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Abstract

Providing data far supporting decision-making process is the main role of Data
Warehouse {DW} because it is a repasitory system of data either detailed or
aggregated. The concept of DW has added new benefits by improving and
expanding the scope, accuracy, and accessibility of data, DW is a process of
assembling data from vangus sources, and siored in one location after some
preprocessing operations such as; cleaning, integration, reduction and
transformation in order to get an overview of all of the data that concerns
some given. DW can change the nature of decision supporting process
because it's the fink between applications and data (which was scattered in
separate database but now is unified),

The objective of this thesis is to conduct a study for data warehcuse, and its
impact on information systems especially on Decision Support Systems (DSS)
and how decision support process needs to be improve data quality. Our case
study contains real data. Through this research we improves the importance
of the data warehouse, and why it was chosen on the process of decision
making and decision support, because it has a high speed and it saves time
and eftort used to produce reports needed in decision making.

The case study in this work is for one of the maost important sectors in the
Great Jamabhiriya. It is for the Manpower Employment Agency. This case
study is for directing national seekers to different jobs in different sectors and

cempanies, etc. in the Great Jamahinya, Qur work deal with several

fi



databases that differ in nature and huge volumes of data from different
SOUICES.

We have shown that data warehousing is an essential appreach for decision
making based on different data sources, it has been applied to real data and

have shown to be effective and efficient in {DSS).



Table

1.1
2.1
4.1

42
43

LIST OF TABLES

Page
Features betweendatadart &0OW. . . . . . . . .. .. . ... .. 10
Major distinguish features between OLTP and QLAF . . . . . . .20
Misurata popularity database . . . . . . . . .. L. oL oL 39
GPCM facttable structure . . . . . . . . . ... ... ... .. 47
GPCM dimension tables structure. . . . _ . . .. 0L L L L 48

viti



Figure
1.1
2.1
22
3.1
32
33
3.4
35
36
41
42
4.3
44
4.5
4.6
4.7
48
49
410
4.11
4.12
413
414
415
4.16

4.17
4.18

LIST O)F FIGURES

Data mining as a process of knowledge discovery. . . . . . . . ..
Data Warehouse Architecture. . . . . . . . .. . ..
BasicOLTP system .. . . . . . . . ... ....
Star schema of data warahouse . . . . . . . . ., .

Snowflake schema of data warehouse

Fact constellation schema of data warehouse . . . . . . .
The concept hierarchy for time dimesion . . . . . .

Rollupanddrildownoperations . . . . . . . . . . .. .. ..

Slice and dice operations , . . . . . . . ..

The basic methods for datacleaning . . . . . . . .
Sextable (OBF filey . . . . . . . . . . ... ..

Sex table (MDBfile} . . . . . . .. ..

Sectorstable (DBFfile) . . . . . .. ... ...
Sectorstable(MDBFRley . . . . . 0 . oo
knowledge base for solving some inconsistency . . .
.GPCMMetadata . . . . ... . . . B,
Knowledge base wo convert flat file to temporary MOB file
A concept hierarchy for attribute address in Misurata city
Data cube aggregaton Reduction . . . . . . . . .
A concept hierarchy for altribute address in Jamahiriya
GPCM star schemadiagram . . . . . . . . . .. .
GPCM Multidimensionaldatamedel . . . . . . . . .
Sample of statistical data for all cities . , . . . . . .
Sample of statistical of directed applicants for all oities . . . . . .

Total number of applicanis according to the marital status, gender

Myear. . . .. . . e

.... .32

Statistical data for Misurata city in the year 2006 - OLTP system . ., 53

Statistical data for all cities in the year 2006-Data Warehouse

System. . L e
Statistical data in the year 2008 - Data Warehouse system

53



Figure Page

4 20 Graph of resulted Statistical data for applicants who did finish the
military service . . . . L . L L 54

4.21 Graph of resulted Statistical dala for applicants who not finished
the military service . . . . . . . . .. L e 55

422 Total number of directed applicants to deferent sectors far all cities,

fromthe year 2000102008 . . . .. ... ... ... L 56
4.23 Total number of searchers, according to their preferred sectors for
all cities, fromtheyear 2000t0 2006 . . . ..... ... .. ... ... 57

4,24 Graphical representation for the number of applicants and directed
applicants in all cities from the year2000to 2006. . . ... ... .. 57

4,25 Graphical representation for the number of researchers and directed
applicants in all cities from the year 2000t0 2006 . . . ... ... .. 58



INTRODUCTION



CHAPTER 1

Introduction
Since the use of computers in business world, data collection has become
one of the most important issues due to the fact that the available data contain
valuable knowledge. Such volumes of data have been stored in many types of
databases.
Since the late 1960s, the area of Database Management Systern (DBMS) has
emerged in respense to the need of many organizations to manage and
benefit from these huge amounts of data, which have been collected and
generated by these organizations.
The concept of tabular oriented relational database was introduced in the
early 70s by Dr. Ted Cod. The relational database model has received much
attention and developments due to its simple mathematical basis [the set
theory). Commercially viabie, relational database management systems were
available in the market by early BOs.
Aithough, in the early 19805, most of the commercial database systems were
based on relational models, several alternatives in database models were also
proposed. One of those alternatives for relational database was the semantic
data model. Another alternative is the Object Orientatiocn (O0) model, the
purpose behind both the development of semanlic data models and the
development OO models is to model the real word as closely as possible. In
Q0 data modeling, each real world entity of problem domain is represented by
a set of objects with relations and operations. Each object consists of part of
abjects or sub-objects that relates objects to each other (relation

representation).



In the early 1980, relational database management systems wer¢ more
popular than hierarchal and network database management systems, Some
of the increased advantages of the relational database management systems
were its functionality and flexibility and the use of cache up in performance. In
cument database management systems, object oriented techniques becorne
more popular because of its encapsulation of the data and the functions being
performed an these data.

Recently, advances in technolegy have been revealing new applications of
database systems, such as pictures, video clip, and sound message; can now
be stored by multmedia database. In addition, maps, weather data, and
satellite images can be stored and analyzed by Geepgraphic Informatian
System (GIS).

As data size increases, the needs for more control and information retrieval
also have increased. These increases have led to the development of Data
Wérehouses (DW), Data Mining (DM} systems and Kr;awleﬂge Discovery in
Database {KDD} systems. "Data warehouse (DW} and On Line Analytical
Processing (OLAP) system are used in many companies to extract and
analyze useful information from very large database for decision making.
Real-time and active database technologies are used in controlling industrial
and manufacturing processes. Furthermore, database search techniques are
being applied to the World Wide Web (AWWW) to improve the search for
information that ts needed by users browsing through the internet.” [1]. New
generation of integrated information systems have been appealed to computer

users since the year of 2000

(W]



1.1 Data and database
1.1.1. Data
In isclation, data are collection of raw facts. Data are descriptive qualities in

the sense that it characterizes an entity or values of variables. The values of
data must have some meaning. Data should be categorized into cne of the
following categories:
+ Tangible things such as; Materials, VYehicles, Computers, Automobiles,
and etc.
» Roles such as; Applicants users, Suppliers, Empioyees, Decision makers
and etc.
« Events such as; Orders, Sales, Contracts, Trips and etc.
» Places such as; Store, Agency, Sale offices and etc.

