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Abstrak 

Pengekstrakan, Transformasi dan Proses Pemuatan (ETL.) merupakan hngsi-hngsi 

utama dalam penyelesaian gudang data. Kekurangan komponen pengagihan dan saling 

kendali menyebabkan wujudnya lompang yang menimbulkan banyak masalah dalam 

domain ETL. Ini terjadi kerana komponen-komponen dalam kerangka ke j a  ETI, sedia 

ada adalah saling berkait. Kajian ini membincangkan bagaimana untuk mengagihkan 

komponen-komponen ETL supaya komponen pengagihan dan saling kendali dapat 

dilaksanakan. Tambahan pula, kajian ini ~nenunjukkan bagaimana kerangka ke j a  ETI, 

dapat diperluaskan. Untuk mencapai tujuan tersebut, Perkhidmatan Berorientasikan Seni 

Bina digunakan untuk mempejelaskan ciri-ciri pengagihan dan saling kendali yang 

tidak wujud sebelum ini, dengan cara menyusun semula kerangka ke j a  ETL. Kajian ini 

menyumbang kepada bidang ETL dengan penambahan konsep pengagihan dan saling 

kendali kepada kerangka k e j a  ETL. Seterusnya, kajian ini juga menyumbang kepada 

bidang penggudangan data dan kepintaran perniagaan kerana ETL merupakan konsep 

utama dalam bidang ini. Metodologi Design Science Approach (DSA) dan Scrum 

digunakan untuk mencapai matlamat kajian ini. Integrasi di antara kedua-dua 

metodologi tersebut dapat mencapai objektif kajian ini. Kerangka kerja ETL yang baru 

ini direalisasikan menerusi pengujian dan penghasilan satu prototaip yang berdasarkan 

kepada kerangka kerja tersebut. Kejayaan prototaip ini dinilai berdasarkan tiga kajian 

kes yang melibatkan data dan alatan daripada tiga organisasi, Organisasi tersebut 

menggunakan penyelesaian gudang data untuk menghasilkan laporan statistik yang 

membolehkan pengurusan atasan membuat keputusan, Dapatan ketiga-tiga kajian kes ini 

menunjukkan komponen pergagihan dan saling kendali dapat dicapai dengan 

menggunakan kerangka ke rja yang baru dalam ETL. 

Katakunci: Pengekstrakan, Transformasi dan Proses Pemuatan, Gudang data, Sistem, 

Perkhidmatan berorientasikan seni bina. 



Abstract 

Extraction. Transformation and Loading (ETL) are the major functionalities in data 

warehouse (DW) solutions. Lack of component distribution and interoperability is a 

gap that leads to many problems in the ETL domain, which is due to tightly-coupled 

components in the current ETL framework. This research discusses how to distribute 

the Extraction, Transformation and Loading components so as to achieve distribution 

and interoperability of these ETL components. In addition, it shows how the ETL 

framework can be extended. To achieve that, Service Oriented Architecture (SOA) is 

adopted to address the mentioned missing features of distribution and 

interoperability by restructuring the current ETL framework. This research 

contributes towards the field of ETL by adding the distribution and interoperability 

concepts to the ETL framework. This Ieads to contributions towards the area of data 

warehousing and business intelligence, because ETL is a core concept in this area. 

The Design Science Approach (DSA) and Scrum methodologies were adopted for 

achieving the research goals. The integration of DSA and Scrum provides the 

suitable methods for achieving the research objectives. The new ETL framework is 

realized by developing and testing a prototype that is based on the new ETL 

framework. This prototype is successfully evaluated using three case studies that are 

conducted using the data and tools of three different organizations. These 

organizations use data warehouse solutions for the purpose of generating statistical 

reports that help their top management to take decisions. Results of the case studies 

show that distribution and interoperability can be achieved by using the new ETL 

framework. 

Keywords: Extraction, Transfonnation and Loading, Data warehousing, Service 

Oriented Architecture. 



List of Publications, Invited Speaker and Awards 

Awad, M. M. I., & Abdullah, M. S. (20 10). A Framework for Interoperable 
Distributed ETL Components Based on SOA. Proceeding of the 2nd 
Internationcrl Conference on Sojtware Tc>cknology and Engineering (ICSTE 
201 0). 

Awad, M. M. I., & Abdullah, M. S. (2010). Extending ETL Framework using 
Service Oriented Architecture. Procedia Computer Science Journcrl, (31, 1 10- 
114. 

Mohammed M I Awad - Keynote speaker1. A Framework for Open-Source 
Interoperable Distributed ETL Components Based on S O A ~ .  Malaysia Open 
Source Conference 201 0 (MOSC 201 0). 

Best Award. Malaysia Technology Expo 201 I (MTE 201 1). 

Gold Medal. Malaysia Technologv Expo 201 1 (MTE 201 1). 

Silver Medal. Seoul Inrcr~~arional Invention Fair 201 1 (SIIF 201 I), South Korea. 

Gold Medal. Malaysia Technology Expo 2012 (MTE 2012). 



Acknowledgement 

By the Name of Allah, the Most Gracious and the Most Mercihl 

My most profound thankfulness goes to my father and mother who have motivated 

me since my childhood to help me reach this success point. Thank you my parents 

and 1 hope to be the good son who can make you proud of him. 

My deep thankfulness goes to my supervisor Dr. Mohd Syazwan Abdullah for 

supervising me during the journey of this research. 1 like his way of conducting the 

research, especially, his instructions for reviewing the literature, and the whole 

research as well. 

Last but not least, 1 would like to thank my brothers and sisters as well as my friends. 



Table of Contents 

Permission to Use ..................................................................................................................... i 

..................................................................................................................................... Abstrak ii 
... ................................................................................................................................... Abstract 111 

List of Publications, Invited Speaker and Awards .................................................................. iv 

................................................................................................................... Acknowledgement v 

.................................................................................................................... Table of Contents vi 

List of Tables ....................................................................................................................... xi 

..................................................................................................................... List of Figures xi1 

................................................................................................................. List of Appendices xv 

............................................................................................................ List of Abbreviations xvi 

....................................................................... CHAPTER ONE INTRODUCTION I 

. ........................................................................................... I I Research Background I 
. . 

.............................................................................................. 1.2 Research Motivation 4 

1.3 Problem Statement ................................................................................................ .7  

.............................................................................................. 1.4 Research Questions 1 1 

............................................................................................. 1.5 Research Objectives 1 1 

............................................................................................... 1.6 Research Strategy 13 

.......................................................................................... 1.7 Scope of the Research 15 

.......................................................................... .................... 1.8 Contributions.. ....... 16 

........................................................................................... 1.9 Thesis Organization 1 8 

................................................................................................... 1 . 1 0 Conclusion I 9 

CHAPTER TWO EXTRACTION, TRANSFORMATION, AND LOADING IN 

DATA WAREHOUSING ........................................................................................ 20 

.................................................................................................. 2.1 Data Warehouse 20 

2.2 Brief Discussed Overview of traditional ETL Framework Components. ............ 22 

......................... .......................... ......,........... 2,3 lndustrial ETL Tools .,,,. ...... .. 26 

.................................................. 2.4 Component Coupling in Current ETL, Structure 30 

................................................. ........................ 2.5 Components Distribution .... 32 

2.6 Compatibility of ETL Components with Heterogeneous Environments ........... .33 

.......................................... 2.7 Extensibility and Scalability of ETL Framework 36 

v1 



................................................................................... 2.8 ETL Tools Administration 38 

............................................................................................ 2.9 ETL Tools Licensing 40 

...................................................................................................... 2.10 Conclusion ~ ~ 4 1  

CHAPTER THREE DISTRIBUTED TECHNOLOGIES ................................... 42 

............................................................................................. 3.1 Distributed Systems 42 

................................................................... 3.1 . 1 Remote Procedure Call (RPC) 45 

......................... 3 . I  . 2 Common Object Request Broker Architecture (CORBA) 46 

3.1.3 Distributed Component Object Model (DCOM) ......................... .... .... 48 

3.1.4 Remote Method Invocation (RMI) ............................................................ 49 

........................................................ 3.1.5 Service Oriented Architecture (SOA) 51 

3.1.6 Comparison of Distributed Technologies .................................................. 53 

3.2 Application Architectures and SOA ..................................................................... 57 

3.2.1 Types of Application Architectures ........................................................... 58 

3.3 Extensible Markup Language (XML) .................................................................. 62 

.......................................................................................... 3.4 Web Services in SOA 63 

3.4.1 Web Services versus SOA Concepts ....................................................... 63 

...................... 3.4.2 Simple Object Access Protocol (SOAP) in Web Services ... 64 

.................................... 3.4.3 Web Services Description Language (WSDL) ...... 64 

.................................................................................................. 3.4.4 Messaging 65 

........................... 3.5 Integration Benefits of Adopting SOA in the ETL Framework 66 

.......................................................................................................... 3.6 Conclusion 67 

CHAPTER FOUR RESEARCH METHODOLOGY .......................................... 68 

................... 4.1 Design Science Approach (DSA) .. ................................................ 69 

.............................................................................................. 4.1.1 DSA phases ~ 7 0  

........................................................................................... 4.2 Scrum Methodology 75 

.......................................................... ................... 4.2.1 Scrum Artifacts ... ...76 

4.2.2 SCRUM Phases ............. .. ..... ... ..................... ............. 77 

..................... .............. 4.3 New E'TL Framework Development Using DS A ...... 78 

................... 4.4 Applying Scrum Methodology for the Development Phase of DSA 87 

........................................................................................................ 4.5 Conclusion 93 

CHAPTER FIVE THE NEW ETL FRAMEWORK ........................................... 94 

vii 



5.1 Overview of the New ETL Framework ............................................................... 94 

5.2 Distributed Architecture Specifications ............................................................. 100 

.................................... 5.3 Web Services lnvolvement Specifications .................. .., 101 

