)
Cij = < xij
R} + R},
xij

Step 3: After the process of customizing the cells with the lowest presentation and
request, we identify the non-core cells of the core cells where we determine the

cost of the non-core cells C;; ,which defines the cost of transferring the unit from

lj
each source to each destination according to the equation below

( R}; _ »
xi; if Xij = Uy
R2.
J lf Cl <XU < Cz (6)
Cij = < xij
R} + R},
lf CZ <xl-j SC1+ CZ
xl-j

In this algorithm we turn two- vehicle cost varying transport problem into the
normal transportation problem but C;;is uneven, then we change when the
allocation does not give optimal value when testing the solution improvement of
the problem.

Step 4: When applying the optimal test to solve the problem, there are some core
cells that turn into non-core cells, as well as some non-core cells that turn into
core cells based on the allocation of core cells, where we modify C;; according to
step (2) and non-core cells we adjust the transport cost as in step (3).

Step 5: Repeat step from (2) to step (4) until we reach the ideal solution in solving
the transport problem.
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5-2-4: Type III algorithm (TP3)

Step 1: Extract the primary basic solution in the way of the northwest corner as
explained in the first and second type.

Step 2: After the customization process, we determine the cost of the core cells
from each source to each consumer

-
258 Gy
e g ¢ 1 pl 2 p2
[ c
5 g2 ( pij Rijj+ pij R _
© £ & lf xl-jiO ......... (7)
- = E = Xij
T s =
< S g 0 if xij=0
O, T
53
2 T 5
€ £ ¢ L o . .
< = Where pj; ,pjj is the right solution, so:
g : 1 1 2 2
£ Min p;; Rj; + pij Rjj

S.t. xij <pl; G+ pf G
Step 3: For variables for non-core cells and within the possible allocation of the
lowest allocation for each row and column, the allocation can be made for x; jthen
the cost of non-core cells is any transport cost for each unit of the O;source of the
order Djas follows:
pi Rij+ pij R
Xij
0 if xij=0

Where pilj , pizj is the right solution, so:

Min p}; R}, + p{ R

Incasex;; < pj; Ci+ pfi G

In this case, the cost varying transport problem turns into a classic transportation
problem, considering that the cost variable as well as the customization process
does not give real value during the solution testing process to reach the optimal
solution.

Step 4: During the process of improving the solution, there are some non-core
cells that turn into core cells, and vice versa, as evidenced by Step 2 and Step 3.
Step 5: Repeat steps from (2) to (4) until optimal vinegar is obtained.

59| Page
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5-2-5: Mathematical model for the problem of bi-cost transport
The bi-level mathematical formula for two different-cost vehicles for transport
problem is as follows:

Min Z:Z?:ll Z;-lzl Cij xij ...... (9)
( py R+ i R |
Xir lf xl-j 0
Cij = 9
0 lf xij =0
The C;j is determined by the right solutions and sports programming through
pij Py
[=1,2,......m
]=1,2,.....n
And Min p{; R+ p}; R}
Incasex;; < pj; Ci+ pfi C;
m
Xij = Qi ,(i=12,.m

n
inj = b; Jj=12,..n
m

n
=1 Jj=1
xij >0 Vi ,Vj

b

Practical aspect

3-1: Preface

The transport problem in many studies and research on the problem is the
transport of goods from sources to the recipient and as a result of the evolution
of modern transport methods imposed the need to apply modern algorithms on
them that give results to decision makers in the decision-making process. In this
research we will apply what has been exposed on the theoretical side using a
modern technique to solve the problem of the transfer of flour material from its
stores to the requesting markets of the product by two different vehicles for a cost
and within a specific budget for transportation by the enterprise beforehand.
The data related to the storage capacity of the three stores and the quantities
required in the sales centers have been documented. The cost is based on
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distance, quantity, transportation price and use of two vehicles with a certain
cost. All information is scheduled in Table 2 below.

