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Abstract

Developing An Internet Enabled Supply Chain Management Model For
Small And Medium Size Enterprises

By
Ghazi M. Magableh

Supervisor
Dr. Mahmoud Abu-Al1

In this thesis a supply chain management model was developed based
on the Internet technology and on the needs of small and medium sizes
enterprises in Jordan. The model describes the supply chain network
that consists of suppliers, enterprise, distribution centers, retailers, and
end users. To be effective the supply chain management should result

in a smooth flow of information and services throughout the network.

The purpose of the model was to improve service level, reduce
inventory level, and reduce lead-time in both order processing time and
financial processing time. The model incorporates relationships ~mong
the chain partners that affect cost and lead-time in order to improve the

information system throughout the supply chain.

The model was simulated using PROMODEL software, and was applied
to Royal Jordanian Air force in order to test and validate it. Two types
of imported products from local and external suppliers were considered
in the simulation. The simulation model results showed, cost reduction,

service level increase, and a notable reduction in lead-time.
It is recommended that SMEs in Jordan can benefit great, from

Internet usage in their SCM and this will be reflected positively on the

enterprise performance and management.

xi
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1. Introduction

1.1 Preface

Supply chain consists of the logistical and informational activities
between the enterprise and it’s partners, where the partners include
suppliers, warehouses, distribution centers, retailers, and customers.
Information, materials, and money flow between the supply chain
partners through distribution <channels. In a market economy
environment, this flow must be managed effectively so that the
enterprise can become competitive. The coordination and integration of
the elements of this network are critical to achieving an effective

supply chain management.

In recent years, supply chain management has become a tool by which
enterprises have increased their profitability. The advancement of
computer and information technology combined with e-commerce using
the Internet, increasing preesure from customer’s responsiveness, and
globalization of markets, has forced enterprises to reconsider their

supply chain management in their new business strategy.
1.2Importance of the Study

Competition has forced companies to formulate new supply chain
management policies. It was normal for these new policies to explore
advantage offered by spread and speed of the Internet. Continuous
improvement to all activities of any enterprise are critical in order to
provide world class services and meet customer satisfaction, all at
competifive prices. The developments of the Jordanian enterprises
whether, they perform administrative functions, provide customer

services, or manufacture products, relies on building stronger and more
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effective links with their partners. this in turn, depends greatly on their

supply chain management.

Optimizing the supply chain management process requires Jordanian
enterprises to share information with their partners, define and put
forward correct solution for problems, and finally choose the right tool
to execute their work. In order to achieve these objectives, individual
enterprises in Jordan should coordinate and integrate their activities
with other interrelated companies. The Internet provides the means to
increase the effectiveness of communications, and achieve greater
interactivity between the enterprise and its partners in the supply

chain.

[.3Problem Definition

Enterprises in Jordan can be divided into two main categories in
relation to the policy they follow to achieve their SCM objectives.
First, enterprises that focus on service level and customer satisfaction.
This is done by increasing the inventory level, thus providing better
services and higher fill rates, which adversely affects the cost causing
it to increase (Qur case study, RJAF, is included in this category).
Second enterprises focusing on keeping their inventory level at
minimum. But as customer purchasing power increases, there is an
increased pressure on these enterprises to make available a high variety
of quality products. Since new products have shorter life cycles, and
customer demand vary greatly, inventory and back orders levels will
fluctuate considerably across the supply chain, again this will result in

an increase in order cost or decrease in customer service.

Improved service and inventory levels by the Jordanian enterprises can
be achieved now by using the developments in information and
communications technologies, togethér with the better understanding of

the supply chain management strategies.
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The lead-time is one of the most important factors that should be
considered by SMEs management in Jordan. According to RAF
directorate of supply, it takes some products or goods more than one
year to be delivered compared with the actual “travel” time of no more
than forty days when shipped by containers. This results in significant

increase of waste, cost, and a reduction in service level.

1.4 Research Objectives

The main objective of this research was to develop an Internet based
supply chain management model that can assist small and medium size

enterprises in Jordan in improving their customer service level while

reducing the relevant costs.

The simulation was used to:

1. Model all processes and activities on the different supply chain
locations.
2. Model the order, financial, and shipping processes activities.

Model material flow, and ...er flow between the different

(5]

locations in the RJAF supply chain.
4. Test the validity of the simulation model
5. Highlight the current supply chain management at RJAF, and

evaluate several alterations made to the model parameters.

The works aimed at enhancing small and medium size enterprises in
Jordan to better manage their supply chain using the Internet. A
simulation model was used to assist and improve the existing supply
chain used at Royal Jordanian *ir Force (RJAF). Through the
simulation several conclusions were drawn concerning lead-time,

resource utilization, inventory level, and the total cost.
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1.5 Methodology

The following methodology was adopted to achieve the research

objectives:

1. Literature review into the previous work accomplished by other
researchers in the field of supply chain management, modeling,

and simulation.

2. Problem identification and formulation. This includes the
identification of the system architecture and the building of
entities, input resources, locations, and the process and routing
logic of all system parameters and variables.

3. Development of the model and formulation of the simulation
model using RAF supply chain as a case study.

4. Determination of the performance measures used for assessment
purposes in the system.

5. Collection the real system data.

6. Validation and verification of the developed simulation model.

7. Evaluations of the current supply chain management, and output
data for RAF supply chain.

3. Interpretation and discussion of the results, conclusions and

recommendations,

1.6 Overview of the Thesis

The thesis consists of six chapters; the thesis starts with an
introduction and overview of the work. ‘Chapter one includes general
information about supply chain management, importance of the study,
des ption of the problem, objectives of the thesis, and the

methodology used to accomplish the work.
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Chapter two presents literature review on the supply chain, supply

chain management, SCM in the Internet, SMEs, modeling, and supply

chain simulation.

Chapter three discusses the structure of the model; problems facing
supply chains in Jordan, the objectives of the model, and

implementation of the model through the Internet.

Chapter four presents the simulation of supply chain management
model, and includes, the system layout, performance measures used,
the input data, system structure, model validation and verification, and

the output data. It also includes a description of the RAF supply chain

structurec.

Chapter five discusses the results drawn from the supply chain
management model. These include evaluation of the current supply
chain management system and suggestions for several modifications
designed to reduce the delay time in orders, financial process, and
shipping process. Other improvements airr  at reducing the inventory
levels, costs, and increasing the customer service level were discussed

in this chapter.

Finally, chapter six presents canclusion and recommendations,
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2. Literature Review

The concept “supply chain management” was introduced in the early
1980s and since then the concept has received increasing attention
within the field of logistics. Supply chain management 1s viewed as a
broad logistics concept that focuses on integration of the total material
flow, from supplier to the ultimate customer. The main stated
objectives are to lower costs and improve customer service (Persson,

1997).

In the last few vyears, however, it has become clear that many
companies have reduced manufacturing costs, as much as, is practically
possible. Many of these companies have discovered that effective
supply chain management is the next step they need to take in order to

increase profit and market share (Levi ef a/., 2000).

2.1 Supp® Chain and Supply Chain Management

A supply chain can be defined as a worldwide network of business
entities, such as suppliers, factories, warehouses, distribution centers,
and retailers, through which raw material are acquired from suppliers,

transformed, and delivered to customers (Kjenstad, 1998).

Supply chain management secks to synchronize a firm’s functions and
those of its suppliers to match the flow of materials, services, and

information with customer demand (Krajewski and Ritzman, 1999).

Supply chain management is a set of approaches utilized to efficiently
integrate suppliers, manufacturers, warechouses, and stores, so that
merchandise is produced and distributed at the right quantities, to the
right locations, and at the right time, in order to minimize system wide

costs while satisfying service level requirements (Levi ef al., 2000).

G
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2.2 Supply Chain Management Objectives

A basic purpose of supply chain management is to control inventory by
managing the flows of materials (Krajewski and Ritzman, 1998). The
aim of the supply chain is to minimize non-value-added activities and
their associated structure because this will serve in greater customer
responsiveness and flexibility into the supply chain, driving costs down

(Stewart, 1995).

The objective of supply chain management is to be efficient and cost

effective across the entire system; total system wide costs «from

transportation and distribution to inventories of raw materials, are to
be minimized. Thus, the emphasis is not as simple as minimizing
transportation cost or reducing inventories, but rather, on taking a

system approach to supply chain management (Levi ¢t al., 2000).

2.3 Small and Medium Size Enterprises

Small- and medium-size enterprises (SMEs) are defined as enterprises
with fewer than 500 employees were management is centralized mainly
in the hands of the owner-manager, who has a high degree of control
over activities, and specifically seeks to improve their performance and

efficiency through logistics (Halley and Guilhon, 1997).

It is well documented that SMEs have unique characteristics that
differentiate them from conventional marketing in large organizations.
These may be determined by the inherent characteristics and behaviors
of the entreprencur or owner/manager; and they may be determined by
the inherent size and stage of development of the enterprise. Such
limitations can be summarized as limited resources (such as finance,
time, marketing knowledge), lack of specialist expertise (owner-
managers tend to be generalists rather than specialists); and limited

impact in the marketplace. Clearly such limitations will influence,
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indeed determine, the marketing characteristics of an SME (Gilmore ¢/
al., 2001).

There is no clear cut between SMEs and large enterprises. But
according to the characteristics of the enterprises in Jordan like limited
resources, lack of specialists, and limited impact in the marketplace, it

is clear that these characteristics are the same as those of SMEs.

2.4 Information Technology for the Supply Chain.

Information technology (IT) is an important enabler of effective supply
chain management. Much of the current interest in supply chain
management is motivated by the possibilities that are introduced by the
abundance of data and the savings inherent in analysis of these data.
The innovative opportunities coming fore with e-commerce, especially
through the Internet have also increased the interest in IT (Levi ef al.,

2000).

Information changes the ways sipply chains can and should be

effectively manage.., .hese changes may lead to, among other things,

lower inventories. Indeed, the objective is to characterize how

information affects the design and operation of the supply chain. They
show that by effectively harnessing the information now available, one
can design and operate the supply chain much more efficiently and
effectively than ever before. Levi et al., (2000) Argue that this

abundance of information:

1. Helps reduce vartability in the supply chain.

2. Helps suppliers make better forecasts, accounting for promotions

and market changes.

3. Enables retailers to react and adapt to supply problems more

rapidly.

4. Enables lead time reductions.
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The use of the Internet, and especially the World Wide Web (WWW),
may go further to actually replacing some of the more traditional forms
of activities in the supply chain. There are numerous organizations that
now sell and supply directly via the WWW. Some of the companies
involved are big players in their markets- and are taking advantage of
the lower costs that WWW-based operations can support. One
advantage is that the relationship between customer and supplier can be
both direct and very fast. This allows an organization to design and
build tailored products and get them to customers quickly. (Moore,

1998).

2.5 Internet, Intranet, Extranet

The Internet is a network of computers that are connected together by
using telephone or other communication lines. It is a publicly
accessible network (Abu Ali, 1999), The Internet offers a number of
facilities such as; WWW (World Wide Web), e-mail (electronic mail)
telnet (log in), file transfer protocol (FTP) to down load, newsgroups,

and Internet relay chat (IRC) for text chatting.

Intranet is a privately accessible network (inside company network}
using Internet technology and tools (Abu Ali, 1999). It may consist of
many interlinked local area networks and also use leased lines in the

wide area network. Intranet is easy to use because all users will use the

same interface to access information, easy to maintain because

information management is centralized and low on cost because

Internet technology is cheap and widely available.

Extranet, which is a semi-private network (between two or more
companies- business partners) using Internet technology and tools (Abu

Ali, 1999). It is a private network that uses the Internet protocols and

2

public telecommunication system to securely share part of a business’s

information or operations with suppliers, vendors, customers, or other
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businesses. It allows exchange of large volumes of data using
Electronic Data Interchange (EDI), allowing client to review their
account record, and provide or access services provided by one
company to a group of other companies such as online banking

application.

2.6 Supply Chain Management Modeling

Modeling has been used as a tool within supply chain management for
several decades. Early models of supply chain or segments thereof,
where evaluated analytically. This method is not powerful enough to
understand real-world systems (Swaminathan er «f.,1996). While
Teigen (1997), states that in recent years, simulation as a tool for
understanding issues of organizational decision-making has gained
considerable attention and momentum. He mentioned the use modeling
and simulation on the supply chain with different proposes, including
studies of the effects of various supply chain strategies on demand
amplification and a study of the effect of sharing supplier available-

to—promise information.

A model is defined as an abstract representation of a physical system
that is used to perform some kind of off-line analysis of the system.
Supply chain models may, for instance, be created as part of a supply
chain reengineering process, or as tools to help answer strategic,
tactical, or operational aspects of the supply chain. However the
computer-based information and communication infrastructure of a
physical supply chain may also be viewed as a model in which physical
quantities, shipments dates, etc., are represented as numbere A supply
chain model, on the other hand, may simply be created to answer a

specific question (Kjenstad, 1998).
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2.7 Simulation Based Supply Chain Management

A simulation method is a method by which a comprehensive supply
chain mode! can be analyzed, considering both strategic and
operational elements. However, as with all simulation models, one can
only evaluate the effectiveness of a pre-specified policy rather than
develop new one. Tt is the traditional question of “ what if”? Versus

“what’s best?” (Persson, 1997).

To deal with changes and variations a scenario approach is necessary.
Also when optimization algorithms are not used, scenarios are a good
way to look for the best practices in supply chain operations. The
scenarios approach means the user build different kinds of scenarios,
corresponding to alternative supply chains, and compare them
according to their accumulated costs and lead times. A scenario means
a possible state of the future; for example a possible alternative
scenario can be a supply chain with fewer warehouses than at present.
Change and variation are studied by building several scenarios

(Seppala and Holmstrom, 19%,.

2.8 Comments on the Previous Research

This research was intended to improve the supply chain management
for SMEs in Jordan by developing a SCM internet based model to suit
SMEs then using a simulation to test and validate the model. RYAF was
used as a case study to test the model validity. The research cited the
literature concerning attempts to investigate performance of supply
chain management systems »jased upon previous experience and
historical data of supply chain management. Most of the relevant works
were concerned with design and analysis of the information and supply
operations internally, between different functions within the enterprise,

and externally between the enterprise and its partners.

11
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The research in this thesis has investigated the performance and
efficiency of the supply chain management by developing an Internet
model. For this purpose, a simulation-based supply chain management
model was developed to solve real life problems. Emphases were
placed on building an appropriate model to analyze and solve these
problems. The simulation was used to evaluate decisions, and support

research for better performance and operational policies.

Two-simulation softwares were evaluated to determine which is more
suitable for the work at hand. ARENA (version 3.01) software, and
PROMODEL (version 4.2) software, after studying and assessing both,
it was found that PROMODEL was easier to use, and debug.
Accessories were better for our model, and it is equipped with a good
optimizing software (SIM RUNNER) and STAT:FIT for statistical
analysis. Also it is equipped with a wide variety of graphics, tracing,
libraries, and a direct logic test system that can facilitate discovering

logic errors. So PROMODEL found to be more suitable for the model.

12

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



3. Supply Chain Management Model

3.1 Introduction

As in any management techniques, information processing is a crucial
component for an effective supply chain management (SCM). The
SMEs should explore the advantages of advanced information
technology for a better management of their supply chains. To explore
these issues, we have developed a supply chain management model
based on the Internet for small and medium size enterprises (SME) in

Jordan using RAF supply chain as case study.

The structure of the work for the next two chapters 1s divided into two
phases each consisting of three areas. The majority of the work has
been focused on the design and implementation of the model. The first
phase describes the construction of the model and includes SCM in
Tardan, objectives of the model, and implementation of the model
through the Internet. The second phase describes the simulated
implementation of the model and includes the input data, model

validation and verification, and simulation model output data.

3.2 Supply Chain Management in Jordan

There are many issues that can assist in development of the SMEs in
Jordan. Some of them include: the type of business and partnerships
that can reduce cost, improved service level, what performance
wivasures must be used to make the partnerships successful, and how
the saved cost can be transformed to the end user.

Many of the problems facing supply chains in Jordan, as in other parts
of the world, are new. These problems include, but are not limited to,
shorter life cycles of products, for example computers and

communication devices have only a life cycle of few months. Since
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they are new products and there is no historical data available about
the customer demand accompanied with fluctuating (most of the time
decline) in prices, the enterprises in Jordan dealing with these types of
products have to order only one (or a few) at a time to overcome the

reduction in product valtue during life cycle.

3.2.1 Problems of Supply Chains in Jordan

There are many problems with the existing supply chain in Jordan such

as:

1. Long lead-time in both materials and orders flow. It takes some kind
of goods more than six months (lead time) compared to the actual
travel time, which is no more than four to five days using air
carriers to bring the good. This results in an increase in wasted time
and effort, and reduction in customer service level.

2. Lack of information and information exchange in the suppliers-
enterprise-customer series. This includes the data that should be
transferred, and how the data should be analyzed.

3. The variation in the number of suppliers wt - :ime. Enterprises must
continuously seek suppliers with lower price, higher quality, and
minimum delivery time.

4. Inventory level with the concern of limited life cycle, and the
payment policy, since most of the Jordanian SMEs still using the

traditional method of payment.

3.3 Objectives of the Model

Most of the enterprises in Jordan do not ader* the concept of supply
chain management in order to reduce the lead time and hence increase
the service level, applying this concept will also result in reducing the
associated costs of goods, products, and services. The model provides a

framework for the Jordanian enterprise SCM for evaluating and
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improving the supply chain performance and management, and assists

companies in increasing the effectiveness of their SC.

3.4 Model Construction

3.4.1 Definition

The supply chain management (SCM) model is a framework developed
for small and medium size enterprises in Jordan for evaluating and
improving the entire supply chain performance and management by

using the potential and cropping the benefits of the Internet.
3.4.2 Model Elements

Construction of the model includes three main components. First the
physical locations. These are the enterprise, suppliers, bank, freight
forwarder, distribution centers, retailers, and customers or end users.
Second, activities between these locations, which include order
process, nrormation process, material flow, distribution process,
transportation process, and the financial process. Third, Internet
components.

All of these components and their interaction are shown in Figure

{3.1}.
3.4.2.1 Locations

1. Suppliers: the enterprises, firms, or companies that supply row
materi.” , goods, finished products, services to the Jordanian
enterprise, and they are divided into two main geographic groups:

. Local suppliers: suppliers that are located in Jordan.
. External suppliers: suppliers that are located outside

Jordan such as suppliers from: USA, France, etc.
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The enterprise: Small and medium size enterprises in Jordan offer
services or/and manufactured goods. They may consist of
management,  financial, purchasing, material  management,
warehouses, sales and stores, and employee sectors.

Distribution centers: the main warehouses that receive products
from the enterprise and distribute them to the retailers.

Retailers: they receive products from the closest distribution
center. They have direct contact with the customer and end users.
End user: here the term “end user” represents the customers. They
receive products and services from retailers where orders are
dependent on customer demand.

Bank: payment process between the enterprise and its supplier will
be accomplished through the bank.

Freight forwarder: when importing products from outside suppliers
the shipping process needs to be accomplished by freight forwarder

specially when air fright and containers are used for shipping.

3.4.2.2 Activities

1.

Distribution process: consists of two stages of distributions: first

between the enterprise and its distribution and retailers. Second,

between the distributors and customers.

2. Transportation: Table {3.1} shows the transportation methods used

over the entire supply chain in Jordanian enterprises.

