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ÖZET
[Aboudhier, Abdulla]. [Üretim Planlamasında Lineer Programlama Modeli].
[İşletme Yüksek Lisans Tezi, Ankara, (2017)].
Doğrusal programlama tekniği, 20. yüzyılın ortalarından bu yana en önemli
bilimsel ilerlemelerden biri olup, daha sonrasında bu tekniğin kullanımı tüm sektörlerde
yaygınlaşmıştır. Son zamanlarda, bilgisayarların ve yazılım paketlerinin geliştirilmesine
yardımcı olan teknolojik ilerleme sayesinde uygulama sayısı artmıştır. Doğrusal
programlama problemlerini çözmek için, bilgisayarlar ve yazılım paketleri kullanılabilir.
Üretim planlaması en önemli alanlardan biridir. Doğrusal programlama, üretim sürecinin
tüm unsurlarını içerme ve mevcut üretim elemanlarının en iyi şekilde kullanılmasını
sağlamak için kullanılır. Ekonomik kaynakların en uygun şekilde tahsis edilmesini temel
alan bilimsel metodoloji ile optimal üretim karmasının belirlenmesini sağlayan doğrusal
programlama yönteminden faydalanılarak, Libya’daki sanayi şirketlerinden birinde (AlAseel Gıda Sanayi Şirketi) uygulama yapılmıştır. Bu çalışma doğrusal programlamanın
üretim planlamasını iyileştirmede olumlu bir etkiye sahip olduğunu kanıtlayan bir çalışma
olma niteliğindedir.

Anahtar kelimeler: Doğrusal programlama, üretim planlaması, amaç fonksiyonu,
matematiksel model, karmaksimizasyonu, maliyetminimizasyonu, optimal üretim
karışımı, kaynaklar.
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ABSTRACT
[Aboudhier Abdulla]. [A Linear Programming Model for Production Planning].
[Master Thesis in Business Administration, Ankara, (2017)].
Linear programming technique is one of the most important scientific progress
since the mid-twentieth century, then the use of this technique is widespread in all sectors.
Its application has increased lately because of technological progress that helped in the
development of computers and software packages which can be used to solve linear
programming problems after preparing the linear programming models to describe the
relevant problem. Production planning is one of the most important fields where linear
programming is used because of its ability to absorb all elements of the production process
and to ensure that the available production elements are used optimally. Thus, this study
is a practical application of linear programming technology in one of the Libyan industrial
companies (Al-Aseel Food Industries Company), in order to get benefit from this
technique in determining the optimal production mix of this company in accordance with
the scientific methodology based on optimal allocation of economic resources. This study
proves that the use of linear programming has a positive effect on improving production
planning.

Keywords: Linear programming, Production planning, Objective function, Mathematical
model, maximize the profit, minimize the cost, optimal production mix, resources.
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INTRODUCTION
Today, the world is witnessing tremendous developments in various aspects of
economic life, especially at the level of small and medium enterprises, which are
important components of the economies of developed countries, whether production
techniques, management and programming methods, forecasting methods or monitoring
tools of such organizations. This development occurred because of two main factors, first
factor is the progress of science and management techniques that applied for the purposes
of academic, military and other fields, and the other factor is the constant pressures on
small and medium enterprises to cope with periods of recession and inflation costs, and
the implications of the high leadership of those organizations to take sufficient procedures
to meet those factors in order to achieve the stated objectives and get benefit from
scientific progress.
Since its independence, Libya has relied on industrialization in its development
programs as one of the important ways to achieve industrial development and economic
savings. So that huge industrial complexes were built to achieve this goal, but the desired
results from the establishment of these factories were far from achieving these
investments, due to several reasons, including the lack of optimal use of energy and
available productive resources, in addition to the loss of guidance efficiency, and the
requirements of good leadership of the production process.
Under the current economic conditions, it became necessary for Libya to deal with
the mechanisms of economic market, and challenges that need to use modern management
techniques, giving more attention to the scientific methods of management in general,
especially production planning.
Planning is one of the functions of management process, and this function is more
important at the level of the industrial organizations, because of its direct impact on the
ways of rationalize production capacity to achieve the goals of the organization.
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Research Question
One of the reasons of the weakness in production planning in Libyan small and
medium-enterprises, is their lack of reliance on scientific methods, especially quantitative
techniques such as linear programming technique, which has become more widely used
in the organizations of developed countries. It is a technique that involves building
mathematical models according to the influencing factors based on accurate predictions,
and this technique is the most accurate and comprehensive scientific method that leads to
the activation and improvement of the decision-making process.
Through the above asked the following question can be asked:
How effective is the use of quantitative methods in improving production planning
for small and medium enterprises under available resources?
Research Sub-Questions
To address this problem and take action on aspects that make up the themes of this
subject we analyzed into the following sub-questions:
1. What is the importance and goals of production planning in small and medium
enterprises?
2. What are the methods and techniques used in the production planning process?
3. How can small and medium enterprises control the flow of their products in
quantity, quality, and time?
4. What is the reality of production planning in Libyan small and medium
enterprises?
Research Hypotheses
To answer the above mentioned questions some ideas have formulated, which are
summarized as follows:
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1. Production planning in small and medium enterprises will improve and support
the organization to face other organizations.
2. There are many scientific methods and techniques used in the production
process, which help to reach to optimal decision-making.
3. The linear programming technique is a tool that helps small and medium
enterprises in controlling the flow of products by determining the optimal mix of products
to be produced.
The study assumes that there is a difference between the net profit obtained from
the application of traditional methods of planning and the net profit obtained from the
linear programming method.
Reasons for Choosing Topic
The selection of the research subject stems from the importance of operations
research in production management and the need to give special attention by the
administration to this field in order, to contribute the efforts made in this regard, and to
highlight various aspects of the use of linear programming technique. In small and
medium enterprises linear programming technique is used to minimize production costs
or to maximize profit. It is also used for the following two reasons:
(A) Desire to search in such quantitative studies and their relationship to specialize.
(B) Attempt to view linear programming technique that successfully applied in
developed countries, which are not given a place in Libyan organizations in spite of its
importance.
Research Importance
The importance of research shows the urgent need of small and medium enterprises
to such these studies to reduce the management problems, which make the achievement
of the objectives of the organizations in accordance with the quantitative data easier
accessible and deal with them more precisely to make correct decisions, as well as the
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spread of such study has extensive process in the economies of developed countries and
achieves good results.
Research Goals
The research aims to use the linear programming technique to determine the
optimal production mix of Al-Aseel Company for food industries in the year 2015 and
compare the results obtained from using the linear programming method with the actual
results, so the aim of this research is to:
- Demonstrate the possibility of using quantitative method (linear programming)
in the field of production planning in small or medium enterprises.
- Highlight the effectiveness of the application of linear programming compared
with the actual results of the organization.
The Limits of the Research
The study is limited to production planning method, a linear programming
technique, and the ability of this technique to find the optimal solution for administrative
problems.
Research Methodology
In this study we will adopt the descriptive and analytical as required by each stage
of the research in order to understand the components of the subject, and analyze
relationships between the elements, particularly with regard to the practical aspect
concerning the planning of production and how to use linear programming technique in
this field in order to answer question that has been put forward at the beginning of the
study.
The rest of the thesis is organized as follows. FIRST CHAPTER gives a general
idea about productivity and production in industrial organizations. CHAPTER TWO
presents the theoretical basis of the research methodology. CHAPTER THREE presents
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the practical framework. Lastly, the conclusion concludes empirical analyses and the
study.
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FIRST CHAPTER
PRODUCTION IN INDUSTRIAL ORGANIZATIONS

