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Abstract

The research is summarized in the construction of a mathematical model
using the most common methods in the science of Operations Research, which are
the models of transportation and linear programming to find the best solution to
the problem of the high cost of hajj in Irag, and this is done by reaching the
optimum number of pilgrims traveling through both land ports and the number
Ideal for passengers traveling through airports by lIraqi Airways, instead of
relying on the personal experience of the decision-maker in Hajj and Umrah
Authority by identifying the best port for pilgrim's travel, which can tolerate
right or wrong, has been based on scientific methods of Operations Research, the
researcher built two mathematical models, the first model was formulated in the
form of a Transport problem and its goal is to determine the optimal number of
traveling pilgrims through air or land ports and each province with the
identification of the best port for travel (the least expensive), while the second
model specifies the optimal duration of stay pilgrims in Saudi Arabia, taking into
account the limitations of the problem, So it was the result reduce the total cost of
hajj by (15,107,574.8) U.S. dollars or 11 percent. The results also included the
preparation of a comprehensive plan for the development of transporting
pilgrims, which the decision-makers of the Authority can use to transport
pilgrims from Irag to Saudi Arabia in the coming years.

Keywords: Building Models, Linear Programming, Mathematical models,
Operations Research, Transportation Problems.
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1. Introduction

Hajj, which is the fifth fundamentals in Islam, is considered one of the
most important things in the Sunnah for Muslims in general and lraqgis in
particular, and the cost of hajj is one of the most important obstacles that prevent
many citizens, especially those with limited income from applying for hajj and
completing this important fundamentals of Islam, and to avoid relying on
personal experience in calculating the cost and not relying on modern scientific
methods in calculating the real cost of hajj by the Authority, the researcher was
born the desire to contribute to addressing this problem based on the successful
experiences and many modern methods. For operations research that will help
decision-makers to choose the best ways to solve the various administrative
problems, including decision-making problems to choose the methods of the
lowest cost, we can also determine the optimal number of passengers through
airports or through land ports to take advantage of the cost difference between
the two types of travel and reduce the number of losses resulting from the
unnecessary preparations for some ports in the absence of the correct number of
travel through them, and other things that can eventually reduce the total cost of
hajj, which allows for a greater number of applying for hajj, especially those with
limited income. During the research, some of the tools for operations research
that wide-ranging processes, namely transport models and linear programming
models, will be used extensively in addressing the problems facing management
such as production, distribution, transportation, and other activities through
which it seeks to maximize profits and returns or reduce losses and costs. One of
the most important objectives achieved when using operations research is to
assist the administration (be it senior management or otherwise) in making
rational decisions (optimal), where the decision-making process is the basis or
core of the administrative process, and the researcher's quest through the
selection of the problem of research was to employ the available alternatives to
help the decision-maker (management of the authority) in choosing the most
suitable and the most correct ones for pilgrims of any province and according to
his own vision. The researcher aims to build a mathematical model to find the
optimal number of pilgrims traveling from each province in addition to
determining the optimal number of travel through each of the Iraqi border ports,
whether land ports or airport, which in turn is expected to reduce the total cost of
hajj, which helps to reduce the amount of money that needs to be paid to the
Authority and thus increase the number of applicant's hajj from the limited
income citizens. The outcomes of the transport problem, which represents the
preparation of an integrated transport plan for products and goods, taking into
account the minimum cost of the problem and providing the requirements of the
requests as much as possible, will also be used to prepare an integrated plan for
the development transport of Iragi pilgrims from all provinces and through all
the available outlets (Bakhit & Hashim, 2016), (Noor & Sahad, 2012),
(Mohammed, 2015).
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2 .Methods and Tools
1.1. Definition of mathematical model:

The mathematical model is one of the most important steps in the methods
of process research where it is known as a representation of the problem with all
its components and factors affecting and circumstances surrounding it where the
problem is transformed from its real complex world to another easier to
understand and solve, where the results reached can solve The model is to be a
solution to the real problem. Process research in its study is based on mechanisms
and methods that are often specific, starting with studying the problem in
question from all its aspects and identifying the objectives of the problem and its
decision variables and all the data required and available about the problem.
Then begin the stage of drafting and building the appropriate mathematical
model for it, which we seek to achieve the best value for the goal whether it is by
maximizing profits or reducing losses and costs, after which the results reached
and testing the solution are applied (Hassan& et al, 2013), (Ashour & Abaas,
2019), (Hillier 2012).