Table {3.1} Transportation modes used by SMEs in Jordan

Location Highway | Rail | Water | Air Pipcline
External supplier to enterprise Yes No Yes Yes | No
Local supplicr 2.« cnterprise Yes No No No | No
Enterprise to distribution centers | Yes No No No | Neo
Distribution centers to retailers Yes No No No | No
Retailers to ¢nd users Yes No No No | No
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3. Order process: The retailers’ transfer the customer demand into
orders, which are sent to the distribution centers. The same process
is repeated at the enterprise and the local and external suppliers.

4. Material flow: The flow of materials begins with the purchase of
materials (e.g. spare parts, products, machines, ...etc.), or services
(maintenance, software’s, ...etc.} from outside or local suppliers
after which these products are send to the end users using the
distribution and transportation process.

5, Financial process: This includes payment process using online
payment methods such as on line credit card, and /or electronic
checks.

6. The flow of Information: Includes all essential information flow to
achieve an effective supply chain performance. Also it includes

information about, products, prices, orders, shipping, and demands.

3.4.2.3 Internet Components

The Internet components in the model represent the interoperability

between locations, the communication, and cooperation compon .

For the Jordanian SMEs, the supply chain management structure

through the Internet should seek to minimize the non-value-added

activities and their associated structures. The Internet components as
shown in Figure {3.1} are divided into three major areas:

- Suppliers region, in this area many processes will accomplished
using the internet; these processes include, product information,
order process, order acknowledgement, financial process which
include billing, payment and invoicing, shipping process, the

store of the data, and inquiry.

- Enterprise region, in which product finding, entering the
enterprise order, order tracking, financial process, which include
payment process and invoicing, inventory details, shipment
process, data store, and inquiry are the processes to be

implemented using the Internet in this area.
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- Distribution region, which will include the necessary
information to be implemented through the Internet such
as: product finding, purchasing, entering the customer
order, order tracking, invoice, shipment tracking, sales

information, data store, and inquiry.

The availability of the above information on the Internet will increase
customer satisfaction, increase flexibility of the supply chain, and

greatly decrease the process time, which will drive the cost down.

3.5 Implementation of the Model through the Internet

Following in this section, firstly, a discussion of the SCM model
through the Internet, Secondly; the building of the system architecture,

and finally implementing the model.

3.5.1 SCM Model Through the Internet

In the model, the supp!, .hain locations that constitute the supply
chain were linked via a computer network to act in a close and a more
coordinated manner. The locations in this network remain separate, but
join their information and resources to provide a better management of
information exchange, and to support exchange of data between the

enterprise and other locations.

Every location must consist of two main components: firstly, the
internal network which includes both the company particular
management system, and i+~ internal processes and activities. Secondly,

the wide networks (Internet, Extranet, and Intranet) which consist of

all interoperation between the enterprise and the other locations.

The associated costs when implementing the model through the Internet

include system building and data entry, software cost, operation cost,
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training cost, and operator’s cost. Payment and financial processes are
achieved using online payment methods such as credit cards.
Performing banking transactions and reporting financial information is

done also through the Internet.

Security aspects need to be addressed to prevent unauthorized access
from outside or within organization, while allowing the access for

those who are responsible for the development and maintenance.
3.5.2 The Internet Using Needs

To implement the model by a Jordanian enterprise, a need to connect to
the Internet is obvious to be able to transmit and receive information.
Other needs include: first, identifying the data, which must be
available to individual locations. These data must be put together to
allow all members to view information simultaneously. Second, design
of the web page: which should satisfy the information representation
requirements at various locations. Third, stored data: all data kept in
computers at va- .s chain locations. Fourth, information system
management: which is required to manage the retrieval, and storage of
data. Fifth, personnel: trained employees needed to run the system.
Sixth, procedures: instructions describing how to use and operate the

system. Seventh, reviewing the data: information should be updated as

required.
3.5.3 System Architecture

The system architecture defines the basic system components and the
relationships between them. It depends on the nature of the business
and the requirements that must be achieved. Figure {3.2} shows the
Internet SCM model basic architecture. The five major components that

make up the system’s architecture are:
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. End user components.

. Local distribution components.

. Enterprise components and servers.
. Suppliers components.

. Bank and freight components.

3.5.3.1 Customer (End User) Components

Customers will be able to log on to the system, browse the available
products, populate an order form, and submit that order .The order
form will provide the customer with the means of editing information,
such as shipping address, billing address, and payment method. The

system will make it easy for customers 1o register and track their

orders.
3.5.3.2 Local Distribution Components

This category is made separate from the ordinary customers since they
will give more authoriiy. They are provided with additional
functionalities; therefore, they need special client applications and a

distinguished user interface that meets their needs.

3.5.3.3 SME Components and Servers

SME provides the core functionalities of the SCMIS by running and
maintaining the following components:
1. Database server: this server will enable the users to access the
~ SCMIS database.
2. Inventory control system: this part is responsibie for
managing the inventory levels across all the stores and
warehouses. The enterprise should decide what items should

be placed, and how much should be ordered.
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Shipping system: The freight forwarder has access to the
transaction statements and can mark orders as fulfilled and
send the appropriate notification to the enterprise.

Financial system and payment gateway: this group will take
care of all the payment instruments in the system. For
example the enterprise will connect the credit card agencies
through the payment gateway in order to authorize the
transaction and later to settle the payment.

Supply chain management information system SCMIS network
and SCMIS application server: this part is responsible for
managing the supply chain across all locations. The mangers
at the enterprise decides what items should be ordered,
stocked, when an order from the supplier should be placed,
how much should be ordered, shipment method, and the
payment process. SCMIS application server will run the
supply chain applications for orders, financial, shipping,
inventory, import, and information interchange.

Import server and import system: import server to perform
import calculations according to the Jordanian trade rules.
The import system consists of the import rules, regulation and
rates according to the government instructions and laws.

Web server and public information: this part is responsible
for managing, maintaining, administration, and monitoring the
public information and all information available for the users
outside enterprise (outside the local area network).

Firewall: to protect the resources of private network (LAN)
from users from other networks. It is used to screen requests
to make sure they come from acceptable {previously defined)
user and IP address.

Suppliers components: the connection to the
suppliers is performed through the supplier’ gateway

server. There is a special client/server (C/S)
application between the suppliers and the enterprise

to interchange special data.
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3.5.4 Interfaces

The SCMIS is broken down into these various interfaces in order to
ensure that it provides the functionalities that satisfies the
requirements of the model:
1. End users interface: used by customers to place and track
orders over the Internet.
2. Enterprise interface: used by the enterprise to place and track
orders for their warehouses.

Suppliers interface: used by the suppliers to track order and

[¥5)

track shipping, and billing with the enterprise.

4. Inventory management interface: this will allow the SME to
control the inventory levels across all the warehouses.

5. Payment interface: this interface will help to authorize the
transaction and to settle the payment.

6. Other interfaces: these include freight forwarder, operator
interface and customer service interface.

As mentioned previously the transactional activities

include: finding the produc -, negotiating, placing order,

payment for purchasing, and tracking orders, material

shipping, and inventory control.

3.5.5 General Requirements

The requirements for the implementation of the model through the
Internet as illustrated in Figure {3.2} will greatly depend on the type
of the company work, size, budget, type of products, and the needs of
the company, so general requirements will be discussed. The hardware

and software requirements are briefly discussed here in general.

1. Hardware: personal computers in all locations of the supply
chain members, modems, and the devices needed to connect
the PC through the telephone network (telephone lines and

cables), and Internet service provider ISP, which provide
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access to the Internet. The number of personal computers PCs
or terminals will be determined by the number of locations
served, size of the duty, and the number of employees.
Specifications: preferably the most recent personal computers
models since they may serve longer, with higher speed, and
with higher capacity.

. Software: which consists of the instructions that control
hardware operation (OS). 1t also includes special programs
for browsing the system and Network operating system: such
as Windows NT.

Security system: this will include a security system to
guarantee privacy and make the information access available

only for authorized personnel.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



4. Simulation of the Supply Chain Management

Model

4.1 Introduction

Supply chain models are used to simulate and study the effect of
informattion sharing, variety in demand, and variety in order process.
Simulation does not give the optimum solution but it allows the testing
of various parameters and suggested solutions. It also gives important
indications on how to improve operation performance. Also simulation

uses animation to illustrate various relationships in the model.

In this chapter, simulation is used to model an existing supply chain
used in the Royal Air Force (RAF), and therefore suggest
modifications. Many benefits (as shown in appendix A) can be gained
using simulation as a tool to mode! the supply chain, as a step in

improving the supply chain management system.

A simulation software package called PROMODEL is used to simulate
the operation of the RAF supply system in order to evaluate the
appropriateness and improving its operational performance, and

provide a basis for suggesting improved modes of operation.
4.2 Royal Air Force Supply Chain

As any other Air forces in the world, and to accomplish its’ tasks the
Royal Jordanian Air force (RAF) requires it’s fleet of aircraft and
inventory to be in a high state of readiness. This can only be
accomplished through a system based on continuously performing all
types of maintenance and inspections weather scheduled or otherwise.
This system must be responsive and capable of meeting the various
demands of the maintenance teams, working around the clock, in the

fastest possible way. The system needs to support not only, the
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atrcraft, but also a wide range of ground support equipment, weapons
and other mechanical, electrical and electronic systems, not to mention
the logistic support for the personnel working which include clothing,

stationary, automotive spare parts ...etc.

Like most developing countries Jordan buys it’s armament from
developed nations, aircraft included. Thus the supply chain required to
support such equipment must branch out and deal with external as well
as local suppliers. Two of the products that are used daily in preventive
and scheduled maintenance are hydraulic and engine oils. Hydraulic
oil, product B, is imported from an external supplier based in the USA.
It is used in the hydraulic systems of the aircraft, which are the
backbone of the flying machine. Engine oil (product A) is used in the
vehicles and support equipment engines as a lubricant and it 1is

purchased from local suppliers.

RAF supply chain consists of the company itself (the location in
concern) and its’ internal supply chain ranging from distributors to end
users, who «.e part of the internal supply chain of the air force. The
directorate responsible of running and managing the supply chain is the
directorate of Supply. The other elements of the supply chain are the
local and external suppliers who supply the products, the banks through
which financial processes are performed, and the freight forwarder
responsible for accomplishing the shipping process from the external

suppliers.

Directorate of supply at RAF is considered as an SME because it
complies wi'% the characteristics of the SMEs described by Gilmore ef
al (2001) like limited resources and lack of specialists. The number of
employees is less than 500 hence complying with the definition given

by Hally and Guilhon (1997).
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4.3 System Layout

The supply chain studied in this thesis is a service SC for two types of
imported products from two different suppliers. It is then distributed to
three bases’ warehouses each in turn distributing to three units. Finally
the units deal with the end users demand. This system is part of RAF
main stores supply chain. Figure {4.1} shows supply chain management
mode! for RAF main stores. Main stores are the location where, all
products and orders will pass through, have the following
responsibilities:

. Order policy

. Inventory policy

. Financial process (payment billing).
o Shipment policy.

) Distribution policy.

The following transportation modes were used in the simulation model:
Ship {(container), Truck, Pickupl, Pickup2, and Pickup3. Financial
processes between the main stores and the suppliers were done through
the bank location. The freight forwarder accomplishes shipping process
from the external supplier. Entities used in the simulation model
include cans of engine oil, cans of hydraulic oil, orders, checks, and
the information signal. Figure {4.2} shows the system lay out as shown

in the simulation model.

4.4 Performance Measures

In a simulation, it is essential to define the perfe ince measures for
the model under study against which, the performance of the actual
system can be assessed. In our model, the performance measures used
to evaluate the system are statistical. Five measurements are made to

evaluate the system’s performance (see Figure {4.3}), these are:
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Figure {4.2} System layout

Average cost of each entity, location, and resource. The
objective is to reduce the associated cost for each location
and entity, which include: the inventory cost, order cost,
operation cost, and resource cost.

Average total cost: total cost of the supply chain is the
sum of the costs of all entities, locations, and resources.
Average inventory level at the main stores, base stores,
and unit stores.

Average delay time: including the averas lead-time
between each location, average order process time, and
average financial process time.

Customer service level, which is one of the ultimate aims

of any supply chain, measure the ability to fulfill orders
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(fill rate) within due date or to deliver products when they

are expected (on time).
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Figure {4.3} Performance measures used in the simulation
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4.5 Input Data

4.5.1 Data Analysis

Inputs to the SCM model consist of the entities, resources, locations,
distances between locations, speed of the resources, operation and
location cost, and cost of the products. Following is a discussion and

analysis of the input data.

Resources include the trucks, pickups, and ships. The cost for using
each truck and pickup is defined as the regular cost per day, which is
relatively small. For the ship, the cost per container is calculated,
because the cost depends on several variables such as weight, size of
the products, this is called the size weighting method and is calculated

as shown in appendix A.

At RAF locations (bases), the operation cost per day is calculated
depending on many factors. These include the average daily number of
items the store deals with, the cost of the equipment used during * . Kk,
the cost and number of personnel employed to handle and store the
products, and cost of the space occupied by the two products. All base
stores are considered identical, and all unit stores are considered

identical .The results are shown in appendix A.

Order process cost for product A (from local supplier), and for product
B (from the external suppliers) and financial process cost are taken
from directorate of supply and are as shown in appendix A. The
process costs include office expenses (such as paper work, letters,
faxes, telephones, etc...), and the cost of personnel handling orders,
billing payments and transfer of money .It is obvious that these costs
can rise significantly due to repeated mistakes or due to the wrong

procedure being followed.
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Products cost as they are documented at the directorate of supply at

RAF for year 2000 are shown in appendix A.

4.5.2 Data Collection

The collected historical data on customer demand for both product A
and B for each unit is taken from the air force quarter reports at the
directorate of supply. The data where collected for fourteen quarters
from the first quarter in 1996 until the fourth quarter of 2000. The
historical data prior to 1996 were not used because they were not
properly documented and are not complete. The average daily demand
for each quarter was then calculated. {Data detailed are shown in

appendix B}.

The maintenance personnel work twenty-four hours a day, all year
round. Their demand is dependent on the equipment, vehicles, and
airplanes need for preventive, scheduled and corrective maintenance.

As the need for products (A and B) arises, the personnel or
maintenance groups send orders t+ 1eir maintenance section stores

(unit stores) which usually very close.

4.5.3 Fitting Probability Distribution

e
[ S

A collection of arbitrary time-oriented occurrqnéés, order quantity
arrivals are performed where the number of arrivals during any day
(24-hrs interval) is independent with a random nature. The collected
data for both products (A and B) were used to find the best probable
distribution, which describes the random nature of the daily demand for
both products. A Summary of the data is shown in appendix B. For
each data summary, Statistical values such as mean, variance,
minimum, maximum, and others were calculated. The results are shown
in graphical form as a histogram. For Example: Demand for product A
at unit 1 stores is taken for twenty quarters. The demand is shown in

Table {4.1}.
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Table {4.1} Product A demand at unit 1 stores
Ycar 1996 1997 1998
Quarter 1 2 3 4 1 2 3 4 1 2
DPemand B 10 9 14 11 16 14 8 15 13
Year. 1998 1999 2000
Quarter | 3 | 4 | 1 ] 2 | 3 | 4 [ 1 [ 2] 3 ] 4
Demand 17 17 18 16 12 13 15 14 16 15

The data is then entered to the PROMODEL STAT FIT program, and a
histogram is developed as shown in Figure {4.4}. The best
distributions were found to be Poisson, binomial, desecrate uniform, or

geometric distribution. The output results using PROMODEL STAT

FIT are shown in appendix A.

flc Edl Input ﬁ!ahstn:s Fl ﬁl

lmlo@lml = Iyl H_c_ jw S f_

0.16

. 0,08

10

12

TR

LA

§
-

e et VT oA T e A AT L3 fﬁ.‘ﬂ

14 1.6

Poisson(13.6)

Figure {4.4} The fitted distribution for order arrivals

Similar analysis was carried out for the other set of data at each

location.

The distribution and parameters for all data are shown in

appendix A.
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Order arrivals are performed where the number of arrivals during any

day (24 hrs) is independent with random nature. The number of order

arrivals occurring in any day is independent of the number that occur

in any other day. The probability that more than one order will arrive

in a short time is negligible. According to these assumptions and the

results drawn from STATFIT software, it is clear that Poisson model is

appropriate.

4.6 Development of the Simulation Model

The simulation is presented in this section in terms of its assumptions,

structure, and initial conditions.

4.6.1 Model Assumptions

Before describing the model, it is important to state the assumption

used in the model. The assumptions are as fotlows:

1.
2.

[FS)

The distance used in the model is measured in meters.

The speed ts measured in meter. p2r hour for the purpose
of this model.

The time measurements are made in hours. The system run
24 hours day, 365.25 days (8766 hrs) a year.

The orders entering the system are attributed with the
quantity of either product A or product B but not both of
them. Each order is marked with a different color.

The randomness occurs in the system include the arrival of
orders quantity and the processing time at each location in
the supply chain.

Products are assumed to be always available at the
suppliers, no shortage of supply from both suppliers is
assumed.

Resources are assumed to be always available, no stoppage

due to lack of resources, or any delay due to unexpected or

-»d
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1C

11.

12

13.

unplanned circumstances, and the speed assumed to be
constant. The actual number of resources allocated for
transporting both products is put (constant). The ships
(containers) are available all the time and the freight
forwarder is responsible for their availability. The location
of each store/base/unit on map (see Figure 4.2) in the
model is approximate but the actual distances were used
between all locations.

The speed of transportation means used (resources) is
assumed constant. Two values for speed were used, one
when the vehicles assumed unloaded, and one for loaded
vehicle case. Appendix A shows the speed of the
resources, both speeds are driven from the actual resource
speed.

Pickup 1 at the main stores is used to carry products from
base stores 2 to units 4,5, and 6. This actually what
happens in reality as base 2 is located in area covered by
main stores and is situated very close to it.

Safety stock at each location is limited to meeting the
demand of two working days. The daily demand is
considered to be the maximum value of daily demand
recorded at each location. This limitation is set in
accordance with RAF safety instructions.

If the lead-time is less than one day (24 hrs), the order
quantity is assumed to be a one-day consumption, which
equals the maximum daily demand. (From directorate of
supply instructions).

The initial values are assumed to be half of the order
quantity and safety stock. This assumption will not affect
the simulation model since the initial value does not affect
the process in the simulation,

The minimum order quantity from external supplier is

5000 liters of hydraulic oil (product B). This value is set
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14.

15.

by the directorate of supply to be consistence with the
container capacity with lowest cost.

The order quantity from local supplier is not less than one
month of consumption. This value is set by the instructions
of directorate of supply.