1.1. Productivity and Production in Industrial Organizations
Industry means human activity that leads to the production of new materials from
different raw materials. It also means man-made processes using machinery and
equipment and depending on energy or fuel to produce new materials that are more
responsive to human requirements than the initial materials used in their manufacture.
Industry is the process of converting materials from one state to another, or human activity
that leads to the production of new materials other than raw materials. In fact, ‘industry’
has more than one definition, each of which varies according to a researcher's point of
view. Therefore, many researchers define the word ‘industry’ as productive activity.
While industry, which is based on changing raw materials into other forms and takes place
in factories and uses energy, is generally called manufacturing, and it can be defined as
an activity that involves converting raw materials into final products. Industry is defined
as a productive activity in which available productive elements are used in the best way
and in interrelationships to transform economic resources from their natural state into
products suitable for the satisfaction of human needs. This change is carried out in
production units controlled by technical developments. Industry can also be defined as the
activities that are a carried out to transform the form or nature of the raw materials into
more useful materials, with this conversion being done within factories.
1.1.1. Small and medium enterprises (SMEs)
Today, small and medium enterprises (SMEs) are one of the most important
economic organizations for many countries, especially the major industrialized countries,
due to their importance in strengthening the economic aspect. The establishment of such
organizations helps to achieve many goals. These organizations are considered to be the
main incentive of economic and social development. They contribute to the best use of
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available resources, thereby increasing local production by obtaining the greatest added
value (Vivas, 2005).
1.1.2. Definition of SMEs
Accordingly, many countries have adopted a set of criteria that may help to reach
a relatively common concept for these organizations. Some of these criteria are
quantitative and others are qualitative. Quantitative criteria are based on a set of features
that highlight quantitative differences between organizations, such as size of employment,
the value of capital, business numbers, added value, and total annual budget. While
qualitative criteria depend on key operating elements in their classification of
organizations, such as legal criteria, regulatory criteria, independence criteria, market
share criteria, and criteria of any technology being used. Such criteria may go beyond
these criteria to other more complex criteria. However, most countries have focused on
the size of employment criterion as a measure of discrimination between SMEs and large
organizations and consider it more practical in practice, where the size of employment in
different organizations can be easily measured (Khedhir, 2002). The United Nations has
indicated in a report about the role of accounting in SMEs (Vienna in 2003) that there is
no scientific definition for SMEs that can be agreed upon by all countries of the world.
Therefore, the United Nations found an approximate definition of these organizations
based on the number of employees and the size of these organizations, where each plays
a key role in determining the economic nature of the organization. Accordingly, the
following definitions have been developed (Pieris, 2002).
Micro organizations: These are organizations that employ one to five persons. The
work in these organizations is simple to the extent that it is possible to manage it on the
basis of direct relationships between one person and another.
Small organizations: These are organizations that employ six to fifty persons. This
type of organization often has a number of activity lines and more than one physical
location.
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Medium organizations: These are organizations that employ 51 to 250 persons.
This type of organization certainly has a number of activity lines and more than one
physical location.
1.1.3. Economic importance of SMEs
In recent decades, there has been a trend that sees the sector of SMEs as the
cornerstone of economic development in the light of developments in the political and
economic environment. Many of the previous concepts and basics of the requirements for
achieving competitiveness have changed under the influence of economic openness.
Moreover, government perceptions of this sector have improved, particularly in
developing countries, due to the vital role played by these organizations in increasing local
production and their advantages in addressing social problems such as unemployment and
poverty on the one hand, and their role in achieving industrial integration on the other
hand. These advantages can be summarized as follows (Kapurubandara, 2008).
1) They reduce the size of the unemployed labor pool and help to raise standards of
living. Thus, they are actively involved in achieving social and political stability and
in achieving development goals.
2) They are close to the consumer, and working to meet the needs of the consumer in
spite of their small size but due to their flexibility and adaptability with various
activities and in various situations.
3) In spite of their small size, they affect all industrial, agricultural and service sectors.
4) Their importance derives from their small size, easy manageability, the possibility of
their expansion into new shareholders, and their ability to adapt, continue, grow and
develop.
5) If they were closed permanently, they would not have a significant social or economic
impact, compared with large organizations.
6) They are able to provide extraordinary services to large or giant economic
organizations in addition to providing excellent services to the economy and society
as a whole, especially if they focus their activities in the technological fields that
depend on research and development.
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7) They are able to resist economic changes due to their flexibility, and ability to adapt
to different situations.
8) They have the ability to develop and grow continuously, reflecting the personal and
instinctive desire of the owner to develop his tangible and moral abilities. This
situation is obviously reflected in work and performance, as in providing more supply
of products and the request for more man power. Thus, they provide a greater
contribution to the service of members of society in terms of providing employment
opportunities, raising the standard of living, as well as the proportion of welfare and
increased benefits.
1.1.4. Characteristics of SMEs
There are many characteristics of SMEs as well as their direct importance in
economic development. These characteristics can be summarized as below (Alhussainy,
2006).
1) Work component: Most of the areas in which SMEs are active are characterized by
labor intensity which is consistent with the art of simple production, especially in
countries suffering from lack of capital.
2) Small and medium enterprises have the ability to interact flexibly and easily with
investment changes, including the ease of transition to the production of other goods
and services commensurate with the requirements of the market, and the ease of entry
and exit from the market due to the small ratio between fixed assets and total assets in
most cases.
3) The degree of risk in SMEs is not great, especially market risks. On the contrary, large
organizations bear high risks because of their large investments and large market
share.
4) Regarding selection of a market, SMEs tend to choose small and limited markets that
do not raise the interest of large organizations.
5) Small and medium enterprises do not require managerial staff with considerable
experience to manage them, which is reflected positively on the cost of production.
They also use simple and uncomplicated administrative methods. The director of such
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an organization can intervene in all administrative matters and play a key role in all
management decisions, thereby making the decision-making process easy and simple.
6) Small and medium enterprises have the ability to attract small capital and to use it in
an effective manner, suited to the circumstances of developing countries. Moreover,
they have the ability to spread in all sectors of economic activity.
7) The small size of these organizations allows them to select their location more easily
than large organizations, giving them a greater opportunity to spread in areas close to
markets that are difficult for large organizations to reach only at high cost. This,
therefore, makes small and medium enterprises more competitive in these markets.
8) Through the subcontracting system prevalent in many countries, which is used to
reduce costs and thus increase the added value, the outputs of SMEs become
complementary and mutually beneficial and depend on the outputs of large
organizations. For example, they produce many semi-finished products which are
produced for large organizations.
1.1.5. Production in SMEs
Small and medium organizations are forming the main base in the process of
economic and social development, with significant economic returns on all productive
sectors of the national economy. They play a leading role in expanding the economic base
and achieving economic integration among all sectors. They also contribute significantly
to the creation of new jobs. According to Yapa (2006), production management plays a
key role in improving performance in such organizations. As it plays a key role in
determining the type of product to be produced and scheduling production within specific
operating schedules as well as in managing inputs for production processes such as
machinery, raw materials and individuals by following performance standards in order to
reach the best ways to oversee all units that participate in the production process, both in
the internal and external sphere of the organization (Yapa, 2006).
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1.1.6. Classification of SMEs
Small and medium enterprises are classified into several categories according to
the criteria adopted in their classification, such as orientation and organizing work
according to the nature of products. In this study, the classification will occur according
to the nature of products. The sectorial distribution of SMEs appears to be somewhat
stable in most countries, where similar activities are concentrated in one of these as:
consumerism and goods production organizations, intermediate goods production
organizations, and processing goods production organizations.
1.1.6.1. Consumerism and goods production organizations
Their activities are concentrated in the following products (Wong, 2005).
a) Food products.
b) Agricultural products.
c) Leather, footwear and textile products.
d) Paper and wood products.
Food products are characterized by their dependence on miscellaneous resources
for feedstock, while leather, footwear and textile industries are characterized by using
simple production techniques, and the use of intensive labor.
1.1.6.2. Processing goods production organizations
Processing goods production organizations includes SMEs specialized in the
following activities (Vivas, 2005):
a) Metal conversion.
b) Mechanical and household electromechanical industry.
c) Chemical and plastic industries.
d) Manufacture of building materials, quarries and mines.
The focus on such industries is due to the strong demand for their products,
particularly the building materials.
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1.1.6.3. Processing goods production organizations
Processing goods production organizations are characterized by requiring the use
of machinery and equipment as well as complex technical tools to achieve production
processes, which applies to the characteristics of large organizations. Therefore, the scope
of intervention of such organizations is sufficiently narrow to include some simple
branches, and this is clear in industrialized countries. In developing countries, however,
their activity is limited to the production of certain goods based on imported spare parts
(El-Zahwani, 2008).
Small and medium industries are characterized by relatively small capital
investments, high operational return on investment, dependence on local raw materials,
their ability to diversify production, adapt to changes and economic conditions, and
optimal utilization of resources because they are largely managed by the private sector.
Therefore, it contributes to the fight against poverty and unemployment through the
training and employment of young people and the creation of new jobs, in addition to its
spread. According to Ayyagari et al. (2003) the importance of small and medium-sized
industries is reflected in their contribution to the Gross Domestic Product (GDP). Their
contribution to the GDP of industrialized countries ranges from 27 percent in Japan to 62
percent in France. For Asian industrial countries, these rates range from 40 percent in
South Korea to 60 percent in China. Small and medium industries have outperformed
major industries because of their flexibility, adaptability and the use of appropriate
technologies (Ayyagari et al., 2003). Therefore, most Arab countries are working to find
different ways to develop these industries, such as establishing specialized mechanisms
for their finance, establishing information networks and maps showing investment
opportunities in these industries, establishing government organizations to provide basic
data, and the technical and financial expertise they need, including feasibility studies,
taking the maximum benefit of information technology, developing technical incubators
to these industries, consider training as an important part of the structure of any industrial
project and one of its financing conditions, developing marketing companies, and
establishing industrial conglomerates in which there are industrial activities that
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simultaneously cooperate and compete. Arab countries have been interested in these
industries and have formed governmental organizations to supervise and develop them
within SMEs activity, including an industry promotion agency (API) in Tunisia, the
national agency for the promotion of SMEs in Morocco (ANPME), the national agency
for the development of SMEs in Algeria, and others. These organizations are still suffering
from a number of difficulties, the most important of which are the high cost of financing
and weak administrative, marketing and technical capabilities (Al-Tuni, 2010).
The development of small and medium industries requires in-depth studies to
identify promising areas in each Arab country. In this context, some industries stand out
because they are characterized by high operational return on investment. They are
therefore candidate for increasing employment rates and contributing to replacement of
imports. Among these industries are (Abushanab, (2015)):
1) Food industries, such as drying vegetables and fruits, manufacturing jams, juices and
oils, meat processing, fast food preparation, manufacture of bakery products, etc.
2) Textile activities, such as knitwear, manual weaving, fancywork and the manufacture
of fabrics and garments.
3) Leather industries, such as leather tanning, and the manufacture of bags and shoes.
4) Manufacture of finished products of rubber and plastic, such as irrigation and drainage
pipes.
5) The manufacture of wood and metal furniture.
6) Metal industries which work on metal forming, as well as the production of nails,
kitchenware and parts and components used by manufacturing industries.
7) A number of small chemical industries, such as perfume, some cosmetics, antiseptics,
soaps and detergents.
8) The gaming industry.
1.1.7. Food industries
The food industry is the industrial sector where raw materials are processed and
removed from fresh consumption and converted to other forms of food products that can
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be kept for as long as possible, for use in seasons other than their normal seasons or
consumption in places other than their production area so that it plays an important role
in the national economy of the country. This importance can be clarified in the following
points (Abdel-Razzaq, (2007)):
1) The conversion of fast food into more stable materials that can be saved for several
days, weeks, months or even years, according to the method of conservation followed,
thus making food available throughout the year. To benefit from the saved food, it can
be packed or frozen or dried for poor seasons of production due to drought and other
factors.
2) The food industries help to regulate the trade balance of raw food materials and
prevent prices falling in the seasons of their production sharply to a degree that may
not encourage their production. However, they always provide the possibility to sell
any surplus quantities to factories at appropriate prices. The availability of raw food
materials during times of their scarcity does not make the consumer have to pay more
than their prices when they are fresh.
3) Some methods of food preservation, such as drying, reduce the weight and size of
food, which makes the shipping of such food over long distances easy and less
expensive, thus helping to transport food to its consumption areas. The ease of
transporting food is noticed clearly by combat armies away from their countries.
4) Food industries are important in preparing food with a homogeneous food value. The
processed foods are relatively cheap compared to fresh food.
5) The food industries have a direct impact on the promotion of other industries which
are in a direct relationship with them, such as the manufacture of various packing
materials and the manufacture of industrial machinery and preservative chemicals.
6) Dispensing with the import of food manufactured abroad leads to the provision of
money to the country, especially foreign currency.
7) This industry helps to improve agricultural crops and livestock. In the case of fruits
and vegetables, homogeneous varieties are preferred to produce products of good
quality.
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8) Preparing food with certain specifications and ingredients for patients so as not to
affect their health, and also preparing special food for children appropriate to their age.
9) Finding sufficient quantities food to feed the world's growing population, and finding
new sources of food, such as obtaining protein from other sources not previously
known.
10) Creating modern manufacturing processes in line with technological developments,
such as the manufacture of fish on the backs of fishing vessels at sea, which helps to
maintain fish wealth that spoils quickly, where fishing vessels may stay longer than
two months at sea.
1.2. Production Management in SMEs
The function of production management has particular importance due to its
efficient use of available human, material and information resources. It represents the
main role to achieve the economic and social objectives of an organization on the one
hand, and to meet consumer requirements on the other hand, and what results from it in
the quality of the product, or in the provided service in the least possible time and at least
possible cost.
1.2.1. Concept of production management
The concept of production management has evolved throughout history to reach
the term used during the early 20th century. It focuses on the development of production
processes, and the elements used to produce goods in industrial organizations. During this
period, the Principles of Scientific Management (Frederick Taylor), which are based on
statistical and quantitative methods, have been applied. Production management can be
defined as follows:
“The set of administrative activities necessary to design, operation, and control the
process of conversion” (Beck, 2007).
‘‘Is the function of how to make a decision in the field of production, which
includes all activities related to the provision of production elements and how to exploit
them in the best ways to obtain certain goods or service’’ (Vivas, 2005).
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Through these definitions, it can be concluded that the production management is
(Mazi, 1999):
1) It is the process of making decisions, which are related to design the operations
system, and employ them to achieve the objectives.
2) It is the process of routing and controlling the operations system, in the
circumstances of the internal and external environment, in order to achieve a
specific objective.
3) It is the process of planning and organizing operations (whether productive or
service) and control over them to achieve the objectives of the organization which
is based on three entrances: functions entrance, decisions entrance and systems
entrance, by which SMEs reach to achieve two main aspects:
a) Integration between entrances to give high flexibility to management.
b) Strategic function related to design and operation according to a strategic
perspective (Mazi, 1999).
1.2.2. Importance of production management in SMEs
It is very important to discuss production management in SMEs in view of the
great development that they have achieved through many stages. The importance of
production management stems from the following criteria (Loewe, 2013):
1) An essential function in the organization is that it is concerned with the production of
goods, or services, through available production elements.
2) To provide the highest efficiency for the consumer through best use;
3) To endeavor to minimize the effects of obstacles to the lowest possible level.
4) An important source of competitive advantage in modern companies in light of
increased competition in the market.
5) The use and improvement of resources.
1.2.3. Characteristics of production management in SMEs
With the development of the economy at the administrative level, competitive
forces are increasing in systems, methods, and approaches of production and services,
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which allows SMEs to pay more attention to production management, which is
characterized by these: application of the scientific method, dependence on specialized
production, expansion in using modern machines and technologies, using operations
research, reliability and flexibility, and using software packages.
1.2.3.1. Application of scientific method
This was performed by Frederick Taylor in 1909, who contributed to the
intellectual development of production management by using the scientific method
(Nagim, 2001).
1.2.3.2. Dependence on specialized production
The phenomenon of specialization in specific areas has led to a clear reduction in
production costs, and an improved quality of products. It was accompanied by clear
specialization in the field of administrative and organizational functions in various SMEs
(Wong, 2005).
1.2.3.3. Expansion in using modern machines and technologies
Small and medium industrial organizations and even service organizations in
general are targeted to insert machines in their administrative processes, thus allowing the
emergence of large production. They aim to replace manpower with machinery and
equipment for the purpose of reducing costs by reducing the number of people working
manually and directing these people towards creativity, innovation and improving
productive performance (Wu, 2009).
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1.2.3.4. Using operations research
During the Second World War, the usage of Operations Research began, which
depended on the following three basics principles (Kapurubandara, 2008):
1) Transforming administrative and organizational problems into a set of mathematical
equations.
2) The possibility of making administrative decisions by individuals who are not
administrative, depending on quantitative aspects.
3) Creating the principle of cooperation and consultation between different systems to
solve administrative problems.
1.2.3.5. Reliability and flexibility
Reliability and flexibility represent a factor of success in the market because they
achieve the dimensions of potential competitive performance in quality and cost (Nagim,
2001).
1.2.3.6. Using software packages
The recent period witnessed a remarkable development in the field of informatics.
Software packages became usable in every vital field and it became a reliable method to
solve many of the problems faced by production management in particular. Through
software packages, the computer became usable for scheduling, inventory control, product
design, power planning, and other functions (Trepelkov, 2014).
1.2.4. Objectives of production management in SMEs
Organizations always aspire to achieve their production plan in order to
find the best solutions to their problems, and to achieve their main objective of
staying in and continuing under the general conditions of their surroundings. These
objectives are:
1) Product development: Organizations in their normal business are constantly connected
with the market and the consumer, whether through the marketing function or through
the information system by which the information about products is collected, and the
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degree of their acceptance by the consumer as well as the consumer requirements for
improving or changing essential specifications and physical properties. The degree of
development and improvement of the product varies according to the degree of depth,
duration of implementation, and necessary funds. The process of selecting the
technology and developing the product in this depth passes through a number of
stages, starting from collecting ideas about a product or new changes to the stage of
introducing it to the market and proposing it to the consumer, which is the most
difficult stage (William, 1986).
2) Development of production methods: Product technology is largely related to
production method technology. They are, therefore, usually associated with each
other, but the method of production may change without changing the product by
improving production devices and production lines through studying the production
chain and the time taken at each stage, studying the movements of each factor so that
unnecessary movements can be removed to gain some time and use it in other areas,
as well as reviewing the arrangement of machines within the factory in order to raise
the efficiency of its performance (Sultan, 2007).
3) Increasing production: Increasing production is one of the objectives that are being
determined automatically. They are in fact directly related to the overall strategy of
the organization with respect to competition and market share, and to the sub strategy
of production and sales, where production is linked to sales and sales programs from
the front, to funding programs from the back, and also to the productive capacity of
the organization. All these factors are subject to accurate coordination, study and
planning to achieve their success and their objectives, such as the takeover of a new
part of the market, or influence over a particular competitor in a specific area at a given
time; or the objective may be to raise production to improve returns by raising
productivity (Kumars, et al., 2006).
4) Improving the performance of workers: To improve the performance of workers
(achieving the best production with the same materials, or achieving the best
production with minimal materials), there are many ways to motivate them using
financial incentives, such as increasing wages, determining periodic rewards, or with
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moral incentives such as promotions, good connections, giving more attention to
workers, and discussing them in subjects that concern them and the organization, all
of which allow the workers to increase their desire for activity. Performance can be
improved by the training and re-training of workers and supervisors, as well as
providing appropriate social and financial conditions (Giovannini, 2001).
1.2.5. Functions of production management in SMEs
There are many functions of production management in small and medium
organizations, but they can be based on the following three basic elements:
1.2.5.1. Production planning
Production planning is defined as determining the quantity to be produced from
each product during the coming period, whether it be a day, a week or a month. That is, it
means predicting a plan for all steps of the production process in such a way that can
achieve productive objectives. To achieve these productive objectives, production
planning determines the main requirements of production capabilities that directly
produce the required quantity. Production planning will be mentioned in detail (Daniel
and Guide, 2000).
1.2.5.2. Production organizing
Production organizing means combining the needed activities to convert inputs
into outputs, and to put them in a part of the organizational structure such as management
or a unit or part that integrates with the remaining parts. The role of organizing is
represented in determining the organizational structure, the functions to be achieved and
the associated specifications. Moreover, it determines the vertical and horizontal
relationships between departments, managements and individuals, and draws power lines
and communication channels to make the work more appropriate and efficient in its
ongoing cycle of input to output. Organizing production management is characterized by
a number of advantages, including establishing work on an objective basis, reducing
random and unexpected behaviors, and reducing friction, disputation and conflict of
competencies. Accordingly, cooperation and coordination between individuals and groups
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are achieved, and their efforts are directed in one direction in addition to optimizing the
possibilities available, and achieving maximum production capacity (Rendall and Amoss,
2011).
1.2.5.3. Control of production
The control of production is necessary to ensure that the objectives, which are
identified in the production plan, have been achieved. It can be seen as an effort aiming to
inform management about conformity or loss of conformity to plans, objectives, and
policies. However, with increasing competition between organizations, they must
maintain their position in the market and cope with any changes such as the market
economy, globalization and intense competition. Organizations should also pay attention
to quantity, quality, and the cost of production through continued control (Fransoo and
Rutten, 1993).
1.2.6. Relationship of production function with the other functions
The production function has a close relationship with the other functions within an
organization. These relationships are presented in the following: relationship of the
production function with the procurement function, relationship of the production function
with the human resources function, relationship of production function with storage
function, and relationship of the production function with the sales function.
1.2.6.1. Relationship of production function with procurement function
Purchase management must have data of production needs before beginning the
actual production with sufficient time to plan the purchase processes and to take advantage
of quantity discounts as much as possible. The production function also needs data
including contractual engagements, and expected dates for receipt of materials, as well as
data on stock movement (Nahmias, 1997).
1.2.6.2. Relationship of production function with human resources function
Human resources management needs data of the production program and its
requirements of workers in terms of required numbers, training, and the skills necessary
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to implement it. Production management also needs data of available competencies and
what will be available in the future (Stevenson, 1999).
1.2.6.3. Relationship of production function with storage function
Storage management needs data on the amount of inventory to be maintained to
meet market needs. It is known that there are rates of production and sales. Storage
management determines these rates. What defines these rates is warehouse management.
Production management is aware of the actual inventory data, which helps it to estimate
the actual needs of the appropriate quantity of production in the required period (Carroll
and Gilin, 1987).
1.2.6.4. Relationship of the production function with the sales function
Sales management mainly aims to provide excellent service to the customer.
Therefore, it is concerned with the exact delivery dates associated with it, and the
modifications requested by the customer at the time of delivery should be taken into
consideration by the production management. Therefore, production management
requires sufficient data of the dates required for production, types and quantities in order
to be able to establish a production program that can fulfill customer needs. Sales
management expects from production management to identify the possible delivery dates
of contractual negotiations, in addition to providing it with information of the market and
its developments (Daniel and Guide, 2000).
1.3. Productivity
Economists view productivity as the true source of economic growth, social wellbeing and improvement of the standard of living of any country regardless of its economic
activity. Productivity growth rates and their component analyses provide a closer view of
economic activity and reveal the strengths and weaknesses of this activity, which explains
why countries are racing to have higher productivity growth rates through continuous
improvements in technological, administrative, and human aspects. Developed countries
in this manner have been able to achieve significant industrial progress enabling them to
control the international economy (Daskalakis and Psillaki, 2008). The focus of
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productivity improvement is to perform the work in the correct manner, with the best
efficiency, and not necessarily to work harder to achieve better results. Effective work
depends mainly on the productive behavior of individuals. This behavior is the result of
many complex factors that constitute the personal qualities of the individual. These
factors, including personal factors, are determined by the social, traditional, and cultural
environment, and include administrative and regulatory factors that create channels for
the efficient use of the personal factors (Gruen, 2012). Therefore, society and the
environment, in which the individual is raised have an impact on the type and nature of
the actions of individuals and their behavior at work. Continuity of productivity
improvement requires familiarity with the correct methods with high efficiency to perform
the work in all activities of society. This implies educational, social, and behavioral
changes in society that lead to the creation of a new society. What has been achieved in
Japan or other industrialized countries of high rates of growth in productivity was the
result of awareness of the importance of productivity and the organizational efforts to
introduce fundamental changes to achieve the success of production processes which are
adopted as an effective means of supporting their products in international markets. Some
developing countries have taken some of the methods and principles on which
industrialized countries have relied in national productivity campaigns and programs
which have achieved positive results. They adopted a number of principles and developed
other principles and basics, and carried out campaigns and movements which have had a
significant impact on the high level of productivity. Therefore, the question to be asked is
“What is productivity, and what is the difference between it and production?” (El-Refae,
2014).
1.3.1. Productivity and production
Production means, in a comprehensive sense, the transformation of inputs from
physical and human resources into outputs that consumers desire and demand in the form
of goods or services. Therefore, production is the process of using natural and human
resources to create high value for these resources by providing the required goods and
services. Productivity is a measure of the amount of production used by a certain amount
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of economic resources in the production process. It is the ratio between what is produced
and what is used, and the ratio between outputs (the volume of produced goods and
services) and inputs (the amount of resources used in their production). According to
Nahmias (2008) these resources consist of raw materials, machinery, energy, land and
productive buildings, as well as human services. Production includes one variable which
is represented in the outputs and refers to quantity. It does not indicate to the rate between
two variables. In other words, production is concerned with obtaining an increase in the
volume of production regardless of the relationship between the output values with the
input value while productivity is the ratio of the value of the outputs to the value of the
inputs. It refers to the rate of two variables, namely input and output. The relationship
between these variables refers to the rate rather than an absolute amount of production.
High productivity means the possibility of increasing the number of products by using the
same resources, that is, the same cost; in other words, it means producing the same
quantity at a lower cost (Nahmias, 1997).
1.3.2. Importance of productivity
Productivity has a great importance for the following reasons (Gruen, 2012):
1) Productivity is important because the production of larger quantities of produced units
with less effort and fewer resources makes a product better able to compete with its
counterparts in the market.
2) Productivity leads to a reduction of product selling prices. Price reduction leads to
increased demand and sales, thus increasing internal cash flow and increasing profits.
3) Increasing productivity, in the short term, leads to the elimination of a proportion of
workers. However, the success of an organization and the achievement of profits will
work – in the medium and long term – to expand the organization, and then attract
more unemployed workers.
4) Productivity achieves optimal use of scarce resources for multiple uses.
5) Productivity improves the standard of living and achieves the economic and social
well-being of the population.
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6) Productivity is the only source of increased national wealth. The optimal use of
resources reduces the amount of waste in production processes. Thus, it preserves
scarce resources from loss.
1.3.3. Levels of productivity
There are many levels of productivity, including the following:
1) Productivity at the level of the production unit;
2) Productivity at the level of the organization;
3) Productivity at the level of the economic sector; and
4) Productivity at the level of the national economy.
Productivity is a term intended to show the actual performance of production
processes at the level of the productive unit, the organization, the economic sector or the
national economy as a whole.
1.3.3.1. Productivity at the level of the production unit
At the level of the production unit, productivity measures the efficiency of
performance in a unit. The most important measure used is the value (production/hour of
work) (Basu and Fernald, 2003)
1.3.3.2. Productivity at the level of the organization
At the organizational level, productivity is an indicator of proper functioning and
efficiency of performance. The most important measures used at the organizational level
are (added value/worker), (sales/worker) and (profits/worker) (Foster and Haltiwanger,
2008).
1.3.3.3. Productivity at the level of the economic sector
At the sector level, productivity is an indicator of the comparison between the
performance of different economic sectors or between different branches of the same
sector. The most important measure of sector productivity is (total production/number of
sector workers), (sales or profits/number of workers) and (added value/number of
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workers) in the concerned sector. This indicator is used to compare between performances
in different sectors or between different branches of the same sector. This indicator shows
the contribution of one sector or another to the gross national income (Caricano, et al.,
2013)
1.3.3.4. Productivity at the level of the national economy
At the level of the national economy, productivity means an indicator of actual
economic growth, and thus an indicator of the standard of living in a country. The most
important measurement in this area is the measurement of the gross national income, that
is, the total added value of all economic sectors, excluding inflation rates (Dobla-Norris,
2013).
1.3.4. Added value
Added value is defined as the value which is added by the production process to
the previously produced values, whether in the form of raw materials or semi-processed
materials that were created by the organization, and contributing with other organizations
to the composition of the gross domestic product (GDP). According to Roger (1998) added
value is the difference between the value of production, and the value of intermediate
consumption. The added value measures the wealth created by the collective efforts of the
staff of the organization, investors, and the owners of capital, from individuals and
shareholders. The main objective of the added value criterion is to determine how well an
organization contributes to national production, where the amount of that contribution is
determined by the value of what the organization has added to the products of other
organization, and not only by the value of what the organization has introduced. The added
value criterion is one of the criteria by which the performance of a particular project is
compared to other projects. For a project that provides greater value than other projects,
its performance is more efficient and better than any other project which provides less
added value (Rogers, 1998).