1.1.2, Database
Any large size of data can be called a database with the emphases that these

data are related and meaningful. “A database is a collection of related data.
By data we mean Known facts that can be recorded and that have implicit
meaning."[4].

Consider, for example, the names, telephone numbers, and addresses of
people that a person knows (i.e. relatives or friends) which may be kept in a
telephone book, index cards or a computer file in form of ACCESS or EXCEL,
This collection can be considered as a database even though it is simple in
structure and relatively small in size. Computer database comes as a partof a
system known as Database Management Systems (DBMS)“A Database
Management Systems (DBMS) is a collection of programs that enables users

to create and maintain a database. The DBMS is hence a general purpose-



software system that facilitates the processes of defining, constructing, and
manipulating database for varicus applications."[4].

1.2 Information and information system
1.2.1 Information
Information s the raw data after performing some operations {some

processing) on it. The results of such operations on the data should be useful
and beneficial,

1.2.2 Information Systam (IS)
Information system is a system that controls and organizes the data, which is

needed by an establishment systemn in the sense that it maintains the needed
of warious facts and figures. An IS consists of 2 number of subsystems where
each component carries out certain function and all of them are integrated into
one to accomplish the over all task. An information system ¢an be manual,
computerized or a combination of both. ‘Information system is an
arrangement of people, activities, data, networks, and technology, that are
integrated from the purpose of supporting and impraving the day-to-day
operations in 2 business, as well as fulfilling the problem solving and decision
making information needs of business managers.”[18].

1.3 Decision Support Systems
Decision Support! Systems {DSS) are a special type of computerized

information systems that are used by cooperation’s management in order to
facilitate decision-making activities. Decision Support Systems are an
interactive software based systems that collect and document information and
knowledge to help decision makers gain wider prospective of their business or

organization,



1.4 Data mining
1.4.1 Data mining overview

Today's databases size can range into the terabytes, more than 10 't bytes of
data. These huge amounts of data hide strategic importance information. Bul
when there are so many trees, how do we draw meaningful conclusions about
the forest? The most recent answer is data mining, which is being used both
to increase revenues and to reduce costs in finding knowledge. The potential
returns are encrmous. Many organizations worldwide are already using data
mining to locate and appeal to higher-value customers, to reconfigure their
product offerings to increase sales, and to minimize losses due to error or
fraud. To find informaticn from data that is not so obvious, traditional querying
techrigues can be used for that purpose, For example, in The General
FPeople’s Commitiee of Manpower (GPCM), we can use queries to find the
number of applicants who appointed at a certain sectors in a certain period of
time per peopularity or city. The knowledge you we looking for is already
hidden in the database but it is hard to find among s$o much data. On the other
hand, Data Mining (DM) takes finding the knowledge one step further by
seeking hidden relationships among the data, discovers new trends, consider
the reasons for specific events, or expect how your data works. For instance,
DM can be used to discover why certain products are sold well with some
other specific gnes. In addition, it can help you expect the sales for the near
future. S0 we can conclude that data mining aims to enable a corporation to
improve its marketing, and sales operations. When we extract guld'from sand,
we call this process gold mining but not sand mining, by the same analogy we
should refer the term "Data Mining" as knawledge mining. Many authors refer

lo data mining by ather names such as, Knowledge Discovery in Databases



(KDD), but others consider data mining as the main step in KDD as depicted
in figure-1.1, although the term data mining is the more popular than the KDD.
As it has been mentioned in [5], the KDD process consists of an iterative
sequence of the following steps:

+ Data integration {where multiple data sources may be combined) .

« Data selection (where data relevant to the analysis task are retrieved
fram the database).

+ Data transformation {where data are transformed or consolidated into
forms appropriate for mining by performing surmmary or aggregation
operations, for instance)?.

« Data mining (an essential process where intelligent methods are applied
in order o extract data patterns).

= Pattern evaluation {to identify the truly interesting patterns representing
knowledge based on some interestingness measures.

+ Knowledge presentation (where visualizaton and knowledge
representation techniques are used to present the mined knowledge to
the user.

1.4.2 Data mining definition
There are many definitions of data mining, one of the most common

definitions describe data mining as. “data mining is the process of discovering
interesting knowledge from large amounts of data stored either in databases,
data warehouses, or other information repositories.” {5]. Ancther definition of

data mining is given in [3), states it as; the search for relationships and global

' A popuiar trend i the informabon ndutiny is 10 pedarm dala cearng and dals wiegraton a5 3 e oeLEng Hap
wheere [he resuthing data are slomed in a dala warahauss

" Sottelimes dala Lans [ammaton and cansaldativn are perlorived befors the dala selecion process, rerticularly 1w the case ol
data warchowng



patterns that exist in large databases that are hidden among the vast amount
of data, such as the relationship between patient data and their medical
diagnosis.

Afl above definitions and other cones put stress on the discovery of

refationships, pattems and trends in vast amount of data.
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Figure-1.1: Data mning as a process of knowledge discovery

1.5 Data warehouse overview

Data warehouse is a blend of technologies linked together to facilitate an
effective integration of operational databases into one environment which
allows strategic applications of data. These technologies include relational

and multidimensional data management systems, client/server architecture,



metadata modeling, repositories, and graphical user interface. Data
warehouse and its practical realization have been developed gradually in the
last two decades and have come to its highest degree in the tast seven or
eight vears. The point to be considered as a disadvantage for the slow
development is that there are several different definitions to constitute what a
OW is?. The idea of DW started in the late 1980s and the main principle was
and still today is that the basic business systems are designed to maintain as
mugch information as possible with low rates of failure. The DW is considered
to be a repository system for useful data kept by the business systems. DW is
designed for easy user access and in turn solves twa problems:
1. Enable business decision-makers to get timely access to corporate
information,
2. Results consistency when the same data source is used and the
reported results are synchronized.

1.6 Data Mart
Data mart is a subset of data warehouse, which holds data that is of a

concerned of a specific departrment or sector of the entire organization. “A
data mart is simply a smaller data warehouse, Usually the data in data mart is
a subset of the data that is found in an enterprise-wide data warehouse. " (s).

For some companies, if the frequent use of the DW is concentrated on a
specific part, it will be more beneficial to construct and use a Data mart than
DW. Table-1.1 iflustrates a comparison between Data mart and Data

warehouse.
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" ‘Property .. f: sDatamart . |™ . Datawarehouse. .

Scope Crepartment wide, Enterpnse wide,

Data sources Few sources Many Soirces.

Implementation tima | Weeks 1o Manths Maonths to years.

Modeling Star or snowflake schema. | Conslellation schema,

Subject Few selecied subjects, The entire enterprise subjects.
Table-1.1: Features comparison between Data mart and Data warehouse.

{(ata mart can be built before or after building a data warehouse. Alsg it is
possible to build any of them without the other, but building Data mart has
some several advantages:

= Quicker query answering because the data is small in size.

« The development of data mart takes less time.

» Data mart users are less in number than DW users.