........................... 5.3.1 A Web Service for every Distributed ETL Component 103 

5.3.2 Web Service Operations .......................................................................... 103 

5.3.3 WSDL Documents ................................................................................... 104 

5.3.4 XML Schema ........................................................................................... 107 

5.4 Orchestration Point Specifications ..................................................................... 109 

5.5 Specifications of the Composition of Partners and Configurations Based on SOA 

.................................................................................................................................. 112 

5.6 Specifications of Extending the New ETL Framework ..................................... 115 

5.7 Meta-Model for the New ETL Framework ........................................................ 117 

5.8 Feedback from the Experts Regarding the Theoretical Framework .................. 128 

5.9 Conclusion ..................................................................................................... 131 

CHAPTER SIX SOA-BASED ETL PROTOTYPE ............................................ 133 

6.1 Analysis .............................................................................................................. 133 

6.1.1 Requirements (Prototype Backlog) Determination .................................. 134 

6.1 . 2 Backlog Division ..................................................................................... 135 

6.2 Database Sprint ............................................................................................. 138 

6.3 Coding ETL Components Sprint ................................................................. .. .... 143 

6.3.1 Extraction Task ........................................................................................ 145 

6.3.2 Transformation Task ............................................................................... 147 

6.3.3 Classified-Fragmentation Task ................................................................ 149 

............................ 6.3.4 Loading Task ............. . .  ...................... ... 151 

6.4 Distributed Components and Web Services Sprint ........................................... 153 

..................... 6.5 Business Process Execution Language (BPEI, ) Creation Sprint .. 154 

6.6 Sprint of Assembling Prototype Components in One Composite Application .. 157 

............................................................................................. 6.7 Sprints of Testing 158 

6.7.1 Unit Testing Sprint .................................................................................. 160 

............ 6.7.2 Classified-Fragmentation Speed and Scalability Testing Sprint 161 

...................................... ............... 6.7.3 Compatibility Testing Sprint ....... .. 163 



6.7.4 End To End Testing Sprint .................................................................... 163 

......................................................................................................... 6.8 Conclusion 166 

CHAPTER SEVEN EVALUATION .................................................................... 167 

7.1 Case Study 1 : Applylng ETL Functionalities on Palestine Electric Company 

(PEC) using Traditional and New ETL Tools ......................... .; ............................. 170 

................................................................................ 7.1 . I ETL Business Needs 170 

7.1.2 Extracting Required Fields for Data Warehouse Star-Schema ................ 171 

7.1.3 Applying ETL Functionalities Using the Traditional ETL Tool ............. 172 

7.1 . 4 SOA-based ETL Prototype ...................................................................... 174 

........................................................................................ 7.1.5 Goals Achieved 175 

7.2 Case Study 2: Applying ETL Functionalities on Limkokwing University of 

Creative Technology (LUCT) using Traditional and New ETL Tools .................... 179 

7.2.1 ETL Business Needs ............................................................................. 179 

7.2.2 Extracting Required Fields for Data Warehouse Star-Schema ................ 180 

7.2.3 Applying ETL Functionalities Using the Traditional ETL Tool ............. 181 

7.2.4 SOA-based ETL Prototype .............................. .... ......................... 183 

........................................................................................ 7.2.5 Goals Achieved 184 

7.3 Case Study 3: Applying ETL Functionalities on Professionals Information 

...................... Technology (PIT) Company using Traditional and New ETL Tools 188 

7.3.1 ETL Business Needs ............................................................................... 189 

7.3.2 Extracting Required Fields for Data Warehouse Star-Schema ................ 189 

7.3.3 Applying ETL Functionalities Using the Traditional ETL Tool ............. 190 

.................................................................. 7.3.4 SOA-based ETL Prototype 192 

...................................................................................... 7.3.5 Goals Achieved 193 

...................................... 7.4 Conclusion ... ............... .. ........ . . . . . .  196 

CHAPTER EIGHT CONCLUSlON AND FlJTURE WORK ........................... 197 

........................................................ ...................................... 8.1 Conclusion .... 197 

................................................... . 8.1 1 Problems of Current ETL Framework 198 

.................................................... 8. 1 . 2 Proposing the New ETL. Framework 199 

......................................................... 8.1.3 Defining the New ETI. Framework 200 

.......... ....... . . . . . .  8.1.4 Validating the New E'TL Framework ,. ............ 200 



List of Tables 

Table 2.1 : Component Coupling features of Some ETL Tools .............................. .. ........ 31 

Table 2.2. Compatibility Issues of Some Popular Commercial ETI . Tools ........................... 35 

Table 2.3. Administration Capabilities of Industrial ETI. Tools ........................................... 39 

Table 3.1 : Distributed Technologies based on Components Distribution and Interoperability 

............................................................................................................................................... 54 

Table 3.2: Distributed 'Technologies based on Components Portability, Extensibility, and 

Legacy Compatibility ............................................................................................................. 55 

Table 4.1 : DSA Methodology Phases .................................................................................... 70 

Table 4.2. Types of Case Study Evidence (Tellis . 1997) ....................................................... 73 

Table 4.3. Research Strategy Based on DSA ......................................................................... 79 

Table 4.4(Part A): Details of the Case Studies based on Case Study Design ........................ 91 

Table 4.4 (Cont., Part B): Details of the Case Studies based on Case Study Design ............ 92 

...... Table 5.1. EBNF Symbols Summary (ISO, 1996; Yong Xia, 2002; Gargantini, 2007) 120 

Table 5.2. Problems Satisfaction ................................................................................ 130 

........................................................... Table 5.3. Solutions Satisfaction ........................ .. I30 

................................................................................... Table 5.4. Advantages Satisfaction 131 

Table 6.1 : Time Deference between Fragmented and Un-Fragmented Data for Report 

.................................................................................... Generation ........................... 162 

............................................... Table 7.1 : Summary Report for 20 10 Electricity Blackouts 173 

............................................................................ Table 7. 2. Observation Results Checklist 178 

Table 7.3: Summary Report for Students' Performance in Java I t  for Feb-June, 201 1 

............................*.......,............,,................... .......................................... Semester ...;.. 182 

......................................................................... 'Table 7.4. Observation Results Checklist 188 

................. Table 7.5. Summary Report for Trainers' Performance in Training 17' Courses I91 

........................................................................ Table 7.6. Observation Kesults Checklist 196 



List of Figures 

Figure I . I : Research Strategy ........................................................................................... 13 

Figure 2.1 : General Data Warehouse Components (Kimball & Caserta. 2004) .................... 21 

Figure 2.2. Traditional ETL. Framework ......................................................................... 23 

Figure 3.1 : SOA Parts (Barai et al.. 2008) .......................... ......... .......................................... 53 

Figure 3.2. N-Tier Architecture (Armstrong et al., 2004) .................................................. 58 

Figure 3.3. Data Portability Feature in XML (Barai et al., 2008) .......................................... 62 

Figure 4.1 : Flow Chart of the Methodology Applied in this Research .................................. 88 

Figure 4.2. Case Study Design ............................................................................................... 90 

Figure 5.1 : A Conceptual Framework for Interoperable Distributed ETL Components ....... 95 

Figure 5.2. Flow Diagram for Steps to Consume an ETL Service by a Client ...................... 97 

Figure 5.3. ETL. Composition Architecture Adopted From (Salter & Jennings, 2008) ....... 114 

Figure 5.4: A Framework for Interoperable Distributed ETL Components with Classified - 

Fragmentation ...................................................................................................................... 116 

Figure 5.5: Meta-Model for Interoperable and Distributed ETL Framework Components 

Based on SOA ...................................................................................................................... 119 

Figure 5.6. GlassFish Server and Containers (Armstrong et al., 2004) .............................. 128 

Figure 6.1. CLINIC Database .............................................................................................. 139 

Figure 6.2. EXTRACT TEMP STORAGE Database .......................................................... 140 

Figure 6.3. TRANSFORM TEMP STORAGE Database .................................................... 140 

Figure 6.4. CLASSIFICATION Database ........................................................................... I41 

Figure 6.5. LOAD Database ........................................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  142 

Figure 6. 6. Class Diagram of ETI.. Components ...................... .. .................................... 144 

Figure 6.7. config.txt (JDBC: Connection Variables) .......... ...; .................................... ... 145 

Figure 6.8. Extraction Sequence Diagram .......................... .. ............. ............ 146 

............................... ................ Figure 6.9. Transformation Sequence Iliagram ......... 147 

Figure 6.10. Classified-Fragmentation Sequence Diagram ............................................. 149 

Figure 6 . 1 I : Transformation Sequence Diagram ............................................................... 152 

..................................... Figure 6.12. Design of the RPEI. Orchestratioti Point .............. ..; 156 

..................... .................................... Figure 6 . 13: Design of the Composite Application .... 158 

......................... Figure 6.14. The Main Web Interface of the SOA-based ETL Prototype I59 

...................................... Figure 6.15. GlassFish Tester Result for the Extract Web Service 160 

..................... Figure 6.16. A Statistical Report Generated from a Clinical DW Repository 162 



Figure 6: 17: End to End Test Case Input File (input.xm1) .................................................. 164 

Figure 6.18: Auto generated End to End Test Case Output File (output.xml) ..................... 164 

Figure 6.19: Sample Data before Executing the Transformation Component ..... .. . .......... 165 

Figure 6,20: Sample Data after Executing the Transformation Component ....................... 166 

Figure 7.1 : GlassFish ESB Based on NetBeans IDE for Managing the SOA-based ETI, 

Prototype ...................................... .. ............................. ......................... ,~ .........,... ... 168 