According to the instructions of directorate of supply, each
unit and base cannot order more than the consumption
quantity for 14 days. And since the economic order
quantity (EOQQ) is higher than this value, the order

quantity is assumed to be the 14 days consumption,

According to points 10,11,12, 13, 14, and 15 Table {4.2} shows, the

initial quantity, safety stock, demand during lead-time, and the reorder

Point.
Table {4.2} Continues review (Q) System data
Location dd. 58S dL ROP Q Initial value
Product A B A B A B A B A B A B
Unitl 18 17 36 34 18 17 54 31 252 238 144 136
Unit2 10 7 20 14 10 7 30 21 140 98 80 56
Unit3 15 14 30 28 15 14 45 42 210 196 120 112
Unit4 15 10 30 20 is 10 45 30 210 140 120 g0
Units 15 15 30 30 15 15 45 45 210 210 120 120
Unité 16 10 32 20 16 10 48 30 224 + 40 128 g0
Unit7? 11 7 22 14 11 T 33 21 154 ‘98 88 56
LUnit8 6 7 12 14 6 7 18 21 84 98 48 56
Unit9 6 12 12 6 [ 18 18 g4 84 48 48
Basel 43 38 43 76 43 38 252 238 602 532 344 304
Base2 46 35 92 70 46 35 224 210 644 490 368 280
Base3 23 20 46 40 23 20 154 98 322 280 134 160
Main stores | 112 | 93 | 224 186 896 | 3906 | 1120 | 4092 3360 | 5000 } 1792 2593

4.6.2 Model Structure

The simulation software package used to build the system is
PROMODEL. PROMODEL differs from other simulation software in
that it is easier to use, and the commands and logic ¢. .ae program can
be written directly using the built-in commands of the software. One
can write a program if needed to perform a special process work. Also
it uses animation instead of writing programming codes to perform the

requested job. The model consists of twenty locations, three types of

resources, and two products.
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The system starts at zero hour at the beginning of the year, after that
the orders from end users 1, 2, and 3, which represent the customer
demand, start to enter the system. Units stores meet the demand of end
users and supply their need for either product A or B. If the quantity
available at the unit stores is below ROP, an order is initiated and send
to the base stores, and at the same time the product is dispensed to the
end users. When order reaches the base stores, they send the product
requested to the unit. Again if quantity of that product is below the
ROP, an order is sent to the main stores. The same procedure is
followed at the main stores. If, at the main store and after meeting the
demand of the unit, the remaining quantity is below the ROP, then the
main stores will initiate and send an order to the local supplier. The
local supplier will start processing the order and send an order
acknowledgment to the main stores. After main stores receive the
information about the order, they will authorize payment order through
the bank. The bank, after receiving authorization will transfer money to
the local supplier’s account. Once the local supplier receives notice of
payment being made to his account, the order quantity is send to the
main stores. Up: arrival at the main store, the product quantity will

be added to the main stores inventory level.

When an order reaches the main stores requesting for product B, the
main stores will dispense the quantity required. If the inventory level
drops below the ROP, the main store will initiate and send an order to
the external supplier for a quantity equivalent to that required reaching
the Q value. When the external supplier receives the order, order
processing will start and an order acknowledgment will be sent to the
main stores. Opce the acknowledgment is received, main stores will
authorize the bank to make payment to the supplier {product cost) and
to the freight forwarder (shipping cost). The freight forwarder will
send the shipping order to the external supplier and the shipping
process will be accomplished by sending product B to the main stores.

Products A and B are exit the system at the end users where the orders

are met and products dispensed.
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Figure {4.5} shows the general system flow chart.

Six screens are used to build the simulation model. These are:

. Main screen
) General information
. Location
. Path networks
. Resources
. Entities
. Processing
. Cost
. Back ground graphics
. More elements:
. Attributes
. Variables

Following is a brief discussion of each screen

4.6.2.1 Main Screen and General Information

The main screen is used to open the mode! Run, Simrunner, and Statfit.
It was used to build the new model. The characteristics of the main
screen (short cut panel) are shown in appendix A.

The general information screen is the screen through which the units
for time and distance are selected. Hours and meters were used to
measure time and distance respectively. This screen is also used to set
a title for the model. Graphic library, and model notes are also

controlled from this screen.

4.6.2.2 Locations and Background
As discussed previously in section 4.3; Figure {4.2} shows the screen

of the entire system layout. This consists of three end users

representing maintenance personnel. Every end user is served by one of

39

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Product B

Enter

Product A Product B END
END exit " End-uscrs > exit
B Order A T Product B Order B «
g enter the Product A /<: enter the 2
v system Order A | | Order B system =
\ Untt stores /
m
NO 1S inventory 23
below ROP? <
g
Q 2
c ~
S  YES
h 4
Base stores
Exit l
v
Order Product A&B
£ A&B IS inventory
exit No below ROP?
£
o
&  YES
" Product A
6 > MAIN M
o STORES P
v J
IS inventory =
- No below ROP? 5
5 5
= Payment order =P
o)
3 \ E
% 2 Order Order g
g NO Is it product YES \ o
: > 5 o
5 1 37 S
2 1~
o 3 /
; t
Extemnal 4
supplier | 77— s
4 T————j Local supplier | |
A
Shipping order
Freight forwarder
— 5 —
Product A Figure {4.5} Simulation model segments Product A
enter enier

40

5/\

g

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



the three units responsible for it’s logistic support. Each unit has its
daily demand for products, on a daily base each enter the system to
order its consumption of both products. The nine units serving the end-
users are represented by their actual location in the system. Every three
units are served by one of the three bases (base 1 serves units 1, 2, and
3 and so on). The three bases are served by the main stores. The
locations are shown in Appendix A, which also includes the local
supplier, external supplier, bank, and freight forwarder.

The background used is the Jordan map, and a yellow colored region

was used to represents the external supplier

4.6.2.3 Path Networks

The path network screen consists of two passing networks (passing:
allowing the resources to move in the two directions and pass each
other’s), 14 paths were defined between locations, and the distances
between locations were fed to the system. Interface between nodes and

each location are defined as shown in appendix A.

4.6.2.4 Arrivals
This screen shows the arrival of orders for both products to each end
user. It also shows the frequency of occurrence, and the logic of

arrivals.

4,6.2.5 Processing

This screen enables the control of two main functions. Firstly, through
the process scr~=n, the process at a given location for a specified entity
can be defined. Operation pop up screen represents the logic used at
that location for the specified entity. Secondly, through the routing
screen, the output from the process side can be determined, the
destination to which this output is destined, and the rule of routing is
set. The moving logic for the entity between locations is also defined

through the routing screen as shown in Figure {4.6}
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4.6.2.6 Resources and Entities
Resource screen was used to define the resources used, their numbers,

and the path network to be used by each resource.
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Entity screen was used to define and describe each entity used in the
system; the speed used in this screen (150 mpm) is the default set by
the PROMODEL software. The speed of the entity movement between
locations is determined by the speed of the mean of transportation

used. The entities and the graphics used are shown in Figure {4.7}.
4.6.2.7 More Elements
This screen contains three main input screens. The attribute screen as

shown in appendix A. Several attributes were used to accomplish the

model logic. For example, ATF refers to the attribute used for time

elapsed during the financial process. Each attribute is described briefly
to clarify its work in the program logic.

In the Variable screen, the variety of variables used can be seen. They
are divided into two main categories: the first category includes the
inventory counters, For example, BA1 represents the inventory level of
product A at the base storesl. The second category includes dummy
variables. These were wused to ensure certain processes are

accomplished as requ. 1. For example DUMMY_B is used to ensure

that no other orders are send to the external supplier requiring product
B while there is an order under process.

Macros were used to accomplish what if Questions?, For example RTI
represents run —time interface. Details of these screens are shown n

appendix A.

4.6,2.8 Costs

The entry cost for earh location, resource and entity which is the

initial or usage cost plus operation cost are shown in appendix A.

4.6.2.9 An Internet Based Simulation Model

The internet screen model as shown in Figure {4.8}, the supply chain

locations that constitute the supply chain (suppliers, enterprise,
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distributors, end users, bank, and freight forwarder), were linked via
computer network to act in a close and more coordinated fashion. The
location in this network remains separate, but join their information
and resources to provide a better management of information exchange,
and to support exchange of data between the enterprise and other

locations.

121 ook MOD: (SO MO DL CaUNNG Kidee:

"

View Buld Smuldion Dutpudt Tooks Window Hep
B L2900 geopres diprmsssccniis ool S o RO o S

-

Figure {4.8} Simulation system layout

The Internet simulation of the model shows that the cooperation
aspects of the enterprise and other members in the SC should include
information exchange, information management, and automatic up.’ ‘e
of information. Benefit can be made through the use of the Internet.
These benefits are mainly in the area of information processing
activities such as: entering the end user orders, keeping track of orders
between all members, paying bills, payment process, keeping track

inventory, keeping track material shipment, and purchasing.
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4.7 Initial Conditions

One of the important decisions to be taken before running simulation
mode! was to determine the initial starting conditions such as: initial
inventory, running time, and the number of runs. Real systems start
with an initial inventory and in-process products. The initial inventory
levels in the system are as shown in Table {4.2} with the assumption
shown in section 4.6.1. In fact any initial inventory level value can be
assumed without having any effect on the process accomplished by the

simulation.

Running time for the simulation was set at 8766 hours (one year); this
was chosen to imitate the real system, which also runs 24 hours a day,
seven days a week all year round. While the simulation is running,
random orders for both products A and B, initiated by the end users,
start to enter into the system representing the daily demand for both

products.

When using most simulation packages, setting the time back to zero
and rerunning the model will set an exact repetition of the pervious
run. This is because simulation packages use pseudo random numbers,
which are generated mathematically and simply appear to be random.
Each time the {model is rerun}, the same random numbers are
restarted, and the same sequence of numbers will be generated. This
can be overcome by changing the seed that initiates the random number

generation.

As one hundred runs will * used throughout the model, point

estimation does not provide enough information about parameters.
Therefore it is preferable and more meaningful to construct a
confidence interval .on the point estimator of the parameters.

Simulation model data and logic are shown in appendix C.
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4.8 Model Validation and Verification

Before performing any output analysis, the validity of the model must
be tested, i.e. to check if the model is running in a satisfactory fashion
and is executing the required tasks.

Model verification is different from model validation. Verification is
to determine that a simulation model performs as intended, i.e.,
debugging the computer program. While, on the other hand, validation
is concerned with determining whether the conceptual logic of the
model is accurately representing the investigated system. The
simulation model is approved and the results are accepted when the

validation model gives the right results.

To determine whether the model is working as required, the following

tools were used:
4.8.1 Animation and Counters

- Animation

As mentioned previously, by using PROMODEL simulation, it is easy
to determine and assess whether the model is running properly or not
through animation of the resources, and entities between the different
locations. Model validation ascertained by letting the resources and
entities in the model move from one location to another on the preset
path. The movement of all resources (ship, truck, pickups) from one
location to another according to the preset path was tested several

times and found to be working properly

* Entry arrivals

By monitoring the arrival of orders from the end users to the units
every twenty-four hours, separate orders for both products A and B
will enter the system. This can be seen as an order from end users to

the units, each product order is given a different colors, different
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speed, and different arrival time to monitor the arrivals accurately. The
test was performed for several times for each unit individually, and in
each run, the orders entered the system separately and were monitored
for each product.

Combination test of all items at all units was then performed. The
system proved to work as desired, and all the routing rules and

priorities were performed as needed.
* Counters

Every location is provided with two counters to monitor (count) the
inventory level for both products. Each counter was designated a
different color (the same color as the order and entity of the product)
to easily distinguish and relate the level monitored to the product.
Every counter was monitored individually for several times and was
found that when the location met an end user demand for a given
quantity, the counter decreased by same quantity, and vise versa when
an ordered quantity was delivered to that location. This test was
performed for several times on every + nter and they were all found
to operate correctly by subtracting and adding the dispensed/ received

quantity.
4.8.2 Elimination of Randomness

When the source of randomness is eliminated and replaced with a
predetermined value, the model can be mathematically studied either
manually, or through the use of mathematical software. This is a
powerful mean of validation, and can facilitate the monitoring of a
model in which all parameters are fixed. The randomness in the model
are the enter arrival quantities of both products. This validation was
performed using two methods.
1. The system was run using the predetermined values for the order
quantities from the end users to the nine units and the same values

was used in the unit stores as an inventory (initial value). These
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values were shown as a default values in counters at each unit when
starting the system. Table {4.3} shows the fixed values used in one
of the iterations. When running the system for 8760 hours. The
simple calculation, must results in a zero inventory at that each
location. Actually this was what happened. This test was repeated
for, one day, one week, one month, and one year. For several times,
the results were always as expected. i.e. zero

Table {4.3} Deterministic parameters for units

Location Order quantity enter the Inventory (counter reading)
location/day
Product A Product B Product A Product B

Unitl 18 5 6570 1823
Unit2 15 25 5475 9125
Unit3 20 33 7300 12775
Unitd 25 40 9125 14600
Unit5 10 7 3650 36350
Unit6 14 27 3110 9853
Unit7 30 88 10950 32120
Unit8 100 1000 36500 363000
Unit9 300 700 182500 255500

2. To test that the whole system was working and the operations were
running as required, the following test was performed. The
simu’: ‘on was run and a fixed daily demand, with counter values
equal to the ROP value, was administered at every location. The
predetermined values are shown in Table {4.4}. The fixed values
include safety stock, ROP, order quantity, initial value at every
location. The processing time and distance between locations are
assumed to be zero for the purpose of test.

Table {4.4} Fixed values at the entire system

Location dd Ss ROP Q Initial value
Product A B A B A B A B A B
Unitl 18 17 | 36 34 54 51 18 17 54 51
Unit2 10 7 20 14 30 21 10 7 30 21
Unitd 15 14 | 30 28 45 42 15 14 45 42
Unitd ) 15 10 30 20 45 30 15 10 45 30
Units 15 15 30 30 45 45 15 15 453 43
Unito 16 10 32 20 48 30 16 10 412 30
Unit7 11 7 22 14 33 21 11 7 33 21
Unitd 0 7 12 14 18 21 6 7 18 21
Unit9 6 6 2 12 13 18 6 6 13 18
Bascl 43 38 | 86 76 129 1114 43 38 129 114
Base?2 16 35 92 70 138 { 105 46 35 138 105
Base3 23 20 146 40 69 60 23 20 69 60
Main stores | 112 93 224 186 560 | 465 336 279 560 | 463
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As shown in Table {4.4} ROP value equals the initial quantity and the
order quantity is equal to the ROP minus the safety stock. The safety
stock is equal to daily demand times two (dd*2). For example, at unitl
product A ROP=54= initial quantity, and Q(18)=ROP(54)-S5(36).
These values mean that the counter quantity (inventory level) will
fluctuate between the safety stock value and the ROP or the initial
value. This also, means that the minimum value will be equal to the
safety stock and the maximum value will equal to the ROP. In our

example minimum value=36, and the maximum value=54.

When running the system for any period of time, it can be seen by
directly monitoring and observing the counters that the system
performed as expected. When the system was run at low speed, to
facilitate monitoring, it was verified that all counter readings
fluctuated between the minimum and maximum values (safety stock and

ROP).

The pervious results can be verified in another way. Output report
results, after running the system for any period .-~ time, must show that
the minimum and maximum values (inventory level) registered by
every counter at each location during the simulation, fluctuates
between Safety stock value (SS) and the reorder point value (ROP).

The test was performed for 100 runs each for 8760 hours. The output

report show results were found to be as expected.
4.8.3 Constant Process Time and Equal Distances Parameters.
This test is performed under the following conditions

1. A constant processing time at each location and for both

products. A fixed value of processing is defined at each

location.

2. Constant speed for all resources 60 mph.

3. Constant and equal distances between all locations
(600m).
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Simple calculation shows that lead-time LT is equal to the processing
time plus the travel time for all units and bases. Because they have the
same process. Example: lead-time at base I=order process time + travel
time, where travel time =distance /speed.

LT= 6 + (600/60) = 16 hours.

Location Processing time Expected lead time
Units 4 24
Basesl 6 16
Main stores A 6 29
Main stores B 6 34

Different calculations are performed at main stores for both products
according to figure {4.5}, which is accomplished as follows:

Lead-time at main stores for product A is equal to the main stores
order process time (6) + local supplier order process time (6) + main
stores order acknowledgement process time (6) + financial process time
at the bank (5) + the payment process time at the local supplier {6) +

travel time (10) = 39 hours = LT.

The same calculation are performed for product B at the external
supplier which is equal to the main stores process time (6) + external
supplier process time (6) + main stores order acknowledgement process
time (6) + financial process time at the bank (5) + freight forwarder
(shipping process time) payment process time at external supplier (6) +

travel time (10) = 44 hours = LT.

After 100 runs of simulation, each of 8760 hours, the results are shown
in the final report (this result is for all locations) were as follows:

Minimum lead-ume = maximum lead-time = Average lead-time =
expected time. These results comply with the simulation computer
output through the monitor screen and final reports, and therefore, the
model is valid. Several output data for the performance measures are

shown in appendix A.
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5. Results and Discussion

5.1 Introduction

Simutlation is the right tool to study complex and dynamic systems and
ts usually applied to evaluate decisions, operation polices, and to
support deciston-making used by the managers to assess the system’s
performance. Assuming that a simulation model for a given system is
valid, running a simulation of that system in different scenarios and
studying their effects is cheaper and less time consuming than
experimenting with the actual system and studying the corresponding
results. The simulation model will give results within a certain
confidence level in which several decisions on various possible

improvements can be made.

The purpose of this research was to develop a SCM model then provide
a stmulation of the supply chain management system for two types of
products at Royal Jordantan Air Force. The sitmulatinn model was
proved to be valid. This model will be used to study different scenarios
of improvements in order to help mangérs at the Directorate of Supply
take reliable decisions concerning improvements to the supply chain

management.

As was stated previously, the supply chain management simulation
model was designed for two types of products, product A, hydraulic
oil, and product B, engines oil. Product A is purchased from a local
supplier, while product B is imported from external supplier. The
developed model will be used to assess how to effe vely perform
activities in the supply chain. However, before suggesting any
modifications, the existing supply chain management will be evaluated

using the developed simulation model.
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5.2 The Current Supply Chain Management System

In this section, the supply chain management for both products during
year 2001 were evaluated using the devetoped simulation model,
therefore the enter arrival quantities into the model were changed to
match the demand capacity during year 2001.Moreover, the following
alteration were made to the model to imitate the actual conditions:

. The number of available resources for transporting
products between different locations 1s the same as those
used actually. A

J The lead-time, order process time, and financial process
time used in the system is the same as those given by
experts at the directorate of supply.

. Operation, initial, and usage Costs for all entities,
resources, and products were taken from the procurement
section at directorate of supply.

. Order, shipping, and financial processes and their work
sequence (ordinary process) used are the same as those
used by the employees when performing routine daily
tasks.

. All locations, inventory systems, and locations’ capacity

with their associated costs are not changed (the same}.

. Each product was ordered separately (as in the actual
system)
. Quantities from the external supplier were ordered at the

beginning of each year or when the current quantity at the
main stores is below 1000 unit.

. Order quar .. ; from local supplier is performed at the
beginning of each year or when the available quantity is
below 1000 unit.

. The same order quantity, order process, costing, and

parameters used in 2000 were applied in 2001.
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The simulation model was run for a period of one-year (8766 hrs). The

trial was

repeated 100 times and the performance measures are

evaluated as follows:

Delay time: delay time for the order process time (OPT),
financial process time (FPT), shipping process time (SPT),
and the total lead time (LT) between main stores and local
and external suppliers are given in Table {5.1} as

{average, STD}:

Table {5.1} Delay time in the current system

Delay time Locations Average STD
FROM TO (Hrs)
OPT Main stores Local supplier 240.1 34.2
FPT Main stores Local supplier 50.1 16.4
LT Main stores Local supplier 368.23 41.7
oPT Main stores  External supplier 410.26 71.4
FPT Main stores  External supplier 4991 10.5
SPT Main stores  External supplier 120.6 23.2
LT Main stores  External supplier 1667 77.4

Inventory level: the average amount of inventory in units,

bases, and the main stores. See Table {5.2}

Table {5.2) Average IL for the current system

Product A Product B
Location Average STD. Average STD
(Lt.) (Lt.)