1.7 Purpose of data warehouse
The aim of DW is to introduce the precise information and have it ready in

ime. It is the procedure of combining data from different sources of an
organization for decision—making purposes. The DW is consigdered to be as an
environment. It is an architectural construct for an information repository
system for informatfon that provides users with current and historicai
information which are not provided by traditional operational data stores.
Actually, the DW is considered to be organization's cornerstore to carry out
effective and efficient information processing. The use of DW within an
organizabion gives it the ability to share the discovery and exploration of
important business trends and dependences that might be gone unnoticed.
The purpose for the creation and use of DW is analytical and decision-

suppont.



1.8 Thesis objectives
The objective of this work is to study the impact of using OW on employment

it the General Pecple's Commitiee of Manpower (GPCM) in the view of the
quality of the data. The GPCM data will be taken up as the case study of this
work to demonstrate the reasons and effects of using data warehouse instead
of using the traditicnal databases on decision—making and decision support.
Our DW will collect data scattered over several database from different
sources in Libya in order to compare the performance and time. The GPCM
branch of each popularity has its own center, which receives the applicants'
data that is processed by a local computerized system,

1.9 Thasis outline

This work is organized as follows:

In this chapter we have introduced the concepts of data and database,
Information and [nformation system, DS8Ss, data mining overview, data
warehouse, and data mart.

In the next chapter, an extended overview of data warehouse will be given,
The definition, building, characteristics and architecture, also will be
discussed. The differences between On Line Analytical Processing (OLAP):
and On Line Transaction Processing (OLTP) will be also mentioned in this
chapter. Benefits and drawbacks of data warehouse will be presented at the
end of the chapter.

In chapter 3, we will explain the data warehouse design phases, and the
business modeling checklist will be elaborated on. Moreover that the multi-
dimensional model, data warehouse models, data warehouse compenents,

will be presented, also types of data in DW tables, updating data in data



warehouse, will be further explained. Concept hierarchies, and OLAP
operations, will be explained with an example.

In chapter 4, the case study of this thesis will be presented. The proposed
data warehouse system design and implementation will be further discussed
_and how this system deal with some real problems which are evident in one of
the Libyan national projects namely, General People's Committee of
Manpower. The concentration will be particularly on decision support reports
produced by the proposed DW system in order to prove that the data
warehouse has more flexibility, and higher performance than traditional
database systems. In this chapter several statistical charts and tables resulted
fram cur DW system will be used to support our discussion.

Finally in the last chapter a conclusion will be presented and future work

trends will be sugpested.
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CHAPTER 2

Background
In this chapter, we review the basic aspects and architeciure of data
warehouse. The data warehouse contains granular corporate data which can
be used for many different purposes.
2.1 Data warehouse definition
The necessary data to support decision-making may be located in several
sources with different hardware and software configuration, so it is difficult to
access such data in an integrated fashion. The scattered sources of data
have posed high costs and reduction of effectiveness in the process of data,
therefore the centralized database that represents the concept of data
warehouse 15 considered as solution to this problem since it collects data fram
different sources, and organizes them to be easily accessible by Decision
Support System  applications in order to facilitate On Line Analytical
Processing (OLAP},
There are many definitions io what a data warehouse is. One of them is; "A
data warehouse is a subject-oriented, integrated, time variant and nonvolatile
collection of data in support of management's decision making process.” [5).
Another defimtion given in [18] states that, a data warehouse is a structure
that links infarmation from two or more databases and brings it into & central
repository  system to perform some data integration, cieanup, and
summarization.
2.2 Building and developing a data warehouse
Due to the fact that analytical systems such as dala warehouse receive data

from multiple sources and in this process we must identify the sources from



which the data is to be extracted. As it has been mentioned in [8), the
simplification of data extraction is accomplished via:
« Cheosing the most accessible data sources available.
« (hoosing the data with the highest degree of integrity.
= Limit the risk and complexity involved in extracting from multiple
SOUrces.
After establishing the data sources, data transformations can be performed to
move the data to the data warehousing system. It is important to take into
consideration that building a data warehouse is to improve the information
quality.
The difference between data in data warehouse and data in operational
systems is that the first one is read only, while in the second one, operations
such as: addition, deletion, update and backup are needed to keep it up to
date. Another difference is that the data in operational systems are the source
from which the data is fed to the data warehauss;,
The main reason for developing data warehouse is to collect data from
vanous sources and integrate them into a common store which will be
analyzed to support decision making within an organization. The following
steps are needed in the phase of data extraction:
1. The data must be extracted from multiple heterpgenecus sources ie.
relational databases or other form of data stores.
2. Data must be checked for consistency within the data warehouse.
3. The data should be validated by cleansing it.
4. The data should be formatted in such a way as to be fitted into the data

madel of the data warehousa.



5. The data warehouse must be loaded with data. Monitoring tools to load
as well as methods to recover from incomplete or incorrect loads are
required.

In the process of building a data warehouse we can start by building small

project which aims at fulfilling all the user requirements. If this small project

satisfies its aim then we can build a larger project.

2.3 Data warehouse characteristics

Based on the definition mentioned abowve, the four distinctive features,

subject-oriented, integration, time wvariant and nonvolatile distinguish data

warehouse from any other data repository. Here, we would like to explain
these features in detail.

1. First, data warehouse is subject-criented means that the data is organized
by subject, such as applicants and directed applicants rather than by
applications. This reflects the difference between data warehouse and

' operational systems. In the former the data is for the purpose of decision-

support and in the latter, the data is for the day-to-day applications. In
operational systems, data is arganized to support a particular application,
but in data warehouse the focus is on the analysis of data for decision
makers. The data in data warehouse could come from multiple different
sources such as relational database, non-relational database and other
repository systems.

2. The second feature of data warehouse is the integration, which means that
all data from the different sources must be collected together into one
coherent unique data store known as data warehouse. In this process

SOMe preprocessing techniques are applied to remove noise, correct



inconsistencies, and aveid redundancies. The integration is needed to
make the data in a globally accepted manner to be easily accessible by
DSS applications, even when original source of the data is structured
differently.

3. The third feature of data warehouse is time vanant. The data in data
warehouse has the element of time associated with it {time series data)
such as year, quarter or month, This variation of time is very important in
grder to perform business analysis. So, the data can be analyzed in the
form of past and present trends, and accordingly the results could be
compared either in the present or in the past.

4. The fourth feature is nonvolatite, which means that data in data warehouse
a static nature, because the data is read only. After the initial loading of the
data, new data can be added but not as replacement of the original data.
This is called refreshment of the data is for the purpose of keeping the
data in data warehouse up to date and to preserve thé historical nature.
The only cperations that are preformed ¢n the data in a data warehouse
are [cading of additional data and querying.

2.4 Data warehouse architecture

“Many researchers and prachtioners share the understanding that a data

warehouse (DW) architecture can be formally understood as layers of

materialized views on top of each other. DW architecture exhibits various
layers of data in which data from one layer are derived from data of the fower
layer.” [17]. Here, we will illustrate the layers that constitute a data warehouse
and as depicted in figure-2.1. The lowest layer of the data warehouse

architecture is called the data sources layer, which usually consists of the



operational databases. This tayer may consist of structured, unstructured or

semi-structured data stored in files or other storage system. The data in this
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Figure 2.1: Nustrate the Data Warehouse Architecture

The middle layer of the architecture is the global data warehouse. In this

layer a historical record of data is stored after being resuited from some
operations such as: transformation, integration, and aggregation of detailed
data found in the date sources. The data warehouse is populated with clean

and hamogeneous data.