Figure 7.2: First Step in Executing Traditional ETI. Tools ......................................... 169 

Figure 7.3: Second Step in Executing 'Traditional ETL 1'001s ................................. ........... 169 

Figure 7.4: Third Step in Executing Traditional ETL Tools ............................................... 169 

Figure 7.5: Sample Partial Source PEC' DB Schema ......................................................... 17 1 

Figure 7.6: Screenshot of Auto-generated Data in Turbine-transaction-history Table ....... 17 1 

Figure 7.7: Screenshot of Auto-generated Data in Transaction_types Table .................... .. 17 1 

Figure 7.8: Star Schema of the Fact and Dimension Tables Extracted from PEC Database172 

Figure 7.9: Graph Report for 20 10 Electricity Blackouts .................................................... 174 

Figure 7.10: A Sample of the Auto Generated Data of the Fact Table (elec-brkout) of the 

Star Schema Explored in Figure 7.8 ...................................... .. ....................................... 176 

Figure 7.1 1: The Data of the Dimension Table (months) of the Star Schema Explored in 

Figure 7.8 ................................................................ . . . . . . . . . .  ........................... 176 

Figure 7.12: The Data of the Dimension Table (periods) of the Star Schema Explored in 

Figure 7.8 .... ........................ . ., .... ..... . . . . . . . . . . .  . . . , , . . . .  ...................... ... ,........ 177 

Figure 7.13: The Data of the Dimension 'Table (turbines) of the Star Schema Explored in 

Figure 7.8 ......................... .. ...... ~~ . . .  ...................... ........ ...... .... ..,.. . . . . . . . . . .  177 

Figure 7.14: The Data of the Dimension Table (periods) of the Star Schema Explored in 

Figure 7.8 (after executing the translation component) ..................... ... ......... ~~"~~ ....... ~. . " ~  177 

Figure 7.15: Sample Partial Source DB Schema of LUCT .................. ... ........ ... . ... ......... 180 

Figure 7.16: Star Schema of the Fact and Dimension 'I'ables Extracted from LUC?' Database 

....................... ~ . . ~ ~ . ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  181 

Figure 7.17: Summary Report for Students' Performance in Java I1 for Feb-June, 20 1 1 

Semester ........ ............ ................................... .. . .................. .................................................. . 183 

Figure 7.18: A Sample of the Auto Generated Data of the Fact Table (student-performance) 

of the Star Schema Explored in Figure 7.16 ..... ,............... ....~~. , , , ~ ~ , ~  . .  . , . .  . ..... ..,.., 185 

Figure 7.19: The Data of the Dimension Table (marks) of the Star Schema Explored in 

Figure 7.16 ............. .....l,.,...., ~ ..l.;.,,.............,... ~ ................ ~ .........,... :..............,;.,.... ...,,,.,l.,, 186 

Figure 7,20: The Data of the Dimension lab le  (attendance) of the Star Schema Explored in 

Figure 7,16 ....,............ ........,., ;..,,....... .;.......... ~ ..l........,...,,,.,. ~~ 186 
. . . 

X l l l  



Figure 7.2 1: The Data of the Dimension Table (student-status) of the Star Schema Explored 

in Figure 7.16 ...................................................................................................................... 186 

Figure 7.22: The Data of the Dimension Table (gender) of the Star Schema Explored in 

Figure 7.16 ........................................................................................................................... 186 

Figure 7.23: The Data of the Dimension Table (finalexam) of the Star Schema Explored in 

Figure 7.16 .......................................................................................................................... 187 

Figure 7.24: Sample Partial Source DB schema of PIT ................................................. 189 

Figure 7.25: Star Schema of the Fact and Dimension Tables Extracted from PIT Database 

........................................................................................................................................ 190 

Figure 7.26: Graph Report for Trainers' Performance in Training 1T Courses. .................. 191 

Figure 7.27: A Sample of the Auto Generated Data of the Fact Table (trainer--evaluation) of 

the Star Schema Explored in Figure 7.25 ......................................................................... 194 

Figure 7.28: The Data of the Dimension Table (trainer-details) of the Star Schema Explored 

in Figure 7.25 ................................................................................................................. 194 

Figure 7.29: The Data of the Dimension Table (performance-level) of the Star Schema 

Explored in Figure 7.25 ....................................................................................................... 194 

xiv 



List of Appendices 

Appendix A Details of the Prototype Design ....................................................................... 220 

.......................................................................... Appendix B Source Code of the Prototype 275 

Appendix C Questionnaires as Deliverables of Structured Interviews Done with Industry 

Experts ................................................................................................................................. 30 1 

............................. Appendix D Case Studies User Manual and Parts of the Source Code 332 



List of Abbreviations 

Acronym 

BI 

DW 

ETL 

SOA 

J2EE 

XNIL 

SOAP 

DS A 

WSDL 

LAN 

DS A 

OMG 

CORBA 

RMI 

RPC 

DCOM 

HTMI , 

JSP 

EJB 

DBMS 

EIS 

H'TTP 

JMS 

OLAP 

IT 

OWB 

AP 1 

Description 

Business Intelligence 

Data Warehouse 

Extraction-Transformation- Loading 

Service Oriented Architecture 

Java 2 Enterprise Edition 

extensible Markup Language 

Simple Object Access Protocol 

Design Science Approach 

Web Services Description Language 

Local Area Network 

Data Staging Area 

Object Management Group 

Common Object Request Broker Architecture 

Remote Method Invocation 

Remote Procedure Call 

Distributed Component Object Model 

Hyper Text Markup Language 

Java Server Pages 

Enterprise Java Beans 

Database Management System 

Enterprise Information System 

Hyper Text Transfer Protocol 

Java Messaging Service 

online analytical processing 

Information Technology 

Oracle Warehouse BuiIder 

Application Programming Interface 



BOD1 

CAL 

SSIS 

GlSl 

BIDS 

DCOM 

SC 

JDBC 

BPEL 

Business Objects Data Integrator 

client access license 

SQL, Server lntegration Services 

Graphical User lnterface 

Business lntelligence Development Studio 

Distributed Component Object Model 

Service Container 

Java Database Connectivity 

Business Process Execution Language 

xvii 



CHAPTER ONE 

INTRODUCTION 

This chapter presents the background and outlines the motivation of the research. 

This is followed by the research problems, the research question and the research 

objectives. Moreover, the research strategy is discussed and the scope of the research 

is argued. Furthermore, the research contribution is highlighted, the organization of 

the thesis is explored and chapter conclusions are presented. 

I . I  Research Background 

Data warehouses (DW) have become a main component of the corporate information 

system architecture, in which it plays a major role in building decision support 

systems (Vassiliadis et al., 2002; Darmont et al, , 2005; Wrembel & Koncilia, 2007). 

By collecting data from a variety of internal and external sources, data warehouses 

use the transformation hnctionality which is a function in the ETL framework 

(explained in Chapter Two) to provide homogeneous information for analysis and 

reporting tasks (Wrembel & Koncilia, 2007; Bala et al., 2009). 

The uses of data warehousing products and services have been increasing over the 

years by industry as well as the development of the related technologies (Sen & 

Sinha, 2007; Wrembel & Koncilia, 2007). Furthermore, within the last decade, data 

warehouse field has made a vry important step by moving from simple centralized 

repositories to a platform for data integration and analysis (Vitt et al., 2002; Mundy 

et ul., 2006; Watson & Wixom, 2007; Xi & Hongfeng, 2009) This move is pushing 

the success of the whole Business Intelligence (BI) field. 



BI refers to techniques used in identifying, extracting and analyzing business data. 

These techniques provide historical, current and predictive views of business 

operations. Common functions of B1 technologies are reporting, online analytical 

processing, analytics, data mining, business performance management, 

benchmarking, text mining and predictive analytics. These functions aim to support 

better business decision-making (Almeida et ul., 1999; Vitt et al., 2002; Watson & 

Wixom, 2007; Tam, 2010). Furthermore, BI which is highly dependent on data 

warehousing; is successfully used together with warehouses in many industries 

including: healthcare, manufacturing, financial services, education, 

telecommunication, population, and other fields (Almeida et al., 1999; Vitt et al., 

2002; Darmont & Boussaid, 2006; Mundy et ul., 2006; Tam, 2010). 

Research problems related to creating, maintaining, and using data warehouse 

technology are somewhat similar to those specific for database systems. In other 

words, a data warehouse can be considered as a large database system with 

additional functionalities (Almeida et ul., 1999; Massachusetts, 2008; Silvers, 2008). 

General database problems of index selection, materialized view maintenance, data 

integration, and query optimization have been reactivated in warehousing research 

(Vassiliadis ef al., 2002; Vassiliadis et a!., 2005; Tziovara et al., 2007; R8ra rt al., 

2008; Dessloch et al., 2008; Siqueira et al., 2009). On the other hand, some research 

problems are specific to data warehousing such as data acquisition, data cleaning, 

data warehouse refreshment, evolution of data warehouse schema, multidimensional 

and parallel query optimization, conceptual modeling for the data warehouses, data 

quality management, and data extraction, transformation and loading (ETL,) 
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enhancements (McCabe & Grossman, 1996; Bruckner et ul,, 2002; Vassiliadis et ul., 

2002; Du & Wong, 2004; Wehrle et al., 2005; Zhang et al., 2006; Sahama & Croll, 

2007; Wehrle et ul., 2007; Santos & Bernardino, 2008; Mahboubi & Darmont, 

2009). 