Unit 1 259.18 12.3 250.18 13.6
Unit2 147.66 7.35 104.53 5.43
Unit3 179.93 6.64 207.53 10.45
Unit4 221.3 10.86 146.64 7.02
Unit5s 222.9 10.82 225.63 14.19
Unité 243.51 13.07 150.87 7.42
Unit7 163.06 7.96 104.73 4.61
Unit8 87.66 4.44 105.64 6 "}
Unit9 92 38 3.77 93.35 5.43
Basel 631.57 53.6 550.96 46.53
Base?2 675.51 55.84 564.08 43 .92
Base3 344 .1 32.35 330.62 32.25
Main stores 5130.19 248.55 4243 .31 220.7

Minimum level: minimum level is an indicator for the

customer service level. A negative value means that there
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Table {5.6} Current entitics costs

Entity Average STD
(JDs)

Product A ' 29176.36 619.5

Product B 44037.31 25323
QOrder A 2173.19 256.1

Order B 1787.69 4433

Finance 308.25 39.6

. Total cost: total cost includes the resource plus operation

plus entities cost. Table {5.7}

Table {5.7} Total current costs

Entity Average STD
(JDs)

Operation 12182.02 664.9

Resources 7924.19 232.76

Entities 77482 82 2864.7

Therefore, in order to improve the current SC activities, the following

modifications are suggested:

. Decrease the delay time in all supply chain processes.
L Changing the number of resources.
. Reduce the inventory by performing new order technique.

Each of the above points will be covered in details in the following

sections; also we will see their effect on cost.

5.3 Decrease the Delay Time

Reducing time delays in the supply chain process is the most important
factor; since this affected the order schedule, inventory level, and the
total cost. Using the international network (Internet) instead of the
ordinary channels (including fax, telephone, paper work) to perform
orders, financial processes, and shipping processes meant: decreased
process time, personal errors, and order cost. This resulted 1n a
reduction in inventory level, order process, financial process, and
shipping process time. All of these resulted in reduction in total costs

and increase in service level.
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By using the model and since lead-time causes, errors and unexpected
delays were minimized; the quantity that will minimize the inventory
and increase the service level can be ordered. Also, orders and
shipments can be tracked so errors can be corrected, and problems can
be solved as they occur with minimum effort, cost and least delay time.
Table {5.8} shows different scenarios for performing the process in the

model and using the ordinary procedures.

Table {5.8} Executing the process using the developed model

Scenarios Average lead time Average lead time (LT)
(Process executed (LT) between Main between Main stores
through the developed stores&local supplier &external supplier
model} (Hrs) {(Hrs)
All processes 27.05 997.72
Order process only 137.66 1270.88
Financial process only 42395 1628.36
Shipping process 308.64 17023
Both order and financial process 4473 1225 .41

From Table {5.8} it’s clearly shown that when managing the supply
chain through the developed model, a significant reduction in the total
lead-time between different locations was ...ied. This was reflected on

the cost and service level in a positive manner.

5.4 Changing the Number of Resources

Transportation and resources allocated to perform the task of moving
products and goods between locations are to be studied if
improvements and time saving aspects are to be suggested. Three
important factors must be taken into consideration when scheduling the

transportation. These are:

. Capacity of the transportation
. Speed of the transportation
. Cost which depends on the type of transportation mode

(such as air, water...etc.), the place where it is to be used,

distance traveled, and the usage rates.
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In the RAF supply chain three types of transportation were used, ships
or containers, since in this case the assumption was made that
containers are available all the time with constant cost (according to
the FF rates), this mode will not be considered. The second type is
truck; these are used to carry products from local supplier and from
Aqaba harbor to the main stores. The third type is the pickups, which

are used to distribute products across the internal supply chain.

Table {5.9} shows different scenarios of changing the number of
resources and their effect on resource utilization and cost. Where the
utilization is calculated as average usage time (Hrs) divided by the
total yearly hrs (8766hrs). Since each resource serve only one location,

the number allocated for that resource could be varied independently.

Table {5.9} Utilization and costs of variable resources

Resource Number of Utilization % Average total
resources used resource cost
(JDs)
™ uck 3 5.2 709.57
2 7.8 673.05
1 15.6 636.52
Pickupl 3 8.8 3321.76
3 14.6 3248.71
2 29.1 3212.19
1 33.9 3175.64
Pickup2 3 4.2 1981.57
2 6.3 1945.05
1 12.6 1908.52
Pickup3 3 5.4 1571.17
2 8.1 1534.65
1 16.3 1498.12

Fron. “able {5.9} it’s clearly shown that cost and utilization rates are
best when using a single resource from each type. However, and for
practical reasons, it not conceivable for a military or a civilian system
to rely only on one resource as a standby must be available to replace
any broken down or out service vehicles. Consequently, the preferable

number of resources used from each type is two. When running the

Lh
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simulation mede! for on year, 100 times using two resources from each
type it was found that the total cost for all resources including the
containers was reduced compared with the output values when using all

the current available resources as shown in appendix A.
5.5 Modifying the Order Policy

The current order policy is based on placing a single order once a year
for a large quantity of ecither product A or B. This quantity is based on
individual experience and the Figures of the consumption in the
previous year. In the last three years a shortage had occurred
prompting a second order to be placed, and indicating that the
assessment of the officer in chargé was not correct. This order policy
has many disadvantages that include high inventory level, low
customer satisfaction, and high inventory cost. From a personal point
of view this is due to the order policy which is affected greatly by the
long process time performed between main stores and both external and
internal suppliers. Details were discussed and results were showed in

section (5.2).

The order policy is one of the most important factors that can, when
executed properly, reduce the inventory level, costs, and increase the
customer service level. According to the RAF safety instructions,
Directorate of Maintenance instructions, and other assumptions made in
section (4.6.1), Table {4.2} was developed to determine the values of:
safety stock, demand during the lead time, reorder point, and the order
quantity at every location. Since in our model the lead-time in all
processes is reduced to the minimum as a result of -performing the
model through the Internet, the order policy can be changed and tested
in order to achieve the expected benefits of the supply chain

management.

L
“©

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



As the main bulk of inventory is kept at the main stores, any problem
in main stores inventory level or order policy will affect other
locations directly. Also since the lead time between the bases and main
stores, and units and bases is relatively very small compared with that
between the main stores and both external and internal suppliers (due
to the long process time), shortages of products at the main stores
means shortages at the other local locations. For all the above reasons,
different scenarios of the order policy at the main stores for both
products A and B will be studied. Developed data in Table {4.2} will

be the bases of these scenarios.

Table {5.10}. Results of different scenarios of the order policy.

Scenario Order policy Product A Product B Average
no. scenario inventory (Lt.) inventory (Lt.) TOC
Min Average Min Average {JDs)
1 Decrcase Q and ROP | 397.6 2537.37 989 3671029 14991.4
by 10%
2 Dccrease Q and ROP | 89.6 2191.2 695 3076.59 13187.33
by 20%
3 Decrease Q and ROP | -112 1866.43 360 2309.51 15183.7
b}i 30%
1 Increase Q by 10% 476 2856.49 989 3883.75 14467.16
and '~ -casc ROP
vy [0%.
5 Decrease Q by 10% | 621.6 2696.64 891 4273.69 15071.75
and increase ROP by
10%.
6 The same developed | 870.8 3106.08 891 4162.13 14572.72
order policy.

In Table {5.10} three parameters are used to evaluate the change in
order policy. The first one is the average minimum value, which is a
good indicator for the fill rate (or service level), and safety stock.
From the different scenarios and according to this parameter the second
scenario (minimum value =89.6) is not appropriate since the minimum
value drop wuu far below the safety stock value (SS=224). The third
scenario (minimum value =-112) is rejected as it means that the main
stores cannot fill the orders from the bases. (No inventory to meet
demand). The second parameter is the average inventory value, which
is a good indicator of the inventory level at the main stores but since

the values are very close to each other we will consider it later on
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when the final comparison is performed. The third parameter is the
average total operation cost (TOC); TOC includes the inventory,
resources, and orders costs. According to this parameter, the first
scenario (decrease Q and ROP by 10%), and fifth scenario (decrease Q
by 10% and increase ROP By 10%) are not appropriate since the

associated costs are high.

Thus the comparison is reduced to between the developed order policy
(scenario six), and scenario four (increasing Q by 10% and decreasing
ROP by 10%). The costs are very similar, but when comparing the
average inventory level between the two cases, it i.s clear that the sixth
scenario has higher average inventory level with a higher average

minimum value.

It is clear according to the parameters used in Table {5.10} and the
associated expenses, that the best scenario is when reducing ROP by
10% and increasing Q by 10%, (scenario number four). This resuit
makes sense because when increasing order quantity and reducing the
reorder points, ..e number of orders, average inventory value, and the

number of times the resources used will all decrease.

5.6 Cost Analysis

The ultimate target in any business is the cost, as the costs are reduced,
the marketing of the products, and the profit margins will be better. A
combination of the performance measures results in the previous
sections (5.3, 7~ 1, and 5.5) will be used to investigate the total cost of
the supply chain (for the parts in concern, refer to the control of RAF
supply chain). The average inventory cost while using the developed
model is compared with the current costs for the year 2001. Table

{5.11} shows the average inventory cost at each location

00
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Table {5.11} Average inventory cost comparison

Location Developed system Current system
(JDs) (IDs)
Main stores 485.23 2891.03
Basel 296.28 1058.19
Base2 234.49 845.79
Base3 226.68 829.04
Untt 1 182.96 72971
Unit 2 182.32 728.01
Unit 3 182.6 728 14
Unit 4 182,28 729.33
Unit 5 185.14 729.45
Unit 6 182.66 728,22
Unit 7 182.54 729.09
Unit 8 182.3 727.91
Unit 9 182.3 728.04

From Table {5.11} it is clear that there is a significant reduction in
inventory cost when implementing the developed model especially at

the main stores.

Table {5.12} shows the costs of the resources comparison between the

current and developed systems.

Table {5.12} The resources costs comparison

Resource Developed system (JDs) | Current system (JDs
Ship 2108.09 1073.22
Truck 613.05 319
Pickupl 3208.59 2841.67
Pickup2 1955.85 2052.66
Picup3 1516.65 1637.58

From Table {5.12} it can be seen that the current expenses of resource
usage are lower than of the developed system, this is expc- “ed because

the number of times the transportation carried loads increases due to

the change in order policy.

Table {5.13} shows the entities costs and their percentages.
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Table {5.13} Entities costs and percentages

Entity Developed system Current system
Total Cost Percentage | Total Cost | Percentage
(JDs) 100% (JDs) 100 %
Product A .27476.9 37.82 29176.36 37.66
Product B 43055.36 59.26 44037.31 56.83
Order A 921.89 1.27 2173.19 2.8
Order B 926.48 1.28 1787.69 2.31
FP 270.09 0.37 308.25 0.4

It is clear from Table {5.13} that the orders costs (as a percentage of
the total cost) decreased from 2.8% to 1.27% for product A. and from
2.31% to 1.28% for product B. The financial process costs decrease
from 0.4 to 0.37 when using the developed system. But the question is
why does the order costs decrease when using the developed system
while the number of orders increase, noting that in the current system
two or three orders were performed each year. The answer is simply
because the order and financial process times and costs are reduced
greatly since these processes were performed through the Internet.

Table {5.14) shows the total costs comparisons.

Table {5.14} Comparison between the total costs.

Activity Costs Developed system (JDs) | Current system (JDs)
J.ocations costs 2887.84 12182.02
Resources costs 0402.23 7924.19
Entities costs 72650.75 77482.82
Total costs 84940 .82 97589.03

As shown in the table the location costs decrease when using the
developed model by

Reduction =((12182.02-2887.84)/12182.02)*100%= 76.3%
This reduction is due ¢~ the decrease in the inventory level since more
orders are performed and this will result in hidden cost reductions due
to the item short time cycles, which will reduce the waste.
The resource costs are increased when using the developed model by:

Increase =((9402.23-7924.19)/9402.23)*100%=15.72%
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As discussed previously this increase is due to the increased number of
orders, which will result in an increase in the number of transportation

usage.

Also when comparing the reduction in total costs to the products
purchasing values we find:

Total cost difference = 97589.03-84940.82=12648.21 JDs

Total products purchasing costs = 70532 JDs

Percentage of the reduced costs = 12648.21/70532=17.93%

i

This is a significant reduction and can be explained by the following
three factors: firstly, decrease in orders, finance, and shipping process
time, secondly, decrease of the costs of these process due to the use of
the internet, and thirdly, the reduction in inventory level due to the

order policy implemented.

With minor modifications the developed simulation model can be used
for different organizations, and different types of goods and services.
Different scenarios with simple alteration can be used to determine

best solution for the supply chain management and assist in reducing
lead-time, reduce cost, and increase the service level. Also it can
provide help to managers in their decision making process concerning

the management of their supply chain.
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6. Conclusion and Recommendations

6.1 Introduction

This search has dealt with supply chain management in small and
medium size enterprises using RAF as a case study. This was chosen,
as the supply chain management term is relatively new in Jordan and
with the government drive to kick-start the economy through incentives
building of new industrial zones and exploring new markets for
Jordanian products. Enterprises need to improve their performance and
competitiveness to crop these opportunities. One way to do so is to
explore the advantages of an Internet based supply chain management
system to improve in areas such as cost reduction, increased service

level, and reduced delay time.

In this thesis a supply chain management model for enterprises based
on the use of the Internet with the aim of accelerating processes and
reducing costs was introduced. The elements and activities used in the
model were the same as those used by actual enterprises in Jordan. The
model aimed at enhancing Jordanian enterprises’ competitiveness
through achieving a tangible reduction in the lead-time and the
associated costs. This will surely be reflected in the form of improved

services and higher profit margins.

6.2 Conclusions

I. Applying the developeu model resulted in reducing the
delay times associated with the long processes of ordering,
purchase, shipping, and payment when using the
traditional (current) method. Such a reduction in delay
time, as shown previously, resulted in a decrease in the

inventory level, and in the order

o4
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cost. This also resulted in a notable reduction in the total costs,

and increase in the service level.

When assessing the supply chain management for the year 2001
at RAF, it was found that when comparing between the current
system before and after several modifications were made, the

followings were realized:

. When reducing the delay time in the supply chain process,
through the use of the developed model, it was found that
the lead-time between local supplier and the main stores
was reduced from 240 to 27 hrs. In the case of external
supplier, the lead-time was reduced from 1667 to 997
hours, of the 997 hrs, 960 are shipping time, meaning the

lead-time was reduced from 707 to 37 hours.

o The number of resources used is higher than it needs to be.
From the results of the scenarios modeled, it was found
that the most probable number of transportation used is
two of each type. Altering the number to two resulted in an

increase in the resources utilization.

. When changing the order policy to meet the “speed”
required by directorate of supplies instructions and to
comply with the RAF safety precautions, it was found that
there was a reduction in the inventory level. This resulted
in a decrease in the inventory costs and an improvement in

the service level.
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When implementing the system with the best solutions found in
each scenario according to the performance measures the

following findings were observed:

a The lead-time was decreased because the process delay is
eliminated, and errors are minimized.

b. The resource costs were increased because the number of
usage (utilization rate) of these resources was increased.

c. The number of performed orders was increased but since the
orders process time is minimized and the order costs were

reduced, the total order costs were reduced.

Cost analysis showed that: the average inventory costs have
decreased, the average entities costs have decrease, while, and
on the other hand, the resource cost has increased. It was found
that when using the developed model instead of the current
system the reduction in the total cost was 17.93%. This reduction
is tangible and should make manz_ g the supply chain attractive

and profitable to the enterprises.

With minor modifications the developed simulation model can be
used for different organizations, and different types of goods and
services. Different scenarios with simple alteration can be used
to determine the best solution for the supply chain management
and assist in reducing lead-time, reduce cost, and increase the
service level. Also it can provide help to managers in their
decision making process concerning the management of their

supply chain.

66

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



6.2 Recommendations

Following are some of the recommendations based on this research:

1, RAF should benefit from the achieved reductions in lead-time

and implement an Internet based supply chain management

system across its’ entire range of imported products.

2. RAF main stores should revise their order policy more frequently

and take into consideration the short life cycle of products and

changes in users’ demand.

L2

types of goods and services. SMEs can benefit form
simulation to assess and improve their supply chains.

4. Enterprises in Jordan should follow the continuous

increasingly changing world, and benefit from the Internet and

use it to its’ advantage to compete in an increasingly aggressive

market.

5. The order, payment and shipping processes should be performed
tnivugh the Internet, as this will reduce the processing time. It’s

strongly recommended that enterprises should use some form of

electronic or online payment to perform financial processes.
6. Recommendations for further research:
Further work suggested to study the effect of adding more
supply chain attribute to the model. These may include
more enterprises, distributors, suppliers’ selection and
relation, and more products. It is also suggested that a
detailed study be conducted to discover and strengthen
v-- -k links between the Jordanian SMEs and the external

suppliers from different countries.
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Simulation Model construction

PROMODEL a simulation softwarc package is used to simulate the operation of the RAF supply
system in order to evaluate the appropriatencss and improving its operational performance. and provide

a basis for suggesting improved modes of operation.

1. System Layout

The supply chain studied in this thesis is a service SC for two types of imported products from two
different suppliers. It is then distributed to three bases™ warchouses cach in turn distributing to three
untits. Finally the units deal with the end users demand. This system s part of RAF main stores supply

chain.

The main stores imports two types of products:
. Product A: Engine oil.
. Product B; Hydraulic oil.

Two different suppliers supply the products:
. Local supplicr: supply product (cngine oil).

. External supplier: supply product B (hvdraulic oil).

Main stores is the location where, all products and orders will pass through, have .. .ollowing

responsibilitics:
. Order policy
. Inventory policy
. Financial process (payment billing).
. Shipment policy.
. Distribution policy.

The following transportation modes were used in the simulation model:

. Ship (container): shipping product B from the external supplier.
. Truck: shipment of product A from the local supplicr.
. Pickup!: carrying products from main stores to the bascs and from basec number 2 to

units, 4,5, and 6.
. Pickup2: carrying products from base 1 to unitsl, two, and threc,

. Pickup3; carrying both products from base3 to units 7, 8, and 9.

Financial processes between the main stores and the supplicers were done through the bank location.
The freight forwarder accomplishes shipping process from the external supplier.

Entities used in the simulation mode are shown in figure (A-1) and include:

I
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. Can of engine oil to represent engine oil product.

. Can of hydraulic oil to represent the hydraulic oil product.

° Order A: white color order paper to represcnt order of product A,

. Order B: red color order paper to represent order of product B.

. A check to represent the paviment process.

. Electronic signal (information signal) with red and bluc colors to represent

information about: order acknowledgement, shipping order, and pavment order.

Figure (A-1) shows the entitics and resources used in the simulation model.