27

1.3.5. Productivity types
Productivity is generally defined as the relative relationship between outputs and
inputs in a production unit. Determining this relationship between two or more variables
makes it possible to judge the efficiency of the production unit performance or a certain
element of production. Consequently, productivity can be expressed by the following
basic equation (Mahony and Timmer, 2009):
Productivity = output(s) ÷ input(s)
This relation may be between outputs and one of the inputs elements, in this case
it is called the partial productivity, and it may be between outputs and more than one
element of inputs elements, in this case it is called the multi-factor productivity. When the
relation is between outputs and all the inputs elements, it is called the total factor
productivity, this productivity is calculated by dividing the output of the organization by
the all used inputs from capital, land, and manpower. Therefore, the changes, reflected by
total factor productivity, are a measure to improve better efficiency than the changes in
intermediate productivity of work, in terms of inclusion (Rogers, 1998).
Outputs: Outputs are the products of the productive process of goods and services.
Inputs: Inputs include three categories of costs represented as following (Inkalaar
and Timmer,, 2008):
1) Labor costs: wages, salaries and additional benefits;
2) Intermediate consumption: raw and primary materials, semi-processed materials,
packing and packaging materials, indirect industrial expenses, services purchased
from others (maintenance and repair of fixed assets) and operating services for
others (industrial operation); and
3) Capital: machinery and equipment.
1.3.6. Managing productivity
Managing productivity is a continuous process that includes four basic stages:
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Measurement, analysis and evaluation, planning, and improvement.
1.3.6.1. Productivity measurement
Productivity measurement is an important part of the management process. The
administrator must measure productivity in order to improve it.


Productivity measurement helps to (Syverson, 2011):
a) Know the organization status, and to what extent it has reached in the application
of plans for increasing productivity;
b) Know the degree of achievement of an organization’s basic objectives
(management effectiveness);
c) Know the efficiency of resource utilization to create a specific output;
d) Judging on the effectiveness of the organization (ability of competitiveness and
survival in the business world).
e) Knowing the productivity trends in the organization.
f) Compare the productivity of an organization with the productivity of similar
organizations;
g) Set objectives to achieve them;
h) Identify potential constraints; and
i) Spread morale in other people to work toward achieving objectives (with a focus
on priorities).



The system with a proper measurement of productivity is characterized by the
following (Al-Ghazali, 2007):
a) To show whether productivity strategies have led to any actual improvements;
b) To cover all resources and processes in an organization;
c) To give a complete idea about the activity and not only a partial idea;
d) To provide simple and clear indicators of performance (production, profit, and
quality);
e) To include indicators of current and future performance, and strengthen the links
between them;
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f) To be able to convert from the measurement of change in profits to a measurement
of change in productivity; and
g) To subject to continuous review to develop and update it.
1.3.6.2. Productivity analysis and evaluation
Productivity analysis is the main part of productivity managing because it helps to
achieve the following (Ngai and Samaniego, 2011):
a) Identification of weaknesses and strengths in performance by analyzing
productivity gaps;
b) Identification of the causes of weaknesses in performance; and
c) Looking for ways to improve productivity;
The process of productivity evaluation is an important part of the productivity
improvement program. It provides indicators of current performance, identifies
weaknesses and any areas that require improvement. In addition to the results that were
achieved by the program, the evaluation process should also have the following
characteristics (Mahony and Timmer, 2009):
a) The evaluation method should be simple, easy to understand, and low cost.
b) It should periodically provide information about productivity on a single basis,
and identify areas of negative change.
c) It should communicate information to individuals who are involved in
improving productivity.


There are some rating tools which can be used in the evaluation process represented
as following (Al-Ghazali, 2007):
a) Added value
b) Productivity ratios
c) Productivity criteria.

1.3.6.3. Productivity planning
Productivity planning can be done by the following steps (Syverson, 2011):

30

a) Setting objectives to improve productivity
b) Setting a number of alternative plans
c) Identifying the final plan
d) Identifying the department that is responsible for the implementation of this plan.
1.3.6.4. Productivity improvement
By understanding the relationship between outputs and inputs, productivity can be
improved in several ways as below (Ngai and Samaniego, 2011):
a) Increasing outputs with reducing inputs
b) Increasing outputs by using the same inputs
c) Keeping outputs without increasing, and reducing inputs
d) Obtaining a lower level of output, by using far fewer inputs
e) Increasing the output by a percentage greater than the percentage of input increases
f) Lowering the output level, with a large lowering of the input level.
1.4. Production Planning
The production planning function is one of the most important functions of
production management. The function of planning is to define the final objectives as well
as the partial objectives that the organization seeks to achieve followed by identifying any
needed capacities, resources and work plans, and finally to determine the time required to
track processes and end the work, thus achieving the set objectives. A decision involving
a production plan is one of the most important strategic decisions to manage any
organization. It is impossible for any organization to succeed without following scientific
and objective methods in planning its production. Planning is an activity that identifies
(Carroll, 2008):
1) Strategic and final objectives of an organization. The objectives of production
planning in the current circumstances are derived from marketing objectives and
require supportive plans by other activities of an organization, such as plans of
purchases and stores, transport, energy, and finance. Achieving the production plan of
these strategic objectives certainly does not occur in one step; it passes through the
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achievement of partial or tactical objectives of the plan throughout the planning
period.
2) The capabilities and resources, whether material, financial, or human, necessary for
the success of this plan and the achievement of its objectives.
3) Ways, methods, procedures, and policies to implement this plan.
4) The time required for the completion of work, and processes to complete or implement
the plan. Planning without a specific period of time is not planning; it is said to be
“running behind an impossible mirage” that is not attainable. If the plan does not
achieve its objectives during a specific period, some items of this plan, or the entire
plan, should be changed to allow it to reach its objectives within the specified period.
5) Optimized sequence of operations to achieve completion of plan items on time.
1.4.1. Types of production plans
On the basis of the planning period of production plans, three types of plans can
be distinguished. These types are as below:


Long-term production plans.



Medium-term production plans.



Short-term production plans.
The following is a simplified explanation of each of these types.

1.4.1.1. Long term production plan
Long-term production plan is developed to determine the level of production in
the future for a period of more than one year and may last up to five years or more. This
plan is often set to achieve long-term goals. It sets out guidelines for production and
operations in an organization in light of its production capacity. It relates to its level of
production capacity, the choice of the organization location, internal arrangement, design
of buildings, technological level, order of operations, and other long-term activities (AlShukri, 2010).
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1.4.1.2. Medium term production plan
Medium-term production plan is a plan that is prepared, in total, for a period of
one year, although in fact it has detailed plans for each month of the year. Since this type
of plan refers to the overall planning of production in general, it is referred to, in some
books, as aggregate scheduling or aggregate planning of production. In all cases and under
any of the above labels, the medium-term production plan includes the development of
aggregate estimates of levels of production, employment, and inventories for each period
during the year, without allocation to a particular type of product or section. The overall
objective of this type of plan is to reach a compromise between production capacity, and
thus the volume of production, and the volume of demand during the plan periods
(Alhusain, 2004).
1.4.1.3. Short term production plan
Short-term production plan refers to a detailed definition of productive activities
in periods of less than one month. It thus refers to the so-called scheduling of operations.
In general, the integration of the three types of production plans should be
mentioned. The long-term plan defines production capacity in the long term; it therefore
defines the scope and constraints of the medium-term plan, which in turn defines the limits
and constraints to be taken into consideration when developing the short-term plan
(Carroll, 2008). Figure 1 explains the relationship between the three types of production
plans.
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Figure 1: Types of Production Plan

Source: (Carroll, 2008), p.246.
1.4.2. Aggregate planning concept and importance
The aggregate production plan, or medium term production planning, as
mentioned previously, refers to the production plan that covers a period of time which
(usually a year) based on aggregate estimates of outputs from levels of production, labor,
and stock through a general unit of measurement. The objective of this type of plan is to
achieve efficiency and optimum use of resources, to determine how best to meet expected
levels of demand within the constraints of the long-term plan, leading to the definition of
the scope and limitations of decisions related to the short-term plan, or decisions related
to the scheduling and control of production.
According to Wang and Fuliang (2003) the importance of aggregate estimates of
outputs, such as production levels, labor, and stock, under this type of planning is due to
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the fact that the organization seeks to optimize the use of the available resources to achieve
a maximum possible profit. This objective cannot be achieved through a partial view for
each product or section separately since it would mean a lack of coordination in production
and the emergence of idle energies in employment, machinery and materials. The overall
importance of aggregate production planning is shown by working to meet a volatile
demand by setting optimal strategies to help to achieve this objective at the lowest possible
cost in spite of the fact that it is difficult to select a certain level of production under
volatile demand. In short, aggregate production planning is primarily aimed at
determining the level of production that is possible and optimal for each period by
ensuring that any expected demand is met at the lowest possible cost. This cannot be
achieved without defining the optimal strategy of production (Wang and Fuliang, 2003).
1.4.3. Aggregate production planning system
The aggregate (medium-term) plan of production is, in fact, a system with inputs,
outputs and planning methods. Figure 2 illustrates the relationship between the inputs,
planning methods, and outputs.
1.4.3.1. Inputs
From Figure 2 it can be observed that the inputs of the production planning process
come from the following four sources (Alazzawi, 2006):
1) Inputs in the form of data about the expected demand of products, for the
following planning period, in the form of aggregate data and general standard
units, which can be distributed on the intervals of the plan.
2) Inputs in the form of data about the different types of current available production
capacities, which are necessary for production planning. These data include data
about the level of current production capacity, data about total stock at the
beginning of the plan period, and data about the employment numbers at the
beginning of the plan period.
3) Inputs in the form of data and information about the long-term planning of
production capacity, the organizational plans to introduce new products, or
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entering new markets in addition to plans to develop the technological level, and
other long-term decisions.
4) Inputs in the form of data about the costs involved in selecting a particular
strategic production alternative to cope with the fluctuations of demand.
Figure 2: The Relationship between Inputs, Planning Methods, and Outputs

Source: (Carroll, 2008), p.303.
A fifth input is usually added to these inputs. It is in the form of data and
information from the external environment such that the data (inputs) required for the
aggregate production planning process will be comprehensive, accurate, and timely
(Russell and Taylor, 2003).
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1.4.3.2. Outputs
The production planning process as a system has outputs (as seen in Figure 2) as
follows:
1) The aggregate plan for production, inventory, and employment for each period of
the plan, for example, for each month. This includes estimates for the following
items (Barnes, 2008):
a) A total estimate of the level of production for each time period during the
following year. These estimates represent an entry to the next stage in which the
required quantity of each product is estimated during each period, known as the
basic production schedule.
b) A total estimate of the level of labor required to produce production levels in
aggregate.
c) A total estimate of the planned stock level for each time period (at the end of the
period).
2) Outputs as a type of information about the estimated costs that result from the
implementation of the aggregate plan at the end of the plan period, such as costs
of changing the number of employees, costs of changing the level of inventory,
and costs of relying on others to produce an amount exceeding production
capacity in order to meet excessive demand (Russell and Taylor, 2003).
1.4.3.3. Methods of aggregate production planning
The methods of aggregate production planning vary according to the relationships
that govern the variables of a problem as following:
1) Methods that are based on a linear relationship between the variables; examples
for these methods include:
a) Methods of experimentation and error by using tables.
b) Linear programming such as the simplex method, transportation method, and
graphical method.
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2) Methods that based on a non-linear relationship between the variables; examples
for these methods include:
a) Models of systematic diligence and models of searching using a computer.
b) Methods of linear rules such as dynamic programming.
The methods of production also differ in giving the optimal solutions as shown in
the Table 1.
Table 1: Aggregate Production Planning Methods
Aggregate planning

variables relationships

method

Linear relationships

Non-linear
relationships

Do not lead to an 1. Experimentation
optimal solutions

and

error by using tables.

a) Models

of

systematic
diligence,
models

and
of

searching by using
computer.
Lead

to

optimal 2. Linear programming:

solutions

 Graphical method
 Simplex method

b) Linear

rules

method:
 Dynamic programming

 Transportation method

Regarding to the Table 1 there are two main methods of aggregate planning as
following (Alazzawi, 2006):
1) Methods which do not lead to optimal solutions, such as methods of
experimentation and error, and a systematic diligence model.
2) Methods which lead to optimal solutions, such as linear programming methods,
and linear rules methods. Table 1 summarizes these different types of aggregate
production planning methods.
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1.5. Literature Review
Operations research is the science of decision-making by studying the system in
order to identify its properties and thereby attempt to improve its performance. During
World War II, official operations research activities were initiated in England with the
aim of making the best decisions on the use of war materials. After the war, the main ideas
for operations research were modified to suit civilian uses. Today, operational research
has become the dominant decision-making tool. It has become widely disseminated in
various fields, including administrative decision making, mathematical modelling,
computerization and the use of information technology. The methods and concepts of
operational research are becoming increasingly widespread, students and graduates
provide advice to various sectors, both public and private, on planning available resources,
transportation issues, and project implementation. It also deals with a wide range of design
in telecommunication and data network, and operational issues.
According to Dantzig (1963), there is a specific approach to linear programming
that is followed when building a model. This model can be applied to a wide range of
problems that can be encountered in different areas of life. It probably has the modest
mathematical structure that be able to get the solution to practical problem. Because It is
a scientific way to study the behaviour of different systems, it embodies the distinctive
characteristic of operations research, to wit “Operations are considered as an entity. The
subject matter which studied is not the equipment used, nor the morale of the participants,
nor the physical properties of the output, it is the combination of these in total as an
economic process” (Dantzig, 1963).
Bean and Chaffin (1988) presented a linear programming optimization technique
which solved a two problems with two consecutive linear programs. This technique is
used to minimize muscle thickness and joint pressure force, since those are ordinarily used
objectives, where ready-made software is installed on a small computer. It was explained
how the model could be analysed analytically by applying it to simple situations.the
method which they proposed efficiently meets like this double objective. The presented
methods supply the wherewithal to formulate and solve more complex biomechanical
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problems than previously practical. Farag, et al (1995) described a new and effective
method to achieve the optimal solution for energy production systems, which reduces the
total cost of generation, and does not exceed the constraints of the system in cases of
emergency or overloads in power generation systems. This method incorporates the Third
Simplex Method with the techniques of the Section Reduction Method. To demonstrate
the effectiveness of the proposed method, it was tested on six power generators. Numerical
results showed that the optimal solution obtained from the proposed method is favorably
and successfully compared with other methods.
Chattopadhyay, et al (1996) presented a technique for determining coordinated
relay settings. This study used the Simplex two-stage method. Where the first stage
determines whether the faulty restrictions fall within the area of the possible solution,
while the second stage finds the optimal relay settings (the minimum possible run-times).
This technique tested by using A looped distribution system, protected by directional
overcurrent relays, in a laboratory environment, the results showed that the Simplex twostage method could be optimize the run-times of the relays. This means that the advanced
technique has the ability to select the impractical restrictions and isolate them. Sakawa
and Kato (2000), quantified the fuzzy goals by eliciting the matching membership
functions characterized by fuzzy numbers (∝-level sets). By using expanded Pareto
optimality concept, pareto optimal solution obtained by solving the minimax problems for
which the dantzig-wolfe dismantling method is viable. A linear programming-based
reactive fuzzy satisficing method then presented. An instructive numerical example
confirmed the efficiency and feasibility of the proposed method. Katagiri and Ishii (2000)
proposed an algorithm to find an optimal policy for rotation allocation of perishable
commodities. They considered a fuzzy version of the model based on last-in-first-out
(LIFO) issuing policy. They clarified the difference between the cost of non-fuzzy
shortage case and the cost of fuzzy shortage case using optimal solution, then the
potentials of inventory issues with other ambiguous costs are discussed. Venkatesh, et al
(2003) presented application of evolutionary computation (EC) methods such as
evolutionary programming (EP), micro genetic algorithm (MGA), and genetic algorithm
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(GA) to Economic load dispatch (ELD) problem for thirteen, six, and three units’ systems.
Examinations showed that EP was superior among EC methods in solving the ELD
problem. The execution of the advanced algorithm has been proved with applied IEEE
fourteen, thirty, and one hundred and eighteen bus test systems. Zhou and Yang (2003)
attempted to create an inventory model for unpreserved items with a static lifetime beneath
last-in – first-out (LIFO) environment. In their model, they offered the condition that the
model has just only one optimal solution that showed the incurvature of the objective
function where most of the offered models failed to show the incurvature of the offered
models. Coelho and Mariani (2006) proposed method combines differential evolution
(DE), which it is a simple and efficient evolutionary algorithm, with chaotic sequences in
the evolutionary phase, using the sequential quadratic programming (SQP) technique in
the learning phase in sequential manner to solve economic dispatch problems (EDP)
associated with the valve-point effect. This method has been applied to two power
systems, in order to minimize the additional cost of fuel, which proved this method
superior to other methods in solving load dispatch problems with the valve-point effect,
because it provides a global solution in an acceptable calculating time. Zhu, et al (2012)
proposed a scheduling mechanism to manage demand using linear programming
technique. They argued that the proposed mechanism will be able to reduce the peak
hourly load, in proportion to the performance of the user on the one hand, and what is
required by the devices on the other hand. Simulation results showed the effectiveness of
this mechanism. When several households contribute in the scheduling, a more stable
hourly load is realized. Peng and Mayorga (2013) developed an interval-coefficient Fuzzy
Binary Linear Programming. A new and well-organized methodology is used to resolve
the IFLBP into two extreme crisp-coefficient. The developed IFBLP and its solution are
virtually implemented on a long-term traffic noise control plan. This implementation
proves the capability of dealing with uncertainties both on model structure and the
parameters. The results of these two crisp-coefficient extreme models can bound all
consequences of the IFBL. Mula, et al. (2005) introduced a classification scheme about
the models of planning the production under uncertainty. Then, reviewed previous
research on merging uncertainty in models of planning the production. Stated that the
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main objective of the research is to give a starting point to the reader about the planning
of production under uncertainty. Nesterov and Todd (1996) defined self-scaled cons.
Some notions defined with some examples. The scaling transformations studied in detail.
Summitry between the primal and dual cones demonstrated with regard to the self-scaling
peculiarity. The approximation results established, these results are applied to the
conclusion of long-step primal and symmetric primal-dual methods. Goberna, et at. (2005)
addressed the study of how the optimal value of a linear semi-infinite programming (LSIP)
problem rests on the right-hand side and cost coefficients. Example is used to illustrate
the results. The results are sorted to show when the value function has a linear
representation. Lin and Wen (2005) focused in their paper on two types of sensitivity
analysis for the assignment problem, the first one is the locating of the sensitivity range,
and the second one is the cost matrix of the assignment problem. Numerical illustrations
are presented to show that the approaches are useful in practice. Mehrotra and Ye (1993)
studied the case of finding a point in the relative interior of the optimal aspect of linear
programming. They used some of the concepts in their paper to formulate computational
tests. They discussed the results in the NETLIB test set. Finally, they added some remarks.
Sturm (1991) presented a historical brief about the self-dual embedding technique,
especially about semi definite programming (SP), then he stated that SP package is
considered as the first software tool that was built-up for SP. He cleared that SDPA is the
fastest tool for solving SP. Finally, he explained how this tool can be used. Geem, et al.
(2001) introduced heuristic optimization techniques built on imitation to overcome the
insufficiencies of mathematical techniques, this technique allows for a good solution (near
optimization) to be found within a sensible accounting period, and with sensible use of
memory without any hidden loss of the nonlinear properties of the model, or without any
condition of complex or delicate derivatives choose of initial values. Bialas and Karwan
(1984) examined the special case of the two-level linear programming problem. They
presented algorithms and geometric characterization by using some examples seeking to
demonstrate the tractability of like these problems and stimulate a wider attention in their
study.
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Klerk, et al. (1996) showed that the initialization strategy of embedding the
problem in a self-dual skew-symmetric problem can be extended to the semi definite case.
The method also provided a solution for the initialization of quadratic programs and it is
applicable to more general convex problem with conic formulation. Luo, et al. (1996)
illustrated the characteristics of the dual problems. Proposed a self-dual embedding with
some characteristics. Stated that the self-duality theory forms the basis of a homogeneous
self-dual model which it is useful for solving the conic convex programming problem.
Concluded that solving a single self-dual embedding sometimes not enough to get a
solution for the original problem. Tutuncu (1996) studied a new potential function,
additional to that, he studied infeasible interior point method, which it is based on this
function, to solve the problems of linear programming. He argued that the method, which
he described, and its analysis are flexible enough to integrate any heuristic technique.
Inuiguchi and Ramik (2000) introduced an illustrative accurate example in order to clear
up the reason of developing the fuzzy mathematical programming problem. They
examined the difference from the classical mathematical programming approach. Fuzzy
mathematical programming and stochastic programming are compared in some selected
problems. They argued that the problems of the real world are not easily formulated as a
fuzzy model. Finally, they briefly overviewed some novel approaches. Al-Zahwani (2008)
stated that not relying on scientific methods in production planning leads to a lack of
optimal utilization of available resources, where the researcher used the linear
programming technique in the planning of the production of Plastic Sands Coarse, one of
the Algerian companies specialized in the production of plastic bottles, where the
researcher prepared a linear programming model of this company in order to maximize
profit under the available resources, then solved the model using the program LINDO. To
ascertain the effectiveness of the proposed linear programming model, the researcher used
the profitability criterion as a basis for comparison between the revenue of the proposed
model and the company’s actual revenue during the study period. The results confirmed
that the linear programming method is an effective tool to improve the planning of
production. Bmkadm (2010) proposed a mathematical model to solve the problem of
aggregate production planning in the National Industries Corporation, Non-ferrous metals
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and useful materials (Bental Maghnia) with the aim of minimizing the objective function
which includes production costs, workers’ costs, retention of stock, as well as the costs of
hiring and dismissing workers, using the vague group theory (Fuzzy set theory) due to the
uncertainties surrounding the total cost, in order to finalize the proposed mathematical
model using the program LINGO, and get an ideal production plan. While achieving the
lowest total cost and respecting the constraints and conditions of the organization such as
the level of productivity of workers, storage capacity, and the highest level and minimum
of the volume of workers that must be maintained. The study provided a scientific example
of the effectiveness of fuzzy linear programming models in the overall production
planning of industrial organizations. However, despite of the good results obtained
through the proposed model, it remains very sensitive to the accuracy of the information
and data provided by the organization, which are often estimated as the demand figures,
the level of capacity, the productivity of the workers, …etc. In addition, many
organizations are not only seeking to achieve one goal but several objectives. Therefore,
the problem of aggregate planning of production should not be studied only in the
framework of single-objective linear programming models, in which organization seek to
achieve one goal, and should not be studied in the context of specific data, but should be
studied in uncertain conditions with multiple objectives (Fuzzy multi-objective
mathematical programming).