ETL processes are meant to extract, transform and load the data into data warehouse 

for decision making (Wrembel & Koncilia, 2007). Effective ETL processes represent 

a major success factor for data warehouse projects and can absorb up to 80 percent 

of the time spent on any warehousing project (Vassiliadis et ul., 2002). These ETL 

processes are important because of the valuable hnctionalities that are performed 

using them. For example, they remove mistakes and correct missing data, provide 

documented measures of confidence in data, capture the flow of transactional data 

for safekeeping, adjust data from multiple sources to be used together, and structure 

data to be usable by end-user tools (Trujillo & Lujnrnora, 2003; Kimball & Caserta, 

2004; Tziovara et al., 2007; Liao et ul., 2008). 

Developing or using ETL is both a simple and complicated task. While the basic 

role of ETL is simply to get data out of the source and load it into the data warehouse 

(Sellis, 2006; Sen & Sinha, 2007; Morris et al., 2008; Mrunalini et al,, 2009; Mufioz 

et al., 2009; Simitsis et ul., 2009; Simitsis et al., 2010), the development of ETL 

hnctionalities to incorporate additional requirements may break the ETL tasks into 

many little sub-cases, depending on data sources, business rules, existing software 

and destination reporting applications (Vitt et al., 2002; Kimball & Caserta, 2004; 

Simitsis et al., 2005). The development of these types of special requirements in 

current ETL tools is an uphill task to combine and reuse the broken little sub-cases 
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and to keep perspective on the simple overall mission of the ETL system (Kimball & 

Caserta, 2004; Kshemkalyani & Singhal, 2008). 

ETL processes perform at least three specific hnctionalities, and these are focused 

around the movement of data from one place or system to another (Sellis, 2006; 

Morris et a/., 2008; Mrunalini et a/., 2009; Shaikh et ul., 201 0). These 

hnctionalities are: ( I )  the first hnction generally is to read data from an input source 

(file, relational table, or message queue); (2) to pass the stream of information 

through a process to modify, enhance, or eliminate data elements based on the 

instructions of the job; and (3) to take the resultant data and store it back to a file or 

relational table. These three steps are known as extraction, transformation and 

loading, respectively. 

1.2 Research Motivation 

The age of information technology (IT) is erasing the boundaries of cities, states, and 

countries. The success of IT applications depends on how remote distributed 

subsysterns interoperate among each other's (Stonebraker & Hellerstein, 2001; 

Tanenbaum & Van Steen, 2002; Blair el a/ . ,  2009; Li et al., 2010). The biggest 

challenge is in aligning these independent subsystems into components that can 

interoperate across the enterprise branches through many locations (Coulouris et a/., 

200 1 ; Kshernkalyani & Singhal, 2008; L,i et al., 20 10). 

Data warehouses have occupied a big portion of those IT solutions to provide 

information fbr analytical processing, decision making, mining tools and other 

related technologies (Almeida et al. , 1999; Bruckner et a/., 2002; Du & Wong, 2004; 
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Inrnon, 2005; Sahama & Croll, 2007; Santos & Bernardino, 2008; Mahboubi & 

Darmont. 2009). 

Extract, Transform, and Load processes play a central role in the data warehouse 

solutions, and ETL is considered as the core component of a successful data 

warehouse system (Trujillo & Lujnmora, 2003; MuAoz et ul., 2009). ETL physically 

integrates data from multiple heterogeneous sources in a central repository referred 

to as data warehouse ('Trujillo & Lujnmora, 2003; Kimball & Caserta. 2004; MuAoz 

et ul., 2009). 

According to (VassiIiadis et ul., 2002), ETL consumes more than 60% of the data 

warehouse development effort. Furthermore, ETL and Data Cleaning tools are 

estimated to cost at least one third of the effort and expenses in the budget of the data 

warehouse projects, and this number can rise up to 80% of the development time in a 

data warehouse project. In addition, the ETL processes cost up to 55% of the total 

costs of data warehouse runtime. 

Due to its importance and high cost, many research projects are carried out to 

enhance the ETL framework. Some of these projects in the last few years have 

concentrated on Real-Time data warehouse to solve the periodic Extraction, 

Transformation, and Loading problems (Bruckner et ul., 2002; Nelson & Wright, 

2005; Abrahiem, 2007; Dou et al., 2008; Santos & Bernardino, 2008). On the other 

hand, there is no sufficient research works that have been carried out to bridge the 

gap in this field regarding E?'L components distribution and interoperability (Trujillo 

& Lujnmora, 2003; Kimball & Caserta, 2004; Simitsis et al,, 2005; Tziovara et al., 

2007; Wu el al., 2007; Zhang & Wang, 2008; Skoutas et al., 2009) .That is because 
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all of the previous research works view ETL as a tightly coupled software 

architecture rather than isolated components (Trujillo & Lujnmora, 2003; Kimball & 

Caserta, 2004; Simitsis et ul., 2005; Tziovara et ul., 2007; Zhang & Wang, 2008; 

Skoutas ct ul., 2009), this is because the focus of these research works were on 

achieving other requirements of the ETL framework rather than involving 

distribution and interoperability features. 

Data warehouse gets its data from many sources available in different separated 

locations (Kimball & Caserta, 2004). Each data source needs a complete ETL tool to 

sometimes do the extraction only (Henry et crl., 2005; Dung & Kameyarna, 2007; 

Agrawal et al., 2008; Mrunalini et ul., 2009; Suzumura et al., 2010). Since an ETL 

tool is only available as one tightly coupled software (Kimball & Caserta, 2004; 

Apache, 20 10; IBM, 20 10; Microsoft, 20 10; Oracle, 20 10; SAS, 20 1 O), there is no 

option other than installing all the ETL features together in each location, while the 

transformation and loading features are sometimes redundant for these sources. 

These two features would be necessary only in the location of the data warehouse 

destination and not the sources, Therefore, distributing ETL into loosely coupled and 

interoperable components can play a central role in solving this complication, and 

result in eliminating the redundant usage of many ETL licenses for the same project 

(Wu et al., 2007). In addition, it can enable reusability, centralized ETL, 

administration, ETL components portability, and ETL ease of use (Wu et ul., 2007). 

Data warehouses normally include huge amounts of data that leads to slow report 

generation due to this massive amount of data (Almeida et ul., 1999; Vitt et al,, 

2002; Tam, 201 0). There are some hardware based solutions to this issue, but there is 

6 



lack of research regarding extending the current ETL framework by an extra 

component to solve this complication; due to the tightly-coupled disadvantage of the 

current ETL framework (Vassiliadis et ul., 2002; Trujillo & Lujnrnora, 2003; 

Kimball & Caserta, 2004; Vassiliadis et ul., 2005; Tziovara ct ul., 2007: Zhang & 

Wang, 2008; Skoutas et ul,, 2009). 

1.3 Problem Statement 

Data warehouses are complex systems employed to integrate the organization's data 

from several distributed and heterogeneous sources (Almeida et al., 1999; Ault, 

2003; Kimball & Caserta, 2004; Mundy et al., 2006; Silvers, 2008). The 

heterogeneous sources are located in different locations far from each others. Each 

location has its own specific infrastructure for the systems running in that location. 

For example, it has its own operating system and deployment infrastructure such as 

.NET, J2EE, or IBM mainframe (Apache, 2010; IBM, 2010; Microsoft, 2010; 

Oracle, 20 10; SAS, 201 0). Furthermore, each of these infrastructures needs a special 

ETL tool to be compatible with. In addition, each data source needs a complete ETL 

tool to be installed in the same location of the source (Kimball & Caserta, 2004), 

while sometimes only the Extract function is needed to extract data from this source 

(Kimball & Caserta, 2004). This results in a problem of an increase in the ETI, 

licenses needed for a DW project and an increase in the complexity for the ETI, user 

due to the redundant processes (Wu et al., 2007). 

Sometimes, due to the complexity, long learning curve of the available ETL tools, 

and difficulty to achieve some extensibility in terms of additional functionalities; 

some organizations prefer to turn to in-house development to perform ETI, tasks 
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(Kimball & Caserta, 2004; Inmon, 2005; Temenos, 20051, which increases the cost 

and effort of the data warehouse project (Wehrle et al., 2007). Furthermore, tightly 

coupled components of a software require teams of architects and designers to 

untangle the complex implications of change in the support of new business 

requirements or system enhancements (Sneed, 2006; Wu et al., 2007; Tam, 20 10). 

As a result, tightly coupled components cause problems in terms of cost, 

maintenance, enhancement, and reusability of the ETL components (Wu el al., 

2007). This leads to the necessity that the architecture of the software framework to 

consider the component coupling factor and how much loosely the components 

should be coupled. 

According to (Kimball & Caserta, 2004; Wrembel & Koncilia, 2007; Wu et al., 

2007), the current ETL framework lacks of components flexibility and loose 

coupling. This results in complications to add new components to the ETL tools; to 

support special business needs (Kimball & Caserta, 2004; Newcomer & I,omow, 

2004; Kshemkalyani & Singhal, 2008). For instance, although data warehouses 

provide an appropriate infrastructure for efficient querying, reporting, mining, and 

other advanced analysis techniques (Inmon, 2005; Silvers, 2008), the complexity of 

data warehouse environments especially the ETL framework is rising every day, and 

data volumes are growing at a significant pace, which makes report generation 

relatively slow due to the massive amount of data (Inmon, 2005). According to 

(Wehrle et al., 2007), data warehouse repositories based on one central server often 

suffer from either storage or computing bottlenecks, especially when complex 

aggregates need to be stored permanently or computed on demand, (Wehrle et al., 



2007) refers to a high cost solution to the massive data problem, which is cluster- 

type systems with large numbers of worker nodes connected through high-speed 

LAN. 

In addition to the high expenses, integrating existing resources from several distant 

sites using this solution; needs a system that efficiently organizes these resources in a 

transparent manner, that at times is a challenge to implement (Pentaho, 2006; 

Pentaho, 2009). Some implementations of the ETL frameworks like "Pentaho Open 

Source Business Intelligence" include a fragmentation feature like Pentaho 

"Partitioning" (Pentaho, 2006; Pentaho, 2009). However, this feature does not 

classify data based on certain conditions to hlfill specific business needs. 