B UMY I TLED. GLD i o g i R est S e gy o, i bR La s gt gt
LS =T I it
RO Rt Riod Rl Soalf - R E - ot el
Save
Delete
Clewor
Sp— [ oHneraion 0.050n0.00 Zoom Facter, 100%
Figure (A-1) Graphics user’ *~ *he simulation
The locations used in the simulation model are arranged in two region areas:
. Yellow region: represent USA from which product B imported. It has two locations:
. External supplier.
. Freight forwarder
. The Jordanian chart in which the location are allocated to include the following:
. Local supplier.
. Main storcs.
. Bank
. Bases], 2,and3,
. Unitsl, 2,3,4,5,6,7 ° and 9.
- End usc}sl,2,3; to represent the maintenance

sections personnel for bases 1,2, and 3.
Figurc (A-2) shows the system lay out as shown in the simulation model.
I1. Data Analysis
Inputs to the SCM model consist of the entitics, resources, locations, distances between locations,
specd of the resources, operation and location cost, and cost of the products. Following is a discussion

and analysis of the input data,
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Figure (A-2) Svstem lavout

Resources include the trucks, pickups, and ships. The cost for each truck and pickup is defined as the
regular cost per day, which is relatively small. For the ship the cost per container is calculated, because
the cost depends on several variables such as weight, size of the products, this is called the size

weighting method and is calculated as follows:

CFT/35.3 * Miles* Rate /Mile — (35%) (I
Weight (Lbs.) * $0.1 @)
Number Of {tems * Line Item Cost (0.44 §) (3)
- 8 $ Per Shipping Order C))

Total Cost (B)=(1D+(2)+ 3+ ().
Costs in JD’s are shown in table (4.1).

Table (A-1) The available resources costs

Resource Quantity Cost fusage (JDs)
Truck 2 50
Pickupl 7 18
Pickup2 4 18
Pickup3 4 18
Container Dcepend on demand 500

v
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At RAF locations (bascs). the operation cost per day is calculated depending on many factors. These
include the average daily number of item the store deals with, the cost of the cquipment uscd during
work. the cost and number of personnel employed to handle and store the products. and cost of the
space occupied by the two products.  All base stores are considered identical, and all unit storcs are
considered identical .The results arc shown in table (A-2)

Table (A-2) Locations operation rate

Location Average operation cost/day (JD's)
Main stores 15
Base storcs 5

Unit stores 3

Order process cost for product A (from local supplier), and for product B (from the external suppliers)
and financial process cost are taken from directorate of supply and are as shown in table (A-3).

Table (A-3) Process cost

Entity Cost (JD’s)
Order A 21
Order B 34

Financial process 25

The above process costs include office expenses (such as paper work, letters, faxes, telephiones. etc...).
and the cost of personnel handling orders, billing payments and transfer of money .1t is obvious that
these costs can rise significantly due to repeated mistakes or due to the wrong procedure being
followed.

Products cost as they are documented at the directorate of supply at RAF for year 2000 are as shown in

table (A-3).

Table (A-3) Products
Product CostAliter (JD’s)
Product A 1
Product B 2

I11. Data Collection

The collected historical data on customer demand for both product A and B for each unit is taken from
the air force quarter reports at the directorate of supply. The data where collected for fourteen quarters
from the first quarter in 1996 until the fourth quarter 2000, The historical data prior to 1996 were not
used because they were not properly documented and are not complete. The average daily demand for
cach quarter was then calculated.

The maintenance personnel work twenty-four hours a do- Il year round. Their demand is dependent
on the equipment, vehicles, and airplanes need for preventive, scheduled and corrective maintenance.
As the need for products (A and B) ariscs, the personnel or maintenance groups send orders to their

maintenance section stores (unit stores) which usually very close.

EV. Fitting Probability Distribution
A collection of arbitrary time-oriented occurrences, order arrivals is performed where the number of

arrivals during anv day (24-hrs interval) is independent with a random nature. The collected data for

v
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both products (A and B) were uscd to find the best probable distribution. which describes the random
nature of the daily demand for both products. For cach data summary, Statistical values such as mcan,
variance, mininum. maximum. and others were calculated. The results arc shown in graphical form as

a histogran.

Goodness of fit test is a method to assess whether the observations are independent samiples from a
particular distribution with cumulative distribution function. Poisson distribution was found to be the
best fit that could medel the random nature of the data.

Similar analysis was carried out for the other st of data. The distribution and parameter for all data are

shown in table (A-4). Where the mean arrivals of orders ). which is equal to the standard deviation of

the distribution.
Table (A-4) Distribution for orders arrival (customer demand)
Location/Arrival orders Product A distribution Poisson Product B distribution Poisson
(lambda) (lambda)

Unitl 13.6 9.8
Unit2 5.73 3.5
Unit3 11.35 8.3
Unit4 8.55 6.55
Unit3 8.4 5.93
Unit6 7.13 495
Unit7 6.75 4.3
Unit8 3.95 2.6
Unit9 2.83 2

Orc . -rivals are performed where the number of arrivals during any day (24 hrs) is independent with
random nature. The number of order arrivals occurring in any day is independent of the number that
oceur in any other day (no memory). The probability that more than one order will arrive in a short
time is negligible. According to these assumptions and the results drawn from STATFIT software, il is
clear that Poisson model is appropriate. Therefore the best distribution to be used is the Poisson

distribution,

co

3

517481

¥

V. Development of the Simulation Model
The simulation is presented in this section in terms of its assumptions, structure, and initial conditions.
a. Mode! Assumptions

Beiore describing the model, it is important to state the assumption used in the model. The assumptions

arc as follows:

1. The distance used in the model is measured in meters.

2, The speed is measured in meters per hour for the purposc of this model.

3. The time measurements are made in hours. The system run 24 hours day, 365.25 days
(8766 hrs) a year.
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4. The orders entering the svstem arce attributed with the quantity of cither product A or
product B but not both of them. Each order is marked with a difTerent color.

5 The randomncess occurs in the sysicm include the arrival of orders and the processing
time at cach location in the supply chain.

6. Products are assunied to be always available at the suppliers. no shortage of supplv
from both supplicrs is assumed.

7. Resources are assumed 1o be always available, and no stoppage duc to fack of
resources, or any delay due to unexpected or unplanned circumstances. The actual
number of resources allocated for transporting both products is put (constant). The
ships (containers) are available all the time and the freight forwarder is responsible
for their availability.

8. The location of each store/basc/unit on map (figure A-2) in the model is approximate
but the actual distances were used between all locations. Table (A-5) shows the
distances between the locations.

Table (A-5) Distance between locations
From To Distance (M)
Unitl Basel 23000
Unit2 Basel 33000
Unit3 Basel 44000
Unitd Basc2 23000
Unit5 Base2 38000
Unito Basc2 40000
Unit? Base3 15000
Unit8 Base3 90000
Unit? Base3 21000
Basel Main stores 130000
Base2 Main stores 130060
Basc3 Main stores 11000
Main stores External supplicr 50006000
Main stores Local supplier 375000

9. The speeds of transportation means used (resources) are assumed constant. Two
values for speed were used, one when the vehicles assumed unloaded, and one for
loaded vehicle case. Table (A-G) shows the speed of the resources, both speed are
driven from the actual resource speed.

Table (A-6) Resources speed
Resource Speed (unloaded) speed (Toaded)
Pickupl, 2.3 1160 1060
Truck 1150 103
10. Pickup 1 at the main storcs is used to carry products from base stores 2 to units 4,5,

and 6, This actually what happens in reality as base 2 is located in arca covered by

main stores and is situated very close to it.

VIi
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16.

Safety stock at cach location is limited to mecting the demand of two working days.
The daily demand is considered to be the maximum value of daily demand recorded
at cach location. This limitation is set in accordance with RAF safcty instructions.

If the lead-time is less than one day (24 hrs), the order quantity is assumed to be a
one-day consumption, which cquals the maximum daily demand. (From directorate
of supply instructions).

The initial valucs are assumed to be half of the order quantity and safety stock. This
asstmption will not affect the simulation model since the initial value docs not affect
the process in the simulation.

The minimum order quantity from external supplier is 5000 liters of hydraulic oil
(product B). This value is set by the directorate of supply to be consistence with the
container capacity with lowest cost.

The order quantity from local supplier is not less than one month of consumption.
This value is set by the instructions of dircctorate of supply.

According to the instructions of directorate of supply, cach unit and base cannot
order more than the consumption quantity for 14 days. And since the economic order
quantity (EOQ) is higher than this value, the order quantity is assumed to be the 14

days consumption.

According to points 11,12, 13, 14, 15, and 16 table {A-7) shows, the initial quantity. safety stock.

demand during lead-time, and the reorder

Poinl.
Table (A-7) Continues review (Q) System data

Location dd. SS dL, ROP 0 Initial valuc
Product A B |A B A B A B A B A B
Unitl 18 17 | 36 34 18 17 54 51 252 | 238 § iH 136
Unit2 10 7 |20 14 10 7 30 21 140 |98 80 56
Unit3 15 14 | 30 28 15 14 45 a2 210 | 196 | 120 112
Unit4 15 10 | 30 20 15 10 45 30 210 | 140 | 120 20
Units 15 15 | 30 30 15 15 a5 45 210 | 210 | 120 120
Unis 16 10 | 32 20 16 10 48 30 224 | 140 | 128 20
Unit7 11 7 |22 14 11 7 33 21 154 | 98 23 56
Unitg 6 7 |12 14 6 7 18 21 84 98 43 56
Unit9 I3 & |12 12 6 6 18 18 84 &4 48 48
Basel 43 38 | 86 76 41 38 252 | 238 | 602 | 532 | 344 304
Basc2 46 35 | 92 70 46 35 224 | 210 | 644 [ 490 | 358 280
Based 23 20 | 46 40 23 20 154 | 98 322 | 280 | 184 160
Mansdorss | 112 | 93 | 224 | 186 | 896 | 3906 1120 | 4092 | 3360 | 5000 | 1792 2593

b. Madel Structure

The simulation software package used to build the system is PROMODEL. PROMODEL differs from
other simulation software in that it is easicr to use, the commands and logic of the program can be
written directly using the built-in commands of the software. One can write his own program if needed
to perform a special process work; also it uses animation instead of writing programming codes (o

perform the requested job. The modcl consists of twenty locations, three types of resources, and two

products.

Vil
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The system starts at zero hour at the beginning of the year. after that the orders from cnd users 1. 2. and
3. which represent the customer demand, start to enter the system. Units stores meet the demand of end
users and supply their need for either product A or B. If the quantity available at the unit stores is
below ROP, an order is initiated and sends to the base stores. and at the same time the product is
dispensed 1o the end uscrs. When orders reach the base stores, they send the product requested to the
unit. Again if quantity of that product is below the ROP, an order is send to the main stores, the same
procedure is followed at the main stores. If; at the main store and afier meeting the demand of the umnit.
the quantity remaining is below the ROP, then the main stores will initiate and send an order to the
local supplier. The local supplier will start processing the order and send an order acknowledgment to
the main stores. Afier main stores receive the information about the order, they will authorize payvment
order through the bank. The bank, after receiving authorization will transfer money to the local
supplicr’s account. Once the local supplier receives notice of payment being made to his account, the
order quantity is send to the main stores. At arrival at the main store, the product quantity will be added

to the main storcs inventory level.

When an order reaches the main stores requesting for product B, the main stores will dispense the
quantity required. If the inventory level drops below the ROP, the main store will initizte and send an
order 10 the external supplier for a quantity equivalent to that requircd reaching the ROP again, When
the external supplier receives the order, order processing will start and an order acknowledgment will
be send to the main stores. Once the acknowledgment is received. main stores will authorize the bank
to make nayment to the supplicr (product cost) and to the freight forwarder (shipping cost). The freight
forwarder will send the shipping order to the external supplier and the shipping process will be
accomplished by sending product B to the main stores.

Products A and B will exit the system at the end users where the orders are met and products dispensed.

Six main screens are used to build the simulation model. These are:

. Main screen
. General information
- Location
. Path networks
. Resources
. Entitics
. Processing,
. Cost
. Back ground graphics
. More elements:
. Attributes
. Vartablcs

Following is a bricf discussion of each screen

¢. Main Screen and General Information
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The main screen is used (o open the model Run, Simrunner. and Statfit. It was used to build the new
model. The characteristics of the main screen (short cut pancl) are shown figure (A-3),

The general information screen is the screen through which the units for time and distance arc sclected.
Hours and meters were used to measure time and distance respectively. This screen is also used 1o set a
title Tor the model. Graphic library, and model nolces are also controlled from this screen. Figure (A-4)

shows the general information screen.

¢ AeH it e e e 1 I el o N R R Y ARt

R View Hudd Dewadahon Lhidpat Tools Window Help

Student Veralon Student Verslon Student Verslon Swdeént Verslon Studem Yerslon Student Verslon Student Verslon Sudent )
Student Verslon Student Version Student Verslon Student Version Student \Ierslon Sludent Vetslun Student Verslon Studentl

Crisrlant Uerslnn Q‘"dm V—ulnn C?O-.;l—n. \l—-al.un Chudant Uaevs biann Ctodent L, Terlmrd \I—“lﬂu Ch oot 4

3o L oweem et e e PRI

M i - . e - Log]c ~~.7--~w-; e _1

: O Seconds : Model Notes... I l

1 € Minutes : i . Iritiakzation Log;c_ I

o Graph;c Libréi?[—"le - ' P Tem'mattm L C... '
(" Days : 09‘

e | ENProModel 2001\_g1|b‘~.gh<

~ Distance Unrts - : o i

: P Emt i Lo .

{ @ Meters . oK J . Cancel. I Hep l

Figure (A-4) General information screen

d. Locations and Background
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As discusscd previously in section 4.3; Figure (A-2) shows the screen of the entire system lavout. This
consists of three end users representing maintenance personnel. Every end user is scrved by onc of the
three units responsible for it’s logistic support. Each unit has its daily demand for products. on a daily
basc. each enter the system (o order its consumption of both products. The nin¢ units scrving the end-
users are represented by their actual location in the system. Every three units are served by one of the
three bases (base | serves units 1, 2, and 3 and so on). The three bascs are served by the main stores.

The locations are shown in figure (A-5), which also includes the local supplier, external supplicr, bank.

and freight forwarder,
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i EXTERNAL SUPPLIER INE 1 None ;Thﬂ Sarie: Oldest EXTERFAL SUPFLIKA (mﬂ
W 54, FRIECET_FORNOIDIR m™F 1 Noue Tine ZarieiOldesc YRTEGHTED Iy BESPONSI
‘ :ﬁﬁ LOCAL_SUPPLIER  INF 1 Hona \Tine Sarie:Oldest . LOCAL SOPPLIER (IN SI
E'm HAI”’_‘STURlS INr I None :Ti.ne Sariss Oldest FAIR STDRES; RESPOEST
g R YL TNF 13 Kone Time SeriesOldest TO SIND MOREY TO XXTX
=T pase 1 w000 2 Fena ‘Time SeriesOldest WORTH WARFROUSES AT
=00 pasE_2 g0 1 None “Tiac Sarie:Oldest .| WIDDLE WAREHUUSES Af
= paer 3 <00 1 Fona Time Seriesdldast SOUTH WARRHOUSES AT B
T ooErr: 200 1 Nane Tixe feriesOldest THITL ST0RES POR BOTH
TE oWz s -1 Fone ‘Jine SeriesOldest UNITZ STORES FOR BUTH
TR mir_a Sa00 1 None Tina SeriarDldest . THITZ STORES FOR BOTH
TE ouirs a0 1 Fene “Time SwxiesOldesc TUIT4 STORES JOR BOTH
'-'{it:‘ URIT_& 300 1 Fora '.I‘m SerissCldast URITS STORES FOR BOTH
e wiars s 1 Nome “fime Sorie: Oldesc | TmIT6 STORKS FOR BOTH
TR eIt ? 0 1 Home iTime Serie:Oldest UNIT71 STORES YOR BOT
5E  orirse 200 1 Hone i Series Oldest UNITO £TOREKY FOR BOTH
T oars soo0 1 ¥ona Time Series Oldest THITY STORES FOR BOTH
Y, D _Uszo ) ™F 1 Hane {Time Serie:Oldest RRPRESENTS THE FWD OS5
:'!Ltn ERD_USER_Z CoImr 1 None SariesOldast e RIPRISENTS THE IKD US
St oo _vsena mr 1 Nona {ne Sarie:Cldest ' RIPRESINTS THR DD US

-IXTID.HAL SU'PPLIIR (OUT SIDI JDI\DAH) swn.‘r PRDDUCT B

Flgurc (A-S) Locauon screen in the 51mulallon
The background used is the Jordan map, and a yellow colored region was used to represents the

external supplier
e. Path Networks

As shown in figure (A-6), the path nctwork screen consists of one passing network (passing: allowing
the resources to = ve in the two dircctions and pass each other’s), 14 paths were defined between
locations, and the distances between locations were fed to the system. Interface between nodes and

cach location is defined as shown in the below figure
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Figure (A-6) Path networks screen

f. Arrivals

This screen shows the arrival of orders for both products to exch end user. It also shows the frequency

of occurrence. and the logic of arrivals. Figure (A-7) shows the arrival screen.
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Figurc (A-7) Arrival screen
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o, Processing

This screen cnables the control of two main functions. Firstly. thorough the process screen. the process
at a given location for a specificd entity can be defined. Operation pop up screen represents the logic
used at that location for the specified entity. Secondly, through the routing screen, the output from the
process side can be determined. the destination to which this output is destined. and the rule of routing,

The moving logic for the entity between locations is also defined through the routing screen as shown

in figure (A-3)
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h. Resources and Entities

Resource screen was used to define the resources used, their number, and the path network to be used

PRODUCT A EKD UsER 1 IF BAL <w 96 ARD DUMNMY1e0 THEN ROUTI 1
- - “ ILSE ROVTR 2
CRDED_A IND_USER Z g =ORGER A PROCESS TINME UL4BL™, ATA

:] HOVE WITH PICKUD2 THEN FREE -

INC UAL, 198
LOG"LEAD TIME Ul&B1l® ATA

Fi gure {A-8) Processing screen

by cach resource. Figure (A-9) shows the resources screen.

Entity screen was used to define and describe each entity used in the system; the speed used in this
screen (150 mpm) is the def>+1t set by the PROMODEL software. The speed of the entity movement

between locations is determined by the speed of the mean of transportation used._The entities and the

graphic library used are shown in figure (A-10).

X1l
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Figure (A-10) Entitics screen
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i. More Elements

This screen contains three main input screens. The attributes are shown in figure (A-11), several

altributes were used to accomplish the model logic. For example ATF: refers to the attribute used for
time clapsed during the financial process. Each attribute is described briefly to clarify its work in the

program logic.

B Prod odet <CE6:M0D {500 MODE L] #assy ;e ofocm coniaitip iea i munmes Nl

2=

T o P R E =1 .
- o g T - : Type... l Classification... i Hotes... l
ORDER GUART_A . Integar . Int ATTRIEUTE FOR ORDER IJUA!I"I’II:_]
ORDER_QUANT B -Inx.tgcr R - - S ATTRIBUTIR FCR ORDIR QUANTITY
ATA VFeal .Ent ATTRIRUTE TO DISPLAY LEAD« l
ATB 'Real ‘Eat ATTRIBUTE TD DISPLAY LBADS )
ATE “Real e ATTRIBUTE TO DISPLAY LEADL

e d

Figure (A-11) Atiribute screen

In the Variable screen, the varicty of variables used can be seen. They are divided into two main
categories: the first category includes the inventory counters, for example BAI; represent the inventory
level of product A at the base stores]. The second category includes dummy variables. These werc used
to ensure certain processes are accomplished as required. For example DUMMY_B: is used to ensure
that no other orders arc send to the external supplier requiring product B while there is an order under

process. Figure (A-15) shows the variable screen.
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Figure {A-12) Variablcs screen

Macros were used to accomplish what if questions? For example RTI represents run —time intcrface.

ure {(A-13) shows this screen.