The top layer is also called client warehouse which contains directly derived

data from the global warehouse. This layer is of different kinds such as data

marts or the OLAP databases which use multidimensional data structures, or

relational database systems.



“All the data warehouse components, processes and data should be tracked
and administered from a metadata repository. The metadata repository serves
as an aid both to the administrator and the designer of a data warehouse.
Indeed, the data warehouse is a very complex system. The volume of
recorded data is vast and the processes empldyed for ils extraction,
transformation, cleansing, storage and aggregation are numerous. They are
sensitive o changes and time-varying. The metadata repository service as a
map road which provides a trace of all design choices and a history of
changes performed cn its architecture and components."[17].

2.5 On Line Transaction Processing {OLTP) vs. On Line Analytical
Procassing (OLAP).
The purpose of On Line Transaction Processing (OLTP) systems is to allow

high conturrency between uses which make it possible for many users to
access the same data at the same time. As the name implies, these systems
allow transactions to be processed against the data. In other words, these
systems control the changes of the data due to some operations such as;
insertion, update and deletion during business processes. Figure-2.2 depicts

a basic OLTP systemn:

Chmt Apps

| Figure 2.2: Depicts a basic OLTP system. |

The figure shows that numerous client applications can access the database

to get the needed pieces of information. The broken lines between the client



applications and the DBMS symbolized that these connections can physically

be implemented in many different ways.

On Line Analytical Processing (CLAP) is a software technology that allows

users to analyze and view data from multiple points of view easily and gquickiy.

OLAFP provides dynamic and multi-dimensional support to executives and

managers who need to understand different aspects of the data. Activities that

are supporied by CLAP systermn are;

» Anglyzing financial trends.

Creating slices of data.

» Finding new relationships among the data.

« Drilling down into sales statistics.

= Doing calculations through different dimensions where each category

of data {i.e. product, location, sales numbers, time period, etc) is

considered a dimension,

The OLTP and OLAP have major distinguishing features between them. Table-

2.1, demenstrates the distinguishing features between OLTP and OLAP.

Faaturg OLTP QLAF
Lisers and Customer-criented and is used for | Market-oriented and is used for
sysiem fransaction and guery protessing | data  analysis by  knowledge
orientad by clerks, clients. workers
Focuses on current data wathin | Deal wislh  information  that
View enterprise o department without | originates fram different
referring 1o histoncal data. organizations.
Application-orienled and Entity- } Subject-ariented and  star  or
DA design Relationship (ER} data model | showflake model,
design.
Data contants | Manages current data h’_lanages arge  amounts  of
historical data
Function Day to day operations Cecision supporl.
ALcass Feadiwnte, Are mostly read only operations.

Table 2.1: Major distingvish leaturcs between OLTP and OLAP




2.6 The benefits of data warehouse
The core benefits of using data warehouse include several aspects that can

be summanzed as foliows:
= Historical information for comparative and competitive analysis as a
result of collecting data from several sources over a long period of time.
» Enhancement of the data quality and completeness of it.
= The existence of another data back up source from the original data
gives the possibility of recovering from data losses.
« The ability to analyze and execute business decisions based on data
collected from multiple sources.
= A data warehouse does not store data values by itself. Data values are
collected from different scattered sources.
= Data warehouse can provide savings by the reduction of fraud losses, as
a result of intensive analysis.
in addition to the préviaus benefits, we can increase the benefits from a data
warehouse by the use of the proper tools and user training in analysis of the
results.

2.7  The drawbacks of data warehouse
Due to the fact that the development of data warehouse projects are much

harder to complete successfully than the development of traditional data
processing systems. These difficulties are considered to be the drawbacks of
data warehouse and these are:
= Analyzing and designing a data warehouse is fundamentaily different
and more difficult from analyzing and designing QLTP systems,
« The dala warehouse tool environment is more complex than the

traditional data processing tool environment.
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« Data warehouse projects are not business system related, but they are
much more related to the analytical system within an organization for
decision making.

« The problem of keeping the warehouse in synchronization with the
production system is more difficult.

» Data warehouse projects are also more complex and more expensive {o
develop in comparison to traditional database projects.

+ |f the data brought over is not large enough then the data warehouse
development can lead to failure.

For all of these reasons, data warehouse projects fail much mare frequently
than traditional systems development projects. To avoid parts of the
problems, the project should be done on a small sample of the organization

before trying on a large project.
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CHAPTER 3

Definlng and creating the logical model of data warehouse

3.1 Data warhouse design phases

Recently, a data warehouse designing methods have been established even
though many sources could differ in defining certain terms ar use alternative
syntax. In our case study, we will focus on the major tasks associated with
the data warehouse design processes. The major tasks associated with the
design of data warehouse are grouped into the following three phases:

+ Defining the business model {conceptual model) phase. In this phase
strategic analysis is performed in order to identify the general business
process very clearly. Within this phase business requirments analysis
are identified and documented in addition to the identification of the
dimensions for each business process.

= Creating the dimensional model (logical model} phase. in this phase,
dimentional model is derived from the business model. The data
warehause schema elements are definitioned in addition to identifying
the relationships between these elements and the data sourcas for the
data are recorded.

» Creating the physical model phase. In this phase the dimensional mode!
Is transformed into a physical model. This includes the documentation of
data element formats, database size and storage planning, and

Indexing.



3.2 Business modeling checklist
The business-modeling checklist involves some tasks which are necessary
for the creation of a data warehouse. In the following subsection we
elaborate on this checklist,
3.2.1 Strategic analysis
This is an essential task to produce a data warehouse design that is
achievable and deliverable within an acceptablie time frame. The
achievement of such task is via the followng steps:
« |dentify the business processes that are most important to the
organization from the standpeint of the decision makers,
« understand the business process by driling down the analytic
parameters.
+« BSelect the business process that will be implemented in the data
warehouse,
This phase requirés the business executives to meet with the c-thers. who
have the ability to give an overall view of the organization to establish a clear
and real understanding of the entire business. The discussion in these
meetings should focused around some guestions such as;
«  What are we trying to achieve?
» How do we measure success?
+ How often do we measure success?
=  What are the objectives of the organization?
= How can we identify problems?
« How can we know if we are doing well or not?

« What is our busines objectives today?

2]
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« What js the impact of not achieving some of these abjectives on the
organization?
3.2.2 Creating the husiness model
We can build the business mode! using the following steps:
= The business model is created by defining business analysis
requirements for each selected process. This can be accomplished via
several meetings with the business managers and business analysts
who are directly responsible for the specific business processes.
= Verification of the data sources that we need to support the business
analysis requirements and their existence.
3.2.3 Creating metadata document
Metadata is data or information about the data. Metadata allows users as
well as technical administrators to track the structure of the data they are
using. “Essentially, examining metadata enhances the end users
understanding of the data they are using.°[(8]. The metadata ¢an help
administrators to guarantee data accuracy, integrity and consistency of the
data. The results of studying business modeling process are summarized in
the metadata document that should be created in the business modeling
phase, these information acts as the crucial resources for the design
process. The metadata document will finally contain full detailed descriptions
of the sources and composition "structure” of the attributes of the data
warehouse. The metadata should provide the following;
= Document the design process.
«  Document the development process.