2.2. Steps to build the mathematical model:

For the purpose of building the mathematical model of the problem under
study and research, the system analyst or operations research team should first
begin to study the situation and gather all the information in a crisis, and if there
is something unclear, they should consult with the decision-makers for the
purpose of clarifying any ambiguity. Then begin to analyze the problem
accurately with the identification of decision variables and the limitations of the
problem, and in the same way, the goals are identified and placed all in the form
of terms or formulas containing an accurate description of the objectives of the
study with a description and identification of variables whether controlled or
variables that we cannot control With them, these formulas also include problem
constraints that affect the values of the resolution variables of the target function,
after which the problem is formulated (P., 2007) , (Rahi & Laibi, 2018). In
general, there are a number of reasons why we use and build models, including
(Bakhit, et al, 2015):

1- The problem cannot be transferred under study and research from one place
to another.

2- The possibility of limiting the specifications of the problem.

3- The high cost of dealing with the problem.

4- The seriousness of dealing with some problems.

5- Difficulty dealing with the problem directly.

2.3. Some points to consider when building the model (P., 2007):

1- Do not try to build a complex model when we can solve the issue using a simple
model.

2- The construction of the model according to the available possibilities and
techniques, i.e. we work to build a model that can be solved using certain
techniques available and not vice versa, i.e. we work to build a model and then
look for the appropriate techniques to solve it.
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3- To avoid complications while solving the problem, the wording of the model
must be very accurate.
4- The form is used according to the purpose or problem for which it was
designed and cannot be used to deal with other different situations.
5- It is not possible to use and apply the model without having a clear picture of
the reason for which it was built, preferably consulting specialists in the field of
operations research and taking their guidance.
6- The model should be as simple as possible and at the same time very precise.
2.4. The general formula of the linear programming model:

The general version of the linear programming model can be expressed by
the following law (Alqussi, 2015), (Bakhit & Hashim, 2016):
A-The target function is either Maximize or Minimize.
Maximum or Minimum Z = K X; +Ko X5 + ... +KinXm
B- Structural restrictions:

Cu X1+ CiXot  eeeeeeeen + CimXm (5=,2) B1
Cu X1 + (0779, Ol + ComXm (5=,2) B.
Cu X1+ CroXo+ e + ComXm (S, =,>) Bn
C-Non-negative:  Xi, X2y eeey X =0
Where:

Z= represents the value of the target function and is either maximizing or
reducing.

K= represents the variable coefficient of the target function such as unit cost or
profit, etc.

X= represents decision variables.

C= The quantity of resources a unit needs is as much as it requires to
manufacture a unit of a particular product of raw materials, workers, working
hours, etc.

m= the number of decision variables.

n= number of structural constraints of the problem.

B= available or available resources.

2.4.1. Methods used to solve the linear programming model:

There are several methods used to solve mathematical models of linear
programming (Alshemerty, 2010):

1. The graphic method.

2. Simplified method.

3. The algebraic method.

The first and second methods are one of the main methods used to solve and
process linear programming models.

2.5. The Mathematical formula of the Transport Model:

For the purpose of clarifying the mathematical formula of the transport
model, we assume that we have (n) sources (stores, factories, companies, etc.)
owns different quantities of certain goods and is required to be transported to (m)
destinations (cities, markets, customers, etc.), so we can express the problem
mathematically, as follows (Dantzig & Thapa, 2006):
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Minimize Z = 3, Xm, Kij * Xijj

Subject to:

22, X5y <Moo, i=1,2...,n
Xy X = D, j=12,...,m
Xij=0, i=1,2,...,n, j=1,2,...,m
Where:

Xij = the quantity that is transferred from the source (i) to the duty stations of
demand (j).

Kij = the cost of transporting the required quantity from its available source (i)
to the order area (j).

A, = the quantities of goods or services available are represented at the source (i).
D; = represents the required quantities of goods or services in the region (j).

n = represents the number of sources where goods or goods are available
(warehouse, factory, company, etc.).

m = represents the number of destinations requesting goods or goods (markets,
cities, customers, etc.).

2.5.1. Ways to solve the transport problem:

In order to find a solution to a transport problem, the solution goes through two
phases (Alshemerty, 2010):

1. The first stage: to find the basic solution possible.

2. The second stage: is to test the basic solution possible to reach the optimal
solution to the problem.

We can use one of the following methods to find the first possible basic solution,
and these methods are:

1. North-West Corner Method.

2. Least Cost Method.

3. Vogel's Method.

4. Russell's Method.

The solution resulting from the above roads is a possible initial solution and does
not necessarily represent the best solution to the transport problem, so you
should use methods to test this solution and make sure that there is no other
better and better solution than the initial possible solution, and this is done using
one of the following methods:

1. Stepping-Stone Method.

2. Modified Distribution Method.

2.6. Comparison of mathematical models of linear programming and

transport

First: There is an argument for the similarity between the two models (P., 2007):
1. Possess both models for a goal function.