RTI Definition forille

Parameter

Name: IEE
Prompt: {UZ INVENTORY (A)

B _L[nréstricted Text
" Record Range
& Numeric Bange

From {12 _ Io .| 30

I - Cancel | _I;i_élp' |

Figure (A-13}) RTI of macros

j- Costs
Figurc (A-14) shows the entry cost for each location, resource and entity, which is the initial or usage

cost plus opcration cost.
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Figurc (A-14) Cost screen

VI Simulation Output
The performance measures of this model. as stated carlier in section 4.4, were average delay time,
average inventory level, average cost. and the service level In this scction the mean and standard
deviation was taken from the model after unning the simulation.
The simulation model was run 100 times. cach for one vear; the mean and standard deviation were
taken. Thercfore it is possible to find any confidence interval (C.1.) of the output data for the following
performance measurcs:
. Table (A-8) shows mcan, variance. and standard deviation for the avcrage inventory
level at each location.
. Table (A-9) shows mean, variance, 2 -~ ‘andard deviation for the average delay time
between locations.
. Table (A-10), (A-11), and (A-12) shows mean, variance, and standard deviation for
the average cost.
. Table (A-13) shows mean, variance, and standard deviation for the minimum
inventory value.

Table (A-8) Inventory level of product A

Location Mean STD
Unitl 176.97 153
Unit2 99.08 10.3
Unit3 126.31 10.7
Unit4 148.43 12.8
Unit53 148.12 14.2
Units 158.1s 14.5
Unit7 103.63 9.7
Unit8 59.51 7.2
Unit9 59.34 9.1
Bascl 533.17 14.42
Base2 581.30 17.43
Base3 286.63 21.59

Main stores 3119.64 57.00

XVl
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Table (A-9) Delay time in hours

Delay time Location Mecan STD.
Order process limc Main stores Local supplicr +4.95 0.32
Financial process time Main stores Local supplicr 9.89 0.41
Lead time Main storcs Local supplicr 21.07 0.41
Order process Main storcs External supplier 49.57 8.4
Financial process Main stores External supplicr 11.79 1.2
Shipping process time Main storcs External supplicr 9.74 14
Lead time Main storcs Extemal supplicr 1078.72 85.49

Table (A-10) Inventory cost (JDs)

Location Mein STD.
Unitl 36544 7.1
Unit2 364.96 7.3
Unit3 364.93 7.4
Unitd 36497 6.2
Unit3 369.9 6.1
Unit6 365.00 6.3
Unit7 364.99 6.4
Unit8 36501 6.7
UnitY 365.99 6.0
Bascl 86.58 10.1
Basc2 68.54 8.1
Base3 67.16 9.7

Main stores 291.09 13.3
Table (A-11) Resources cost (JDs)

Resource Mcan STD
Truck 67154 8.57

Pickupl 3386.35 25.99

Pickup2 2016.65 19.59

Pickup3 1604.09 19.48

The average total operation cost in JDs statistics is:

Mean 9794 .89.
Standard deviation, 473.4

Table (A-12}) Average entity cost (JDs)

Location Mecan STD
Product A 2755257 31.09
Product B 4367494 50.38
Order A 765.36 63.4
Order B 797.07 35.82
Financial process 208.17 21

The average total cost statistics:

. Mean, 73058.12

. Standard deviation, 652.7

Xvill
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Location Mecan STD
Unitl 3813 2.45
Unit2 2213 192
Unit3 30.6 2.46
Unit4 3320 2.29
Unitd 3481 231
Unit6 38.89 1.95
Unit7 2419 1.82
Unit8 11.89 1.53
Unit9 13.77 1.27
Basel 1482 568
Base2 157.86 14
Base3 258 3.39

Main storcs 7i8.9 264.13

Table (A-13) Minimum inventory level of product A
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Collected Data

The daily arrival quantity for product A and product B in all the nine
units were gathered and tabulated. One example of detailed
calculations for finding the appropriate distribution representing the
data for the daily arrival quantity of product A at unit one is
illustrated.

I. Collected Data
All the data were gathered from the quarter’s reports prepared by

directorate of supply at RAF. The data collected is supplied in this
appendix.

Table (B-1): Unit 1 Data.

Year/ Product A Product B
Quarter lsl. an. 3rd. 4111. lst- an. 31‘(1. .‘lh.
2000 18 14 16 15 17 14 7 12
1999 13 16 12 13 12 17 4 )
1998 15 13 17 17 10 6 7 9
1997 11 16 14 3 7 9 13 7
1996 8 10 9 14 11 6 9 13

Table (B-2): Unit 2 Data.

Year/ Product A Product B
Quarter lSt. 2nd. 3rd. 4th. l“. an. srd. 4th.
2000 8 6 11 9 3 1 5 5
1999 7 5 6 5 4 5 2 7
1998 6 3 5 2 2 4 2 2
1997 1 4 8 7 5 4 2 3
1996 7 7 7 1 2 6 5 1

Table (B-3): Unit 3 Data.

Year/ Product A Product B
Quarter 1“. an. 3rd- 4.lh. ls(- an. 3rd. 4th-
2000 12 10 i0 15 11 4 10 11
1999 10 10 12 14 11 5 11 11
1998 14 12 9 10 6 8 4 8
1997 9 9 15 14 6 11 9 8
1996 14 11 12 9 5 14 5 8

11
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Table (B-4): Unit 4 Data.

Year/ Product A Product B
Quarter lsl- 2“d. 3rd. 4111. lsl. an. 3rd. 4lln.
2000 10 9 9 9 10 1 10 10
1999 5 9 9 9 1 4 10 10 *55'
1998 9 2 1 3 6 4+ 5 3 @)
1997 71 15 3 17 7 3 10 T o
1996 6 12 12 3 10 7 i 3 a
B
Table (B-5): Unit 5 Data. |E
©
Year/ Product A Product B
Quarter ISt. 2nd- 3rul. 4111. lst. an. 3rd‘ 4111. E
2000 9 13 6 14 3 10 4 5 8
1999 5 14 5 9 1 3 3 7 O
1998 7 3 3 10 ) 15 7 7 :
1997 8 6 11 4 3 9 7 3 _§
1996 4 13 3 10 3 4 10 10 =
S
©
Table (B-6): Unit 6 Data. 2
: =
Year/ Product A Product B a>3
Quarter lst. 2nd. I 31'd- 4:11. ISt. 2nd- 3rd. 4lh. =
2000 13 g8 1 16 7 9 3 7 10 -
1999 3 2 6 6 5 7 4 4 Is)
1998 5 7 15 7 5 6 2 1 >
1997 2 3 2 7 6 ) 5 3 ®
1996 3 8 14 9 ) 8 2 1 Q
-
1
Table (B-7): Unit 7 Data. -§
Year/ Product A Product B g
Quarter lst. zud- 3rd. 4th‘ lst 2nd. 3rd. 4th- D:
2000 g 7 7 11 6 3 5 3 %
1999 7 9 7 2 3 6 4 3 O)
1998 10 7 2 5 5 3 5 6 Y
1997 2 11 6 5 4 5 3 3 =
1996 9 8 ) 9 6 7 2 ] <

81



Table (B-8): Unit 8 Data.

Year/ Product A Product B
Quarter lsl an. 3rd‘ _‘th. ISl. an. 3rd. 4ll|.
2000 2 5 6 6 3 2 3 7
1999 6 6 ! (] 3 I 3 i
1998 6 1 5 3 3 2 2 1
1997 3 2 4 1 2 1 5 2
1996 4 4 1 6 1 7 1 2

Table (B-9): Unit 9 Data.

Year/ Product A Product B
Quarter lst 2nd. 3rﬂ. 4lh. ISl. an. 3rd. 4lh.
2000 6 3 2 2 2 6 3 1
1999 3 1 4 3 3 1 2 2
1998 2 9 1 2 3 3 ] 1
1997 2 ] 3 2 1 3 1 2
1996 3 6 1 2 1 2 1 1

11.

Extended Example

Following is an extended example illustrating how to fit a probablllstlc
distribution to the end users demand (arrival quantity) at unitl using
ProModel Stat Fit.

Figure (B-1) shows the input data and input data distribution.

Fia Edit Input Statstics R E_r.uphu Wwdowﬂw

EEEHEL Hcil?a» S I—MLI_! _‘

: —{xl

v K
A

ETIETTE Ae  ir

oos| F TEHHE
;i Ed B = ~ B
i 1 B i1 H E
Wi 2 B B OB K
H k HHHE
] " 1 1 H E
: ik HEHH T
b i 0.6 08 1.0 1.2 14 1.6 1.8 2.0x10

v
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The goodness of fit data are shown below:

Data points 20
Estimates maxtmum likelihood estimates
Accuracy to fit 0.0003

Level of significance  0.05

Figure (B-2) The fit setup calculations used.

§ it Setup LRl s
Distrii::_u_,:tions l o Eéiculation;
Estmates Tests
= Moments v Chi Squared
‘s MLE : v K5 Test
et e e 8D Test
Lower Bound T oo T
‘o unknown Interval Type
o fwed Equal Length . .
r : + EgualProbabiity .
Accuracy of Ft Level of Siynificance
IO._0003 lD.OS

1 Save To Defautt

k|

x| %&m'l

The goodness of fit summary are shown below:

Distribution Chi squared Kolmogorov smirnov(Ks)
Binomial (34, 0.399) 0.631(2) 0.0978

Discrete uniform (8,18) 1.71 (2) 0.155

Geometric (0.0687) Not available 0.373

Poisson (13.6) 0.429 (2) 0.113

The goodness of fit details is as follows:

1.Binomial
n 34

0.398529

p

Chi squared
Total classes
Interval type
Net bins
Chi**2
Degree of freedom
Alpha

11

equal probable
3

0.631

2

0.05
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Chi**2(2,0.05)
p-value
result

Kolmogorov-Smirnov

data point

Ks stat

alpha

Ks stat (20,0.05)
p-value

result

2. Discrete Uniform

minimum =
maximum =

Chi squared

Total classes
Interval type

Net bins

Chi**2

Degree of freedom
Alpha
Chi**2(2,0.05)
p-value

result

Kolmogorov-Smirnov

data point

Ks stat

alpha

Ks stat (20,0.05)
p-value

result

3. Geometric

P

= 0.0687285

Chi squared
Too few intervals for chi squared test.
Kolmogorov-Smirnov

4. Poisson

data point

Ks stat

alpha

Ks stat (20,0.05)
p-value

result

lambda =
Chi squared

Total classes
Interval type
Net bins

9
7

Wi D

5
0.
DO NOT REJECT
20

0.0978

0.05

0.294

0.981
DO NOT REJECT

11

equal probable

3

1.71

2

0.05

5.99

0.426

DO NOT REJECT

20

0.155

0.05

0.294

0.67

DO NOT REJECT

20

0.373
0.05
0.294
0.00523
REJECT

11
equal probable
3
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Chi**2

Degree of freedom
Alpha
Chi**2(2,0.05)
p-value

result

Kolmogorov-Smirnov

data point

Ks stat

alpha

Ks stat (20,0.05)
p-value

result

0.429

2 .

0.05

5.99

0.807

DO NOT REJECT

20

0.113

0.05

0.294

0.936

DO NOT REJECT

figure (B-3) . The goodness of fit test data.

T ettt r M El
’ Ean P e T ST R B A T L T A o - ]D] K]
gaodness of fit j
data points 20
eslimates maximum likelihood estimates
accuracy of fit 0.0003
level of significance 0.0%
summary
Kolmouyuiuy
distribution Chi Squared Smimov
Binomial{34, 0.399) 0.631 (2) 0.0978
Discrete Uniform(8, 18) 1.71(2) 0.155
Geometric{.0687) not available 0.313
Poisson{13.6) 6.429(2) 0113
detail
Binomial
n = 34
p = 0.398529
Chi Squared
total ddasses 1n
interval type cgual probable ~
-l N

The maximum likelihood estimate was fo- | to be as follows:

* Binomial n = 34
P = 0.398529
* Discrete Uniform minimum = 8
Maximum = 18
Geometric P = 0.0687285
Poisson lambda = 13.6

VIi
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Figure (B-4): The maximum likelihood estimate.

Fee E\:ﬁl Input 5{&15{-:5 fi wlﬂm Enduw Help

[Plela = "I/-l Hcllhzi""'I l 'Iimlr J‘"‘ *I@

maximum likelihood estimates

Binomial

n = 37

[ = 0.367568
Discrete Uniform

minimum = 8

madmum = 18
Geometric

p = 0.0684932
Puisson

lamda = 13.6

Figure (B-5): The data summary( fit distribution)

fie Edt lnpd Slahslm R !.l_uﬂm &:{rﬂmﬁda

ek _Hf,,i‘“- e

Ponts |'1 - Auto::Fit Distributions
distribution rank acceptance
Poissan(13.6] 95.5 accept
Binomial(34, 0.329) 0.4 accept
Discrete Uniform(8, 18) 36.1 accept
Geometric bad test reject

Therefore, the best distribution to be used is the Poisson distribution.

VIl
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P e r-,_' e

| RpStat:Fit dDocoment) e
Fie Ed‘l Input Statsties PR Glachncs gt!atm \\fmdnw Help

e ll“"léHJJEﬂanI*'lw]Lﬂdl lf:fﬂl@ _

§ Y Document1#4C6n S PR SN i SR NI Ty

Fitted Distribution

0.16

ke

o

¥
P Sy SRS

0.08

20x10°!

AL e T

R (8 x]

e = § £ E‘.aﬂrr

1! T
m;‘
ki .- p”

RSN

Cumulative Residuals
060

0.60 1
0.6 0s 10 1.2 14 16 1.8 20x10

Poisson(13.6)

* 'F'iguféu (B-7) Cumulatlve residuals.

1X
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[1I. Comments

The difference in the daily demand in the same unit is due to the
following reasons:

. Equipment transfers and changes from one place to
another.

. Equipment may be supported by other units during training
periods.

. Unserviceable equipment may take long time to be repaired
due to the delay in spare parts support.

. The change in duty and tasks.
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SIMULATION LOGIC AND DATA

R R e . e T R AT B T T o R B e R TR o 2 SR T S SN G S e e o o e L . R L

- Formatted Listing of Modsel: M
A E:\FroModal 20ool\mrdel s\MGDELLI FIMNAL.MOD M

- -

R 2 B e i T R . Ak ]

# 31 MODEL
#The mocdal is presented to describe the sugply chain network for small and
Medium size enterprises in Jordan .The model demonstrates the SCM process
That irclude material and information flow between twenty locations. The
Locations consist of two suppliers (external, and locall, main stores,

rine units, three ond ussrs "to represent the custemers", bz

forwarder.

croducts (product A, and B) are acguired, transformed, and
the end users. Financial and shipping processeg are accomplizhes
ank and freight forwardaer.

: Hours

nits: Heters

tion Logie: activate animate_sub

R e e b . T o e o bk R Y

e Locations -
e T T e T T T T T e

Cap Units Stats Rules Cost

({OQUT SIDE JORDAN) :8UPPLY PRODUCT B
INE 1 Time Series Oldest, , O/hkr

NSIELE FOR SHIPPING PRODUCT B FRCOM EXTERNAL SUPPLIER
INE 1 Time Series Oldest, , O/hr

{IN SIDE JORDAM) :SUPPLY PRODUCT A
INF 1 Time Series Oldest, , O/hr

HSIPLE FOR STRATIGIC INVENTCRY AND ORDER QUANTITY FROM
SUPPLIERS
INF 1 Time Series Oldest, , 2S5/day

i
#TO SEND MONEY TG EXTERNAL AND LOCAL SUPPLIERS{MONEY PAID FRCOM MAIN STORLS

FOR PRODUCT ~&B) :MONEY TRANSFERE.
EBANK INE 1 Time Series Oldest, , O/day
#
#NORTH WAREHOUSES AT BASEl STORES THAT WILL SUPPLY PRODUCT AsB TO NORTH UNITS

BASE 1 1000 1 Time Series Oldest, , 17/day

#

#MIDDLE WAREHOUSES AT BASE2 STORES THAT WILL SUPPLY PRODUCT A&B TO MIDDLE UNITS
BASE_2 800 1 Time Series Oldest, , 17/day

[

#SOUTH WAREHOUSES AT BASE1l STORES THAT WILL SUPPLY PRODUCT R&B TO SOUTH UNITS
EASE 3 600 1 Time Series Oldest, , 17/day

#

#UNIT1 STORES FOR BOTH PRODUCTS : RLB: MAINTEMANCE SECTION STORES
UNIT 1 500 1 Time Series Oldest, , 1.5/day

#

$UNITZ2 STORES FOR BOTH PRODUCTS : A&B: MAINTENANCE SECTION STORES
UNIT_Z 500 1 Time Series Oldest, , 1.5/day

#

¥UNIT3 STORES FTOR EOTH PRODUCTS : AR&B: MAINTENANCE SECTION STORES
UNIT 3 500 1 Time Series Oldest, , 1.5/day

#

BUNIT4 STORES FOR DOTH PRODUCTS @ ALB: MAINTENANCE SECTIOM STORES
UNIT 4 500 1 Time Series Oldest, , 1l.5/day

#

BUNITS STORES FOR EBOTH PRODUCTS : ALE: MAINTEMANCE SECTION STORES
UNIT_ & 500 1 Time Series Oldest, , 1.5/day

i

BUNIT6G STORES FOR BOTH PRODUCTS © R&B: MAINTENANCE SECTION STORES
UNIT_& 500 1 Time Serjes Oldest, , 1.5/day

H|
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“_i
FUNITY1 STORES FOR ROTH FPROCUCTS

UNIT_T oG 1 Tim=

E

BUNITS STORES FOR BOTH DROMICTS @ A&D: MAINTENANCE SECTION STORES
UNIT_ 8 oo 1 Time Serles Qldest, , 1.E7day

fi

HUHITY9 STORES FOR BOTE PRODUCTS : RaB: MAINTENANCE SZZTION STORES
UNIT 9 500 1 Tima Seriesz Qldest, , 1.S%/3ay

[

§REPRESENTS THE END USER AT NORTH REGION: NORTH MAINTENAMCE GROUPS({PESONNEL)
END USER_1 IHE 1 Time Series Oldest, , O/day

i

§REPRESENTS THE END USER AT MIDDLE REGION: MIDDLE MAINTENANCE GROUPS (PESCHHNEL)
END USER_2Z INF 1 Time Series Oldest, , 0/d=v

#

¥REP ENTS THE END USER AT SOUTH REGION:

EPRES
END USER 3 Ine 1 Time Ssries

[P L R R R s R R AR R PR R R RS R R R L L S AR E R A A At i
- [l R g -
Lhvavled

O L R R R e e A R R R S Al E AR RS Sttt i ittt i

Name Speed [mpm) Stats Cost

#

#EHGTINE OIL PURCHASED FRCM LOCAL EUPPLIER
PRODUCT_A 150 Time Series 1

#

#HYDROLIC OIL IMPORTED FROM EXTERNAL SUPPLIER
PRODUCT B 150 Time Series 2

#

#ORDERS FOR PRODUCT A
ORDER_A 180 Time S=ries I1

#

#ORDERS FOR PRODUCT B
ORDER_B 150 Time S=ries 33

#

#MONEY ORDERS AND PRYMEMNTS FOR SUPPLIERS
FINAKCE 150 Time Zeries I3

O L 2 2 R R R e R R R R T S R R L R AR ARl el il il

* Path MNetworks *

e . . R e e e R e R A S S e e A b Al Rl il b i

Name Type T/S From To EI Dist/Time Speed Factor

Netl Passing speed & distance N1 N2 Bi 5000000 1
N2 N3 Bi 375000 1
N3 N4 Bi 130000 1
N3 N5 Bi 12C00 1
N3 NG Bi 1500600 1
N4 N7 Bi 23000 1
N4 K8 Bi 38000 1
N4 N9 Bi 44000 1
N5 N1i0O Bi 25000 1
N5 N1l Ei 31000 1
N5 N12 Bi 40000 1
NG N1l4 Ei 60000 1
K] N15 El 15000 1
N& N16 Bi 110000 1