Center 1 Center 2 Center 3 | Center4 | Presentation
A 6,9 8,13 5,10 3,6 200
B 10,15 4,8 4,6 2,8 150
e 2 £ C 12,15 7,14 5,9 3,8 100
EE-N Request | 150 95 100 80
| ' (1}
5 9
oz g Table No. (2) shows the problem of transfer of flour
% 'g % Knowing that the vehicle's capacity is as follows:
v g — —
§ i} (C1—100, c, = 200)
;‘6 Tg 5 With a budget determined by the flour plant, the cost of transportation is (50)
[
< =~ thousand dinars.
é‘ Step 1: After balancing the transport schedule, the northwest corner method is

used to extract the accepted primary basic solution to determine the decision
variables of the transport problem as in the table below:

Center 1 Center 2 | Center 3 | Center 4 Fake center Presentation
A 150 50 | 5,10 3,6 200
8,13

6,9 0

B 10,15 | 48 45| 4,6 100 | 2,8 5 0 150

C 12,15 7,14 5,9 75 25 100
3,8 0
Request 150 95 100 80 25

Table No. (3) shows the application of the northwest corner method to the
problem of transfer of flour
Step 2: Determine the special cost of transportation according to the modern
algorithm by equation number (3). (4) Agencies:
From the equation (3) to determine the core cells in the transport matrix:
(€11 =3/50 ,c12=4/25, cpp =4/45, ¢33 =1/25 ,C24 == ,C34= o,
c35 = 0)
From the equation (4) we identify the non-fundamental variables of the transport
schedule as below:

4
(¢13=1/10 ,¢14=3/50, ¢;5=0, ¢y =2/9 »C25=O»C31=2_

5:C32 =

6l1|Page
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Step 3: After the transporting cost of the core and non-core cells has been
determined by the equation (3.4), we test the optimal solution after the
requirement to improve the acceptable solution we got (m + n-1)

By baseline cell multipliers by c_ equation ¢;; = u; + v;) and for non-baseline

cellsd;j =c¢;j — u; — v;) as shown in the table below

Center 1 Center 2 Center 3 Center 4 Fake Center
A 150 | 4/25 50 1/10 3/50 0| w
3/50
B 2/9 45 1/25100 2/5 5 0| u,
4/45
C 4/25 7/75 1/15 1/25 75 0 25| ug
Request 12 v, V3 Uy Vs

Table No. (4) shows the application of multiplier method to transport problem
Step 4: After repeating the previous steps in the method of multiplying factors so
that they can bed;; =0 then we find the optimal solution to the transport

problem as the table below shows:

Center 1 | Center 2 Center | Center4 | Fake center
3
A 150 | /25 1/10 | 3/50 50 0 200
3/50 4
B 2/9 25 100 | 2/5 0 25 150
4/45 1/25
C 4/25 | 7/7570 1/15 1/25 30 0 100
Request 150 95 100 80 25

Table No. (5) shows the process of customizing cells after determining the
optimal solution
So specific cells can be identified as follows and with resolution variables as

follows:
xq1 = 150
X14 = 50
X,y =25
X,3 = 100
X3, =70
X34 = 30
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By allocating cells, the lowest possible cost of transportation can be extracted: (3
+3+4+1+7+1)=19

So the total cost of transporting flour from the plant to the centers was 19, that is,
within the budget allocated by the plant for transporting it.

two- vehicle cost varying transport Transport problem for the first and second
problem vehicle
Two-vehicle CVTP,V;,V, Second Vehicle V; V; First Vehicle
Z=19 7=46 7=25
x11 = 150 x11 = 150 x11 = 150
X14 = 50 X14 =50 X13 = 45
Xyp = 25 Xy = 95 X14 =5
X,3 = 100 X,3 =55 X5 = 95
X3, =70 X33 = 45 X,3 =55
X34 = 30 X34 = 30 X34 =75
X35 = 25 X35 = 25

Table No. (6) shows the comparison of results with the determination of
decision variables

Conclusions:

In this research, the transport problem of two vehicles of varying cost was studied
after the application of the Northwest Corner method and the testing optimal
solution, after comparing the results and determining the decision variables
through the allocation of cells. We conclude that this modern algorithm is highly
efficient and easy to apply to decision makers in order to optimize the solution in
productive and economic installations. Its efficiency has also proved to be more
realistic in determining the final transport cost which is within the facility's
budget as compared to the final cost determined for each vehicle without
exceeding the budget prescribed by the enterprise for transporting the material.
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