Al – Shamarti and Al-Zubaidi (2007) used the Goal

Programming Technique (GP) to make decisions for issues that involve several
contradictory objectives, writing these objectives as restriction in the problem will lead to
a lack of a possible solution to the problem. Some of these objectives will insert within
the objective function, therefore this method is considered as the most successful methods
in dealing with practical problems that often what the decision maker needs to achieve
several goals at once. The purpose of the research is to formulate a goal programming
model to form a monthly production plan applied at the 7 April General Company, for the
production of soft drinks, one of the companies in the industrial sector in Iraq. Through
the application of the goal programming technique, it turns out that this technique is a very
successful method in planning production. Using goal programming is recommending in
the scope of production plans, especially for enterprises and companies because they are
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often need to achieve several goals at the same time. Ahmad (2013) dealt with using
methods of operations research to reach to the optimal solution for problems of production
lines using the goal programming technique, because of the possibility of dealing with the
issues of reality practical in addressing several goals rather than one goal, four equations
were used for the objective function (Maximizing profit and quantity as well as reducing
time and cost), the practical side was applied in a laboratory Production of engines –
General Company for Electrical Industries – Baghdad and through the collection of data
needed for engine part , and the formulation of a mathematical model achieves four goals
in a consistent manner by adopting the principle of priority to form a monthly production
plan for the product of the air-cooled engine by employing the computer software (Win
QSB Version 2) to obtain the optimal solution. The results showed that coexistence with
the problems under study, in-depth details and consultation with specialists, leads to the
correct analysis of any problem and then access to the scientific method that can be used
to solve these problems better. Al-Shukri (2012) applied the Simplex Method for
optimizing the production of the bulgur at the Syrian Judy plant, where he stated that
preparing the plans for the production process is one of the basic tasks of the organization.
In order to achieve optimization, the organization must follow the scientific methods in
planning, the most important of them, is linear programming method. In this practical
application, real data were taken about the number of workers, hours of work, and raw
materials using in the manufacturing of the Burghul, where the objective function and
constraints that control the production process have been determined. Then, the Simplex
Method is used to solve the model in order to obtain the best quantities of elements of
work that enter the production process. The researcher was able to find a solution to this
problem using the Simplex Method because the amount of data used was small, where the
biggest challenge in this problem is the formulation of the mathematical model. AlYammour (2010) studied the production process in the Varna Company for the
manufacturing of office furniture, noticed that the determination of the most profitable
production mix is based on the highest contribution of the product in the coverage of the
costs of the existing without taking into account the limited resources. He explained that
in order to maximize the profits, it is necessary to follow the scientific methods such as
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linear programming technique, where he prepared the mathematical model and identify
the constraints and then solved the model using the function of Solver, the results obtained
are better than the results obtained from the use of traditional methods.
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CHAPTER TWO
RESEARCH METHODOLOGY
This chapter aims to clarify the effect of using the linear programming (LP) model
in the process of allocating a number of limited resources among a number of products,
and in determining the best mix of products which leads to maximize profits and/or
minimize costs in the presence of a number of restrictions. When this method is used to
identify and manage constraints that control the production process with the aim of
improving, a number of steps are required. These steps can be determined as follows:
identify the constraints that control the system, and determine the most profitable product
mix under specific constraints.
1) Identify the constraints that control the system: A constraint is anything can limit an
organization’s ability to generate more outputs. The process of determining
constraints requires the performance of a number of tasks such as making a diagram
of production lines clarifying the sequence of production processes and the required
time for each process, as well as determining how often machines are to be reconfigured to work per day, and the time required for each configuration process, thus
determining the daily available time for each line of production. This is one of the
constraints that must be taken into account when designing a linear programming
model (Gupta and Boyd, 2006).
2) Determine the most profitable product mix under specific constraints: In this step, the
requirements of the production process and solutions that address the predefined
constraints are determined in order to optimize the utilization of available resources.
Moreover, the requirements determine the optimal mix of products, which are
produced in order to increase the profitability of the company. The most profitable
product mix is a group of products that maximizes the overall profitability of the
organization. It is determined according to the profit margin per product and the
quantities that are produced from each product separately. In the case of a single
product, the method of increasing production under the same constraint should be
found. At this stage, the constraint is managed appropriately for use in producing and
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selling only profitable products. Through the production of items that create the
highest value or achievement, and achieve the greatest return, albeit under multiple
constraints, it requires the use of quantitative methods such as linear programming
(Umran, 1997).
2.1. LP Concept
Linear programming is as a mathematical method for allocating scarce or limited
resources to achieve a specific objective when it is possible to express the objective and
the constraints that limit the ability to achieve this objective as linear equations or
inequalities. Linear programming can be used in the following cases (Lieberman, 2001):
1) Address the situations that allocate limited resources among multiple competing uses.
2) The situations in which the different relations among the factors related to the
phenomena can be represented by straight lines; in other words, the relations in such
situations are linear.
3) Achieve the objective that an organization is seeking by solving the problem, such as
increasing profits to the maximum or reducing costs to the minimum.
2.2. Specification of LP Problem
The preparation of the programming model requires the availability of certain
specifications in the problem to be solved. These specifications are as below (Duloy and
Norton, 1975):
1) The need for one objective to be achieved. This objective may include achieving the
maximum possible profit or the maximum possible value. This objective must be clear
and accurate.
2) The problem should include a number of decision variables such that the choice of the
optimal value of each leads to achieving the objective. These variables may be
productive units, distribution areas, or any other activities of the organization.
3) There are constraints limiting an organization’s ability to achieve a desired objective.
Such constraints may be indicative of limited resources available to the organization.
They may also be constraints related to the nature of the activity and the surrounding
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environment. That is, the decision-maker is not free in his choice of the values of
decision variables which achieve the desired objective.
4) All the decision variables must be continuous. That is, the decision variables must be
real numbers, including fractional numbers.
5) There must be a linear relationship between the variables of the problem.
6) There must be availability of the necessary data that are needed for model preparation.
These data should be certainly known.
2.3. Assumptions of Using LP
Linear programming depends on a number of assumptions. When linear
programming is used in business management, it is viewed as a mathematical method by
which a limited number of resources are allocated to a number of alternative uses such
that it achieves the best possible use of those resources in a specific form. This shows that
linear programming is based on a set of main ideas that are the bases to understand the
technique. These ideas can be summarized under two categories: activity and alternatives.
The idea of activity in business is the way in which production can be carried out, while
the idea of alternatives in this regard refers to those different means, each of which can
lead to the goal set. In this case, linear programming in its theoretical basis is based on
five main assumptions. These assumptions must be available in the problem to be solved
by linear programming. These five assumptions are: certainty, proportionality, additivity,
divisibility or functionality, and non-negativity.
2.3.1. Certainty
The assumption of certainty expresses the availability of the element of certainty.
That is, all the problem elements are limited and confirmed. It can be said that the linear
programming technique is limited in its application to those problems, which include
decision-making with full certainty. Therefore, a person who defines the problem never
depends on predicting or guessing in his work; he should be fully aware of the
circumstances and relations that will prevail in the future. This is contrary to the
uncertainty case that characterizes working life. Therefore, the numbers in the objective
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function (factor inputs), determinants or constraints (needs of factors, and available
resources) must be known, consistent, and unchangeable while dealing with the problem
under study (Wets, 1984).
2.3.2. Proportionality
Proportionality pertains to each activity being completely independent of any other
activity, and a work completion criterion is the sum of contributions of different variables.
Proportionality also means the used quantities of different resources commensurate with
the needs of the different variables from each of these resources. For example, if we need
two units of raw materials to produce one complete unit, we need forty units of raw
materials to produce twenty units of this production. This assumption is the basis of the
additivity assumption (Dantzig, 1963).
2.3.3. Additivity
Additivity means that there is no interference between different events or
activities. In accordance with this assumption, if we acquire (X1, X2, ……., Xn) grades or
activity aspects, the total use of each resource and the total completion criterion of these
activities is independently equal to the sum of the quantities arising from each individual
activity. Therefore, if we produce four products and the profits resulting from the sale of
one unit of each of these products are: (6, 12, 10, 8) monetary units, respectively, the total
profit resulting from the production and sale of three units from each product will be 108
{(6+12+10+8) *3} monetary units (Al-salmi, 2000).
2.3.4. Divisibility or functionality
The point of divisibility assumption is that the solution of the linear programming
problem need not necessarily be a natural whole number. Decision variables can also take
fractional values. If it is difficult to produce parts of a product, Integer Programming can
be used (Chattopadhyay, et al., 1996).
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2.3.5. Non-negativity
Non-negativity means that the values of decision variables must be positive. It is
impossible for physical quantities to have negative values. For example, we cannot
produce a negative number of chairs or shirts, etc. (Inuiguchi and Ramik, 2000).
2.4. Conditions of LP
In order to use linear programming, there are conditions that must exist in the
problem to be solved. These conditions are below (Lieberman, 1980):
1) Linear programming must be used in the case of scarcity of resources because if all
resources are available, no problem exists. This scarcity is one of the most important
constraints that administration faces in achieving an objective. It forms constrictions
that join the variables in the objective function to each other. They are in the form of
inequalities and equations, and they are called structural constraints.
2) There must be a specific objective expressed in a quantitative manner. Additionally,
there must be a clear and accurate objective so that it can take the form of a
mathematical equation. The objective is usually to maximize profits or to minimize
costs.
3) There must be different alternatives to achieve the objective. Additionally, there must
be scientific methods used to mix resources to reach the objective, where each
alternative has expected revenue. Therefore, the task becomes the choice of the
alternative that produces the highest return within the imposed constraints.
4) The relationships between the variables, of which the problem is composed, must be
linear. That is, any change in one variable produces a change in another variable.
5) There must be constraints on the variables in the objective function and the structural
constraints should not exclude negative values.
2.5. Formulation of the General Form of LP
Linear programming technique is used to find the best allocation of limited
resources for different uses in order to achieve a specific objective, such as maximizing
profit or minimizing costs under fixed constraints and factors where the economic problem

51

is formulated and written in the form of linear mathematical relations, that is, equations
of the first degree. Figure 3 presents the steps to build the model and determine the optimal
solution for the linear programming model. It summarizes the decision-making steps of
linear programming. Initially, a mathematical model for the problem is built from the data
which are collected from actual reality. This requires the identification of the objective to
be achieved and the definition of all the variables affecting it throughout the system as a
whole. Then we examine and study the available alternative solutions by using linear
programming techniques. Finally, we develop a solution to reach the optimal solution
(Mazi, 1999).
 Elements of LP model
The linear programming model consists of the following basic elements: variables,
objective function, constraints, and non-negative condition.
1) Variables
Variables are an essential element of a linear programming model they are called
the decision variables. By determining their values, we reach the desired objective of
largest profit or least cost of the studied issue. The variables should not be negative. These
variables are subject to a particular type of measurement, that is, they are expressed in
quantitative terms and symbolized thus:
X1, X2, X3, ………, X n …………………… (1)
where n: represents the number of variables in the problem (Bousahmin, 2008).
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Figure 3: Method of Building the Model in Linear Programming

These variables may reflect one of the following concepts (Zadeh, 1975)


Production quantities for specific products



Working hours available in certain sections of the organization



Amounts of money allocated for activities or certain efficacies



The amount of foreign exchange allocated for the import of goods



Quantities of materials transported on a particular road, or by certain means of
transport


The amount of raw materials needed to manufacture a particular product.
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2) Objective function
It is a mathematical function that represents the objective we want to reach and
achieve, such as implementing the greatest profit or the lowest possible cost. The general
form of this function is (Pohlheim, 2006):
Z  C1 X 1  C2 X 2  ............  Cn X n …………… (2)

The abbreviated form is:
n

Z   CJ X J

…………………………….

(3)

J 1

where CJ are real number coefficients of the contributing variables in the objective
function. The objectives addressed by linear programming are grouped into two groups
(Lesaja, 2009):


The first group contains the maximization state of the objective function as if we
are attempting to achieve the greatest possible profit, maximize the time and effort,
or maximize national income to the greatest extent possible. We refer to the
objective function with a capital letter Z, and to its objective by MAX as below:

Z  C1 X 1  C2 X 2  ...............  Cn X n  MAX …………… (4)
The abbreviated form is:
n

Z   C J X J  MAX ………………………….. (5)
J 1

where Xj equals the decision variables, and

CJ equals the profit margin per unit of

X J units.


The second group contains the minimization state of the objective function as if
we are attempting to reduce costs to the minimum, or minimize losses as much as
possible. The objective function is written as follows:
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Z  C1 X1  C2 X 2  ...............  Cn X n  MIN …………… (6)
The abbreviated form is:
n

Z   CJ X J  MIN ………………………….. (7)
J 1

where

X J are decision variables, and. CJ are the costs of each X J unit.

The objective function therefore consists of variables that, for example, refer to
the different products that can be produced on condition that the coefficient for each
variable is the profit of one unit of product in the case of a profit maximization function,
or the cost per unit in the case of a cost reduction function (Bousahmin, 2008)
3) Constraints
There are constraints limiting an organization’s ability to achieve a desired
objective. Such constraints may be indicative of limited resources available to the
organization. They may also be constraints related to the nature of the activity and the
surrounding environment. That is, the decision-maker is not free in his choice of the values
of decision variables which achieve the desired objective. These constraints can be
represented in four forms as follows:
n

1) First form:

a x
j 1

ij

j

 bi

i  1,2,.........., m.

(8)

when the objective function is of the maximization type MAX.
n

2) Second form:

a x
j 1

ij

j

 bi i  1,2,.........., m.

(9)

when the objective function is of the minimization type MIN.
The first and second forms are called the Canonic Form of the linear planning
model, when the objective function is of the maximization type MAX or of the
minimization type MIN.
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n

3) Third form:

a x
j 1

ij

j

 bi

i  1,2,.........., m.