2. The target function of the two models is linear.

3. Neither model has negative restrictions.

Secondly, the difference is as to the difference between the two methods:

1. The target function in the transport model is of the type of reduction or
miniaturization (Min.), either in linear programming is of the max type or of the
reduction type (Min.).
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2. Resources for which structural constraints are built are in the transport model
homogeneous such as a particular resource or commodity and of the same sex,
but in the linear programming model the restrictions are different, for example,
one of the restrictions for working hours and the other restriction is for raw
materials, and so on.

3. The transport problem is solved using the transport algorithm, but the general
linear programming problem is solved by simplex.

4. The values of decision variables such as Xj; in structural constraints are not
specified at a certain value in the general linear programming model, but in the
transmission, model is defined as (1.0).

3. Data analysis

The mathematical model data of the research problem (the cost of hajj)
was collected through visiting the headquarters of the Authority for Hajj and
Umrah and meeting with the officials of the Administrative and Financial
Department, the Planning and Follow-up Department, the Service Department,
the Department of Religious Guidance, Studies and Research, in addition to the
directors of the departments of Transport, Information Technology Centre and
Financial department in the Authority, where the cooperation of the brothers in
the Authority had a great effect in obtaining all the data necessary to build the
model as required, and the data included both the cost of transport the pilgrims
by the air or land ports, in addition to the cost of housing and food in Medina and
Mecca, as well as data on the mechanism for distributing Iraq’s share of pilgrims
to the provinces and institutions and the preparation of administrative cadres
accompanying the convoys.

The researcher turned the problem of research into a transfer problem to
find the optimal values for the numbers traveling through both air and land ports
and this was the first mathematical model, the second mathematical model used
the method of linear programming to find the optimal number of days the
pilgrim spends in the K.S.A., for the purpose of reducing the total cost as much as
possible.

After the researcher turned the research problem into a transport
problem, he built table 3.1 in the form of a transportation problem table, which
covers all probability for transporting pilgrims from their areas of residence to
Saudi Arabia (K.S.A.) using all the air and land ports available in Iraqg.
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Table 3.1: The cost of pilgrim transport from Iraqi provinces to K.S.A.
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The researcher adopted in calculating the cost of transport in table 4.1 on
the data received from the Department of Transport in The Authority and then
worked on the following equation:

Cost of transport (Cjj) through airports = cost of transportation to the airport +
cost of transportation from the airport to the K.S.A. + cost of the K.S.A.
institution of the air travellers + cost of the K.S.A. office unified agents for air
travellers.
Thus, the cost of transportation for pilgrim by air-ports form any city is:

Cij =Cs5+C+C1+C,

To calculate the cost of transport (Cj;) for pilgrim travelling through land

ports, the following formula was used:
Cost of transport (Cj;) through land ports = cost of transportation from the lively
city of a pilgrim to the K.S.A. + Cost of the K.S.A. Motawfin Foundation for land
travellers + cost of the K.S.A. office unified agents for pilgrim travel by land
outlet.
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Thus, the cost of transportation for passengers travelling through land
ports from any city is:
Cij=C6+C3+C4

The cost of transport (Cg) varies from province to province, depending on
the distance from the province to the land border crossing. The definition of cost
constants above is described in paragraph 4.3.1.2 of this research.

We note that the transport schedule prepared by the researcher is
unbalanced because the amount of demand (the number of pilgrims transferred)
is lower than the available possibilities (the capacity of the border ports), so the
researcher worked on the use of signals (<, =) in building model restrictions
instead of adding a fictitious row to complete the balance of the transport
schedule to ensure that the results of the solution in the winQSB program are not
affected. Note that the restrictions of the model were formulated according to the
circumstances of each province and the desire of the decision-maker in the
commission.

The target function of the first mathematical model was reduced the cost of
transportation, with a model of the transfer problem converted into a
mathematical program in the linear programming model to calculate the lowest
cost of pilgrim's transportation, as follows:

Minimize Z = 1461 X1 + 1476 Xy + 1470 X3 + 1536 X4 + 1536 Xy5 + 794 X6 +
799 Xy7 +