» Provide a record of changes.
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= Record enhancements over time. Appandix

3.3 Multidimensional model

Multidimensional modeling is a design technigue, which is used in data
warehouse environments. “The purpose of multidimensional modeling is to
design a database systern that supports data analysis and reporting
requirernents "[8]. Multidimensional models can provide hierarchical views of
the data by the use of operation such as roli up and drill down. The Roll up
operation can be imaged as moving up in a concept hierarchy producing
more general concepts from low-level or basic concepts. On the other hand
the dnll down operation provides the opposite capabiliies of the Roll up
aperation where more general concepts are broken down into their more
specific details concepts.

30, multidimensional models take advantage of inherent relationships
existing in the data to populate the multidimensional matrices that are
referred to as data cubes. If the malrix contains more than three dimensions
it's called hypercubes. "Multidimensional databases are modeled to provide
the fastest possible response times to complex queries."[9). In modeling a
multidimensional databases, star schema and snowflake schema are used

for that purpose.

3.4 Data warehousing models

To design a relatonal databases Entiy-Relationship data modelling
technique is used, where a database schema is built from a group of entities
or objects and the relationships between them. This modelling technigue is

appropriate for online transaction processing systems. On the other hand,
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data warehouse reguires a subject-oriented schema to facilitate online
analytical processing. Multidimensional mode! is the most popular medel for
data warehouses. This model can be of the form of star schema, snowflake
schema or fact constellation schema.
3.4.1 Star schema modet
The star schema consists of one large central table known as fact table and a
set of smaller tables called dimension tables. in this schema each one of the
small tables represent only one dimension in the fact table which contain
information specific to the dimensions. "Star schema has gained a
widespread acceptance for data warehousing, and has been used in most
data warehouse to represent the multidimensional data model.” [12]. in Figure
3.1 the star schema contains a central fact table with keys to each of the six
dimensions along with three measures: Number of applicants, Number of
seekers, Number of directors, these measures are numerical values and
calcuted by the standard functions such as SUM and COUNT. To design a
data warehouse the best starting point is the star schema model in which
relational rules are constructed using primary keys and foreign keys that link
the fact table with dimension tables. "One advantage of the star schema is its
use of standard database technology to achieve the power of OLTP."[7). In
addition to the ease of implementation, the star schema have the fallowing
advantages:

» Itinvolves fewer tables.

« Very simpler to construct queries,

+ The performance queries is quicker than in an other schema types.

because fewer joins are required to access data values,
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In our case study GPCM, there are dimenston tables such as; cily, congress,

sector and education level.

3.4.2 3nowflake schema model

As we have mentioned abgve, the star schema consists of a single fact table
and one lable {(unnormalized) for each of the dimensions. The snowflake
model is an extension of the star schema model where some dimension
tables are normalized. "It provides a refinement of the star schema madel,
where normnalization operations are applied on some dimension table.” [12].
For exampie, the congress dimension of figure-3.1, is nomalized to show

districts of each congress, as depicted in figure-3.2.

Sector imenslon

CHy Dimenaion bl t Fact Tabl
: pplicant Fact Table Cior K
R Sector nacs
ity name | City key
[Education key
[ Sector key
Senvice key ,
Education Dimension .0 ngress key Service Dimenslon
. Time Key Service key
Education key - Number of Applicants L
Education discription Number of seekers Descriotion
Numhber of directors

Time Dimensian

Congress Dimansio Time key
Congress key Year
Congress name Quarter

Month

Figure-3.1: Siar schemaz ol data warchouse

3.4.3 Fact constellation mode!
Some camplex applications may require complex structure, which may be
accomphshed by multiple fact tables and share dimension tables. Therefore,

the answer t0 such problem would be to use fact constellation model. The



fact constellation model consists of a set of fact tables that share some
dimension tables. The structure can be imagined as a star schema structure
surrounded by other star schemas, giving shape of collection of star
schemas. This type of structure is also called galaxy schema. Figure-3.3

depicts an example of fact constellation schema.

Sector Dimension
City Dimension ]
C:_mr kn:y \ﬁtpphi:ant Fact Table Sotior name
Educatien key
Education Dimensian / Sector Key
Educabon key ry Service key \ Servica Dimenslon
Education Description Congress key ) Service hey
Time Key Servics Description
Number of applicants
Time Dimenalon Nurnber of seckers
Number of direciors Congress Dimansion
Tma key
Year _ angreds key
Quarler City Dimenaion / o koY
Qistrict key
District name

Figure-3.2: Snowflake schema of data warchouse

%

T

Figure 3.3: Fact consicllation schema of DW |
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In our case study, we have chosen the star schema model because it

satisfies and {its well our application.

3.5 Data Warehouse components

Before the process of designing a data warehouse, we should become

familiar with the basic components of such system. These components

include fact table(s), dimension, measuwes, and dimensions. Here, we
elaborate on them.

1. Dimension tables: Dimension tables are relational database tables with
a key that is used to joine it to a fact table. Dimension tables provide
analytical perspective for all business processes. We have to ensure that
each dimension table has the following charactersistics:

+ Has primary key.

« Has one-te-many relationship with the fact table.

» . Consist of columns with highly descriptive information, which
describe data that is stored in the fact table.

» Flexible structure to allow some change.

In ocur General People's Commiﬂee of Manpower (GPCM), data warehouse

includes dimensions such as city, congress, sector, education and so on.

These dimensions allow the agency to keep track of information such as:

quarterly or yearly direction of appiicants, in which city and to which secior

and so on.

2. Fact table: Fact table is & large central table of the star schema that
contains most of the data with no redundancy; it contains keys to each of
the related dimension tables and measures. Measures should be additive

and numeric, because these wvalues are the basic form on which
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calculations can be performed. The dimensional keys of the dimension
table are combined to form the multipart keys of the fact table. For
instance, the city, congress, service, and education-lavel keys together
form the multipart key. We should consider the following business points
during the creation of a fact table:

« It's important to describe the charactenstics and decide whether to
include precalculated data.

« Keep in mind the size of the fact table ang its impact on query
performance.

+ We have to choose the data grain (detail) to be stored in the fact
table. The grain that you chose determines the facts that yvou can
use in the database.

+ Descrptive data, that in dimension tables,

For instance, a branch manager of the General People's Committee of
Manpower may ask a question such as; Ihich sector receives the highest
number of citizens applications for emplovment? To answer this query highly
summarized dala is required. On the other hand, the top management of
the General People's Committee of Manpower may ask, what was the rotal
nunther of applicants thar huve been directed 0 a specific sector, tn o specific
cir, i a spectfie vewr? To answer this question we need more detailed
data than the one needed by the branch manager.

3. Measures: are a numerical data in fact table typically represent the
values resulted from some numerical functions such as count, sum, ect.

4. Dimension: is a business enlity, such as city, sector, and applicant,
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3.6 Types of data in data warehouse tables
There are various types of data in data warehouse tables such as;
« A numerical measure data (is also called fact data) that is calculated
at each point in the cube space and it is quantitative nature.
» Derived data is data that has been derived or created from fact data.