Furthermore, this fragmentation aims mainly to enable the fact and the dimension 

tables in the data warehouse to be separated among a cluster of servers. This belongs 

to a physical (hardware) solution of the performance problem, and such solution is 

outside the scope of this research. Therefore, an extensible ETL framework with 

loosely coupled components can resolve this complication, because, a specific 

component can easily be added as an extension to the framework to resolve the 

performance problem (Newcomer & Lomow, 2004; Wu et al,, 2007). 

Administration of ETI, tools in many data source locations for the same project to 

extract data from many different sources, requires additional administration, 

communication and maintenance effort (Wu et al., 2007). This is a problem resulted 

from the reality that the administrators are often different persons from one location 

to another and they could use different ETI, tools and do different configurations to 

these tools (Kimball & Caserta, 2004; Albrecht & Naumann, 2008). Furthermore, in 
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the current ETL framework, there are impediments to include ETL as a part of a 

complete portal that manages the whole DW project because of complexity in the 

current ETL framework to communicate with other components of the portal (Wu et 

al., 2007). 

Therefore, there are gaps in the current ETL framework and these are related to: 

distribution and interoperability of the ETL components. These gaps lead to 

problems of the current ETL framework. These problems include: the complexity of 

extending the ETI, tools to suit special business needs, the ETL administration 

complexity, and an increase of effort needed to implement a DW project. In addition, 

the distribution and interoperability gaps lead to: impediments regarding ETL 

compatibility with different administrator environments, an increase of the cost to 

implement a DW project due to the increase of the number of ETI, licenses needed, 

and an extra effort needed to develop and use the ETL processes. Furthermore, the 

same gaps lead to a redundancy problem of including all the ETL features in every 

ETL administrator location due to the tightly coupled architecture of the available 

ETL framework. 

As such, defining a conceptual framework for ETL that includes the features of 

components distribution and interoperability addresses the problems highlighted in 

this section. 



1.4 Research Questions 

As identified in section 1.3, there are problems due to the absence of components 

distribution and interoperability of the current ETL frameworks. Therefore, the main 

research question of this study is: 

"C'cm cr conceptual .fianwlz'ork .fi,r ETL thcrt includes the .features uf component 

distribution and inferoperability be dejined to enhance the current tightly coupled 

ETL, f iame~w-k? " 

The main research question can be divided into three sub questions, which are: 

i. What are the problems of the current ETL framework that result from the 

absence of components distribution and interoperability? 

. . 
11. How can the problems of the current ETL, framework be tackled for 

defining distributed and interoperable components for ETL framework? 

,.. 
111. How to define, test and evaluate the new ETL framework? 

1.5 Research Objectives 

The overall objective of this research is to define a conceptual framework for 

interoperable distributed ETL components. This framework is an enhancement to the 

current ETL, framework in terms of components distribution and interoperability, 

In particular, the research objectives are: 

i ,  to identify problems of the current ETL framework due to the absence of 

component distribution and interoperability. 



. . 
11. to define components distributable and interoperable ETL conceptual 

framework. 

... 
1 1 1 .  to demonstrate the applicability of the proposed ETL framework by the 

development of ETL prototype. 

iv. to test and evaluate the distribution and interoperability of the prototype 

that validates the new ETL framework. 

Each of the research objectives are achieved according to the research strategy 

(following the phases of the research methodology) in section 1.6. 



1.6 Research Strategy 
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Figure I .  1: Research Strategy 

The research strategy consists of four phases to achieve the research objectives and 

answer the research question. Figure 1 . 1  illustrates the research strategy, The 1 
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phase answer the question ofi What are the problen7.s of the arrrent ETL@anzework, 

which resttlt,from thc absence qfcomponents distribution and interoperuhility? The 

discussion of ETL literature, together with exploring the advantages of involving 

SOA, XML, distributed architecture and other related technologies are important to 

identify the available problems, which are resultant from the absence of components 

distribution and interoperability in the current ETL framework. Upon completion of 

this phase, a complete awareness of the problems is achieved. 

The 2nd phase starts with analyzing the requirements of proposing the research work 

according to the suggestion phase of the DSA methodology. SOA framework plays a 

central role in resolving components distribution and interoperability issues of the 

newly defined framework. The research problems motivate for more research to 

bridge the gaps that have been left in the ETL field regarding distribution and 

interoperability. A literature about distributed systems, web services, SOA and 

software architecture is essential in determining the methods and standards that help 

in bridging the gaps. After determining the appropriate methods and following them 

in bridging the gaps; the resultant partial solutions are combined together to establish 

an initial conceptual framework for interoperable distributed ETI, components. This 

framework is the output of the 2"* phase, and is also referred in the thesis as the "new 

ETL framework" or "restructured ETL framework", 

The 3rd phase concentrates on defining the complete theoretical framework before 

realizing it by a prototype. Defining the framework depended on theories, standards 

and rules of ETL and SOA and other concepts related to SOA. In addition to that, 

expert opinions through structured interviews are utilized in defining the framework. 
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The 4'h phase focuses on testing and validating the new framework. Specific methods 

that comply with the ETL and SOA frameworks are used to define, test and verify 

the framework. The framework is realized by developing a prototype for testing and 

validation purposes. Analysis, design, development, and deployment tools are used 

for the implementation of that prototype, and the prototype is evaluated using three 

case studies. In addition to evaluating the distribution and interoperability of the 

framework components, one case study is used to evaluate each of Extraction, 

Transformation and Loading components, while the other two case studies are used 

in evaluating Extraction and Loading components. The three case studies are 

explored in details in chapter 4 and chapter 7. Upon completion of this phase, the 

goal of the research is achieved and the conceptual framework has been defined, 

verified and validated. 

1.7 Scope of the Research 

This research concentrates on bridging the gaps of the current ETL Framework 

regarding components distribution and interoperability. Therefore, the scope of the 

research includes: ETL framework and processes; distribution concept which is 

limited to software techniques and does not use hardware techniques, as the 

hardware based techniques are already explored by previous researches (Wehrle et 

a/ . ,  2007). Core architectures include I-tier, 2-tier, 3-tier and N-tier; and applying 

distribution and interoperability techniques to the new framework is limited to SOA, 

web services, XML, and software distribution standards. The classification and 

fragmentation regarding types of data in data warehouse for the extended classified- 

fragmentation component is limited to text, image orland video. All of these scopes 
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are h l ly  or partially used in the research. However, the focus of this research is 

generally to define a conceptual framework for interoperable distributed ETL 

components. 

1.8 Contributions 

The high-level goal of this research is to define a new ETL framework for 

Interoperable Distributed ETL Components based on Service Oriented Architecture. 

Therefore, this research contributes towards the field of ETL by adding the 

distribution and interoperability concepts to the ETL framework. Furthermore, this 

research adds contributions towards the area of data warehousing and business 

intelligence because ETL is a core concept in this area, particularly, in the area of 

data warehousing and business intelligence that covers the design, implementation 

and usage of ETL. This research: 

Contributes to the ETL, field by involving the distribution concept among the 

E'TL framework components, which enables the Loose coupling among these 

ETL components. In addition, this research has provided interoperability in 

the interaction between clients (ETL administrators) and the loosely-coupled 

distributed ETL components by using SOA as the interaction architecture 

among the framework components. 

Contributes to the data warehouse and business intelligence area by providing 

distributable interoperable ETL framework to be involved in the design and 

implementation of data warehouse and business intelligence projects. 



Contributes to the ETL vendors, since it enables them to develop new 

releases of ETL tools including the distribution and interoperability features 

based on the new ETL framework. Furthermore, the new framework 

simplifies the process of extending and adding new components to the 

vendor's ETL, tools, and reduces the cost and effort of developing ETL tools 

that are compatible with legacy systems. In addition, the new framework 

simplifies the reusability of ETL components since it enables ETL developers 

in DW industry to adopt the code of an existing ETL component developed 

by them or by any other ETL vendor who follows the new framework 

specifications, and then reuse it to meet new ETL business requirements. 

This reuse results in a huge savings in ETL tool development cost and time. 

Contributes to the ETL administrators (users) by simplifying the 

administration process of a DW project. The ETL administration can be 

centralized on one server because the ETL components can be deployed on 

one portal server. Therefore, the administrator focuses on a central unique 

ETL tool instead of administering many ETL tools at many geographical 

locations. Furthermore, the new framework contributes to the ETL 

administrators by eliminating the requirements and settings of the user 

machine (ETL administrator PC) such as operating system requirements and 

compatibility requirements, because the concepts of the new ETL framework 

allow ETL, vendors to develop ETL, components that can be deployed as parts 

of a business intelligence portal and the client can execute the ETL 

functionalities through the browser, However, ETL tools developed using the 



traditional ETL framework needs to be installed on the user machines 

(normally ETL administrator PCs), which requires special operating systems 

and special configurations and settings on the client machines. 

Contributes to the ETL customers (Companies that buy non-free ETL tools to 

implement DW projects) by reducing the number of licenses needed for 

implementing a DW project. Therefore, instead of having a license for every 

data source administrator, it is sufficient to have only one tool that can be 

deployed as components of a Business Intelligence portal and then every 

administrator can have an access to these components through his account on 

the portal. 

1.9 Thesis Organization 

The thesis consists of eight chapters; it starts with Chapter I that discusses the 

research background, motivation, problems, questions, objectives, strategy, scope 

and contribution, Then, Chapter 2 presents the literature of data warehouse, 

especially ETL framework, followed by discussion on the SOA framework which is 

very essential to restructure the ETL framework in Chapter 3. Chapter 4 discusses 

the research methodology that utilizes suitable methods for executing this research. 