1461 Xy1 + 1476 Xop + 1470 Xoz + 1536 Xos + 1536 Xog + 794 KXo + 799 Xo7 +
1461 X31 + 1476 X3z + 1470 Xa3 + 1536 X34 + 1536 X35 + 794 Xz + 799 X537 +
1476 X41 + 1496 Xyo + 1486 Xuz + 1516 Xyy + 1521 Xyus + 798 Xy + 803 Xu7 +
1476 Xs1 + 1496 Xsp + 1486 Xs3 + 1516 Xss + 1521 X5 + 798 X6 + 803 Xs7 +
1476 Xg1 + 1496 Xeo + 1486 Xgz + 1516 Xes + 1517 Xgs + 797 Xe + 802 Xg7 +
1466 X1 + 1486 X7 + 1476 X3 + 1531 X754 + 1526 X75 + 795 X6 + 800 X77 +
1466 Xg; + 1486 Xgp + 1476 Xgz + 1536 Xgs + 1536 Xgs + 792 Xgg + 797 Xg7 +
1466 Xg; + 1486 Xgp + 1466 Xgz + 1536 Xgs + 1535 Xgs + 792 Xgg + 797 Xo7 +
1473 X1 + 1486 X0 + 1481 X3 + 1546 Xio4 + 1544 X5 + 795 X6 + 798 X7 +
1471 Xq11 + 1486 Xy11p + 1481 Xq13 + 1521 Xq14 + 1521 Xy15 + 795 Xqg6 + 800 Xq17 +
1470 Xqo1 + 1476 X120 + 1461 X3 + 1536 X104 + 1536 Xio5 + 793 X106 + 800 X7 +
1466 X131 + 1486 X132 + 1466 X133 + 1536 X134 + 1536 X135 + 793 X136 + 800
X137 +
1471 X141 + 1476 X142 + 1466 X143 + 1536 X144 + 1536 X145 + 793 X146 + 800
X147 +
1476 X151 + 1474 X152 + 1471 X153 + 1546 X154 + 1545 X155 + 794 X156 + 799
X157 +
1486 X161 + 1471 X162 + 1476 X163 + 1551 X164 + 1549 X165 + 796 X166 + 794
X167 +
1486 X171 + 1471 X172 + 1486 X173 + 1551 X174 + 1549 X175 + 796 X176 + 794
X177 +
1496 X181 + 1461 X182 + 1486 X183 + 1556 X184 + 1546 X185 + 798 X186 + 792
X187 +
1466 X191 + 1476 X192 + 1470 X193 + 1536 X194 + 1536 X195 + 794 X196 + 799
X197 +
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1466 X201 + 1476 X202 + 1470 X203 + 1536 X204 + 1536 X205 + 794 X206 + 799
?f:g;le + 1476 X212 + 1470 X213 + 1536 X214 + 1536 X215 + 794 X216 + 799
Z>L<4126167;221 + 1476 X222 + 1470 X223 + 1536 X224 + 1536 X225 + 794 X226 + 799
Z>L<4128267;231 + 1496 X232 + 1496 X233 + 1511 X234 + 1521 X235 + 797 X236 + 802
Z>L<42§67;241 + 1496 X242 + 1496 X243 + 1516 X244 + 1524 X245 + 798 X246 + 804
Z>L<42;67;251 + 1496 X252 + 1496 X253 + 1518 X254 + 1511 X255 + 797 X256 + 802
X257

Subject to:
Restrictions of not exceeding the province’s quota, and not to exceed the
province's quota from the pilgrim that transportation via air ports.
X1+ X + Xz + Xg + X5+ Xgg + X7 = 1478
X1 + Xpo + Xz + Xpa + X5 > 443
Xor + Xop + Xoz + Xog + Xos + Xog + Xo7 = 2077
Xop + Xoo + Xoz + Xos + Xo5 > 623
Xz + Xzp + Xazg + Xag + Xzs + Xzg + Xaz = 2596
Xz + Xap + Xaz + Xag + X35 2779
X + Xag + Xyz + Xaa + Xys + Xy + Xa7= 1988
Xa1 + Xgz + Xyz + Xgg + X452 596
Xs1 + Xs2 + Xsz + Xsg + X5 + X + Xs7 = 735
Xs1 + Xg2 + Xsz + Xgg + Xo5 = 221
Xo1 + Xoz + Xoz + Xog + Xes + Xgg + Xg7 = 1171
Xo1 + Xe2 + Xoz + Xgg + Xo5 = 351
X1+ X72 + Xgz + X4 + Xy5 + X6 + X77= 1190
X71+ X7z + X7z + X74 + X75 2 357
Xg1 + Xg2 + Xgz + Xgg + Xgs + Xgg + Xg7 = 1288
Xg1 + Xg2 + Xgz + Xgg + Xgs =90
Xo1 + KXoz + Xogz + Xog + Xgs + Xgg + Xg7 = 892
Xo1 + Xg2 + Xogg + Xog + Xos5 = 267
Xio01 + Xiy02 + X103 + X104 + X105 + X106 + X107 = 1006
X101 + X102 + X103 + X104 + X105 > 302
Xu1g + Xy1o + Xpaz + Xpa + Xpas + Xuge + X117 = 1158
X1z + Xz + Xq13 + X4 + X115 > 90
Xio1 + Xyoo + X3 + Xiog + X5 + X6 + X127 = 1078
Xi21 + X122 + Xpoz + Xiog + X5 > 323
Xiar + Xyzo + Xizz + Xizg + Xizs + Xze + X137 = 1501
X131 + Xizz + Xiaz + Xizs + X35 > 450
Xiag + Xuaz + Xuaz + Xuag + Xugs + Xuge + Xa7 = 941
Xia1 + Xz + Xuaz + Xag + Xygs > 282
Xis1 + X5 + Xi53 + Xisg + Xiss + Xise + Xgs7 = 591
Xis1 + Xisp + Xis3 + Xisg + Xi55 2177
Xie1 + X2 + Xig3 + X1es + X5 + X1e6 + X167 = 1531
Xie1 + X2 + Xig3 + Xipa + X5 = 459
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Xizn + Xyz2 + Xyzz + Xyza + Xozs + Xz + X177 = 816
Xi71 + Xa7z + Xuzz + Xi7a + Xy75 > 245