(10)

The third form is called the Standard Form of the linear planning model.

 
 
4) Fourth form:  aij x j bi
j 1
 
 
n

i  1,2,.........., m.

(11)

When the objective function is of the maximization type MAX or the minimization
type MIN.
The fourth form is called the Mixed Form of the linear planning model.
In all these forms:
n is the number of variables in the linear model.
m is the number of problem constrains (number of linear conditions).
aĳ are the real numbers (factors).
bi are the real numbers which reflect the available resources or requirements for
each constraint of the problem, which must be positive.
4) Non-negative condition:
Variables should not to be negative:

x j  0 ………………………..(12)
This is what must be imposed on all models as they all express production
quantities, and it is impossible for quantities to be negative (Marey and Hamadan, 1996)
2.6. Methods of Solving (LP) Models
Linear programming methods can be classified into three main groups:
a) General methods
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b) Special methods
c) Approximate methods
The general methods can solve all linear programming problems. The simplified
method (simplex) is the most widely used method, while the special methods are used to
solve specific types of linear programming methodology, and the transfer method is
considered to be the best of these methods. The approximate methods are a set of methods
that are described as not being able to reach the optimal solution accurately but rather
approximately. The following are the most important methods that can be applied to solve
problems of linear programming (Al-Shamarti, 2010):
a) Graphical solution method.
b) Simplified method or simplex.
c) Transport method.
d) Customization method (assignment).
Since the graphical method is the basis on which the simplified method is built,
these two methods will be discussed in greater detail in the following paragraphs.
2.6.1. The graphical method for solving LP problem with two variables
This method is usually used when the number of linear program variables is only
two, or if we can, in some way, return the given linear program to a two-variable program.
One of the advantages of this method is simplicity. It is also a basis for understanding
exactly what the simplex method does to solve this problem in the case of any number of
variables and any number of constraints. The steps of this method can be summarized as
follows (Reeb and Leavengood,, 1998) :
1) Formulate the problem in the form of a mathematical model.
2) Draw constraints in the form of straight lines. Each axis (horizontal and vertical
axis) represents one of the two variables of the problem. Through the drawing, the
area of a feasible solution is defined, which meets the conditions of the problem
and does not disturb any of them.
3) Choosing the ideal solution. This can be carried out by:
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Evaluating profit or cost at the corner points: This is called the corner points
method, in which the values of the variables are tested at each corner of the
production area “[a]s the optimal solution to any problem occurs at a point in the
corners of the area of possible solutions.” Then we test the corner that produces the
highest value of the objective function if the objective is maximization, and the
lowest value of the objective function if the objective is minimization.



Draw the objective function graphically: Wherever profit or cost lines can be
used to solve the problem of linear programming by expressing the objective
function in the drawing as a straight line, we draw a series of profit lines or parallel
cost of the first line. We reach the optimal solution when the profit line touches the
highest point in the area of possible solutions if the objective is maximization, or
the lowest point in the area of possible solutions if the objective is minimization
(Leaven, 1998).

2.6.2. The simplex method for solving LP problem
Because the graphical method is used only if there are only two or three variables
at most, which is due to the difficulty or even impossibility of the graph when the number
of variables to be decided exceeds two, and as long as most scientific applications include
a large number of variables and constraints, there is a need for another method to solve
such problems. This method is known as the Simplex Method. The simplex method, which
was introduced by the American scientist, G. Dantzig in 1947, provides a series of
measures of constraint that lead to an optimal solution, when there is a solution. The
optimal solution is reached in several consecutive and specific stages of replication of the
solution leading to a better solution at each stage, to the extent that the improvement
cannot be achieved in the solution, at that point we have reached the optimal solution
(Leaven, 1998).
The Simplex method can be summarized in the following five steps (Adler,
(1985)):
1) Putting the problem of linear programming in the standard (modular) form.
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2) Selecting a possible initial solution which is a corner point in the possible area.
3) Evaluating the possibility of improving the existing solution.
4) If optimization is possible, the following steps are taken:
a) The non-essential variable that is not present in the current solution is identified
and must be entered into the solution and considered as a basic variable.
b) The basic variable in the current solution, which should be removed from the
solution, is determined as a non-primary variable.
c) The values of the variables in the new solution, which express a corner point in
the possible area, are determined, and the values of the new coefficients are also
determined in the equations of constraint.
d) Return to step four and repeat the evaluation process.
5) If improvement is not possible, the solution that was reached is the best solution.
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Figure 4 illustrates the relationship between these steps in detail.
Figure 4: Steps of the Solution in the Simplex Method

All linear programming problems can be solved using software, such as Excel
Solver, which can be easily installed on a computer by using Windows and Excel. This
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method produces valuable economic information such as the optimal mix of products. It
provides full sensitivity analysis of other input problems. This only requires introducing
the constraints of the problem to be solved, which is precisely what will be done in the
practical side of this study.
2.7. Types of Solutions in the LP Method
When linear programming problems are solved, there are two types of solutions as
follows (Lieberman, 2001):
1) Infeasible solutions: These occur outside the area of possible solutions, where at least
one of the constraints of the problem is violated.

 

2) Feasible solutions: These are the sum of the X j values that meet the constraints and
the non-negative condition. All feasible solutions are collected in the feasible region.
Figure 5 shows the feasible region containing the set of allowed values of (x1, x2).
Figure 5: The Feasible Region that Shows the Set of Allowed Values of (x1, x2)

Source: (Lieberman, 2001) p. 191
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Feasible solutions should be one of the following:
a) Allowed solutions: These are all the points that occur within the solution area and on
their perimeter. They check the constraints of the problem in addition to the non-



negative condition X j  0



b) Basic allowed solutions: These are the set of points that occur at junctions of the
constraints that are straight lines and which are extreme endings in the case of multiple
variables.
c) Optimal solutions: These are the solution(s) selected from among the basic allowed
solutions. Where the objective function has the most favorable value, this value
achieves the largest value of the objective function if the function is a maximization
function (MAX), and the smallest value of the objective function if the function is a
minimization function (MIN).
After the types of solutions are presented, specific situations can be deduced; such
situations may be encountered by those who use the linear programming method to solve
problems:
1) Infeasibility case: This case appears when the linear programming issue contains some
conflicting constraints. In such a case, it is impossible to identify the area of possible
solution, which means that there is no solution using linear programming.
2) Redundancy case: We usually encounter this problem when the linear scripting has a
surplus constraint. The surplus constraint does not affect the area of the possible
solutions; it does not reduce them nor does it increase them.
3) Unboundedness case: This case occurs when the possible solution area is open from
one side, and we cannot determine the best solution to the issue. Economically
speaking, this situation is unrealistic because there is no organization that does not
face a limited resource case and so the available resources are always limited.
Therefore, if we encounter such a case, it means that linear programming has been
wrongly formulated or there is a lack of constraints.

62

4) Alternate Optimal Solution case: This case occurs when linear programming has
several optimal solutions. In other words, the optimal solution occurs at several points,
all of which lead to the same profit in the case of maximization, and the same costs in
case of reducing costs.
2.8. Sensitivity Analysis, and Dual Model in LP
2.8.1. Sensitivity analysis
The subject of sensitivity analysis is a very important issue for decision makers
because of the dynamics of the surrounding environment where the prices of raw materials
are constantly changing, the level of demand for a product changes in addition to the rapid
changes in technology. It has been assumed that in order to find the optimal solution in
linear programming, prices must be fixed, whether for raw materials or produced goods,
and a full knowledge of available resources must also be present. However, if goods are
produced and marketed, there are several conditions, including technological
developments and the general economic situation from a boom or recession and
depression. In such cases, the question arises as to whether the optimal solution will
change or remain as it is. Moreover, if it changes, a question remains as to whether the
entire problem has to be solved again with new values to reach a new optimal solution.
Furthermore, we may ask whether there is any way to determine the best new solution
without solving the problem again. The answer lies in the so-called sensitivity analysis,
which, as evident from its name, measures the degree of sensitivity of the current optimal
solution to the change in the values contained in the original problem. This reduces the
cost and effort to re-solve the problem even when using a computer (Hooker, 1999).
Therefore, a sensitivity analysis is the study of the change in the value of the optimal
solution in the case of changing the problem coefficients, and it is used to learn the effect
of any changes in the following points:


Objective function parameters



The number of available resources (right side) in the problem constraints



Problem constraints parameters
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2.8.2. The dual in LP
When linear programming problems are discussed, another problem needs to be
discussed: Duality. Each primal problem is always associated with another problem called
the Dual Problem. This means that any problem in linear programming can be converted
to the dual form. Assume that the primal is in standard form with non-negative RHSs and
objective coefficients. The primal decision variables are x = [x1, . . . , xn], and the primal
slacks are s = [s1, . . . , sm] . The dual is then a minimization problem with decision
variables y = [y1 , . . . , ym], and n constraints of type( ≥ ) with non-negative RHSs. Let
e = [e1 , . . . , en] be the excesses of the dual problem associated with the constraints. So,
in slack form, the primal LP is (Siddiqui, 2013):
Max z = c1x1 + . . . + cnxn

(13)

s:t: a11x1 + . . . + a1nxn + s1 = b1
a21x1 + . . . + a2nxn + s2 = b2

(14)

(15)

...
...
am1x1 + . . . + amnxn + sm = bm (16)
x1, . . . , xn; s1, . . . , sm ≥ 0

(17)

Similarly, the dual LP in slack – or rather excess – form is:
Min w = b1y1 + . . . + bmym

(18)

s:t: a11y1 + . . . + am1ym – e1 = c1
a12y1 + . . . + am2ym – e2 = c2 (20)
...
a1ny1 + . . . + amnym – en = cn (21)
y1, . . . , ym; e1, . . . , en ≥ 0

(22)

(19)
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The use of the dual model involves several benefits, including:
1) Ease and speed to reach the optimal solution: Solving a problem may require lengthy
procedures according to the simplex method. The solution should be easier when
converted to the dual model, and vice versa. Solving the problem by following the
dual model may be difficult, and its solution will be easier when it is converted to the
original model (Dawande and Hooker, 1998).
2) Helping management to know the value of other alternatives for a decision: Some
points must be taken into account during the conversion process from a primal to a
dual or vice versa. If the problem is to maximize profit, it is assumed that all the
inequalities are in one direction (less than or equal), while the inequalities are (greater
or equal) if the problem is to reduce costs. If there are a number of inequalities that
differ from what is mentioned above, they must be converted to the desired direction
by multiplying them by –1 (Sottinen, 2009).
2.9. Using LP in Business Organizations
Linear programming is used to solve problems of the optimal distribution of
limited resources to different uses. This mathematical method is one of the most widely
used methods in academic studies and scientific practice. It has been proven to be useful
to address the majority of problems faced by business organizations. Examples of these
problems include (Alalawana, et al. 2000):
1) Distribution of productive resources (raw material, machinery, labor, etc.) into
different products in order to determine the optimal mix of products that determines
the quantity to be produced from each commodity.
2) Making an overall plan in which different types of energy (original, incremental, and
others) are distributed onto the expected demand in the following planning periods.
3) Making an optimal distribution plan in which the quantities of production or raw
materials to be transferred from different sources to different uses are determined,
which is known as a transport problem.
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4) The allocation of different resources (individuals, machines, etc.) to different types of
work in cases of different capacity of these resources to perform these different tasks.
5) Determining the most appropriate types of investments to make the investments return
in order to achieve the highest possible profits through a large number of fields, and
to distribute these possibilities onto the best available alternatives.
Linear programming can be used in financial analysis and financial planning. This
method is based on a set of algebra steps that lead to a possible solution in the field of
financial balance and liquidity or reducing costs or maximizing profit using financial
statements included in conventional or discretionary financial statements. It should be
mentioned here that these are only examples of using linear programming; this does not,
in any way, mean limiting the use of linear programming to these fields only. It is also
used in marketing, finance, individuals and many other fields.
2.10. Evaluation of the Use of LP in Business Organization
2.10.1. Criticism of the application of LP method
Perhaps the most important criticisms that can be directed at the linear
programming model are the following (Abdelaziz, (1998)):
1) Using the linear programming model requires that relationships be linear between all
elements of the problem, while most of the relationships in the practical life are nonlinear, which makes it difficult to use a linear programming model to solve such
problems. Putting these problems in a linear form places them far from reality to
varying degrees. For example, with regard to the condition of linearity, it requires the
availability of linear assumptions in approximation, and not an absolute condition. In
order to meet the linear condition, the organization must have an analytical accounting
system to provide information.
2) The linear programming model assumes an assertion factor which is difficult to accept
in practical life. Therefore, sensitivity analysis is used to overcome the uncertainties
associated with economic life, which may force the person responsible to prepare the
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model to change some of the values and their uses again in order to obtain the optimal
solution.
3) It is sometimes difficult to use the approximate method to solve the linear
programming model due to the problems such as variables that are separate and
indivisible. It is possible to overcome this by using the linear programming model
under the conditions of separate variables by following the integer programming
method.
4) There are some qualitative considerations that greatly influence decision making. The
linear programming technique does not take them into account because they cannot be
given numerical values. When an analysis is performed, the optimal solution must be
modified to ensure that these considerations are taken into account.
5) Using a linear programming model may require a large amount of information that
may be difficult to obtain under normal conditions in small and medium organizations.
In spite of the criticisms of the linear programming technique, it is regarded as an
assistant to management in making good management decisions. It has helped many
projects to address their problems by using computers, which has led to the extension of
their applications in practical life.
2.10.2. Difficulties in applying the LP model in developing countries
In addition to the difficulties resulting from model assumptions, there are other
difficulties that hinder the application of the linear programming technique, which
concerns the organizations of developing countries (including Libya). These difficulties
include the following (Hamed, 1995):
1) Difficulties resulting from lack of data. Linear programming requires the availability
of a wide range of analytical data related to a problem. Data may not be sufficient for
the decision-maker due either to the inefficiency of the decision-maker himself in
collecting the required data or to the inadequacy of the organizational system and its
inability to provide such data. Saying that obtaining the necessary data for the model
is considered to be half the work may show the difficulties faced by the technical
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application of collecting data. In all cases, when an administrator thinks of using this
technique, he must adapt the administrative and accounting systems to achieve the
desired objective of applying this technique. This may require redesign of accounting,
financial and administrative reports, and it may even require a re-adjustment of
authorities and responsibilities in an organization. Because the skills in applying linear
programming in business administration problems require defining a problem
correctly, it is necessary to have a class of officials possessing mathematical
knowledge in addition to managerial ability, which is rarely available in the field of
business administration in developing countries. Linear programming is a
mathematical input that involves the use of numbers and in which quantitative
representation of data is necessary. This means that this method cannot be used to
solve problems that involve non-quantity subjective considerations.
2) Difficulties in introducing technology into an organization. The use of anything new
is related to the understanding of individuals who are affected by the new item.
Therefore, attention should be given to defining the linear programming technique and
the advantages of using it as an adjunct method in decision making to individuals in
an organization. This can be done by drawing up a specific diagram showing where
the linear programming technique can be used, what the results of using it are, what
the fields of its application are, what information it needs, what the priorities of the
steps are, to assess potential outcomes, benefits that can be obtained, and the required
time and cost. The first step in introducing the linear programming technique into the
scope of the application is defining it to the individuals within an organization and
testing any individuals who carry out the application. In general, this procedure can
be performed in by taking into consideration the following two ideas:
a) Training all individuals who provide information, individuals who use linear
programming techniques to plan, and individuals who make decisions on the
development of estimates.
b) By training, it is possible to overcome many difficulties related to communication,
and coordination between the operations research group and other departments, and
management in the organization. This is in addition to the need to remove changes
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in communication and improve the normal understanding of language to ensure
continued successful application.
Despite whatever the linear programming technique may encounter, it has taken a
prominent place as one of the methods of operations research in the various areas of
planning, control, and decision-making due to its advantages, including the following (ElZahwani, 2008):
1) It is the possibility of using optimum production factors of an organization. The use
of linear programming technique provides opportunities to study all factors of
production in an organization related to a problem, such as raw materials, labor,
machinery, and other factors. It also provides the scientific basis by which the highest
profits or the lowest costs are found in a presented problem.
2) It is the improvement of the quality of decisions taken in the organization. The linear
programming technique compels an administrator to be objective rather than making
decisions on a personal basis. The data and information which are gathered to form
the linear programming model and solve it, are objective data related to the problem.
These data help the manager to understand the problem, and the possibility of finding
an objective solution for it.
3) Linear programming is a way to teach officials and increase their skills. The official
is required to understand the basic model of linear programming and analyze any
problems of the organization in the linear programming model. This increases his
knowledge and abilities related to any organizational problems.
4) The possibility of modifying the mathematical solution found depending on the basis
of a number of conditions and constraints beyond the problem. It is possible, for
example, to find the optimal solution to a problem by considering the available
resources of raw materials, workers, and machines, but taking into account other
external considerations, such as demand for sales which must enter the analysis, as
well as the problem of linking products to each other. An organization may decide to
produce a number of products at lower profitability in order to maintain a complete

69

line of production according to customer requirements. All of these factors can be seen
in any modifications having been made to solve the problem.
5) Linear programming in its optimal solution expresses the marginal contribution for
each production factor of each product. The proliferation of computers with the
powerful ability to perform complex calculations, even with variables or restrictions,
helps to speed the spread of the linear programming technique and its ease of
application.
The technique of linear programming has begun to expand in different fields of
planning and decision-making, despite the difficulties it may face in some fields of
application, whether these difficulties are related to technical assumptions or a lack of
necessary data, or difficulties in introducing it to the organization. The introduction of
electronic computers has greatly helped to develop the use of linear programming in the
business sector. In this chapter, it was clarified that the mathematical nature of this
technique requires that a problem be solved in the form of a mathematical model that
includes three main pillars (objective function, objective or structural constraints, and nonnegative condition), and based on the assumptions that have been mentioned. It is
expected that the applications of this technique will continue to expand in different fields
due to the time and effort that it saves as well as the accuracy of any decision making. The
rate of evolution of the linear programming technique in the past few years suggests that
the number and size of possible applications will continue to grow this growth is a function
of three important factors:


The development of computers;



The development of the computational efficiency of the linear programming method;