Net2 Passing Time N1 N2 El 960

J O Lt 2 R R R R R e S T2 A e s S R ARl i
= o

* Interfaces *

B R R 22222222 R 2 TR A R A A A2 A R A s i A ot Rt h i it i

Het Mode Location
Matl N1 EXTERMNAL SUFPLIER
N2 LOCZAL SUPPLIER
N3 MAIN_STORES
N4 BASE 1
NS BASE_2

I
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i PASE 3 -
iT& UHTT

i unIT =

N unIT 3

H1a LNIT 4

B UNIT_G

M1z UMIT

Bl UNIT 7

N15 UNIT_#

NG UNIT ¢

Newl N1 EXTERNAL_ SUPPLIER

NZ LOCAL SUPPLIER

AR AR RS AR R LR R AR E R R R AR RS R A SN AR R SRR s AR R R R Rl AR R R R AR EEERRE SRR R REEEE]
* Resources *
LR L R R R R R R R R R R R A R R R R N A R R R R R R R R

Res Ent
Units Stats Search Search Path Cost
PRODUCT B FRM EXTERNAL SUPPLIER
2 Ey Unit Closest Oldest Netl Empty: 86,8 mom J155/day
Home: N1 Full: 3.2 mpm 500/Use
{Return)

ODUCT A FRM LOCCAL SUPPLIER

By Unit Cleosest Oldeast Netl 0.1/day
Home: NI 50/Use
[Return)
3
; D PRCOUCTZ TO THE BASE STORES
¢l 7 Ev Unit Clcsest Oldest Ketl Empzy: 1180 mpm O.1/dzay
Eome: N3 Full: 1080 npm 18/Use
{Return}
PRODUCTS TO UNITS:1,2, AND 3.
4 By Unit Closest Oldest Netl Empty: 1160 mpm 0.1/day
Home: N4 Full: 1060 mpm 18/Use
{Return)
270 ZZND PRODUCTS TO UNITY,UNITS, AND UNITI.
PICXUR3 4 By Unit Closest Oldest Netl Empty: 1160 mpm 0.1/day
Home: N& Full: 1060 mpm 18/Use

{Return)

LA AR S A S AR R R A SRR R RN SRRl SRR AR SRRl R ARl Rl R ERR SRl

* Processing hd
LA AR E R AR A S R A R A S R A R A SR R R R R R R R R R R R RS R R L R R R E RS R RS LRSS

Process Routing
Entity Location Operation Elk Cutput Destination
Rule Move Logic
ORLER A END USER_1 IHNC DV,1 1 CRDER_A UNIT 1

TURM 1 MOVE EOR 1
ORDER_A  UNIT_2

TURN MOVE FOR 1

ORDER A  UNIT 3
TURY MOVE FOR 1 - N
GRDER A UNIT 1 WAIT N(1,.1)

DEC UAl, ORDER_QUANT_FA
IF UAl <= 54 THEN ROUTE 1
IF UAl > 54 THEH ROUTE 2
ELSE WAIT UNTIL UAl<=34

1 ORDER_A BASE 1
TURN 2 MOVE FOR 1

IV
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TR

MCGVE FOR

1

TURN 1 MOVE FOR 1

CRDER_A BAZE

TURN 2 INC DUMMYL, 1

MOVE FOR 1

TURN MOVE WITH PICKUPZ

INC UR1, 252

TURN 2 MOVE WITH PICKUPZ

INC UAL, 252

TURN

ORDER_A  UNIT_2

1

TURN 2 MOVE FCOR 1

TURN MOVE FCR 1

FIRST 1 MOVE FOR 1

ORDER_A BASE_1

THEN FRE

FRODUICT A

2 PRODUCT_A

1 ORDER_A

PROCUCT_A

THEN FREE

2 PROCUCT_A

m

1,.1)
. ORDER_QUANT_A
<= 30 THEN ROUTE 1
> 34 THEN ROUTE ©
IT UNTIL UAZ<=30
1 CRDER A

M

PRODUCT _A

12

FRODUCT_A

WAIT N{4,.2)
DEC BAl, 140

END USER_1

END USER_1

W g
£ =Al, 252
IF EAl <= 252 AND DUMMY1=0 THEN ROUTE 1
ELSE ROUTE 2

MAIN_STORES

UNIT_1

UNIT_1

EXIT

EASE 1

END_USER_1

IF BEAl <=25Z BND DUMMY1=0 THEN ROUTE 1

ELES ROUTE 2

1 ORDER_A
TURN 2  INC DUMMYL,1
MOVE FOR 1
PRODUCT_A
TURN MOVE WITH PICKUP2Z THEN FREE
INC UAZ,140
2 PRODUCT _A
TURN 2  MOVE WITH PICKUP2 THEN FREE
INC UAZ,140
ORDER_A

TURN

CRDER_A  UNIT_3

TURN 2 MOVE FOR

TURN MOVE FOR

FIRST 1 MOVE FOR

WAIT N{1,.1)
DEC UA3, CRDER_QUANT A
IF UR3 <= 45 THEN ROUTE 1
If GA3 > 45 THEN ROUTE 2
ELSE WAIT UNTIL UA3<=45
1 ORDER A

PRODUCT_A

[}

FRODUCT_A

MAIN_STORES

UNIT_2

UNIT_2

EXIT

&)

1

BAS

END_USER_1

END_USER_1
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ORDER_A

TURN 2

EASE_1 WAIT N{4,.2)
C Bal, 10
F BAl <=252
TLEE ROUTE T

MOVE FOR 1

INC DUMMY1,1

ORDER_A,

AND DUMMY1=0 THEN ROUTE 1

MATH STORES

PRODUCT_A UNIT_3

TURN MCOVE WITH PICKUP2Z THEN FREE
ING UA3, 168
2 PRODUCT_A UNIT_3
TURN 2 MOVE WITH PICKUP2 THIN FREE
INC UAZ, 168
ORDER_A  EXIT
TURN
ORDER_A  MAIN STORES WAIT N{4,.2)
- DEC MA, 602
TE MA <= 1120 BND DUMMY A=0 THEN ROUTE 1
TLEE ROUTE 2
1 ORDER_A  LOCAL SUPPLIER
TURN 2z  INC DUMMY A,1
MOVE FOR 1
PRODUCT A BASE_l
TURN MOVE WITH PICKUP1 THEN FREE
INC BR1, 60Z
DEC DUMMY1,1
z PRODUCT A BASE_l
TURN 2 MOVE WITH PICKUP1 THEZM FREE
INC BAl, 602
DEC DUMMYL,1
ORDER_2  EXIT
TURN
PRODUCT A BASE_1 1 PRODUCT A EXIT
FIRST 1
PRODUCT_A UNIT 1 1 PRODUCT A EXIT
FIRST 1 .
PRODUCT A UNIT 2 1 PRODUCT A EXIT
FIRST 1
PRODUCT A UNIT 3 1 PRODUCT A EXIT
FIRST 1 -
PRCDUCT A END USER 1 1 PRODUCT_A EXIT
FIRST 1
ORDER_A  END USER 2 1 ORDER_A  UNIT_4
TURN 1 MOVE FOR 1
ORDER_A  UNIT_5
TURN MOVE FOR 1
ORDER A  UNIT &
TURN MGVE FOR 1
ORDER_A  UNIT_4 GAIT N(1,.1)
DEC UR4, ORDER_QUANT_A
IF UR4 <= 45 THEN ROUTE 1
IF UA4 > 45 THEN ROUTE 2
ELSE WAIT UNTIL UR4<=45
1 ORDER_A  BASE_2
TURN 2  MOVE FOR 1
PRODUCT_A END USER_2
TURN MOVE FOR 1
2 PRODUCT A END_USER_2

FIRST 1 MOVE FOR

ORDER A  BASE_2

WAIT N{4,.2)
DEC BAZ, 210

VI
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SLAE ROUTE 2
TUEN 2 MOVE FOR 1
Th DITMMYZ, 1
TURM MOVE WITH PICKUP1 THEN FREE

INC 1UIA4,210

TURN 2 MOVE WITH PICHKUP1 THEN FREE

TURN

ORDER A UNIT § WAIT N{l,.1}
IF UAS > 45 7

TURN T MOVI TOR 1

TURK MOVE FOR 1

FIRST 1 MOVE FOR 1

ORTER_ A SASE_2 VAIT N(4,.2)
DEC BAZ, 210
ELSE ROUTE 2

TURN 2 MOVE FOR 1

TNC DUMMYZ, 1

TURM MOVE WITH PICKUPl THEN FREE

INC UAS, 210

TUARN 2 MOVE WITH

INC URS, 210

TURN

ORDER_A UNIT_6

2i3 AND

CUMMYZ=0 THEN

1

DEC UAD, ORDER _QUANT_ A

IF UAS <= 45 THEN ROUTE 1

ELSE WAIT UNTIL UAS5<=45

HEN K

M
UL

1

-~
P

ORDER_A

PRODUCT_A

PRCDUCT_A

ORDER_A

ORDER_A

PRODUCT_A

PRODUCT_A

ROUTE 1

A

MATN_STCRE

UNIT_1

UNIT_1

EXIT

BASE

(IS}

IF BAZ <= 224 AND DUMMY2=0 THEN ROUTE 1

PICKUP1 THEN EREE

WAIT N(I1,.1)

DEC UR6, ORDER _QUANT_RA
IF UAG <= 48 THEN ROUTE 1
IF UAG > 48 THEN RGUTE 2
ELSE WAIT UNTIL UAG<=48

1

1

ORDER_A

PRODUCT _A

PRODUCT _A

ORDER_A

ORDER_A

PRODUCT_A

PRODUCT_A

MAIN_STOREE

UNIT_5

UNIT_5

EXIT

BRSE_2

END_USER_2

END USER_2

IF BA2 <= 224 AND DUMMY2=0 THEN ROUTE 1

TURN 2 MOVE FCR 1

TURN MOVE FOR 1

TIRST 1 MOVE FOR 1

CRDER A  ERSE 2 WAIT N(4,.2)
DEC BAZ, 224
ELSE ROUTE 2

TURN 2  MOVE FOR 1

ING DUMMYZ, 1

TURN MOVE WITH PICKUPL THEN FREE

VIl

1

GRDER_A

MAIN_STCRES

PRODUCT_A UNIT_6
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INC UAG, 224

TURN 2 MOVE WITH PICKUP1 THEM FREE

INC UAe, 224

TURH

ORDER_A MAIN_STORES

TURN 2 MOVE FOR

INC DUMMY A,1

1

WAIT N{(4,.2)
DEC Ma, 644

IF MA <= 1120 RND DUMMY_A=

ELSE ROUTE 2

1
4

TURN MOVE WITH PICKUPL THEN FREE

INC BAZ, 644

DEC DUMMYZ,

TURN 2 MOVE WITH PICKUP1 THEMN FREE

INC BAZ, 644
CEC DUMMYZ, 1

TURN

PRODUCT_A EASE 2
FIRST 1

PRODUCT_A UNIT_4
FIRST 1

PRODUCT_A UNIT_S
FIRST 1

PRODUCT_A UNIT_&
FIRST 1

PRODV v END_USER_ 2

FIRST 1
CORDER_A  END_U
TURN 1 MOVE EC

SER_3
R1

wait B767 1

PRODUCT_A UNIT_8

ORDER_A EXIT

O THE! ROUTE 1

ORDER A LOCAL_SUPPLIER

PRCODUCT A BASE_Z2

PRODUCT_A BASE_Z

ORDER_A  EXIT
PRODUCT_A EXIT
PRODUCT_A EXIT
PRODUCT_A EXIT

PRODUCT_A EXIT

PRODUCT A EXIT

ORDER_A  UNIT 7
CRDER_A  UNIT_8

ORDER_A  UNIT 9

ORDER_A  BASE_3

PRODUCT A END_USER_3

PRODUCT_A END_USER_3

ORDER_ A MAIN_STORES

PRODUCT_A UNTT_?

TURN MOVE FOR 1
TURN MOVE FOR 1
ORDER A  UNIT_? WAIT N{1,.1)
DEC UA7, ORDER_QUANT_ A
IF UA7 <= 33 THEN ROUTE 1
IF UR7 > 33 THEN ROUTE 2
ELSE WAIT UNTIL UA7<=33
1
TURN 2  MOVE FOR 1
TURN MOVE FOR 1
2
FIRST 1 MOVE FOR 1
ORDEF ™  BASE_3 WAIT N(4,.2)
DEZ BA3, 154
IF BA3 <= 154 AND DUMMY3=0 THEN ROUTE 1
FLSE ROUTE 2
1
TURN 2  MOVE FOR 1
INC DUMMY3,1
TURN MOVE WITH PICKUP3 THEN FREE
INC UA7,154
2

TURN 2 MOVE WITH PICKUP3 THEN FREE

VIII

PRODUCT A UNIT_7
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ORDER_A EXIT

TER A URIT & WAIT 11(1,.1]
DEC UAZ, ORDER QUANT A
IF UAZ <= 1% THEN ROUTE 1
I+ UAE > 18 THEN ROUTE 2
ELSE WATT UNTIL URB8<=18
1 ORDER B BASE 3
TURN 2  MOVE FOR 1 - B
PRODUCT A END USER_3
TURN MOVE FOR 1 B - -

2 PRODUCT A END_USER_3
FIRST 1 MOVE FOR 1

CGRTIR A PASE_3 WAIT N(4,-2)
DEC EBA3, 54
IF BA3 <= 154 AND DUMMY3=0 THEN ROUTE 1
ELSE ROUTE 2
1 CRTER A MAIN_STORES
TURN 2 MOVE FOR 1 B

INC DUMMY3, 1

PRODUCT_A UNIT_89
TURN MOVE WITH PICHUP3 THEM EREE
INT UA3, 84

2 PRODUCT_A UNIT_8
MOVE WITH PICKUP3 THEN FREE

ORDER_A EXIT

URIT @ WAIT §(1,.1}

DEC UA2, ORDER_QUANT_A

IF UA% <= 1& THEN ROUTE 1

IF UAS > 18 THEN ROUTE 2

ELSE WAIT UNTIL UA9<=18

1 ORDER A  BASE 3

TURN 2 MOVE FOR 1
PRODUCT A END USER_3

TURN MOVE FOR 1

2 PRODUCT_A END_USER_3
FIRST 1 MOVE FCR 1

ORDER_A  BASE_3 WAIT Ni{d4,.2)
DEC BA3, 84
IF BA3 <= 154 AND DUMMY3=D THEN ROUTE 1
ELSE ROUTE 2
1 ORDER_A  MAIN_STORES
TURK 2  MOVE FOR 1

INC DUMMY3,1
PRODUCT_A UNIT_3

TURH MOVE WITH PICKUP3 THEN FREE
INC UA9,B4

2 PRODUCT_A UNIT_ 9
TURN 2 MOVE WITH PICKUP3 THEN PREE

INC UA9, 84

ORDER A  E¥IT

TURN -
ORDER A  MAIN_STORES WAIT N(4,.2)

DEC MA, 322

IF MA <= 1120 END DUMMY_A=0 THEN ROUTE 1

ELSE ROUTE 2

1 ORDER A LOCAL SUPPLIER

TURN 2  MOVE FOR 1 - -
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T DUHEMY AL

TURN MOVE WITH PICKUPRL1 THEN FREE

INC TA3, 322

ros THMYE, D

r

TURN 2 MOVE WITH PICKUPl THEN FREE

DEC TUMMY3, L

TURN

PRODUCT A BASE_3
FIRST 1

PROTUCT A UNIT_7
FIRSFY 1

PRCIUCT A UNIT_S
FIRET

PRO2UCT_A UMIT_2
FIRET 1

END USER 3

CRTZR R ILGOCAL SUPPLIER

ST 1 MOVE FOR 1
CER_A MAIN STORES

(9]
i
m
(9]
3]
e

FINANCE SANK

FIRET 1 MOVE FCR 1
FINANCE LOCAL, .- PLIER

1
1
|
1
walt B767 1
ATA=CLOCHKI()
WALIT H(6,.2)
GRAPHIC 3
1

WAIT N(4,.2)

PRODUCT A DBAGE_3

PRODUCT A BASE 3

ORDER_A EXIT
PRODUCT A EXIT
PRODUCT 2 EXIT
PRCDUCT_A EMIT

PRODUCT _A EXIT

PRODUCT A EYIT

ORDER_A  MAIN_STORES

LOG"ORDER A PROCESS TIME M&L™,ATA

1

WAIT N({4,.2)
GRAPHIC 3 1

FINANCE BANH

QORCER A EXIT

FINANCE LOCRL _SUPPLIER

LOG"FINANCIAL PROCESS TIME M&L",ATE

WAIT N{4,.2)
DEC LA, 3360

FIRET 1 MOVE WITH TRUCK THEN FREE

IRC MA, 3360

DEC pUMMY_R,1

LOG"TOTAL LEAD TIME M&L",ATA

PRODUCT_A MAIN_STORES
FIRST

ORDER_B  END_USER_1
TURH 17 MOVE FOR 1

TURI MOVE FOR 1

TURN MOVE FOR 1
ORDER_B  UNIT_1

TUEN 2 MOVE FOR 1

TURN MOVE FOR 1
FIRST 1 MOVE FOR 1
ORDER B BASE_1

TURN 2 INC DUMMY4,1

wait 8770 1

WATT N(1,.1)
DEC UBl, ORDER_QUANT B
1r UBL <= 51 THEN ROUTE 1
IF UB1 > 51 THEN ROUTE 2
ELSE WAIT UNTIL UBl<=51

1

WAIT N(4,.2)
DEC BBl, 238

PRODUCT_A MAIN_ZTORLSE

PRODUCT_A EXIT
CRDER_E UNIT_1
ORDER_EB UNIT_2

ORDER_E UNIT 3

ORDER B  BASE_L
PRODUCT_B END_USER_1

PRODUCT_E END_UZZR_1

IF BBl <= 238 AND DUMMY4=0 THEN RQUTE 1

ELSE ROUTE 2
1

ORDER_B  MAIN_STORES

ty of Jordan - Center of Thesis Deposit

iversi

All Rights Reserved - Library of Un



PRODUCT_B UNIT_1
TURN MOVE WiTH PICHUDY THEN FREDR

THC URL, a6
z PRCDUCT B UNIT 1

TU=RN 2 MOVE WITH PICWUPZ THEN FREE
INC UB1, 233
TURN

ORDER B URIT_Z WAIT N{1,.1!}
CEC UB2, ORDER_QUANT =2

IF UB? <= 21 THEN ROTTE 1
IF UBZ > 21 THEN RO z
ELSE WAIT UNTIL URZ<=71
1 CXDER B EASE 1
TURN 2 MOVE FOR 1 - -
PRODUCT B END USER_1
TURN MOVE FOR 1 B B
o PRODUCT B END USER 1
FIRST 1 MOVE TOR 1 B
ORDER_B ASE 1 WAIT N{4,.2)
DEC BEI, 98
IF BBl <= 238 AND DUNMY4=0 THEN ROUTE 1
ELSE ROUTE 2
1 ORDER_E  MAIN STORES
TURH 2 INT DUMMY4, 1
MOVE FOR 1
PRODUCT B UNIT 2
TURN MOVE WITH PICKUPZ THEN FREE

s B2, 93

)