This is followed by Chapter 5 that conceptually defines the theoretical framework. 

Discussion on the prototype Is highlighted in Chapter 6, while Chapter 7 presents the 

evaluation of the prototype. Finally, Chapter 8 concludes the research and presents 

the hture works. 



1. LO Conclusion 

This chapter has introduced the research background, presented the motivation of the 

research and highlighted the research problems, objectives, scope and contribution. 

Chapter 2 critically discusses the literature related to the traditional (current) ETL 

framework. 



CHAPTER TWO 

EXTRACTION, TRANSFORMATION, AND LOADING IN DATA 

WAREHOUSING 

This chapter discusses about data warehousing, the ETL framework components and 

commercial ETL tools. It also highlights the ETL components coupling, distribution 

and compatibility. In addition, it argues the ETL extensibility, scalability, 

administration and licensing. 

2.1 Data Warehouse 

A data warehouse is a central repository for all or significant parts of the data that an 

enterprise's various business systems collect (Lnmon, 2005) and it has become a main 

component of the corporate information system architecture (Almeida et ul., 1999; 

Holzer el al., 1999; Massachusetts, 2008; Silvers, 2008). A data warehouse model 

can be classified into two parts, back room and front room. As shown in Figure 2.1, 

these are physically, logically, and administratively separated. In other words, the 

back and front rooms are on different machines. They foIlow different data 

structures, and are managed by different IT specialists (Vassiliadis el ul., 2002; 

Kimball & Caserta, 2004; Tziovara el ul., 2007). Data management for data 

warehouses involves acquiring data, transforming and delivering that data to the 

query-friendly front room. No query services are provided in the back room. Data 

access is prohibited in the back room, and therefore, the front room is dedicated only 

for this purpose (Kimball & Caserta, 2004; Santos & Bemardino, 2008; Zhu el al,, 

2008a) 
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Figure 2, I :  General Data Warehouse Components (Kimball & Caserta, 2004) 

The staging area is a back-room facility, where the data is placed after it is extracted 

from the source systems, cleaned, manipulated, and prepared to be loaded to the 

presentation layer of the data warehouse, Any meta-data generated by the ETL 

processes that is useful to end users must be from the back room and is offered in the 

presentation area of the data warehouse (Kimball & Caserta, 2004; Microsoft, 2009; 

Oracle, 2009; Pentaho, 2009; SAS, 20 10). 

In this chapter, the literature regarding ETL, research works to highlight the gaps of 

these works by showing where recent stages in this area have reached, and are 

critically discussed. 



2.2 Brief Discussed Overview of traditional ETL Framework Components 

A framework can be described as some concepts related to each others in some 

relations. The framework can contain many models in which the model constitutes a 

subset of a framework (Darmont ct ul., 2005; Jerstad ct ul., 2005; Zhang & Wang, 

2008). Many research works such as (Vara et al., 2005; Zhang & Gracanin, 2008) 

define the output of an SOA based research as a framework. In addition, other 

research works such as (Roy et ul., 2008; Zhang & Wang, 2008; Thomsen & 

Pedersen, 2009; Xi & Hongfeng, 2009) describe the ETL processes together as an 

ETL framework because the ETL processes together fulfil the requirements to be 

defined as a framework due to the availability of the concepts represented by the 

ETL components and the relationships among these concepts. 

The data extraction, transformation, and loading are the three major components of 

the traditional ETL framework (Zhang & Wang, 2008). Data extraction is an 

ongoing function camed out at very frequent intervals and extracts data from many 

heterogonous data sources (KimbalI & Caserta, 2004). There are many types of data 

transformation in a data warehouse with many different tasks. It is not just a field-to- 

field conversion but there are many types of data transformation. Transformation 

component targets to resolve the heterogeneity of the extracted data which is caused 

due to the changes in data structure, format and semantics (Kimball & Caserta, 2004; 

Thomsen & Pedersen, 2009; Simitsis et ul., 20 10). 

The data load in a data warehouse in comparison with the Ioad for a new operational 

system has some differences. For the implementation of a new operational system, 

the data is sometimes converted and loaded once to get the new system started. 
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Loading of data in a data warehouse does not cease with the initial implementation. 

Just like extraction and transformation, data loading is not just an initial activity to 

get the data warehouse started. Apart from the initial data load, the ongoing 

incremental data loads and the periodic full refreshes are done (Kimball & Caserta, 

2004; Tziovara et al., 2007; Zhang & Wang, 2008). 

Based on the ETL literatures from 2002 to 2009, the traditional ETI, framework has 

common tightly coupled functionalities (Vassiliadis et al., 2002; Trujillo & 

Lujnrnora, 2003; Kimball & Caserta, 2004; Simitsis et al., 2005; Iqbal & Daudpota, 

2006; Tziovara et al., 2007; I,iao et al., 2008; Skoutas et al., 2009). These 

functionalities, concepts behind them, and relationships between them are concluded 

in one framework diagram as shown in Figure 2.2. 

, 
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Figure 2,2: Traditionul E TI, Framew*ork 

23 



In the data layer of Figure 2.2, the data stores that are involved in the overall process 

are depicted. On the left side, the original data providers (typically, relational 

databases and files) are shown. The data from these sources is extracted (as shown in 

the upper left part of Figure 2.2) by extraction routines. Then, this data is propagated 

to the Data Staging Area (DSA) where it is transformed and cleaned before being 

loaded to the data warehouse. The data warehouse repositories are depicted in the 

right part of Figure 2.2 and comprise the target data stores. Eventually, the loading of 

the central warehouse is performed through the loading routines depicted on the 

upper right part of Figure 2.2. 

To have the whole abstract picture of the ETL framework, it is necessary to know the 

considerations taken when a vendor needs to implement an ETL tool (Kimball & 

Caserta, 2004). Even if the scope of this research is limited, it is necessary to 

understand the whole picture of the required specifications of implementing an ETL 

tool. Building an ETL system is constrained by some criteria and specifications to 

meet some business requirements such as: the data formats, the source data, the 

existing legacy systems, and the skills of available staffs and the needs of end users 

(Almeida et al., 1999; Kimball & Caserta, 2004; tntnon, 2005). Two issues must be 

taken into consideration when building an ETI, system based on the current ETL 

framework: the first is planning and design and the second is data flow. 

a. Planning and design (Almeida et al., 1999; Kimball & Caserta, 2004; tnmon, 

2005) 

The first step in the planning and design is the understanding of the 

requirements and some realities. These include: business needs, security 
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requirements, data integration, data latency, end user delivery interfaces, 

available development skills, available management skills and legacy 

licenses. The second step is related to architecture where top decisions are 

made about how to build an ETL tool. These decisions may include and not 

limited to: hand-coded versus ETL vendor tool; batch versus streaming data 

flow; horizontal versus vertical task dependency; scheduler automation; 

exception handling; quality handling; recovery and restart. The third step in 

the planning and design is system implementation that may include and not 

limited to: hardware; software; coding practices; documentation practices and 

specific quality checks. 

b. Data flow (Almeida et ul., 1999; Bonifati et a/., 200 1; Kimball & Caserta, 

2004; Inmon, 2005) 

The data flow is a simple generalization of the extract, transform and load 

scenario, The extract step includes and not limited to: reading source data 

models; connecting to and accessing data; scheduling the source system; 

capturing changed data and storing the extracted data to disk. The transform 

step involves and not limited to: setting column properties; enforcing 

structure; enforcing data and value rules; enforcing complex business rules; 

building a meta-data foundation to describe data quality; storing the cleaned 

data to disk. Eventually, the load step includes and not limited to: generating 

dimensions; loading dimensions tables; conforming dimensions and facts; 

loading text facts in dimensions and storing the delivered data to disk. There 

are some extra operations. These operations may include and not limited to: 
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scheduling; job execution; exception handling; recovery and restart; quality 

checking; release and support. 

These specifications are considered as recommendations to ETL vendors. Some 

vendors apply all of the specifications, while others just pick some specifications to 

apply or could add additional specifications (Kimball & Caserta, 2004; Apache, 

20 10; IBM, 20 10; Microsoft, 20 10; Oracle, 20 10; SAS, 20 10). 

2.3 Industrial ETL Tools 

Industry programmers can set up ETL processes using almost any programming 

language, but building such processes from scratch is a con~plex process. 

Increasingly, companies are buying ETL tools to be used in data warehouse projects 

(Oracle, 2010). At this time, a good ETL tool should be able to communicate with 

many different relational databases and read the various file formats used throughout 

an organization (Kimball & Caserta, 2004; Apache, 20 10; IBM, 201 0; Microsoft, 

201 0; Oracle, 2010; SAS, 2010). Many ETL tools now have data profiling, data 

quality, meta-data and other important capabilities (Pentaho, 2009). On the other 

hand, none of these tools has considered the distribution and interoperability as a 

base for designing and developing the tools. This section briefs four popular 

commercial ETL tools, these are: 

a. IBM Infosphere Datastage (IBM, 20 10): is an ETL tool and part of the IBM 

Information Platforms Solutions suite and IBM Infosphere. It exists in 

varlous editions such as the Server Edition and the Enterprise Edition. In 

March 2005, IBM made Datastage part of the Websphere family as 
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Websphere DataStage. In 2006, it was released with the IBM Information 

Server under the Information Management family. In 2008, i t  was renamed 

as Infosphere lnformation Server, which has these editions: ( 1 )  Enterprise 

Edition that has a parallel processing architecture and parallel ETL jobs; (2) 

Server Edition, early DataStage versions only contained Server Jobs. 