An increase in the trend toward teaching management techniques (operations
researches).
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CHAPTER THREE
APPLICATION OF LINEAR PROGRAMMING MODEL

3.1. Practical Framework
Optimization problems are the real world problems faced in many areas such as
mathematics, engineering, science, business and economics. In these problems, the
optimal, or most efficient, way of using limited resources is find to achieve the objective
of the situation. This may be maximizing the profit, minimizing the cost, minimizing the
total distance travelled or minimizing the total time to complete a project. For the given
problem, we formulate a mathematical description called a mathematical model to
represent the situation in Alaseel Company for Food Industries.
Alaseel Company for Food Industries is a Libyan company that specializes in
manufacturing juices. Industrial zone in Tripoli has been selected as a location for this
company. Due to the importance and sensitivity of this activity, it has been keen to the
Management Committee that the products must be competitive in terms of product quality
and services, so that it has sought to contract with major foreign companies for the
implementation of production lines and providing the finest raw materials and the latest
means of transport and supply, in addition to construction of a laboratory provided with
latest devices and equipment and supported with the best expertise to ensure the product
quality control. In parallel with bringing in and installation of machinery and equipment,
the management committee has prepared and trained the qualified Libyan technical cadres
to manage and operate the production lines and quality control. The company also owns
a fleet of transport vehicles by which products distributed periodically to all areas in Libya
that indicates a good spread of the company's products and the large demand for them.
Quality
Alaseel Company is the first company in Libya that obtained three certificates at
once in the field of quality which are:
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•ISO 9001: 2000
•ISO 22000: 2005
•Libyan Quality Mark
The process of quality assurance begins with the application of health conditions
to employees, production lines, and factory facilities through series of examinations, and
various analyses until final release of the product after confirmation of its conformity with
applicable standard specifications after performance of necessary analyses in company
laboratory which is provided with equipment operated by personnel specialized in the
foodstuff industry field.
3.2. Production Planning
Production planning process is the process through which select the desired output
quantities of each product during a specified period of time by the coordination between
all available resources so as to ensure the best use of these resources. This process has
been given a great importance in this company, where it was identified special department
for the planning process that is responsible for the preparation of the company's production
plans and follow up their implementation, with the submission of periodic reports about
the progress of these plans, with full coordination between the relevant authorities of
production process. To facilitate this process, planning department has been developed
with a number of related departments such as, purchases department, stores department,
and customs clearance department, under the supervision of one management that is
procurement management. Figure 6 shows a simple organizational structure of the
company and site planning department within this structure.
3.3. Description of the Production Process
Due to the economic conditions experienced by Libya in the recent period, the
company's products have been reduced to eight types of juice in two different sizes (1000
ml and 200 ml) only, and on two separate lines of production (juice production line with
a size of 1000 ml and juice production line with a size of 200 ml). Each of these production
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lines starts with the mixing stage of the raw material, then passes through the packing
stage and ends with the packaging stage.
In the mixing stage, the ingredients are mixed in a large mixer at the beginning of
each line where the ingredients are mixed together according to the type and amount of
juice to be produced.
Figure 6: Simple Organizational Structure of the Company
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The following is an explanation of the ingredients of each of the eight types of
juices produced by the company and the required quantities of each ingredient according
to the juice size.
Orange Juice
To produce orange juice, the concentrate of orange is used as a basic material in
addition to a number of other additives such as sugar, citric acid, ascorbic acid, xanthan
and pectin. The amounts used from these materials depend on the volume of juice to be
produced. Table 2 shows the required amounts of all components of orange juice in
kilograms (kg).
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Table 2: Required Amounts of All Components of the Orange Juice in kg
Components

Concentrate

Sugar

Citric acid

Ascorbic acid

Xanthan

Pectin

Size (1000ml)

0.0691

0.095

0.0019

0.0002

0.0005

0.001

Size (200ml)

0.0055

0.023

0.0007

0.0001

0.0001

0.0001

Pear Juice
To produce pear juice, the pear concentrate is used as a basic material in addition
to a number of other additives such as sugar, citric acid, CMC, and pear flavor 2. The
amounts used from these materials depend on the volume of juice to be produced. Table
3shows the required amounts of all components of pear juice in kilograms.
Table 3: Required Amounts of All Components of the Pear Juice in kg
Components

Concentrate

Sugar

Citric acid

Pectin

CMC

Flavor 2

Size (1000ml)

0.123

0.090

0.001

-

0.001

0.001

Size (200ml)

0.019

0.020

0.0001

-

0.0001

0.0001

Mango Juice
To produce mango juice, the mango concentrate is used as a base material in
addition to a number of other additives such as sugar, citric acid, CMC, and mango flavor
3. The amounts used from these materials depend on the volume of juice to be produced.
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Table 4 shows the required amounts of all components of mango juice in
kilograms.
Table 4: Required Amounts of All Components of the Mango Juice in kg
Components

Concentrate

Sugar

Citric acid

Pectin

CMC

Flavor 3

Size (1000ml)

0.118

0.114

0.0015

-

0.001

0.0008

Size (200ml)

0.014

0.024

0.0002

-

0.0002

0.0002

Peach Juice
To produce peach juice, the peach concentrate is used as a base material in addition
to a number of other additives such as sugar, citric acid, pectin, CMC, and peach flavor 4.
The amounts used from these materials depend on the volume of juice to be produced.
Table 5 shows the required amounts of all components of peach juice in kilograms.
Table 5: Required Amounts of All Components of the Peach Juice in kg
Components

Concentrate

Sugar

Citric acid

Pectin

CMC

Flavor 4

Size (1000ml)

0.106

0.092

0.001

0.001

0.001

0.001

Size (200ml)

0.014

0.019

0.0001

0.0001

0.0001

0.0001

Cocktail Juice
To produce cocktail juice, the cocktail concentrate is used as a base material in
addition to a number of other additives such as sugar, citric acid, and pectin. The amounts
used from these materials depend on the volume of juice to be produced. Table 6 shows
the required amounts of all components of cocktail juice in kilograms.
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Table 6: Required Amounts of All Components of the Cocktail Juice in kg
Components

Concentrate

Sugar

Citric acid

Pectin

CMC

Flavor

Size (1000ml)

0.091

0.103

0.001

0.002

-

-

Size (200ml)

0.006

0.025

0.0001

0.0002

-

-

Red Grape Juice
To produce red grape juice, the red grape concentrate is used as a base material in
addition to a number of other additives such as sugar, and citric acid. The amounts used
from these materials depend on the volume of juice to be produced. Table 7 shows the
required amounts of all components of red grape juice in kilograms.
Table 7: Required Amounts of All Components of the Red Grape Juice in kg
Components

Concentrate

Sugar

Citric acid

Pectin

CMC

Flavor

Size (1000ml)

0.138

0.080

0.001

-

-

-

Size (200ml)

0.012

0.023

0.0001

-

-

-

Orange & Carrot Juice
To produce orange & carrot juice, the orange & carrot concentrate is used as a base
material in addition to a number of other additives such as sugar, citric acid, and pectin.
The amounts used from these materials depend on the volume of juice to be produced.
Table 8 shows the required amounts of all components of orange &carrot juice in
kilograms.
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Table 8: Required Amounts of All Components of the Orange & Carrot Juice in kg
Components

Concentrate

Sugar

Citric acid

Pectin

CMC

Flavor

Size (1000ml)

0.075

0.104

0.003

0.002

-

-

Apple Juice
To produce apple juice, the apple concentrate is used as a base material in addition
to a number of other additives such as sugar, and citric acid. The amounts used from these
materials depend on the volume of juice to be produced.
Table 9 shows the required amounts of all components of apple juice in kilograms.
Table 9: Required Amounts of All Components of the Apple Juice in kg
Components

Concentrate

Sugar

Citric acid

Pectin

CMC

Flavor

Size(1000ml)

0.100

0.085

0.001

-

-

-

3.4. Providing a Mathematical Model for Products
Finding a solution to the problem facing the organization requires the transfer of
the problem from the initial state (construction status) to the state of equations and
inequalities that reflect the problem under study by determining the variables that affect
the decision to be made. The values of decision variables are limited by some restrictions
(often called constraints), such as the available quantities of raw materials, available
working time, and other constraints, taking into account the demand for each type of
juices, in addition to defining the objective function, through which the goal that the
organization seeks to achieve is determined, either maximizing income or minimizing
costs. In this study the company seeks to maximize profit.

77

To maximize the income earned by Alaseel Food Industries Company, the
following mathematical model was proposed to represent the production process in this
company during the year 2015.
3.5. Linear Programming (LP) Model
3.5.1. Decisionvariables of the LP model
Linear equations and inequalities are often written using some symbol, which
make it possible to write in a much more compact form. These symbol could be written
as follows:
i) Represents the type of juices produced by the company during the period of study,
namely, eight juices (i=1,...,8).
j) Is associated with the size of the packaging production line, namely, two lines (j=1,2).

X ij) Represents the number of units from product (i) on the line (j) has been produced
each year. Namely, fourteen products.

m)

The

type

of

raw

material

used

in

the

production

process.

A mij) The amount of raw material (m) needed to produce one unit of the product (i) on
the production line (j).

B m ) Available quantity of raw material (m) during the study period.
Tij ) The time needed to make one unit of the product (i) on the production line (j).
Tj ) The total time available on the production line (j) within one year.
D ij) The required quantity of the product (i) on the production line (j) during the study
period.

P ij) Revenue obtained from the sale of one unit of the product (i) on the production line
(j).
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This study focuses on the products produced during the year (2015), which were
fourteen kinds of different products, these products were eight types of juice packaged in
different sizes, eight kinds of the juice were produced in size (1000ml) package using the
production line number one, while only six kinds of the juice were produced in size
(200ml) package using the production line number two. Table 10 shows the type, size,
and symbol of different types of juice:
Table 10: Showing the Name, Size, and Symbol of Each Type of Juices
Juice. No
(i=1,…,8)

1

Juice name

2

3

4

5

6

7

8

orange

pear

mango

peach

cocktail

Red grape

Orange &
carrot

apple

(1000 ml)
line ( j=1)

X11

X21

X31

X41

X51

X61

X71

X81

(200 ml)
line( j=2)

X12

X22

X32

X42

X52

X62

-

-

where:
X11: number of units produced from orange juice size (1000ml).
X12: number of units produced from orange juice size (200ml).
X21: number of units produced from pear juice size (1000ml).
X22: number of units produced from pear juice size (200ml).
X31: number of units produced from mango juice size (1000ml).
X32: number of units produced from mango juice size (200ml).
X41: number of units produced from peach juice size (1000ml).
X42: number of units produced from peach juice size (200ml).
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X51: number of units produced from cocktail juice size (1000ml).
X52: number of units produced from cocktail juice size (200ml).
X61: number of units produced from Red grape juice size (1000ml).
X62: number of units produced from Red grape juice size (200ml).
X71: number of units produced from Orange & carrot juice size (1000ml).
X81: number of units produced from apple juice size (1000ml).
3.5.2 Objective Function
Objective is to maximize the net return:
Z max =∑8𝑖=1 𝑃𝑖𝑗𝑋𝑖𝑗

(j=1,2) ………………….. (14)

To calculate net profit, it is necessary to know the profit margin that the company
earns from the sale of one unit of juice, as well as, the number of units produced of each
type.
Table 11 shows the profit margin that earned from the sale of each type of juice
size (1000ml).
Table 11: Profit Margin of Products Size (1000ml)
Juice
name

orange

pear

mango

peach

cocktai
l

Red grape

Orange &
carrot

apple

Profit
margin

0.21

0.25

0.24

0.22

0.26

0.26

0.23

0.26
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Table 12 shows the profit margin that earned from the sale of each type of juice
size (200ml).
Table 12: Profit Margin of Products Size (200ml)
Juice
name

orange

pear

mango

peach

cocktail

Red grape

Orange &
carrot

apple

Profit
margi
n

0.038

0.040

0.042

0.042

0.036

0.036

-

-

This profit margin can be used to rephrase the objective function to become as
follows:
Z max= 0.21 X11+ 0.038X12 +0.25 X21 + 0.040 X22 + 0.24 X31 + 0.042 X32 + 0.22
X41 + 0.042 X42 + 0.26 X51 + 0.036X52 + 0.26 X61 + 0.036 X62+ 0.23X71+ 0.26 X81.
3.5.3. Restrictions
There are many constraints that control the production process such as raw
materials, packaging materials, and time constraints. These restrictions will be presented
in detail:
3.5.3.1. Raw materials restriction
Raw materials are those substances that are mixed with each other to obtain juice,
such as juice concentrate, sugar and some other additives, which can be expressed using
the following inequality:
∑8𝐼=1 𝐴𝑚𝑖𝑗 𝑋𝑖𝑗 ≤ 𝐵𝑚

……………………………… (15)

Table 13 shows the raw materials needed to produce each type of juice and the
quantity required of each ingredient in kilograms.
Table 13: Required Quantities of All Components of the Juice in kg

81

Type

Unit

concentrate

sugar

citric
acid

ascorbic
acid

xanthan

pectin

CMC

flavor

Kg/1000ml

0.0691

0.095

0.0019

0.0002

0.0005

0.001

-

-

Kg/200ml

0.0055

0.023

0.0007

0.0001

0.0001

0.0001

-

-

Kg/1000ml
Kg/200ml
Kg/1000ml
Kg/200ml
Kg/1000ml
Kg/200ml
Kg/1000ml
Kg/200ml
Kg/1000ml
Kg/200ml
Kg/1000ml
Kg/200ml
Kg/1000ml
Kg/200ml

0.123
0.019
0.118
0.014
0.106
0.014
0.091
0.006
0.138
0.012
0.075
0.100
-

0.090
0.020
0.114
0.024
0.092
0.019
0.103
0.025
0.080
0.023
0.104
0.085
-

0.001
0.0001
0.0015
0.0002
0.001
0.0001
0.001
0.0001
0.001
0.0001
0.003
0.001
-

-

-

0.001
0.0001
0.002
0.0002
0.002
-

0.001
0.0001
0.001
0.0002
0.001
0.0001
-

0.001
0.0001
0.0008
0.0002
0.001
0.0001
-

Orange

Pear
Mango
Peach
Cocktail
Red
grape
Orange
&Carrot
Apple

a. Concentrates
Concentrates are the main component of juice, which determines the type of juice
to be produced. There are eight types of concentrates used in the production of juice in
this company. Table 14 shows the name, and available quantities of each type of
concentrates in kilograms.
Table 14: Available Quantities of Concentrates in (kg)
Concentrate
name

Orange
con

Pear con

Mango
con

Peach
con

Cocktail
con

Red grape
con

Orange &
carrot con

Apple
con

Available
quantity(kg)

666128

1899400

784160

572832

528000

2112800

248800

288400
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3.5.3.1.1. Concentrates restriction
Data in Table 13 and Table 14 can be used to rephrase the concentrates restriction
to become as follows:


Orange
0.0691 X11 + 0.0055 X12 ≤ 666128



Pear
0.123 X21 + 0.019 X22 ≤ 1899400



Mango
0.118 X31 + 0.014 X32 ≤ 784160



Peach
0.106X41 +0.014X42 ≤ 572832



Cocktail
0.091 X51 + 0.006 X52 ≤528000



Red grape
0.138 X61 + 0.0012 X62 ≤ 666128



Orange & Carrot (O&C)
0.075 X71 ≤ 248800



Apple
0.10081 ≤ 288400
b. Other components
Additional to the juice concentrate there are other components of juice, which

determined by the type of juice to be produced. There are nine types of additives used in
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the production of juice in this company. Table 15 shows the name and available quantities
of each type of other components of the juice in kilograms.
Table 15: Available Quantities of Other Components of the Juice in kg
component

sugar

quantity(kg)

7576600

citric
acid
96000

ascorbic
acid
4600

xanthan

pectin

CMC

6800

34680

26500

pear
flavor
13700

mango
flavor
7000

3.5.3.1.2. Other components restriction
Data in Table 13 and Table 15 can be used to rephrase the other components
restriction to become as follows:
1) Sugar
0.095 X11 +0.023 X12 +0.090 X21 +0.020 X22 +0.114 X31 + 0.024 X32 + 0.092X41+
0.019X42 + 0.103 X51+ 0.025 X52+ 0.080 X61+ 0.023 X62+ 0.104 X71+ 0.085 X81 ≤
7576600
2) Citric acid
0.0019 X11+0.0007 X12+ 0.001 X21+ 0.0001 X22+ 0.0015X31+ 0.0002 X32+ 0.001
X41+ 0.0001 X42 + 0.001X51 + 0.0001X52+ 0.001 X61+ 0.0001 X62 + 0.003 X71+ 0.001 X81
≤ 96000
3) Ascorbic acid
0.02 X11 + 0.0001 X12 ≤ 4600
4) Xanthan
0.0005X11 + 0.0001 X12 ≤ 6800
5) Pectin
0.001 X11 + 0.0001 X12+ 0.001 X41+0.0001 X42 +0.002 X51+ 0.0002 X52+0.002
X71≤ 34680
6) CMC
0.001 X21 + 0.0001 X22+ 0.001 X31+ 0.0002 X32 + 0.001 X41+ 0.0001 X42 ≤

peach
flavor
5000
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26500
7) Pear flavor (F-X2)
0.001X21 + 0.0001 X22 ≤ 13700
8) Mango flavor (F-X3)
0.0008 X31 + 0.0002 X32 ≤ 7000
9) Peach flavor (F-X4)
0.01 X41 + 0.0001 X42 ≤ 5000
3.5.3.2 Packaging material restriction
Packaging material is the material that is used during and after the packing stage.
It includes eight types:
Nylon-500-(12), Nylon-410-(2), Nylon-450-(1), Welding bar-(1), Glue-3101-(2),
Locks glue-(1), Cartons glue-(12), and Hydrogen peroxide, which can be expressed using
the following construct:
∑8𝑖=1 𝑃𝑛𝑖𝑗 𝑋𝑖𝑗 ≤ 𝑄𝑛 ……………………………………….. (16)
After the mixing of all the components of the juice, these components are
automatically transferred to the packing stage. Four packages are filled at the same time,
which saves considerably on the time available on the production lines, which will be
explained when talking about the time constraint.
After completion of the packing process, the packages are automatically
transferred to the packaging stage. At the end of each production line, the packages are
handled differently from the other line. In the juice size (1000 ml) production line each
twelve packages are packed together in a carton that is pasted with Carton glue- (12), and
then wrapped in Nylon-450-(1), After that, each sixty cartons are assembled together on
a wooden board and wrapped with Nylon-500-(12), Locks glue-(1) is used in the
installation of the Locks on the package size (1000 ml), while the Welding bar-(1) (WB)
is used in the soldering edges of the package size (1000 ml).
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At the end of the juice size (200 ml) production line, each twenty-four packages
are packed with each other in a carton that is pasted with Carton glue (12), and then
wrapped with Nylon -410 -(2). After that, each one hundred and forty-four cartons are
assembled together on a wooden board and coated with Nylon-500-(12), while Glue-3101
-(2) is used to fix the suction tube on the package size (200 ml).
Hydrogen peroxide is also used to clean and sterilize the mixers and tubes which
the juice passes through the filling stage after each production process is completed for a
particular type of juice.
Table 16 shows the name and available quantities of each type of packaging
material.
Table 16: Available Quantities of Packaging Material in kg
Name
Kg/1000
ml
Kg/200 ml
Available
quantity
(kg)