» Metadata is data about the data

3.7 Updating data in data warchouse

Data in data warehouse is refreshed from time to time to keep the data up-to-
date by adding new data snapshots. Business users determine the refresh
rate cycle but dimension data is not refreshed in the same way as fact data.
However, sometimes changes occur in the dimension data that must be
updated. For instance, in our General Peaple's Commitiee of Manpower data
warehouse a dimension contains information about the different sectors may
require sorme changes due to the changes that may occur in the real life. This
process requires careful scheduling and execution,

3.8 Hierarchies

Within each dimension, there is an implicit grouping of values that can be
organized intc multiple levels. Such grouping {natural or imposed) is called
Cencept Hierarchy (CH). A concept hierarchy is some kind of mapping from
low-level concepts (basic data values) to higher-level concepts (more general
values). For example the grouping of time dimension from days to weeks,

months, quarters, or years is depicted in figure-3.4,



[ Figure 3.4: A concept hierarchy for time dimesion.

3.9 Roll up and drill down operations

The Roll up and drill down are typical OLAP gperations for multidimensional
data. They refer to the analysis of data to greater or lesser detail. The drill
down operation is to start from more general data to a more specific one,
which resembles going from higher leve! in the concept hierarchy 1o a lower
gne. For example, using time hierarchy, we may start our analysis at the
quarter level and drill down to month level, as depicted in figure-3.5, The Roll
up operation is the reverse of the drill down operation, which means that we
move up in the hierarchy to get the data in terms that are mare general. For
example, by using the time hierarchy, we may start our analysis at the
quarter level and roll up to year level, as depicted in figure-3.5. The roll up

operalion is used to reduce the dimensionaiity of the data.

3.10 Sfice and dice operations
The slice and dice operations are alse typical OLAP operations for

mullidimensional data. As defined in [5], the slice operation performs
selection on one dimension of the data cube. This operation can be imaged

as taken horizontal or vertical slice of the data cub resulting in a subcube.



The dice operation defines a subcube by performing a selection on two or

more dimensions. Figure-3.6, fllustrates the slice and dice operations from
our case study.
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Chapter 4

System design and Implementation
Nowadays the unemployment problem in many developed countries has become
one of the most important issues. In our country, the General People's Committee
of Manpawer {GPCM) is trying to avoid this problem by introducing a new project,
which offers many jobs for the youth in accordance to their different educational
levels. The first step in this project is to announce the new jobs in national and
local newspapers, the national Jamahiniya broadcast radie station and in the local
broadcasts radio stations. The job seekers apply for the suitable job according to
their specialization (major), education level and the jobs offered in their oty of
residence. The applicants have to apply for job in any of the {GPCM) centers in
each city. The General People’s Committee of Manpower is doing its best in
manually form to collect the reports produced by the computerized systems in
each city. However each city in Jamanhiriya has its own computer system lo help
in un employing people, but there are two main problems with these systems
which are:

1. The reporting module takes a lot of time to exiract some statistical reporns
about the applicants,

2. The system in each city works in an individual manner with its own
database that differs from the other databases in other cities, which makes
it very difficult to extract, and callect all the statistical reports needed for all
cities together.

More details of the current system problems will be discussed later in this

chapter. In addition to the above mentioned problems, the current OLTP system
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takes too much time to extract the needed reports. Therefore, we need to collect
all cities' data into one database.

For all the above-mentioned reasons, and to supply the decision makers with the
information they need, building a data warehouse wilt be the best-sought solution.
4.1 OId system problems

According to the cumently used information system in the General People's
Committee of Manpower (GPCM) and based on our study of a sample of three
centers in Tripoli, Misurata and sinte popuianties, we realized that each center
has its own separated database that differs in structure, coding, data types and
field lengths, from the ones used in other centers. For example in Tripoli the files
usad are flat files data format, in Misurata a relational database is used, while in
sifite noan-relational database is used. Therefore we have realized that the current
system of the General People’s Committee of Manpower has the following
drawbacks:

1. The administration of data is complex.

2. There is data inconsistency.

3. Solving inconsistencies is expensive and too slow.

4. The needed informational data for the decision support takes long time to
acquire.

5. The decision support needs an informational data not a raw data,

6. The traditional decision support envircnment has failed to provide
complete, accurate, integrated, and timely information {0 tr_le secretary of
manpower

These deficiencies motivated us to investigate the idea of using data warehouse

in the decision support sector of the General People’s Committee of Manpower.
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4.2 OLTP system structure
Each local Secretary of Manpower in each city in Libya has its own database,

each of which contains various database tables. As an example, table-4.1 depicts

Misurata popularity database tables.

Table Namea Table Description

Applicant This 1able ceontains personal data of the applicant such as; ID-
number, name address, sex,

Speclalty This table contains the nformatn related to the specialty {major) of
the applicant.

Job-Group Contans the altnbutes that descnbe the job-group specified in each
city

I Sector Contains the afiributes that describe the sector to which, applicants

were directed {g.

Mecahel Contains the atlributes that describe the educaton qualification of 1he
applicant,

Education-level | Contains the attributes that describe the education level of applicant,

fike pnmary preparatory, secondary,
Mothamer Cantains the altnbutes \hat describe the congresses in each city.

Servica _| Contains the atiributes that are reiated to the miltary service record

for males or natonal sernce for females.

Tahle 4.17 Misurala populanty database

4.3 The process of data warehouse design
In order to build the required data warehouse, we started by collacting

information from scattered databases in the above mentioned three cites targeted
in our study and store the data under a unified schema. As we will illustrate
bellow, we constructed data warehouse via a process of data cleaning,
transformation, integration, reduction, loading, and periodic data refreshing.

The design of the relation database requires the use of Entity Relationship {ER)
model, which is appropriate for On-Line Transactional Processing (OLTP). Data

warehouse design requires subject schema that is appropriate for On Line
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Analytical Processing {OLAP). "The most popular data model for data warehouse
i5 a multidimensional medel. Such model can exist in the form of star schema, a
snowflake schema, or a fact constellation schema.” [5). According to [11), most
data warehouses use a star schema to represent the multidimensional dat_a
model, so we adopt this type of schema in the design of the General People's
Committee of Manpower data warehouse. The details of the designed star
schema will be discussed later in this chapter,

4.3.1 Data preprocessing

Typically, the Manpower databases, as an example of real-world databases that
are highly susceptible to noise, missing, and inconsistent data due to their
normally huge size. So it is befter to improve the quality of the data by
preprocessing and in turn this will improve the mining task.

During the implementation of the GPCM data warehouse, we were faced with two
main problems. The first problem is the redundancy of the applicant's records,
where applicants have applied in more than one city. ¥vWe have to overcome this
problem by the use of cleansing procedure in our data warehouse tools that
deletes any redundant records. The second problem is that of entry data
discrepancy. Because there are about 25 centers for data entry and each
operator has its own style for data entry, for example:

1. The name "1=." has been written as "1 by one operator and written as:
“a—end" by another.

2. The name " has been written as: "™ by one operator and written as:
"l or "sat" by another.

3. The name "+aall 12" has been written as: "awsl 2x" by one operator and
writien a5 "adlec™ hy another.

4. There are many ways of writing names in Arabic far such letters as:

“.,;“ and u‘-;u.
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We have solved the above mentioned problems by some preprocessing
precedures in our data warehouse tools to perform cleansing, integration,

transformation and data reduction.