DataStage 5 added Sequence Jobs and DataStage 6 added Parallel Jobs via 

Enterprise Edition; (3 )  MVS Edition that is developed on a Windows or 

UnixJLinux platform and transferred to the mainframe as compiled 

mainframe jobs; and (4.) DataStage TX Edition that is designed for 

processing complex transactions and messages, formerly known as Mercator. 

b. SQL Sewer Integration Sewices (SSIS) (Microsoft, 20 10): is a component of 

the Microsoft SQL Server database software, which is used to perform a wide 

range of data migration tasks. It features a fast and flexible data 

warehousing tool used for data extraction, transformation, and loading. It is 

also used to automate maintenance of SQL Server databases. The first 

released came together with Microsoft SQL Server 2005, it replaced data 

transformation services, which had been a feature of SQL Server since 

Version 7.0, and it is only available in the "Standard" and "Enterprise" 

editions and has these features: ( I )  the SSIS ImportJExport Wizard that 

allows the user to create packages that move data from a data source to a 

destination without transformations. It can quickly move data from a variety 

of source types to a variety of destination types, including text files and other 

SQL Server instances; (2) developers can use a visual development tool 

based on Microsoft Visual Studio called the SQL, Server Business 



Intelligence Development Studio (BIDS). It allows users to edit SSIS 

packages using a drag-and-drop user GUI (Graphical User Interface). A 

scripting environment in which to write programming code is also available; 

(3) a connection includes the information necessary to connect to a data 

source. Tasks refer to the connection by its name, allowing the details of the 

connection to be changed or configured at runtime; (4) there are lots of tasks 

ranging from the file system task, which can copy or move files to the data 

transformation task. The data transformation task copies data and implements 

the ETL features of the product; (5) the precedence constraint preceding a 

particular task is met before that task executes. The runtime enables 

executing tasks in parallel if their precedence constraints allow. In addition, 

constraints may allow different paths of execution depending on the success 

or failure of other tasks; (6) a workflow is designed for a number of events in 

the different scopes where they occur. In this way, tasks are executed in 

response to happenings within the package, such as cleaning up after errors; 

(7) tasks can reference variables to store results, make decisions, or affect 

configurations; (8) a package can be saved to a file or to a store with a 

hierarchical namespace within an SQL Server instance, and the package 

content is persisted in XML; and (9) after completion, the designer allows the 

user to start the packages execution. On starting, the package can be 

debugged or monitored. 

c Oracle Wurehouse Builder (0 WB) (Oracle, 201 0): is an ETL tool produced 

by Oracle Corporation. It offers a graphical environment to build, manage 

and maintain data integration processes in business intelligence systems. 'The 
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primary use of OWB is transferring heterogeneous data sources in data 

warehousing and data migration from legacy systems. Furthermore, it offers 

capabilities for relational and dimensional modeling, data profiling and data 

cleaning. Oracle Warehouse Builder was first released in January 2000 

(release 2.0.4). The 3i release enhanced the ETL mapping designer, then, 9i 

release in 2003 introduced the mapping debugger, process flow editing, 

integrated matchlmerging and nameladdress cleaning. The I OgR1 release was 

released with the log database, and the 10gR2 release was a big release that 

is able to perform a wide range of finctionality from dimensional modeling 

to data profiling and quality. The OWB 1 lgR1 release was a move into the 

database release stack, and included the server components installed with the 

database. 

d. SAS Enterprise Datu Integration Sewer (SAS, 2010): enables organizations 

to extract, transform and load data from across the enterprise to create 

consistent and accurate information. It has these features: (1 ) creation of ETI, 

processes that are easily modified and have embedded data quality processing 

is enabled; (2) an easy-to-use transformation user interface that supports 

collaboration, reuse of processes and common meta-data; (3) single or 

multiple-source data acquisition, transformation, cleaning and loading to 

create data warehouses, data marts, or BI and analytic data stores; (4) meta- 

data is captured and documented throughout the data integration and 

transformation processes and is available for immediate reuse; (5) 

transformations can run on any platfornl with any data source; (6) 

transformations can be executed interactively and scheduled to run in batch at 
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set times or based on events; (7) easily refresh, append and update during 

loading; (8) optimize loading techniques with user-selectable options; and (9) 

database-aware loading techniques, including bulk load facilities, index and 

key creation, and dropping and truncating of tables. 

This section has briefly listed some features available in four commercial ETL tools, 

while sections 2.4 to 2.9 discuss specific features in these tools related to the 

research scope. 

2.4 Component Coupling in Current ETL Structure 

Many vendors such as IBM, Microsoft, Oracle and SAS (Statistical Analysis 

System) have developed powerful ETL tools, which leads to suitable vendor 

solutions that cover a wide range of hnctional options to perform ETL. functions. 

The tools can extract data from multiple sources, perform transformation functions, 

and do loads (Kimball & Caserta, 2004). 

Extract, Transform and Load components in the current E'TL tools are tightly 

coupled with each others, and cannot be used separately in a data warehouse 

environment (without the need to involve other parts of the ETL in the same 

environment) because of tight coupling feature of the current ETL framework 

(Vassiliadis et a)., 2002; Trujillo & L,ujnrnora, 2003; Kimball & Caserta, 2004; 

Vassiliadis et al., 2005; Sellis, 2006; Liao et al., 2008; Skoutas et al., 2009). Despite 

that, some commercial ETL tools decoupled some hnctionalities for reusability 

purposes. 



Tahle 2.1: Component Cozrpling,featurcs of Some ETL Tools 

- 

IBM MICROSOFT ORACLE SAS ETL STUDIO 

DATA STAGE SERVICES BUILDER 

Enables the Has Enables the Provides a comprehensive 

reusability of transformation reusability of applications development 

some existing packages that legacy code as environment (reusable 

code through can only be well as newly components) that enables 

some APIs that 

allows the 

reusability of 

specific functions 

rather than 

complete ETL 

hnctionalities 

(IBM, 201 0) 

customized 

while it does 

not allow 

extending the 

code of its 

hnctionalities 

(Microsoft, 

2009) 

developed code, developers to quickly create 

and a customized applications to 

transformation fit user needs, and this 

library that has solution is restricted to be 

PllSQL code, within the scope of SAS 

which can be tools (SAS, 20 10) 

reused as well, 

but this is done 

only within the 

scope of Oracle 

Warehouse 

Builder 

framework 

(Oracle, 20 10) 

Table 2.1 shows some features of certain ETL vendors related to the coupling factor 

of the tools. As shown in Table 2.1, the four tools do not include the loose coupling 

features among the main ETL components. As a result of that, the three E-T-L 

components must be used together and cannot be used or reused separately, for 



example, 'Transformation and Loading features are redundant at the Extraction 

location because sometimes only Extraction is needed at data source locations. 

2.5 Components Distribution 

The current ETL framework is lacking of the mentioned distribution advantages as it 

does not follow distribution requirements at the component level (Vassiliadis et ul., 

2002; Trujillo & Lujnmora, 2003; Kimball & Caserta, 2004; Zhu et ul., 2008b; 

Mufioz et ul., 2009). Some implementations of the current ETL framework done by 

key industry vendors such as IBM, Oracle, Microsoft and SAS have applied some 

distribution features to their ETL tools, but this distribution is applied to the whole 

tool level rather than the component level. The following are some distribution 

features of some commercial ETL tools: 

IBM Websphere Data Stage tool adopts client server architecture, There are 

3 components at the Client. The Datastage Administrator, Manager and 

Director; each equipped with a specific set of hnctionalities (IBM, 2010; 

Tam, 20 10). 

Microsoft Integration Services ETL tool (Microsoft, 2009; Microsoft, 20 10) 

is built on client server architecture and includes four key parts: 

a. Integration Services Service: Monitors running Integration Services 

packages and manages the storage of packages 

b. Integration Services object model: Includes native and managed 

application programming interface (API) for accessing Integration 

Services tools, command line utilities and custom applications, 



c. Integration Services runtime and Run-time executables: Saves the 

layout of packages, runs packages, and provides support for logging, 

breakpoints, configuration, connections, and transactions. 

d. Data Flow Task: Encapsulates the data flow engine. The data flow 

engine provides the in-memory buffers that move data from source to 

destination and calls the sources that extract data from files and 

relational databases, the transformations that modify data, and the 

destinations that load data or make data available to other processes. 

Oracle Warehouse Builder is a repository-based tool for ETL and data 

warehousing. The basic architecture comprises two components, the design 

environment and the runtime environment. The design component is client 

based like windows platform. For running the mappings, it uses Oracle 

Database log database server (Oracle, 2009; Oracle, 20 10). 

SAS architecture is a client-server architecture that uses XNlL as its transport 

language, and provides a central repository for meta-data for the entire 

enterprise (SAS, 20 10). 

2.6 Compatibility of ETL Components with Heterogeneous Environments 

"Whether u data warehouse project is successful or not mostly depends on the 

processes of data integrution ;' (Oracle, 20 10). The processes usually mean ETL 

processes. Data warehouse designers suffer from the integrity problem of 

heterogeneous database and heterogeneous environments because ETL is a 

significant challenge and a critical task performed a1 the early stages of a data 



warehouse project (Kimball & Caserta, 2004; Agrawal et al., 2008; Mahboubi & 

Darmont, 2009). 

The problem of heterogeneity in data sources includes two parts. First is the 

structural heterogeneity, such as different database supplier (SQL Server and 

Oracle), different data type and different schema. Second is the semantic 

heterogeneity, which includes different naming conventions (e.g., synonyms), 

different representation formats (e.g., units of measurement, currencies, encoding), 

and different ranges of values. Both of the mentioned heterogeneity types are 

resolved in previous researches (Shani et al., 2006; Kumari et al., 2008; Mahboubi & 

Darmont, 2009). 