Nylon 500(12)

Nylon 410(2)

Nylon 450(1)

Weldingbar (1)

Glue 3101(2)

Locks glue(1)

Cartons glue(12)

Hydrogen
peroxide

0.00028

-

0.0015

0.00013

-

0.00013

0.00011

0.00096

0.00006

0.0003

-

-

0.00011

-

0.00004

0.000084

22400

46000

72500

6400

17000

6400

11100

60000

Data in Table 16 can be used to rephrase the packaging material restriction to
become as follows:
1) Nylon-500-(12) (N-500-12)
0.00028 X11 + 0.00028 X21 + 0.00028 X31 + 0.00028 X41 + 0.00028 X51 + 0.00028
X61 + 0.00028 X71 + 0.00028 X81 + 0.000056 X12 + 0.000056 X22 + 0.000056 X32 +
0.000056 X42 + 0.000056X52 + 0.000056X62 ≤ 22400
2) Nylon -410-(2) (N-410-2)
0.0003 X12 + 0.0003 X22 + 0.0003 X32 + 0.0003 X42 + 0.0003 X52 + 0.0003 X62 ≤
46000

86

3) Nylon -450-(1) (N-450-1)
0.0015 X11 + 0.0015X21 + 0.0015 X31 + 0.0015 X41 + 0.0015 X51 + 0.0015 X61 +
0.0015X71 + 0.0015 X81 ≤ 72500
4) Welding bar-(1) (WB-1)
0.00013 X11 + 0.00013X21 + 0.00013 X31 + 0.00013 X41 + 0.00013X51 + 0.00013
X61 + 0.00013X71 + 0.00013 X81 ≤ 6400
5) Glue 3101-(2) (G-3101-2)
0.00011 X12 + 0.00011 X22 + 0.00011 X32 + 0.00011 X42 + 0.00011 X52 + 0.00011
X62 ≤ 46000
6) Locks glue-(1) (LG-1)
0.00013 X11 + 0.00013X21 + 0.00013 X31 + 0.00013 X41 + 0.00013X51 + 0.00013
X61 + 0.00013X71 + 0.00013 X81 ≤ 6400
7) Cartons glue-(12) (CG-12)
0.00011X11 + 0.00011 X21 + 0.00011 X31 + 0.00011 X41 + 0.00011 X51 + 0.00011
X61 + 0.00011 X71 + 0.00011X81 + 0.000036 X12 + 0.000036 X22 + 0.000036 X32 +
0.000036X42 + 0.000036X52 + 0.000036X62≤ 11100
8) Hydrogen peroxide (HP-12)
0.00096 X11 + 0.00096 X21 + 0.00096 X31 + 0.00096 X41 + 0.00096 X51 + 0.00096
X61 + 0.00096 X71 + 0.00096 X81 + 0.000084 X12 + 0.000084 X22 + 0.000084X32 +
0.000084X42 + 0.000084X52 + 0.000084X62 ≤ 60000
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3.5.3.3. Demand restriction:
The demand of products is one of the most important constraints that must be
emphasized when formulating the mathematical model. In order to express the demand
constraint, the following inequalityis formulated:
∑8𝐼=1 𝑋𝑖𝑗 ≤ 𝐷𝑖𝑗

(j=1,2) …………………………… (17)

Table 17 shows the name, symbol, and demand quantities of each type of the juice.
Table 17: Demand of All Juices
Juice's
name

Orange
(X1)

Pear
(X2)

Mango
(X3)

Peach
(X4)

Cocktail
(X5)

Red grape
(X6)

Orange
& carrot
(X7)

Apple
(X8)

Size
(1000ml)

7200000

9600000

4848000

3408000

4752000

12000000

3312000

2880000

Size
(200ml)

30600000

37800000

15120000

15080000

15360000

38040000

-

-

Data in Table 17 can be used to rephrase the demand restriction to become as
follows:
1) Size (1000 ml) demand (DXi1), (i=1,8)
X11 ≤ 7200000
X21 ≤ 9600000
X31 ≤ 4848000
X41 ≤ 3408000
X51≤ 4752000
X61 ≤ 12000000
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X71 ≤ 3312000
X81 ≤ 2880000
Total demand of juices size 1000 ml (TD-1)
X11 + X21 + X31 +X41 + X51 +X61 +X71 +X81 ≤ 48000000
2) Size (200 ml) demand (DXi2), (i =1,8)
X12 ≤ 30000000
X22 ≤ 37800000
X32 ≤ 15120000
X42 ≤ 15080000
X52 ≤ 15360000
X62 ≤ 38040000
Total demand of juices size 200 ml (TD-2)
X12 + X22 +X32 + X42 +X52 +X62 ≤ 152000000
3.5.3.4. Time restriction
The time constraint is also important constraint that must be emphasized when
formulating the mathematical model. In order to express the time constraint, the following
inequalityis formulated:
∑8𝐼=1 𝑇𝑖𝑗 𝑋𝑖𝑗 ≤ 𝑇𝑗

(j=1,2) …………………………. (18)

The company operates 20 hours a day where 4 hours have been exploited for
cleaning and sterilizing machines, and processing mixture scheduled for production, that
repeated for a period of 300 days a year therefore, the time can be calculated in seconds
per package as following:
Total second available / year = 1 * 300 * 20 * 60 * 60 = 21600000 seconds.
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Actual capacity of line (1) = 8800 / (60*60) = 2.44 unit / second.
Necessary time to produce one unit on line (1) = 1 / 2.44 = 0.41 second / unit.
Total quantity can be produced on line (1) / year = 8800 * 300 * 20 = 52800000
unit/year.
Actual capacity of line (2) = 28800 / (60*60) = 8 unit / second.
Necessary time to produce one unit on line (2) = 1 / 8 = 0.125 second / unit.
Total quantity can be produced on line (2) / year =28800 * 300 * 20 = 172800000
units/year.
Table 18 shows the calculation of time during the study period.
Table 18: The Calculation of Time
Actual
Capacity
Unit/hour

Hours /
day

Days /
year

Second /
year

Unit /
year

Second /
unit

Line (1)
(1000ml)

8800

20

300

21600000

52800000

0.41

Line (2)
(200ml)

28800

20

300

21600000

17280000
0

0.125

Data in Table 18 can be used to rephrase the time restriction to become as follows:
a) Size (1000 ml) time restriction (AT-1)
0.41X11 + 0.41 X21 +0.41 X31 +0.41X41 +0.41 X51 +0.41X61 +0.41X71 +0.41X81
≤ 21600000
b) Size (200 ml) time restriction (AT-2)
0.125 X12 +0.125 X22 +0.125 X32 +0.125 X42 +0.125 X52 +0.125X62
≤ 21600000
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3.5.4. Non-negativity conditions
Xi j ≥ 0 where (i = 1,8) and (j = 1,2) ………………………… (19)
3.6. Results of the Proposed Model
Organizing the Excel worksheet is the first step to demonstrate the model, separate
cells can be used to show decision variables, forming a formula in a cell to show the
objective function, and forming a formula in a cell to show all left hand side constraints.
Firstly, the model is applied in an Excel worksheet, secondly the “Solver add-in for
Microsoft Excel”1is used to find the solution. In the Solver add-in, it is necessary to
identify the objective function locations (cells), decision variables, the objective function
nature (maximize/minimize) and constraints.

1

www.kellogg.northwestern.edu/researchcomputing/training.htm
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3.6.1. Solving LP model by excel solver
Applying the problem in an Excel worksheet is the first step which produces the
worksheet parameters, as it is shown in Figure 7.
Figure 7: The Spreadsheet Parameters as a Printed Screen

The cells R2, P2, Q2, O2, N2, M2, L2, K2, J2, I2, H2, G2, F2, and E2 are represent
the fourteen decision variables, the cell D4 represents the objective function, the cells B6
through B34 represent the constraint left hand sides.
Solver formulation is the second step that produces the Solver parameters, as it is
shown in Figure 8.
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Figure 8: The Spreadsheet Results

The non-negativity constraint is not implemented in the worksheet and it can be
implemented in the Solver. The complete set of constraints, target cell (objective function
cell), variable cells (changing cells), and maximizing the objective function, are identified
in the Solver parameters box, then the (Solve) button is selected to solve the problem.
Solving the problem gave the results shown in Figure 9 and Table 19.
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Figure 9: The Results of Solving the Problem as a Printed Screen

Table 19: The Results of the Solver as a Table
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3.6.2. Optimal solution
The first row of the
Table 19 shows the symbols of the different types of juice, while the second row
shows the quantities supposed to be produced of each type, as optimal solution for the
proposed model, these rows can be displayed more clearly in the Table 20.
Table 20: The Optimal Solution of the Problem

where:
x11: number of units produced from orange juice size (1000ml) =7110637 pcs.
x12: number of units produced from orange juice size (200ml) =31778726 pcs.
x21: number of units produced from pear juice size (1000ml) =10501493 pcs.
x22: number of units produced from pear juice size (200ml) =31985075pcs.
x31: number of units produced from mango juice size (1000ml) =4744526pcs.
x32: number of units produced from mango juice size (200ml) =16021854 pcs.
x41: number of units produced from peach juice size (1000ml) =0 pcs.
x42: number of units produced from peach juice size (200ml) =40916571pcs.
x51: number of units produced from cocktail juice size (1000ml)
=3807903 pcs.
x52: number of units produced from cocktail juice size (200ml)
=30246802 pcs.
x61: number of units produced from Red grape juice size (1000ml)
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=15218756 pcs.
x62: number of units produced from Red grape juice size (200ml)
=10509721pcs.
x71: number of units produced from Orange & carrot juice size (1000ml)
=3317333pcs.
x81: number of units produced from apple juice size (1000 ml) =2884000
pcs.
The maximum net return = $ 17722179.4
3.6.3. Sensitivity analysis
Sensitivity analysis is used to answer two types of questions. The first one is how
do the changes in unit profit or unit cost effect on the optimal solution? The unit profit
and the unit cost are represented by the coefficient of the objective function. The second
question is how do the changes in available resources effect on the optimal solution? The
available resources are represented by right hand side (RHS) of the constraints.
Table 21 presents the model sensitivity report. The top section represents the
results of the sensitivity analysis of the objective function. The optimal solution is
represented by the final value, so the optimal objective function value can be calculated
by multiplying the optimal solution into the objective function coefficient to obtain the
optimal net return. The allowable increase and allowable decrease values in the Table 21
indicate the limits that the coefficients can be changed before the optimal solution will
change. These values allow the company to analyze how much variation in the coefficients
of the fourteen variables will change the structure of the optimal solution. For example,
the allowable increase of X62 is 0.000134119. Therefore, if the objective coefficient of X62
is increased from 0.036 to any value up to the upper limit to be at the maximum
0.036134119 (0.036 + 0.000134119) the optimal solution will not change. On the other
hand, the allowable decrease of X62 is 0.002369326. Therefore, if we decrease objective
coefficient of X62 from 0.036 to any value below to the lower limit to be at the minimum
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0.033630674 (0.036 - 0.002369326) the optimal solution will not change. The reduced
cost of X41 is -0.016091765. Therefore, if one unit of X41 is included in the final value, the
optimal solution as profit will decrease by $0.016091765.
The bottom section of the Table 21 represents the shadow price which refers to the
amount of change in the optimal objective value for a unit increase or decrease in RHS of
constraints. The allowable increase and the allowable decrease values in the Table 21
indicate the limits that the RHS of constraints can be changed before the solution structure
will change. These values allow the company to analyze how much the variation in the
available resources will change the structure of the optimal solution.
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Table 21: Sensitivity Report
Microsoft Excel 16.0
Sensitivity Report
Worksheet: [Book2]Sheet1
Report Created: 05/07/2017
15:44:24
Variable Cells
Cell
$E$3
$F$3
$G$3
$H$3
$I$3
$J$3
$K$3
$L$3
$M$3
$N$3
$O$3
$P$3
$Q$3
$R$3

Name
X81
X71
X62
X61
X52
X51
X42
X41
X32
X31
X22
X21
X12
X11

Final
Value
2884000
3317333.3
1050890.2
15218763
30246802
3807903.2
40916571
0
16021935
4744516.1
31985075
10501493
31778726
7110636.8

Reduced
Cost
0
0
0
0
0
0
0
-0.0160918
0
0
0
0
0
0

Objective
Coefficient
0.26
0.23
0.036
0.26
0.036
0.26
0.042
0.22
0.042
0.24
0.04
0.25
0.038
0.21

Allowable
Increase
1E+30
1E+30
0.0001341
0.0272473
0.0023693
0.0684689
1E+30
0.0160918
0.0313913
0.0011304
0.0120092
0.016087
0.0483015
0.0786081

Allowable
Decrease
0.26
0.0695512
0.0023693
0.0015424
0.0045144
0.033913
0.0021253
1E+30
0.0001341
0.1255652
0.0016087
0.0777437
0.0062568
0.0966031

Cell
$D$6
$D$7
$D$8
$D$9
$D$10
$D$11
$D$12
$D$13
$D$14
$D$15
$D$16
$D$17
$D$18
$D$19
$D$20
$D$21
$D$22
$D$23
$D$24
$D$25
$D$26
$D$27
$D$28
$D$29
$D$30
$D$31
$D$32
$D$33
$D$34

Name
orange con
pear con
mango con
peach con
cocktail con
red grape con
O&C con
apple con
sugar
citric acid
ascorbic acid
xanthan
pectin
CMC
F-X2
F-X3
F-X4
N-500-12
N-410-2
N-450-1
WB-1
G-3101-2
LG-1
CG-12
HP-12
TD-1
TD-2
AT-1
AT-2

Final
Value
666128
1899400
784160
572832
528000
2112800
248800
288400
7674271.4
98860.572
4600
6733.191
34680
25740.56
13700
7000
4091.6571
21835.701
45600
71376.968
6186.0039
16720
6186.0039
10706.311
58449.259
47584645
152000000
19509705
19000000

Shadow
Price
1.6627037
0.2401038
2.0252454
1.4704468
1.0939691
1.884058
0.9273492
2.6
0
0
74.413849
0
80.224404
0
220.46723
1.2762973
0
0
0
0
0
0
0
0
0
0
0.0133913
0
0

Constraint
R.H. Side
666128
1899400
784160
572832
528000
2112800
248800
288400
8000000
99000
4600
6800
34680
26500
13700
7000
5000
22400
46000
72500
6400
17000
6400
11100
60000
48000000
152000000
21600000
21600000

Allowable
Increase
12938.667
7040.9644
11492.703
34794.157
33137.292
19241.008
4388.3995
13942.76
1E+30
1E+30
22.143081
1E+30
71.599113
1E+30
112.49106
110.43253
1E+30
1E+30
1E+30
1E+30
1E+30
1E+30
1E+30
1E+30
1E+30
1E+30
1333333.3
1E+30
1E+30

Allowable
Decrease
4443.0947
71619.309
16288.798
31454.231
3257.7596
2100189.3
2684.9667
288400
325728.56
139.4276
2671.9884
66.80895
2060.7711
759.43963
57.243613
1377.4325
908.34286
564.29935
400
1123.0322
213.99613
280
213.99613
393.68903
1550.7406
415354.83
1050890.2
2090295.5
2600000

Constraints
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For example, the shadow price of the first resource (orange con) is $1.6627037.
This represents the actual worth of 1 unit (1 Kg) of the first resource to the manufacturing
operation. That is, 1 more kilogram of orange concentrate could be used to produce more
orange juice sold for a $1.6627037 profit. Therefore, each time when the company
increases the quantity of the first resource by one unit (1 Kg), the optimal objective
function value will increase by the value of the shadow price to be $17722181.062703
($17722179.4 + $1.6627037). The allowable increase of the first resource is 12938.66667
Kg. This represents the maximum quantity of the first resource could be used to produce
more orange juice. Therefore, if the RHS of the first constraint is increased from 666128
Kg (available quantity) to any value up to the upper limit to be at the maximum
679066.66667 Kg (666128 Kg + 12938.66667 Kg) the solution structure will not change.
The company’s increasing the quantity of the first resource above the maximum quantity
(679066.66667 Kg) will not change the optimal solution structure. On the other hand, the
$1.6627037 also can be viewed as the lost potential profit as a result of not having an
additional kilogram of orange concentrate. Therefore, each time when the company
decreases the quantity of the first resource by one unit (1 Kg), the optimal objective
function value will decrease by the value of the shadow price to be $17722177.737296
($17722179.4 - $1.6627037). The allowable decrease of the first resource is 4443.094733
Kg. Therefore, if the RHS of the first constraint is decreased from 666128 Kg (available
quantity) to any value below to the lower limit to be at the minimum 661684.905267 Kg
(666128 Kg - 4443.094733 Kg) the and the solution structure will not change. The
company’s decreasing the quantity of the first resource less than the minimum quantity
(661684.905267 Kg) will not change the optimal solution structure. When a constraint is
non-binding, the shadow price takes on a value of zero, changing the value of the sugar
constraint, for example, which has a zero shadow price, has no binding effect on the
optimal solution structure. Obviously, the acceptable limit values are also infinite. The
company’s increasing or decreasing the sugar constraint will not change the optimal
solution structure, and all constraints with a shadow price equal to zero have the same
effect. Within the allowable minimum and maximum limits given earlier, the company
may increase the optimal objective function value by the previously stated rates upon
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expanding the constraints that have a value not equal to zero. By reviewing its predetermined lower and upper bounds from this perspective, the company should evaluate
whether any alterations need to be made, and assess whether the increase in the optimal
objective function value that these compromises will allow are worth the effort.
3.7. Comparison between the Proposed Model and the Current Model
To ensure the effectiveness of the linear programming model, or Proposed Model
(PM), and its ability to improve production planning in this company, this model will
compare with the Current Production Model (CPM), which has been prepared by the
Planning Department of the company during the study period, and will be focusing on a
number of important points, which can be used as benchmarks for comparison between
the two models, these points are, profitability factor, raw materials factor, and packaging
materials factor.
To carry out the comparison, Table 22 be added to show the current production
which has been prepared by the Planning Department and the extent of consumption of
available resources.
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Table 22: The Production Planned by the Production Planning Department
variables
demand
objective
orange con
pear con
mango con
peach con
cocktail con
red grape con
O&C con
apple con
sugar
citric acid
ascorbic acid