4.3.1.1 Data cleaning
There are many possibie reasons for noisy data, at most hurnan error occurring

at data entry, the data cleaning routines work to clean the data by filling in
missing values using a global constant, a most probable value, or using an
attribute mean for numeric values. We used a global constant approach, which is
reptacing ail the missing value by the same constant such as a label like " ,¥".
Even though this approach is simple and easy to implement, it i not
recommended because it might effect the mining process because it could be
mistakenly taken to be as an interesting concept. For example, we have replaced
T and - with 2., Also some of the attribute values have different
values with the same meaning so it is better to unify the values with the same
meaning to have the same values. For exa mple, for the attribute mititary status
"SERVICE™ we replaced the values ["diie Mla® “5ie ki "l ¢ ,Se] with
["Aiat], and for the attribute education level “EDU_LEVEL we replaced the

values """, "L T, e i am 1 ] with [" "], as shown in figure-4.1.
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1 Figure 4.1: Some of the basic methods for dua cleaning
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Data inconsistencies may be the result of data integration of many different
sources, different data store types and naming conventions. These
Inconsistencies may be corrected manually using external references or by the
use of some routines designed to help correct such inconsistency. Figures 4.2 to

4.5 depict examples of the inconsistent data recorded for some tables in our case

study of different data stores.

[ Figure 43: Sex 1able {MDB file) | | Figure 4.2; Sexable (DBF file) |
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I Figure 4.1 Sectrs table (DBF file) |
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L Figure 4.5 Sectoes table (MDB fley |

These data type store inconsistencies have been carrected by the development
of knowledge base that can be used to help avoid errors, as depicted in

Figure- 4.6.
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4.3.1.2 Data integration
It is normal that the data analysis task involves data integration, which cembines

data from multiple sources {Text, DBF, MDB files), into a coherent database. As it
has been mentioned in [5], this problem is known as the entity identification

problem to (match/imatched) up different data from different sources.
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For example, in our case study, we made sure that the attributes MILITARY in
DBF file, and ARM in MOB table refer to the same attribute SERVICE in our data
warehouse for the same entity (applicant), by using Knowledge base that helps
us to avoid errors in schema integration. Figure-4.7 below illustrates that.
Figure-4.8, fllustrates the knowledge base that used to convert flat file to

temporary MDB file.
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4.3.1.3 Data transformatian
Data transformations involve multiple techniques like, smoothing, aggregation,

generalization, normalization and attribute construction. In our implementation,
generalization is used to repiace low-level data by higher-level concepts by the
use of concept hierarchies. For examnple categorical address in which districis

are generalized to high-level concept “congress”, as depicted in figure-4.9.
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[ Figure 4.9: A comvept hicrarchy Tur attribule address in Misurats city |

4.3.1.4 Data reduction
The manpowers data is huge and complex, so it takes along time to be

processed, that makes it impractical for data mining. So, it is important to reduce
the data size and remove the irrelevant attributes for the mining process, in a way
that preserves the integrity of the original data. To reduce the data, number of
data reduction techniques. could be applied such as, dimension reduction, whére
the irrefevant or redundant attibutes are removed. Ancther data reduction
technique which is known as data cube aggregation might be also used where
aggregation operations are applied to the data and the resuit is stored in a
multidimensional data cube. For example, the manpower's database contains
data for directed applicants for ditferent jobs per quarter far the years from 2000
to 2006. However, sometimes it's of more interest if the total directed applicant by
year rather than by quarter, so the aggregated totals are resulted in a smaller
volume without losing any information. This type aggregation is illustrated in

figure-4.10.



Year = 2006
Year = HH5
Year = 2004
Yerr= 2003 ]
YEHI' - 2““2 - ——
Y Directed
Year = 2001 | car trecte
Year = 2000 J 2060 151
- 2001 939]
Ouarter | Directed
2002 10182
1 i83
Q2 321
; 65 2004 9758
a
Q 2005 11305
4 360
Q 2006 12292
1 Fipure 4.10: Data cube aperepalion redoclion |

Concept hierarchy technique is als¢ used in data reduction, For example in our
case study the values of the atinbutes city, congress, distnct form a concept

higrarchy with multiple ieveis as depicted in figure-4.11.

O]

JAMAHIRIYA /7:\\
CITY G s ol

CONGRESS - MU-&

DISTRICT

Figure .11: A cancepi hicrarchy for atirbute address in Jamahirisa

4.3.2 Building GPCM data warehouse
In the process of building the General People's Committee of Manpower data

warehouse, itis sufficient to use star schema model, which containts a single fact
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table and a number of dimensional tables. Table4.2 and table—4.3, depicts the

structure of the fact table and the dimension tables respectively.

Abribute nama * Deascription Remark
City_id Each eity has an unique number key
Sector_id Each sector has an unigue number key |
Edulevel_id Each education level has an unique number key
Cong_id Each congress has an unique number key
Service_id Each miltary service has an unigue number key
Time_id Each time unit has an unigue number key
Total numbar of applicant | Number of all applicants Measure
Number of seakers Number of all geekers Measure
Numbar aof directed Numter of all directed Measure
Education leval Number of applicanis for specific education Measure

hevel
Military sarvice Mumber of applicants for a specific military Measure
service

Table-4.2: GI*CUM facl able siructure

The fact table contains a number of measures that constitute the output. These
MmMeasures are:
+ Total number of applicants represents the number of applicants that can be
reported accurately in a very short time.
+« Number of seekers represents fhe number of applicants that seek to be
employed for each city and/or far a specific period of time.
= Number of directed applicants represents the number of applicants that
have been directed to a specific job. The number of directed applicants can
be tabled in many ways such as: the number of directed applicants to a
specific sector or in a given city or in a given period of time.
» Education level count represents the number of applicants in each education
level,
» Military service count represents the number of applicants in each miltary

service category in a given city or for all cities in a given perigd of time.
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Dimension
Nams -
City Containg the aknbuies that describa the Gty
Descen_Sector | Contains the afiributes that describe the sector to which the
apphcani is directed.
Education_laval | Containg the attributes that describe the education level

¢ Dimenslon Description .

Congrass Containg the attributes that describe the congress in each city

Sarvice Contains ihe atiributes that descrbe the madtary senvice  for
male or social service for female

Time Contains the afiribtdes that describe the tme dimension, each

year consists of 4 quarters.

Table=£.3: GPCA dimension Lables struciune.

The star schema diagram containing the fact table and the dimensional tabies is

depicted in figure-4_12.

f s SERVICE

[ ]

4.3.3 GPCM multidimensional data model

The GPCM mulidimensional data model can be visualized as data cube with
several dimensions, as depicted in figure- 4-13. The city dimension consists of

the cities in Libya in our case study. The time dimension divides the year into four
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quarters (Q1, Q2, Q3 and Q4}, The education level dimension is divided into six

educatianal ievels.