Xigr + Xig2 + Xig3 + Xiga + Xigs + Xigs + X1g7 = 2138
Xig1 + Xigz + Xig3 + Xigs + Xigs > 641

Xio1 + Xy92 + X193 + X194 + X195 + X196 + X197 = 1422
Xio1 + X2 + Xy93 + Xig4 + X195 > 427

Xaoo01 + Xo02 + X203 + Xo0s + Xaos + Xoos + Xoo7 = 1422
Xoo1 + Xaoz + Xoo3 + Xoos + Xoos > 427

Xo11 + Xo1 + Xo13 + Xoua + Xogs + Xoge + Xor7 = 1422
Xo11 + Xz + Xo13 + Xorg + X5 > 427

Xo21 + Xo22 + X3 + Xoog + Xoos + Xooe + Xa27 = 550
Xoo1 + Xaoz + Xooz + Xooa + X5 > 165

Xaozr + Xogo + Xozz + Xoza + Xozs + Xoze + Xozr = 1642
Xo31 + Xazp + Xozz + Xozg + Xozs > 493

Xoar + Xoaz + Xoaz + Xoss + Xoas + Xoss + Xos7 = 1143
Xoar + Xoaz + Xoaz + Xosg + Xogs > 343

Xos1 + Xosz + Xosz + Xosa + Xoss + Xose + Xos7 = 1915
Xos1 + Xosp + Xosz + Xosg + Xoss > 575

Restrictions of not to exceed the capacity of land and air ports:

X1+ Xor + Xap + Xg1 + Xosg + Xep + X7p + Xgp + Xog + Xyor + Xpr + Xpog + Xyar +
Xia1 + Xis1 +Xge1 + Xi71 + Xagr + X1 + Xoor + Xorr + Xoor + Xozy + Xoar + Xosg +
Xo61 < 12000

X12 + Xoo + X3z + Xy + Xsp + Xez + X72 + Xgo + Xop + X2 + X2 + X1 + Xizp +
Xiap +

Xisp + Xigp + Xy72 + Xygo + Xygo + Xooz + Xo12 + Xooo + Xogo + Xoaz + Xosp + Xoeo <
5000

Xiz + Xoz + Xag + Xyz3 + Xz + Xez + X73 + Xgz + Xoz + Xyo3 + Xp13 + Xpo3 + Xz +
X +

Xis3 + X163 + X173 + Xigz + Xie3 + Xooz + X3 + Xooz + Xozz + Xoaz + Xosz + X6z <
3000

X1a + Xoa + Xag + Xag + Xog + Xea + X7a + Xga + Xoa + Xioa + X114 + X124 + Xza +
Xiag +

Xisa + Xipa + Xq7a + Xiga + Xyga + Xooa + Xo1a + Xooa + Xozs + Xoas + Xosa + Xoes <
4500

Xis + Xos + Xzs + Xy5 + Xog + Xes + X5 + Xgs + Xos + Xyo5 + Xp15 + Xpos + Xyzs +
Xuss +

Xiss + Xies + X175 + Xigs + Xigs + Xoos + X5 + Xoos + Xozs + Xoas + Xoss + Xoes <
3000

Xig + Xog + Xzg + Xgp + Xsg + Xop + X76 + Xgo + Xog + X106 + X116 + X126 + X136 +
X6 +

Xise + Xige + X176 + Xige + X196 + Xaos + Xo16 + Xoz6 + Xozs + Xoss + Xose + Xoge <
20000

X1z + Xo7 + Xa7 + Xa7 + Xs7 + Xe7 + X77 + Xg7 + Xo7 + Xio7 + X137 + Xio7 + Xyz7 +
Xia7 +