X11
7200000
0.21
0.0691
0
0
0
0
0
0
0
0.095
0.0019
0.0002

X12
30600000
0.038
0.0055
0
0
0
0
0
0
0
0.023
0.0007
0.0001

X21
9600000
0.25
0
0.123
0
0
0
0
0
0
0.09
0.001
0

X22
37800000
0.04
0
0.019
0
0
0
0
0
0
0.02
0.0001
0

X31
4848000
0.24
0
0
0.118
0
0
0
0
0
0.114
0.0015
0

X32
15120000
0.042
0
0
0.014
0
0
0
0
0
0.024
0.0002
0

xantha

0.0005

0.0001

0

0

0

0

0

0

pectin
CMC
F-X2
F-X3
F-X4
N-500-12
N-410-2
N-450-1
WB-1
G-3101-2
LG-1
CG-12
HP-12
PD-X11
PD--X21
PD--X31
PD--X41
PD--X51
PD--X61
PD--X71
PD--X81
PD-X12
PD-X22
PD-X32
PD-X42
PD-X52
PD-X62
AT-1
AT-2

0.001
0
0
0
0
0.00028
0
0.0015
0.00013
0
0.00013
0.00011
0.00096
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0.41
0

0.0001
0
0
0
0
0.000056
0.0003
0
0
0.00011
0
0.000036
0.000084
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0.125

0
0.001
0.001
0
0
0.00028
0
0.0015
0.00013
0
0.00013
0.00011
0.00096
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0.41
0

0
0.0001
0.0001
0
0
0.000056
0.0003
0
0
0.00011
0
0.000036
0.000084
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0.125

0
0.001
0
0.0008
0
0.00028
0
0.0015
0.00013
0
0.00013
0.00011
0.00096
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0.41
0

0
0.0002
0
0.0002
0
0.000056
0.0003
0
0
0.00011
0
0.000036
0.000084
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0.125

0.001
0.001
0
0
0.001
0.00028
0
0.0015
0.00013
0
0.00013
0.00011
0.00096
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0.41
0

0.0001
0.0001
0
0
0.0001
0.000056
0.0003
0
0
0.00011
0
0.000036
0.000084
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0.125

X41
3408000
0.22
0
0
0
0.106
0
0
0
0
0.092
0.001
0

X42
15080000
0.042
0
0
0
0.014
0
0
0
0
0.019
0.0001
0

X51
4752000
0.26
0
0
0
0
0.091
0
0
0
0.103
0.001
0

X52
15360000
0.036
0
0
0
0
0.006
0
0
0
0.025
0.0001
0

X61
12000000
0.26
0
0
0
0
0
0.138
0
0
0.08
0.001
0

X62
38040000
0.036
0
0
0
0
0
0.012
0
0
0.023
0.0001
0

0

0

0

0.002
0
0
0
0
0.00028
0
0.0015
0.00013
0
0.00013
0.00011
0.00096
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0.41
0

0.0002
0
0
0
0
0.000056
0.0003
0
0
0.00011
0
0.000036
0.000084
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0.125

0
0
0
0
0
0.00028
0
0.0015
0.00013
0
0.00013
0.00011
0.00096
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0.41
0

X71
3312000
0.23
0
0
0
0
0
0
0.075
0
0.104
0.003
0

X81
2880000
0.26
0
0
0
0
0
0
0
0.1
0.085
0.001
0

0

0

0
0
0
0
0
0.000056
0.0003
0
0
0.00011
0
0.000036
0.000084
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0.125

0.002
0
0
0
0
0.00028
0
0.0015
0.00013
0
0.00013
0.00011
0.00096
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0.41
0

17556960
665820
1899000
783744
572368
524592
2112480
248400
288000
7821032
98600
4500

target
≤
≤
≤
≤
≤
≤
≤
≤
≤
≤
≤

0

6660

≤

6800

0
0
0
0
0
0.00028
0
0.0015
0.00013
0
0.00013
0.00011
0.00096
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0.41
0

34376
26168
13380
6902.4
4916
21952
45600
72000
6240
16720
6240
10752
58848
7200000
9600000
4848000
3408000
4752000
12000000
3312000
2880000
30600000
37800000
15120000
15080000
15360000
38040000
19680000
19000000

≤
≤
≤
≤
≤
≤
≤
≤
≤
≤
≤
≤
≤
≤
≤
≤
≤
≤
≤
≤
≤
≤
≤
≤
≤
≤
≤
≤
≤

34680
26500
13700
7000
5000
22400
46000
72500
6400
17000
6400
11100
60000
7200000
9600000
4848000
3408000
4752000
12000000
3312000
2880000
30600000
37800000
15120000
15080000
15360000
38040000
21600000
21600000

available
666128
1899400
784160
572832
528000
2112802
248800
288400
8000000
99000
4600

Table-2

Now, the Table 22 has been added, which represents the production planned by
the production department, a comparison can be made with the Table 19, which represents
the proposed model. The two models will be compared first, based on the quantities
produced from each type of juice size 1000 ml, as it is shown in Figure 10.
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Figure 10: Comparison between Proposed Model and Current Production Model
in Produced Quantities of Juice Size (1000 ml)
16000000
14000000
12000000
10000000
8000000
6000000
4000000
2000000
0
PM-size(1000ml)

X11
X21
X31
7110637 10501493 4744526

X41
0

X51
X61
X71
X81
3807903 15218756 3317333 2884000

PPM-SIZE(1000ml) 7200000 9600000 4848000 3408000 4752000 12000000 3312000 2880000

Then, the two models will be compared, based on the quantities produced from
each type of juice size 200 ml, as it is shown in Figure 10 and Figure 11.
Table 19 and Table 22 indicate the difference in the quantities produced from each
type of juice. This difference may be very large, as in the quantities produced from peach
juice size (1000 ml), where the quantities produced by the current model (3408000) units,
while the quantities produced by the proposed model (zero) unit, with a difference of
(3408000) units. The difference may be relatively large, as in the quantities produced from
peach juicesize (200 ml), where the quantities produced by the current model (15080000)
units, while the quantities produced by the proposed model (40916571) units, with a
difference of (25836571) units. The difference may be so small that it cannot be observed,
as in the quantities produced from apple juice size (1000 ml), where the quantities
produced by the current model (2880000) units, while the quantities produced by the
proposed model (2884000) unit, with a difference of (4000) units. These differences can
be more clearly demonstrated by the graphical representation of these data as shown in
Figure 10 and Figure 11.
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Figure 11: Comparison between Proposed Model and Current Model in Produced
Quantities of Juice Size (200ml)
45000000
40000000
35000000
30000000
25000000
20000000
15000000
10000000
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0
PM-size(200ml)

X62
1050972

X52
30246802

X42
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X32
16021854

X22
31985075

X12
31778726

PPM-size(200ml)

38040000

15360000

15080000

15120000

37800000

30600000

1) Net Return:
Table 23 shows the net return realized from the proposed model, and Table 24
shows the net return realized from the current model.
Table 23: The Net Return Realized from the Proposed Model

variables X11 X12 X21 X22 X31 X32 X41 X42 X51 X52 X61 X62 X71 X81 net return
quantities 7110636 31778726 10501492 31985074 4744525 16021853 0 40916571 3807903 30246801 15218756 1050972 3317333 2884000
profit margin 0.21 0.038 0.25 0.04 0.24 0.042 0.22 0.042 0.26 0.036 0.26 0.036 0.23 0.26 17722179.4
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Table 24: The Net Return Realized from the Current Model

variables X11 X12 X21 X22 X31 X32 X41 X42 X51 X52 X61 X62 X71 X81 net return
quantities 7200000 30600000 9600000 37800000 4848000 15120000 3408000 15080000 4752000 15360000 12000000 38040000 3312000 2880000
profit margin 0.21 0.038 0.25 0.04 0.24 0.042 0.22 0.042 0.26 0.036 0.26 0.036 0.23 0.26 17556960
From the Table 23 it can be noted that the net return earned from the proposed
model is ($17722179.4), while, From the Table 24 it can be noted that the net return earned
from the current model is ($17556960) this means that the proposed model achieves net
return higher than the current model by ($165219.4), which confirms that the style of
linear programming is a scientific tool that can be used to increase profits.
2) The Consumption of Raw Materials:
To compare the two models in terms of consumption of raw materials, Table 25
and Table 26 were prepared.
Table 25 shows how raw materials are consumed by the proposed model and
compare them with what is available, while Table 26 shows how raw materials are
consumed by the current model and compare them with what is available.
Table 25: The Consumption of Raw Materials by the Proposed Model
rwo material
orange con
pear con
mango con
peach con
cocktail con
red grape con
O&C con
apple con
sugar
citric acid
ascorbic acid
xanthan
pectin
CMC
F-X2
F-X3
F-X4

used
666128
1899400
784160
572832
528000
2112800
248800
288400
7674272
98861
4600
6733
34680
25741
13700
6999.9914
4092

available
666128
1899400
784160
572832
528000
2112800
248800
288400
8000000
99000
4600
6800
34680
26500
13700
7000
5000

%
100
100
100
100
100
100
100
100
95.9284
99.8592
100
99.01752
100
97.1342
100
99.9999
81.83314

104

Table 26: The Consumption of Raw Materials by the Current Model
raw materials
orange con
pear con
mango con
peach con
cocktail con
red grape con
O&C con
apple con
sugar
citric acid
ascorbic acid

xantha
pectin
CMC
F-X2
F-X3
F-X4

used
665820
1899000
783744
572368
524592
2112480
248400
288000
7821032
98600
4500
6660
34376
26168
13380
6902.4
4916

available
666128
1899400
784160
572832
528000
2112802
248800
288400
8000000
99000
4600
6800
34680
26500
13700
7000
5000

%
99.9538
99.9789
99.9469
99.9190
99.3545
99.9848
99.8392
99.8613
97.7629
99.5960
97.8261
97.9412
99.1234
98.7472
97.6642
98.6057
98.3200

By the Table 25, and the Table 26, it can be noted that, the proposed model
achieves optimum utilization of the available resources of raw materials, as the percentage
(100%), was repeated eleven times from seventeen times in the proposed model, while it
was not repeated any time in the current model, which also emphasizes that the style of
linear programming is a scientific tool works to achieve optimum utilization of the
available resources. These differences can be more clearly demonstrated by the graphical
representation of these data as shown in Figure 12 which shows the consumption of eleven
raw materials in both models.
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raw material (kg)

Figure 12: The Consumption of Eleven Resources of Raw Materials in Both
Models

orange
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peach
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con
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con
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acid

F-X2
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666128 1899400 783744 572832 528000 2112802 248800 288400
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34680
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used by PM

666128 1899400 783744 572832 528000 2112802 248800 288400

4600

34680

13700

used by PPM 665820 1899000 783744 572368 524592 2112480 248400 288000

4500

34376

13380

3) The Consumption of Packaging Materials:
Table 27 shows the consumption of packaging materials by the proposed model
and compare them with what is available, while Table 28 shows the consumption of
packaging materials by the current model and compare them with what is available.
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Table 27: The Consumption of Packaging Materials by the Proposed Model
packaging material
N-500-12
N-410-2
N-450-1
WB-1
G-3101-2
LG-1
CG-12
HP-12

used
21835.701
45600
71376.972
6186.0042
16720
6186.0042
10706.311
58449.262

available
22400
46000
72500
6400
17000
6400
11100
60000

%
97.48081
99.13043
98.451
96.65632
98.35294
96.65632
96.45325
97.41544

Table 28: The Consumption of Packaging Materials by the Current Model
packaging materials
N-500-12
N-410-2
N-450-1
WB-1
G-3101-2
LG-1
CG-12
HP-12

used
21952
45600
72000
6240
16720
6240
10752
58848

available
22400
46000
72500
6400
17000
6400
11100
60000

%
98.00
99.13
99.31
97.50
98.35
97.50
96.86
98.08

From the Table 27, and the Table 28, it can be noted that both the proposed model
and the current model consume approximately the same amount of packaging material
and are slightly below the available quantity. This comparison can be demonstrated more
clearly by the graphical representation of these data as shown in Figure 13 which shows
the consumption of packaging materials in both models.
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Figure 13: The Consumption of Packaging Materials in Both Models
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From the Figure 13 it can be noted that both the proposed model and the current
model consume approximately the same amount of packaging material and are slightly
below the available quantity.
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CONCLUSION

In recent decades, there has been a trend that sees the SMEs as the cornerstone of
economic development in the light of developments in the political and economic
environment. Many of the previous concepts and basics of the requirements for achieving
competitiveness have changed under the influence of economic openness. Moreover,
government perceptions of these organizations have improved, particularly in developing
countries, due to the vital role played by these organizations in increasing GDP and their
advantages in addressing social problems such as unemployment and poverty on the one
hand, and their role in achieving industrial integration on the other hand. Production
management plays a key role in improving performance in such organizations. It plays a
key role in determining the type of product to be produced and scheduling production
within specific operating schedules as well as in managing inputs for production processes
such as machinery, raw materials, and individuals by following performance standards in
order to reach the best methods to oversee all units that participate in the production
process, both in the internal and external sphere of the organization. Production planning
is defined as determining the quantity to be produced from each product during the coming
period, whether it be a day, a week or a month. That is, it means predicting a plan for all
steps of the production process in such a way that can achieve productive objectives. To
achieve these productive objectives, production planning determines the main
requirements of production capabilities that directly produce the required quantity.
Linear programming technique can be used to allocate a number of limited
resources among a number of products, and to determine the best mix of products which
leads to increase profits and/or decrease costs in the presence of a number of restrictions.
When using this technique in determining and managing the constraints which control the
production process with a view to improve, two main steps are required. The first step is
identifying the constraints that control the system, where the second step is determining
the most profitable product mix under specific constraints. These steps were followed in
the preparation of the mathematical model that represent the production process at Al-
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Aseel Company for Food Industries. Through the several visits to the company's
headquarters and the personal interviews with the head of the company's planning
department, the necessary data were collected about the stages of production of the juice
and the requirements of each stage of time, raw materials and other production
requirements as well as determining the demand of each type of juice, and other data
necessary for the formulation of the mathematical model, which represents the production
process of the Al-Aseel company. After the mathematical model is formulated, it is
entered into the computer using the following steps. Firstly, the model is applied in an
Excel worksheet, secondly the “Solver add-in for Microsoft Excel” is used to find the
solution.
The first part of the results represented the optimal solution results of the proposed
model which illustrates the symbols of fourteen types of juice and the number of units
produced of each type, and the net return obtained from solving the proposed model. The
sensitivity analysis represents two important analyses, the results of the sensitivity
analysis of the objective function, and the shadow price which refers to the amount of
change in the optimal objective value for a unit increase or decrease in RHS of constraints.
For the results of the sensitivity analysis of the objective function, the optimal solution is
represented by the final value, so the optimal objective function value can be calculated
by multiplying the optimal solution into the objective function coefficient to obtain the
optimal net return. The allowable increase and allowable decrease values indicate the
limits that the coefficients can be changed before the optimal solution will change. These
values allow the company to analyze how much variation in the coefficients of the
fourteen variables will change the structure of the optimal solution. For the shadow price,
the allowable increase and the allowable decrease values indicate the limits that the RHS
of constraints can be changed before the solution structure will change. These values allow
the company to analyze how much the variation in the available resources will change the
structure of the optimal solution. According to the findings, changing the value of the
constraints with a shadow price equal to zero have no binding effect on the optimal
solution structure. Obviously, the acceptable limit values are also infinite. The company’s
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increasing or decreasing the value of these constraints will not change the optimal solution
structure. Within the allowable minimum and maximum limits, the company may increase
the optimal objective function value by the previously stated rates upon expanding the
constraints that have a value not equal to zero. By reviewing its pre-determined lower and
upper bounds from this perspective, the company should evaluate whether any alterations
need to be made, and assess whether the increase in the optimal objective function value
that these compromises will allow are worth the effort.
The second part of the results reviewed a comparison between the Proposed Model
(PM) and the Current Production Model (CPM). To ensure the effectiveness of the linear
programming model, or Proposed Model (PM), and its ability to improve production
planning in this company, this model is compared with the Current Production Model
(CPM), which has been prepared by the planning department of the company during the
study period. For the net return, the study found that the net return obtained from the
proposed model exceeds the net return achieved by the company during the year 2015 and
this difference reflects the amount of resources not utilized by the company.
For the constraints, two important comparisons were made. The first comparison
was between the consumption of raw materials in both models and comparing this
consumption with the available quantities for each type of raw materials, the proposed
model achieves optimum utilization of the available resources of raw materials, as the
percentage (100%), was repeated eleven times from seventeen times in the proposed
model, while it was not repeated any time in the Current Production model, which also
emphasizes that the linear programming technique is a scientific tool works to achieve
optimum utilization of the available resources. The second comparison was between the
consumption of packaging materials in both models and comparing this consumption with
the available quantities for each type of packaging materials, both the Proposed Model
and the Current Production Model consume approximately the same amount of packaging
material and are slightly below the available quantity.
The study is limited to production planning methods, a linear programming
technique, and the ability of this technique to find the optimal solution for administrative
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problems. So that, it could be suggested resolving the same problem using another tool,
such as nonlinear programming technique, and comparing the results with the results
obtained from the linear programming technique.
At the end of this study, I recommend using the linear programming technique in
the production planning of small and medium enterprises, because it is an effective
method.
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