PRODUCT_B UNIT_2
TURN 2 MOVE WITH PICKUP2 THEN FREE

INC UBZ, 98
ORDER_B  EXIT
TURM
ORDER_B  UNIT_3 WAIT N{l,.1)
DEC UB3, ORDER_QUANT_B
1F UB3 <= 42 THEN ROUTE 1
IF UB3 > 42 THEN RCUTE 2
ELSE WAIT UNTIL UB3<=42
1 CRDER_B  BASE_1
TURN 2  MOVE FOR 1
PRODUCT_B END USER_1
TURN MOVE FOR 1
2 PRODUCT_B END USER 1
FIRST 1 MOVE FCR 1 -
ORDER_B  BASE 1 WAIT N{4,.2)
DEC BB1,196
IF BBl <= 238 AND DUMMY4=0 THEN ROUTE 1
ELSE ROUTE 2
1 ORDER_B  MAIN_STORES

TUEN 2 INC DUMMY4,1
MOVE FOR 1

PRODUCT_B UNIT_3
TURN MOVE WITH PICKUP2Z THEN FREE

INC UE3,196
2 PRODUCT_B UNIT_3

FIRST 1 MOVE WITH PICKUPZ THEN FREE

INC UB3,195
ORDER B MAIN_STORES WAIT N{4,.2)

DEC ME, 532

IF MB <= 4092 AND DUMMY_BE=0 THEN ROUTE 1

ELSE ROUTE 2 1 ORDER B EXTERNAL_SUPPLIER

TURN 2 MOVE FOR 1
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T DY

TURN
NS PRLL, G

TED DUMMY

UMY

[}
[
[
a0
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DUCT
1

ODUCT |

E]
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]
[ SRS I s ]
01
oy
-

s}

nOoL
RODUCT_|
1
DUGT
1
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tr s
o

0w
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£
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PRODUCT_B END U3BER 1

FTRST 1
CRDER_B

My 4
PRTRNC Y

TURN

mre—a
T AL

n
PREEN

r
L

TU&RN

FIRST 1
CRDER_B

TURN 2

Bl

PRODUCT_E

MOVE WITH DPITHUPL THE! FREE

3™

4,1

1,1

B BASE 1
B UNIT_1
8 UNIT 2

8 UNIT 3

MOVE FOR

MOVE FOR
UNTT_d

MOVE FOR

MOVE FOR
EASE_2

MOVE FOR

ING DUMMYS, 1

TURN

URN 2 MOVE WITH PICKUPY1 THEM EFREE

[

z FRODUCT_B
ORDER_B

1 PRCDUCT B

1 PRODUCT_B

1 PRODUCT _B

1 PRODUCT_B

wait B767 1 PRODUCT B
1 ORDER_F
CRDER_B
ORDER_B

WAIT N{1l,.1)
DEC UB4, ORDER_QUANT_RB
IF ¥B4 <= 30 THEN RQUTE 1
IF UB4 > 30 THEN RCUTE 2
ELSE WAIT UNTIL UB4<=30
1 CRDER_E

PRODUCT_B
2 PRODUCT_B

WAIT N(4,.2)
DEC EBZ, 140

BASE_1

EXIT
EXIT
EXIT
EXIT
EXIT
EXIT
UNIT_4
UNIT_5

UNIT_6

BASE_Z2
END_USER_2

END_USER_2

IF BB2 <= 210 AND DUMMYS=0 THEN ROUTE 1

ELSE ROUTE 2
1  ORDER_B

PRODUCT_B

MOVE WITH PICKUP1 THEN FREE

INC UB4,140

TURN 2
INC UB4,1

TURH
ORDER_B

TURN 2

FIRST 1
ORDER_E

2 PRODUCT_B

MOVE WITH PICKUPL THEN FREE

40

UNIT_5

MOVE FOR

MOVE FOR 1

MOVE FOR 1

ERSE_2

1

ORDER_E

AIT N(1,.1)

DEC UBS, ORDER_QUANT B
IF UBS <= 45 THEN ROUTE 1
IF UB5 > 45 THEN ROUTE 2
ELSE WAIT UNTIL UBS5<=45

1 CRDER_E
PRODUCT_B
2 PRODUCT _B

WAIT N(4,.2)
DEC BE2,210

MAIN_STORES

UNIT_4

UNIT_4

EXIT

ERSE 2
END_USER_2

END_USER_2

IF BB2 <= 210 AND DUMMY5=0 THEN ROUTE 1
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ELEE ROUTE 2 1

THZ DUMTYS, ]

TURH MOVE WIT

INC UEB%, 210

by

TURN 2 MOVE WITH PICHUPL THEN IFREE
INC UBS, 210

TURHN

CRDER_B UNIT_®& WAIT N{l1,.1}

CEC UB6, ORCER_QUANT B
IF Uzs <= 33 THEN ROUTE 1
IF Uso » 30 THeN RGUTE 2
ELSE WAIT UNTIL UBG<=30
1
TURN 2 MOVE FOR 1
TURN MOVE FOR Z
FIRST 1 MOVE FOR 1
CRPER_E EASE T WAIT N{4,.2}
CEC BBZ,140
IF BR2 <= 2
ELSE ROUTE 1
TURN 2 MOVE FCR 1
INC DUMMYS5,1
TURN MOVE WITH PICKUPL TEEN IRER

INC UEBG,140
4

FIRST 1 MOVE WITH PICHUPL THEN FAER

INC UL6,140
CRDER_E  MAIN STORES WAIT N(6,.2}

DEC MB, 490

ORLER_B

PRODUCT I

PRODUCT_B

ORDER_B

ORDER_E
PRODUCT_P

PRGDUCT _8

10 AND DUMMYB5=0 THEN ROUTE 1
-

ORDER_F,

PRODUCT_BE

FRODUCT_B

MAIN STO

UNIT_5

UNIT 5

EXIT

BRZE -

END_UZER_Z

EHD USER 2

MAEIN _STORES

UNIT 6

UNIT 5

IF MB <= 4032 AND DUMMY B=0 THEN ROUTE 1

ELSZ ROUTE 2 1 ORDER B EXTERNAL_SUPPLIER
TURH 2  MOVE FOR 1
INC DUMMY_B,1
PRODUCT_B BASE_2
TURN MOVE WITH PICKUPL THEN FREE
INC BE2, 490
DEC DUMMYS, 1
2 PRODUCT B BRSE_2
TURN 2  MOVE WITH PICKUP1 THEN FREE
INC BBZ2,490
DEC DUMMYS, 1
ORDER_B  EXIT
TURN
PRODUCT_B BASE_2 1 PRODUCT B EXIT
FIRST 1
PRODUCT_B UNIT 4 1 PRODUCT_B EXIT
FIRST 1
PRODUCT_B UNIT S 1 PRODUCT_B EXIT
FIRST 1
PRODUCT_B UNIT & 1 PRODUCT_B EXIT
FIRST 1
PRODUCT B END USER_2 1 PRODUCT B EXIT
FIRST 1
ORDER_B  END USER_3 1 ORDER_B  UNIT_7
TURN 1 MOVE FOR 1
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CRDER B UNIT_®

THAN

ORDER_E  UHIT 9

TURN MOVE FOR 1
ORDER_ B UNIT 7

IT_E
"N ROUTE 1
HOROUTE 2
UET<=21
1 ORDER_E  BASE_3

TURM 2 MOVE FOR 1

PRODUCT_B END_USER_3
TURN MOVE FOR 1

)

PRODUCT_E END_USER_3
FIRST 1 MOVE FOR 1

ORDER_B  BASE_3 WATT N(4,.

DEC B3,

IF BRI <= %3 AND DUMMY6=0 THEN ROUTE 1

ELSE ROUTE 2

1 ORDER_B  MARIN_STORES
TURN Z  MOVE FOR 1
INC DUMMYG, 1
PRODUCT_B UNIT_7

TURN MOVE WITH PICKUP3 THEN TREZ

INC UB7, 98

[}

PRODUCT B UNIT 7
TURN 2 MOVE WITH PICKUP3 THEN FREE

INC UB7, 28
ORDER_8  EXIT

TURN
ORDER_B  UNIT_E

ORDER_B  BASE_3
TURN 2 MOVE FOR 1
PRODUCT_E END_USER_3

TURN MOVE ECR 1
2 PRODUCT B END_USER_3
FIKST 1 MOVE FOR 1
ORDER_B  BRSE_3 WAIT Ni4,.2]
DEC BB3, 98

IF ER3 <= 98 AND DUMMY&=0 THEN ROUTE 1
ELSE ROUTE 2
1 CORDER_B MAIN STCRES
TURN 2 MOVE FOR 1

INC DUMMYE,1
PRODUCT B UNIT_B
TURN MOVE WITH PICKUP3 THEN FREE

INC UBS, 98
2 PRODUCT_B UNIT_B
TURN 2 MOVE WITH PICKUP3 THEN FREE

INC UES, 98
ORDER B EXIT
TURN
ORDER_ B UNIT_9 WAIT N(1,.1)
DEC UB9  :DER_QUANT B
IF UB9 <= 18 THEN ROUTE 1
IF UBY > 12 THEN ROUTE 2
ELSE WAIT UNTIL UB9Y<=18
1 ORDER_B  BASE_3
TURN 2 MOVE FOR 1
PRODUCT B END_USER_3

TURHN MOVE FOR 1
2 PRODUCT_B END_USER_3
FIRST 1 MOVE FOR 1
ORDER B  BASE 3 WALT MN(4,.2)
B DEC BB3,84

IF BR3 <= %8 AND DUMMYG=0 THEN ROUTE 1

X1V
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FLAE ROUTE 2 ]

ey e
T LMY G,
PRODUCT B
LR MOWE ITH PICRUPI TiEM EREDR
2 PROCUCT_B

IITH PICRUP3 THEN FREE

ORDER B
TURN -
CRDER B MAIN_STORES WAIT NI(6,.2)
. DEC M3, 280
IF MB <= 4092 [ND DUMMY B=0 THEN ROU
ELSE ROUTE 2 1~ ORDER B
TURM 2 MOVE TOR 1 -

bAd
L
4ol

ICKUPL THEW FREE

2 PRODUCT_B
TURN 2 MOVE WITH PICHKUPl THEN FREE B
INC BE3,ZE0
TEC DUMMYG, .
ORDER_B
TURH
CRDER_ B EXTERNEL SUPPLIER ATE=CLOCK()
WAIT N{G,.2)
GRAPHIC 3 1 ORDER_E
FIRST 1 MOVE IR 1
OXDER_E  M3iIN_STORES WAIT N(4,.2]

RTE=CLOCK{} 1 FINANC

TURN

FINANCE BANK WAIT N{d,.2)

GRAPHIC 3 1 FINENCE
TURN 2 MOVE FOR 1
FINANCE
TURN MOVE FOR 1
CUMMY_F=0

EXIT

TE 1
ENTE

Erzz 3

EXIT

EXTERNAL_SUPPLIER

FRIEGHT_FORWORDER

FINANCE FRIEGHT _FORWORDER LOG "FINANCIAL PROCESS TIME FOR ORDER B", ATFE

WAIT 6
GRAFHIC 2
INC DUMMY_F,1

1 FINANCE
FIRST 1 MOVE FOR 1
FINANCE EXTERNEI,_SUPPLIER WRIT N(4,0.1)
IF DUMMY F=1 THEN ROUTE 1
ELSE RCUTE 2

EXTERNAL_SUPPLIER

LOG "SHIPPING PROCESS TIME FCR CRDER B", ATE

1 PRODUCT_B
TURN Z  DEC EE, 5000

MOYE WIITH SHIP THSH FREE

FINANCE
TURN
2 FINRNCE
FIRST 1
PRODUCT B LOCAL_SUPPLIER WAIT N{4,.1}

XV

LOCAL SUFPLIER

EXIT

EXIT
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1 FRODIICT =

IO S b S

LOGULEAD TIME MLTT,ATE

FINANCE  UNIT 5 WAIT N(4,0.2) 1 FINANCE  EXIT
FIRST 1 -

PRODUCT B MATN_STORES 1 PRODUCT B EXIT
FIRST 1

PRODUCT B BRSE 3 1 PRODUCT B EXIT
FIRST 1 B

PRODUCT E UNIT 7 1 PRODUCT & EXIT
FIRST

PRODUCT B UNIT 3 .1 PRODUCT_B EXIT
FIRST 1

PRODUCT B UNIT_9 1 PRODUCT_E EXIT
FIRST 1

FRODUCT & END USTR_3
szooov, 1
8767 1 PRODUCT B EXIT

FIRST 1

P L R R R e T L RS A AL R R LR R R R SR A SRRl ittt td

* Arrivals *
-tivi'dvi‘ﬁéiidr*ww-t--rtvtv*t*ivv!r*t*ﬁ-******‘#*i&***'&*******t‘**t**i******t+i'*ir{—*'&*****t'

Entity Location Qtw each First Time Occurrences Frequency Legic

CRDER A ERND USER 1 1 o} INE N({Z4,2) CRDER_QUANT_A=
P(13.55)

ORDER A END U 11 8 INT N{Z4,2)
ORDER_QUANT A=P }

ORDER_A  END_ 11 16 INF N({z4,2)
CRDER_QUANT A=?P g

ORDER_A END USER 2 1 2 INE Ni{24,2)
ORDER_QUANT_A=F(§.55)

ORDER_A R 21 10 INE N{Z24,2)
ORDER_QUANT R=r{E

ORDER_A END_USE®R_2 1 18 INF N{24,2)
ORDERWQUANT_A=P(7.15)

ORDER_A END USER_3 1 3 INF N(24,2]
ORDER_QUANT_A=P(6.75)

ORDER A END USER 3 1 11 INF N(24,2)
ORDER_QUARNT_A=P(3.958)

ORDER_A END USER_3 1 19 INF N(24,2)
ORDER_QURNT_A=P(2.85)

ORDER_B END USER 1 1 4 INF N{24,2)
ORDER_QURNTWB:P(9.8)

ORDER_B END USER_1 1 12 INE N(24,2)
ORDERiQUANT_B:P(3.5)

ORDER_B END USER_1 1 20 INF N(24,2)
ORDER_QUANT_B=P(B.3)

ORDER_B ENDWUSER_Z 1 [} INF M{z24,2)
ORDER_QUANT E=F (6.55)

ORDER_B END USER_Z 1 14 INF N{24,2)
CRDER_QUANT B=P{5.95)

ORDER_B END_USER72 1 22 INF N(24,2)
CRDER_QUENT_E=F(4.95)

ORDER_E END USER_3 1 8 INFE N{24,2)
ORDERAQUANT_B=P(4.3]

ORDER_B END USER_3 1 16 INF Ni{24,2)
ORDERiQURNT_B=P(2.6)

ORDER E END USER 3 1 24 INF N(24,2) ORDER_QUANT_B=P(2)

FINANCE UNIT 5 = 1 0 10 877

B T T A TR T b T T T SR e o e . 2 2 2 2 2 22 22 AR TR TSR A AR S AR R R RS LR S AR AR R LRI EA S S ko dd

* Attributes *

JP R e e R R R e S RIS X R R AL A A AR L

ID Type Classification
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#ATTRIZUTE To DIS

ATE

e R L TR R R LR AR A

O 2 e A T TR T AR R R R A S A St it At dh g dh il i

W

#PROTUST
URZ

#PROCUCT
UR”

EPROIUCT
UES

4

§PRODUCT
UAS

#

$PROCUCT
EAL

#

#PROTAICT
BRZ

L]

¥PRODUCT
BA3

#

#PRODUCT
MR

4

EPRGDICT

#ERODUCT
UEZ?

#

FPROTUICT
sz

L

# PROLGUCT

A QUANTITY AT
Integer

A QUANTITY AT
Integer

BOQUABNTITY AT
Integer

A QUANTITY AT
Integer

A QUANTITY AT
Integer

A QUANTITY AT
Integer

A QUANTITY AT
Integer

A QUANTITY AT
Integer

B QUANTITY AT
Int=zqer

B QUANTI

TY AT
Intege

r

E QUANTITY AT
Integer

B QUANTITY AT
Inteqger

B OQURNTITY AT

Entity

PROCEDS

Entity

&Y LEADS PROCESS
1

Entity

PROCESS

Entivey

Variaza

TIME

TIME

tles

FOR PRODUCT B

FOR FIMANIAD

{glcral

Initial value 3tats

UHIT STORES 1
MUAL

UHIT STORES 2
g0

UIIIT STORES 3
120

UNIT STORES 4
120

UNIT STORES 5
120

UNIT STORES 6
128

UNIT STORES 7
£s

UNIT STORES 8
48

UNIT STORES @

48

BASE STORES 1
MEAL

BASE STORES 2
MBAZ

BASE STORES 3

MBA3

MAIN STORES
MMA

LOCAL SUPPLIER 1

30000

UNIT STORES 1
MUEL

UNIT STORES 2

58

UNIT STORES 3

112

UNIT STORES 4

Time Saries

Time Series

Time S=aries

Time Series

Time Series

Time Series

Time Series

Time Series

Time Series

Time Series

Time Series

Time Series

Time Series

ASSUMPTICN])

Time Series

Time Eeries

Time Series

Time Series

XVII
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W
&}
o
—

BOQUANTITY AT UNIDT STORED L
Inteqasr ’

*1

Tin Series

UnIT STORKES 7

Ly B QUANTITY AT UMNIT STORES #
integer 56 Time Series

B QUANTITY AT UNIT STORES 2
Inteser 4z Time Seriesz

21 Tima Series

Time Series

MEE3 Time Series

& QUINTITY AT MAIN STORES

Integer MME Time Series

d

g B QUANTITY AT EXTERNAL SUPPLIER: {ASSUMPTICN)
Inteser 30000 Time Series

THE ORDER SENT TO LOCAL SUPPLIER{PRODUCT A)
Q Time Series

THE ORDER SENT TO EXTERNAL SUPPLIER(PRODUCT E)

23

ty of Jordan - Center of Thesis Deposit

iversi

0 Time Series
THE SHIPPING ORDER SENT TO EXTERNAL SUPPLIER(PRODUCT
0 Time Series
THE ORDER SEMT TO MAIM STORES ...oDUCT A).
¢! Time Series
THE ©ORDER SENT TO MAIN STORES (PRODUCT A).
0 Time Series
4
4DUMMY VARIASLE TO ENSURE THE ORDER SENT TO MAIN STORES {(PRODUCT A).
Ciady 3 Integer 0 Time Series
DifY 4 Integer 0 Time Series
DY S Integer 0 Time Series
DUVMY & Integer 0 Time Series
£
#DUMMY TO VIEW THE LOCATICNS
Y Integer 0 Time Series

vav**++*i*t++***&**************t*&***w**ti*****i*w***********i******twtw+k*+iwk

* Macros -

fvrvv+*i*it*+*k**#*********i****wk#*****it*******i*t********w&*i****tét#********
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XIX

VIEW
WATT
VIRW
WALT
VIEW
TALT

VIFEW "MAIN STOR

PLIER™

"EATERMAL
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