Xis7 + X7 + Xu77 + Xag7 + Xigr + Xoo7 + X7 + Xooz + Xozz + Xoaz + Xos7 + X7 <
7000
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Restrictions to not exceed the capacity of land ports:

X1 + Xog + Xag + Xap + Xsg + Xgg +X76 + Xgg + Xog + X106 + X116 + X126 + X136 + Xu46
+

Xise + Xies + X176 + Xige + X196 + Xoos + Xo1e + Xooe + Xoze + Xoag +X17 + Xo7 + X7 +
Xy7 + Koz + Ko7 +X77 + X7 + Ko7 + Ko7 + Xz + Xigz + Xaar + Xz + Xasz + Xaer +
Xy +

Xig7 + X197 + Xoo7 + Xo17 + Kooz + Xogz + Xoar + Xose + Xoss + Xos7 + Xoe7 < 23558

Constrain of the minimum no. of a passenger at Erbil International Airport

Xia + Xoa + Xz + Xag + Xog + Xea +X74 + Xga + Xoa + X1oa + Xq1a + X124 + Xiza + X1as
+

Xisa + Xiea + X174 + Xiga + X1oa + Xooa + Xo1a + Xooa + Xoza + Xoas + Xosa + Xoes >
180

Constrain of the minimum no. of a passenger at Slemani International Airport
Xis + Xos + Xas + Xys + Xog + Xgs + X5 + Xgs + Xos + Xyos + Xp15 + Xpos + Xyzs +

Xias +

Xiss + Xigs + Xi7s + Xigs + Xios + Xoos + Xois + Xoos + Xozs + Xogs + Xoss + Xogs =
270

Constrain of the minimum no. of a passenger at Najaf International Airport.
X1z + Xog + Xzz3 + Xyz + Xz + Xez +X73 + Xgz + Xoz + Xqo3 + X113 + Xpoz + Xizz + Xiaz
+

Xis3 + Xiez + X173 + Xigz +X193 + Xogz + X213 + Xogg + Xoaz + Xoaz + Xosz + Xoez < 900

Constrain of the minimum no. of a passenger at Basra International Airport.
Xz + Xoz + Xap + Xgz + Xz + Xgz + X72 + Xgo + Xoz + Xyop + Xz + Xpoo + Xz +
X +

Xis2 + Xz + Xy72 + Xigo + Xipgz + Xooz + Xonz + Xozo + Xozp + Xogz + Xosz + Xogz <
1350

In addition to non-negative restrictions
Xij= 0, for alli & j

The variables in the mathematical model were represented by symbols
such as (Xi1, X1, ..., Xjj) in both the target function and the specific limitations of
the model and the limitations of non-negative. In the current research model, the
number of decision variables was (175) variables included all the expected
possibilities of travel of pilgrims from the provinces of their pilgrim residence to
the K.S.A., plus (63) constraint included all the parameters approved by the
decision-maker in the commission. The following is a statement of the details of
these variables for the Baghdad (I) city just to be clear, and for the rest of the
provinces, the definition will be in the same way, as follows:

Xij = represents the number of pilgrims transferred from the city (i) to the K.S.A.
via port (j).

X11= represents the number of pilgrims transported from Baghdad(l) city to the
K.S.A. via Baghdad International Airport.
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As for the constants in the first mathematical model, the costs of
transportation from the pilgrim provinces to the K.S.A., were as follows:
Cij = cost of transportation per pilgrim from his province (i) to the K.S.A. via port
)
C11= represents the cost of transporting the pilgrim from Baghdad(l) city to the
K.S.A. via Baghdad International Airport.
With regard to the other costs used in the model, its representation was as
follows:
C, = cost of the K.S.A. office unified agents for pilgrim travel by airport for the
hajj season.
C, = cost of the K.S.A. Motawfin Foundation for the pilgrims travels by airport
for the hajj season.
C; = cost of the K.S.A. office unified agents for pilgrim travel by land port for the
hajj season.
C,4 = cost of the K.S.A. Motawfin Foundation for the pilgrims travels by land for
the hajj season.
Cs = cost of transporting the pilgrim from the governorate of lives to the port.
Cs = cost of transporting the pilgrim from the province of lives to the K.S.A. via
the land ports.
C- = cost of transporting hajj from the province of lives to the K.S.A. via airports
at northern airports (Erbil, Slemani) is 600$ and at central and southern airports
(Baghdad, Najaf, Basra) is 550%.