Cities Qi
Misyeat: i
Tripoli 1|24
— Wi
Q M
Time Q2 . FLAE
(2000) - ; . 15
Q3 : |
. The number of
Q4 | I I y candidale  in
Misuraig in 2
1 2 3 a 5 & in vear 2000,
with aducation
Education Level level 3

| Figurs-4.13 : GPCM Multidimensional data mode) ]

4.4 Advantages of data warehouse

There are a number of advantages that are beneficial to the use of data

warehouse in any corporation and these are:

Scalable
One of the advantage for which we use data warehouse is to store and

manage a huge amount of data, which was stored in several and different
databases. The data warehouse can be scalable to contain the huge amount
of additional data that may accumulate rapidly through the next few years.

Available
The availability of up to date data in data warehouse helps the decision

makers {o get the information they need whenever they want instead of
collecting it manually or semi-manual from different cities or iocations.

Flexible
The flexibility in dealing with the data stored in data warehouse system hy the

use of operations such as; drill down and roll up. By drilling down on a given
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dimension, we can see more detfailed data and by rolling up, we can view
summarized or  aggregate data.

« Integrated
A final singular and globally acceptable set of information can be produced

from a data warehouse; this information is derived from different
heterogeneous sources in different cities or locations.

» Reliable
In order to provide the decision makers with accurate and consistent data, the

data in different cities are modulated. The applicants’ data in each city is

corrected before transporting it to the data warehouse.

4.5 Data warehouse raports

It is mare valuable for the GPCM to extract general report for ali the cities in
Jamahiriya to be used in the decision-making process. In the present system, to
collect all the reports from the cities it may take days or even weeks, in addition
to the problems of data accuracy because the process is not fully computerized.
The use of data warehouse gives the solution for these problems because data is
collected completely by computer systems after being cleansed. Therefore, as we
have explained previously it is an important step for data warehouse to be
refreshed with data from time to time to be ready for extracting knowledge that is
helpful 1o make the right decision wheneaver it's needed for all cities.

There are many repors that can be extracted from the data warehouse, which
cannot be extracted via conventional OLTP systems because it takes a lot of time
to create the program needed for that, in addition to the slow performance.
Figures—4.14 and 4.15 show a sample of statistical reparts for the total number of
directed applicants in all cities (Tripoli, Misurata and Sinte) according to

educational level, quarter in the different sectors in a given year.
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Figure-4.15 : Sample of statstcal of directed applicants for all cties




Next, figure-4.16 depicts the total number of applicants in all cities distributed

according to the marital status, gender, in the year of 2003,

Cube bhrowser

SR

.
]

o P ey “""_I

T lind fuoitor 1 | bt 11 7408 Eomhen 27X Deecd WAL

[ Figure-4.16 ; Total number of applicants according to the mantal statys, gender in year 2003 |

Figure-4.17 shows a snapshot of a statistical report from the OLTP system, which
calculates the total number of applicants according to different educational levels
in the year of 2006, in Misurata city (Misurata city is a sample example for all
cities), Because the current information system gets the statistical reports from
each city in Jamahiriya individually, that takes a lot of time, to collect them with

less confidence.
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Figure 4.17: Statistical data Tor Misurata ¢ity in the year 2006 = OLTP system

Figure-4.18 shows a statistical report produced by our data warehouse system. In

this report the total number of applicants in all cities is calculated according to

different educational levels in the year of 2008
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In figures-4.13 to 4 21, the resulted statistical information which reprasent the totai
number of applicants in all cities is tabled according to the military service and

sex, from the year 2000 to the year 2006,
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Figure-4.19; Satisticul data in the yeur 2006 — Dala Warehouse system
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Figure-4: 20k Ciraph of’ resulted Statistival data for applicants who did finish
the mililan service
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Figure—.21: Graph of resulted Statistical data lor applicants who ot finished the
military service

Figure-4.22 depicts the total number of directed applicants to different sectors in
all cities from the year 2000 to 2006. Figure-4.24 represents the number of
applicants and directed applicants in ali cities from the year 2000 to 2006. We can
notice that the iine representing the number of applicants' lies above that for the
directed applicants, which is a logical result for the applicant count to be greater

than or equal to the directed applicant,
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Next figure-4.23 depicts the total number of job seekers, according to their
preferred sectors in all cities fro the year of 2000 to the year of 2006. Figure-4.25
represents a comparson between seekers for jobs and the directed applicants to

different sectors from the year 2000 to 2006 in ail cities.
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The previous graphical representations and reports are the results of our data
warehouse system which will help the decision makers in taking the right
decisions in the right time with no delay according to the new information

available.
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Chapter &

Conclusion and Future

5.1 Conclusion

"As our world is now in its information era, a huge amount of data is
accumulated everyday. A rezl universal challenge is to find actionable
knowledge from a large amount of data. Data mining is an emerging research
direction to meet this challenge. Many kinds of knowledge (pattemns) can be
mined from varnious data", {15]. The objectives of this work are to study the
impact of using data warehouse on a huge amount of data in Manpower
Employment Decision Support System in which the data quality are
concerned. In our research, we compared the data warehouse with the QLTP
system to know the issues and impacts of using the data warehouse system
on the information system. In fact, we found that we cannot completely
replace the information system with the data warehouse but the data
warehouse is just for helping the information system in the process of
decision-making. We measured the reporting performance between the two
systems and found that the data warehouse is more powerful than the
ordinary old system. The old system has its features, which the data
warehouse cannot do it (as an example add a record, update a record or
delete a record), this is because it is not its functions. We cannot use the old
system instead of the data warehouse especially in decision support reports
or multidimensional reports, which need allot of time from the |nformation
System staff, and at the end, these reports are  stalic reports nat dynamic

ones.
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We have accomplished the objectives of the study by focusing on the
benefits gained from using data warehouse, and why it is more pewerful than
the use of traditional databases in decision-making. The case study tackled
the impact of using the data warehouse on employing people in People's
Commitiee of Manpower We have analyzed and designed it by V.B studio
6.0, and SQL services programming languages, in order to compare the
performance and time. We tested our system with real, synthetic and
scattered data that was collected from different sources in Libya with different
types {access database, DBF files and flat file) and sizes {15.56 MB, 6.85 MB
and 28.1 MB).

The problerns that face the old system users, which we mentioned in section
4.1 motivated us to use data warehouse system in the decision support
organization. The advantages of this system were shown in section 4.4,
where the resulted reports and figures emphasize those advantages and the
a'bilit',r of such system fo help decision making which is not easy {0 achieve
using the old system. The reports and figures produced by the presented
system show how clear the overall situation of the empioyment process. So
decision makers can take the right decisions in the right time with no detay

according to the new information available.

5.2 Future research trends

This work mainly concerned with the data warehouse construction {iLe.
preprocessing of data and the construction of data warehotse model}), so
extension of this work to be of more value and further help decision makers is
to add knowledge extraction and discovery technigues such as classification,

association rules, and sequential analysis, and using data mining for
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applications such as: customer profiling, market-basket analysis, and fraud
detection.

Also the internet environment might be considered to extend this system for
online updating of data warehouse contents. For the development of such
system its betler to consider a programming language that directly support
the data war¢house operations (like Oracle).

S0 we recommend the current information system in General People's
committee of Manpower to include data warehouse system especially in the

decision support reports,
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