The method of linear programming was adopted in the second mathematical
model of the research problem in order to reduce the total cost of hajj by finding the
optimal number of survival days of a pilgrim in K.S.A. (Medina and Mecca), so the
mathematical formula of the second model becomes as follows:

Min. Z = (Y12*D12) + (Y12*D14) + (Y11*D13) + (Y11*D17) + (Y22*D22) + (Y22*Do2s) +
(Y21*D23) + (Y21*D27)

Subject to:
Y11>25, constrain of stay duration in Mecca (to pilgrim transport by plane).
Y, =18, constrain of stay duration in Mecca (to pilgrim transport by bus).
Y1223, constrain of stay duration in Medina (to pilgrim transport by plane).
Y223, constrain of stay duration in Medina (to pilgrim transport by bus).
Yij =0, for alli,j Non-negative restriction.

To define the variables of the second mathematical model, they were as follows:
Y11 = number of days that pilgrim (transport by plane) spends in Mecca.

Y12 = number of days that pilgrim (transport by plane) spends in Medina.

Y21 = number of days that pilgrim (transport by bus) spends in Mecca.

Y22 = number of days that pilgrim (transport by bus) spends in Medina.

The constants were written in this way for the purpose of taking
advantage of the mathematical model in the coming years after changing the
values of these constants only in the objective function because they change
according to the contracts concluded with Saudi companies for housing,
transportation and food, and then the results are obtained by using the program
(winQSB), so the constant are:
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D11 = cost of living pilgrim (transport by plane) in Mecca per day.

D1, = cost of living pilgrim (transport by plane) in Medina per day.

D,3 = cost of feeding the pilgrim (transport by plane) in Mecca per day.

D14 = cost of feeding the pilgrim (transport by plane) in Medina per day.

D;5 = cost of feeding the pilgrim (transport by plane) in the sacred place for the
hajj season.

D16 = cost of transportation the pilgrim (transport by plane) to the K.S.A.

D;7 = cost of transfer the pilgrim to the five prayers per day.

D,1 = cost of housing the pilgrim (transport by bus) in Mecca per day.

D2, = cost of housing the pilgrim (transport by bus) in Medina per day.

D3 = cost of feeding the pilgrim (transport by bus) in Mecca per day.

Dy, = cost of feeding the pilgrim (transport by bus) in Medina per day.

D5 = cost of feeding the pilgrim (transport by bus) in the sacred place for the hajj
season.

Dy = cost of transporting the pilgrim (transport by bus) to the K.S.A.

D,7 = transport for the five prayers of the pilgrim (transport by bus) per day.

With regard to the cost of staying in Medina and Mecca, it is collected from the
housing and food department in the Authority.

4. Discussion the results:

After complete the formulation of mathematical models in the form of
transport problem, initiated by the researcher to data entry on the program of
the quantitative system of business (winQSB) that provide the results shown in
table 4.1.

Table 4.1: the result of the first model.

Id Dec!sion Solution Id Dec!sion Solution Id Dec!sion Solution
Variable Value Variable Value Variable | Value

1 X1 405 20 X106 358 39 Xigs 1,017.00

2 Xig 1,073.00 | 21 Xio7 378 40 X192 630

3 X1 1,763.00 | 22 Xi11 90 41 Xio7 1,508.00

4 X2 314 23 X116 1,068.00 | 42 Xoo1 405

5 X1 765 24 X123 315 43 Xoos 1,017.00

6 Xss 1,831.00 | 25 X126 763 44 Xonn 405

7 X 585 26 Xia1 225 45 Xo16 1,017.00

8 Xag 1,403.00 | 27 X33 225 46 Koo 135

9 Xs1 180 28 X136 1,051.00 | 47 X6 415

10 Xsg 555 29 X143 270 48 Xozp 450

11 Xe1 315 30 X6 671 49 X6 1,192.00

12 Xes 856 31 X152 45 50 Xoat 135
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13 Xn 315 32 Xis3 90 51 Xoaa 180
14 X7g 875 33 Xise 456 52 Xaas 828
15 Xs1 90 34 Xi62 450 53 Xas1 270
16 Xss 1,198.00 | 35 Xie7 1,081.00 | 54 Xass 270
17 X1 225 36 Xz 225 55 Xas6 1,375.00
18 Xog 667 37 Xz 591

19 X101 270 38 Xis1 405

As for the rest of the decision variables, their value was equal to zero.
Through the results obtained, we note that the available possibilities (border
ports) have not been fully utilized, as there are some ports that have not been
used in transport, in order to maintain the lowest cost in addition to ensuring the
comfort of the pilgrim, pointed out not use of these ports in the transportation of
pilgrims in some provinces, in addition to the increased cost of transportation, an
increase in the distance travelled to reach those ports and travel through them.

In the same way that was used in the solution of the first mathematical
model, used the program of the quantitative system for works (winQSB) again,
the researcher entered the data for the second mathematical model to find the
best solution for the number of days that the pilgrim is supposed to spend in the
holy homes (K.S.A) to perform rituals, which in turn reduce the total cost of hajj,
where possible, so the results were as indicated in Table 4.2.

Table 4.2: the results of the second model.

Decisio | Solutio | Unit Cost Reduce .| Allowab | Allowab
Total Basis
n n or d le le
Variabl Value | Profit c(j) Contributi Cost Statu Ml_n. Ma}x.
e on S c(j) c(j)
1 Y11 25 15.222 380.55 0 Basic 0 M
2 N 3 74.003 222.009 0 Basic 0 M
3 Yo 18 11.592 208.656 0 Basic 0 M
4 Y, 3 80.833 242.499 0 Basic 0 M
Objecti  Functio (Min.) = 1,053.71
ve n

Other data obtained from the results, can be useful for decision-makers
(Senior Management of the Authority):
e The cost of staying in Mecca for each additional day is 15,222 U.S. dollars.
The cost of staying in Medina for each additional day is 74,003 U.S. dollars.
The cost of staying in Mecca for each additional day is 11,592 U.S. dollars.
The cost of staying in Medina for each additional day is 80.8330 U.S. dollars.
The total cost of the optimal duration of the pilgrim’s stay (transport by plane)
in the K.S.A. is 502,559 U.S. dollars.
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e The total cost of the optimal duration of the pilgrim's stay (transport by bus)
in the K.S.A. is 451.55 U.S. dollars.
The cost of hajj for the season was adopted for the season 2019 A.D. (the year in
which the data was received from the Authority) as a basis for comparing it with
the results of the mathematical model prepared by the researcher, where the total
cost of hajj for that year was (115,987,358) U.S. dollars equivalent to
(139,184,829,600) Iraqgi dinars.
After the results obtained from the formulation and solution of the two
mathematical models, the researcher calculated the new cost as well as the
amount of reduction from the previous cost, and the researcher followed the
following steps:
First: Using the results of the second mathematical model, each of the travel
through the air or land ports is assigned as follows:
e The cost for one pilgrim (transport by plane) = (502,559%) cost of the best
duration to stay in the K.S.A. + (1845$) The cost of accommodation in Mecca +
(14568) the Cost of transport (Cj;) through airports (from the first model) + (27$)
the cost of feeding in the sacred place = 3830.559$.
e The cost for one pilgrim (transport by bus) = (451.55%) cost of the best
duration to stay in the K.S.A. + (1367%) the cost of accommodation in Mecca +
(7898%) the cost of transportation (Cj;) by land port (from the first model) + (279)
the cost of feeding in the sacred place = 2634.55%.
Second: use of the results of the first mathematical model where the total pilgrims
traveling through all the land ports are (23558) pilgrims, and the total pilgrims
traveling through all airports is (10133) pilgrims.
Thus, the total cost of hajj is according to the following equation:
The total cost of hajj = (cost of hajj traveling through all land ports) + (cost of
hajj traveling through all airports)
= (cost of hajj by bus ~ number of pilgrims traveling through
land ports) + (cost of hajj by plane « number of pilgrims travelling through land
ports)
= (2634.55 x 23558) + (3830.559 x 10133) = 100,879,783.2 U.S. dollars.

After that, the researcher worked to calculate the amount of reduction in
the total cost of hajj, according to the following equation:
Amount of cost reduction = the total cost of 2019 (comparison year) - the total
cost of the research model
=115,987,358 - 100,879,783.2 = 15,107,574.8 U.S. dollars.

By the data obtained from the Authority's Financial Department was the
cost of hajj through land ports was 2,972 U.S. dollars, and 4,125 U.S. dollars for
hajj by air ports. The results obtained using the mathematical model of research
showed a decrease in the cost of hajj, which is paid by the pilgrim to the
Authority by (337.45) U.S. dollars for travellers through land ports and (294,441)
U.S. dollars for travellers through air ports.
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5. Conclusions

By solving the mathematical model of the research problem, it is
important to use the methods of Operations Research in dealing with the
problems faced by the decision-maker in the Authority such as the cost of hajj,
where the model contributed to the reduction of the total cost of hajj with limit
11% from the total cost of the last year 2019, that's how much (15,107,574.8) U.S.
dollars, thus reducing the amount paid by the pilgrim as well as reducing the
amounts of hard currency that is transferred out of the country. The model also
contributed to the provision of necessary data that the administration can use to
transport pilgrims from Iraq to Saudi Arabia in the coming years, in addition to
information on the cost of staying pilgrims for additional periods in K.S.A.
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