On the other hand, in heterogeneous environments for ETL components, there is lack 

of research discussing it, especially if the components are distributed among many 

platforms (Wu et al., 2007). This issue is importance because if the parts of ETL 

could be compatible with all platforms or programming environments (i e. the 

Extraction component as well as any other component can be compatible with .NET, 

J2EE, or any other framework, without any change in the component coding), then, 

the ETL components will have the portability and reusability advantages (Wu et al., 

2007). 

As a conclusion, not all ETL tools are compatible with all server environments, and 

each vendor's tool runs on a specific environment including specific operating 

system and other requirements. Table 2.2 includes some compatibility issues of some 

popular commercial ETL tools. 



Table 2.2: C'onyatihilih, Issues qj'Sonze Popular Commercial ETL Tools 

IBM WebSphere MS Integration Oracle Warehouse SAS 

Data Stage Tool Services Builder (Oracle, (SAS, 20 LO) 

(ISM, 2010; Tam, (Microsoft, 2009; 2009; Oracle, 

20 10) Microsoft, 2010) 2010) 

Operating Compatible with all Compatible with Compatible with all Compatible 

System popular operating Microsoft Operating popular operating with all 

compatibility systems Systems (Windows systems popular 

family) operating 

svstems 

Database Although it is Although it is Although it is It is 

compatibility compatible with all compatible with all compatible with all compatible 

database systems, database systems, It database systems, It with all 

It has a high level has a high level of has a high level of database 

of compatibility compatibility with compatibility with systems 

with DB2 database MS SQL. Server Oracle database 

database 

Availability of No 

Compatibility 

standards 

Distributable & No 

Compatible 

components 

Compatible No 

with legacy 

software 

systems 

As shown in Table 2 .2 ,  some tools are more compatible with the vendor 

environments. For example, MS Integration Services is compatible with Windows 
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operating systems. In addition, the four tools do not have a standard way for 

compatibility with other software components or with legacy systems. Furthermore, 

the components of these tools cannot be deployed separately as loosely coupled 

distributed components. 

2.7 Extensibility and Scalability of ETL Framework 

Many companies need to add special components to ETL to solve additional 

problems in their business. Sometimes, this task is complex due to the ETL 

components that are tightly-coupled (Trujillo & Lujnrnora, 2003; Kimball & Caserta, 

2004; Wu et a/., 2007). Furthermore, due to the complexity, long learning curve of 

the available ETL tools, and difficulty to achieve some extensibility in terms of 

additional functionalities; many organizations prefer to turn to in-house development 

to perform the ETL tasks (Kimball & Caserta, 2004; Agrawal et al., 2008; Liao et 

al,, 2008). 

For example, if some organizations need to add a fragmentation component to the 

framework to enhance report generation speed, certainly, there are some solutions to 

improve query performance of data warehousing ( Microsoft, 20 10). Some industrial 

tools such as Pentaho Business Intelligence have the fragmentatiodpartitioning 

feature (Pentaho, 2006; Pentaho, 2009) to do this, however, this feature needs a 

technical expert to deal with it, i.e the user needs to write sophisticated queries for 

the classificatiodfragmentation conditions To avoid this, it is beneficial that the 

ETL framework includes classified-fragmentation functionality for special business 

needs, especially for some domains such as health-care which deals with massive 

amounts of historical data Due to the limitations of the fragmentation techniques 
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available in the current ETL tools, it is worth that this feature exists in the ETL 

framework; to be available for implementation in hture tools for ETL users to 

fragment the fact tables into many fact tables based on the data type or time. This 

leads to a faster report generation in the data warehouse environments as the speed of 

the report generation in the presentation layer of the business intelligence can be 

faster. 

The scalability of a software can be reached when a distributed system running on a 

collection of a small number of machines can be easily extended to a large number 

of machines or use a more sophisticated software techniques to increase the 

processing power of the software (Du & Raghavendra, 2005). ETL designers should 

establish the scalability of an ETL system across the lifetime of its usage (Kimball & 

Caserta, 2004; Silvers, 2008). This includes understanding the volumes of data that 

will have to be processed within service level agreements (SAS, 2010). The time 

available to extract from source systems may change, which means the same amount 

of data may have to be processed in lesser time. Some ETL systems have to scale to 

process terabytes of data to update data warehouses with tens of terabytes of data. 

lncreasing volumes of data may require designs that can scale from daily batch to 

multiple-day micro-batch to integration with message queues or real-time change- 

data capture for continuous transformation and update (Kimball & Caserta, 2004; 

Temenos, 2005). 

Some commercial ETL tools have considered the scalability factor in the design of 

their tools, such as: 



IBM Websphere Data Stage (IBM, 2010) scales well with unlimited 

transforms, flexible data flows, high data throughput but it lacks the 

components extensibility feature. 

MS Integration Services (Microsoft, 2010) runs mainly on the Microsoft 

Windows platform. Currently, SQL Integration Services Sewice is available 

on 32 bit but it is expected to support 64 bit in future. This provides an 

opportunity for providing scalability. However, it does not support 

components extensibility. 

Oracle Warehouse Builder (Oracle, 20 10) utilize the powerful potential of 

Oracle log that provides a highly scalable solution. The ETL processes 

modeled in warehouse builder make use of Oracle log new performance 

enhancements specifically added for performing ETL tasks. Despite this, it 

does not have the extensibility feature to suit special business needs. 

SAS (SAS, 201 0) is highly scalable, but lacks extensibility features. 

2.8 ETL Tools Administration 

This section starts with highlighting some administration features of some popular 

ETL tools available in the market such as IBM Infosphere Datastage, Microsoft 

Integration Services, Oracle Warehouse Builder and SAS E'I'L, Studio. Table 2,3 lists 

some of these administration features. 



Table 2.3: Administration Capabilities qflridustrial ETL Tools 

- 
1BM MICROSOFT ORACLE SAS ETl, STUDIO 

WEBSPHERE INTEGRATION WAREHOUSE 

DATA STAGE SERVICES BUILDER 

Has log files 
that are 
available in a 
client 
component 
called director 
Rejected rows 
can be captured 
with the help of 
a rejected link 
available 
Monitor 
window is 
available to 
provide run- 
time feedback 
on user-selected 
intervals (IBM, 
20 10) 

Error rows can be 
logged to tables or 
files for offline 
investigation and 
resubmission 
It supports row- 
level error flows. 
An error flow can 
direct the data 
rows that contain 
errors to a separate 
component output, 
the error output 
(Microsoft, 20 10) 

Generates log 
files and using 
runtime audit 
viewer and 
detailed 
information of 
error occurrences 
that can be 
viewed, which 
could help in 
trouble shooting. 
This can be done 
by setting 
breakpoint and 
watch 
Syntax error in 
the data is 
handled by the 
warehouse 
builder (Oracle, 
20 10) 

SAS built-in 
administration 
features need to 
be handled 
within the code 
Administration 

features are 
associated with 
S AS warehouse 
administrator 
It needs to 
enable Per1 
regular 
expressions in a 
data step to send 
debug output to 
the S AS log 
It supports 
exception 
handling with no 
extra effort 
required 
It can be 
restarted from 
the point of 
failure (SAS, 
20 10) 

In the current ETL, framework, managingladministering many ETL installations in 

many data source locations for the same project to extract data needs extra 

administration, communication and maintenance effort due to the absence of 

centralized administration capabilities and the administrators are often different 



persons working on the same DW project and there is a different administrator from 

every location in the same project. This requires them to use different ETL, tools and 

do different configurations to these tools. Furthermore, in the current ETL 

framework, there are impediments to include ETL as a part of a complete portal that 

manages the DW project because of the complexity in the current ETL framework to 

communicate with other components of a portal (Wu et al., 2007). 

2.9 ETL Tools Licensing 

ETL tools provide the database administrators the power to move and manipulate 

large quantities of different information across disparate database platforms easily. 

However, these solutions are expensive, and could be beyond the budget of many 

organizations (Kimball & Caserta, 2004). The licensing issues are reviewed for four 

popular industrial ETL tools, and these are: 

IBM Websphere Data Stage (IBM, 2010; Tam, 2010) adopts the CPU based 

licensing. 

MS lntegration Services SQL Server (Microsoft, 2009) is available under 

three licensing options: (1) Processor Licensing Model, under this model, a 

license is required for each physical or virtual processor accessed by an 

operating system environment running SQL Server. This license does not 

require any device or user client access licenses (CALs). (2) A server license 

is required for each operating system environment running an instance of 

SQL Server, as well as a CAL for each client device that accesses a system 

running SQL Server. (3) A server license is required for each operating 



system environment running an instance of SQL Server, as well as a CAL for 

each user that accesses a system running SQL Server. 

Oracle Warehouse Builder (Oracle, 2010) needs both Oracle Developer 

Suite license and an Oracle database enterprise edition license to run 

Warehouse Builder log. 

SAS (SAS, 2010) provides evaluation and permanent licenses with different 

packages, which supports multi-user environment. 

2.10 Conclusion 

This chapter has presented the data warehouse environment and explored the ETL 

framework and design including the previous works in the ETL area. It also 

discusses the distribution, interoperability, portability, extensibility, component- 

coupling, and licensing features. The discussion emphasizes both the traditional ETL 

framework as a common framework and tools that are based on it. Chapter 3 will 

discuss the concepts of SOA framework, and highlights the reasons for building the 

ETL framework based on it, in order to achieve the distribution and interoperability 

features. 



CHAPTER THREE 

DISTRIBUTED TECHNOLOGIES 

Chapter two has discussed the ETL literature and what the current ETL framework is 

missing regarding: component distribution, interoperability, extensibility and loose- 

coupling features. This chapter discusses the distributed technologies and highlights 

the best technology that is capable of overcoming with these missing features. This 

capability will be demonstrated throughout this chapter. 

3.1 Distributed Systems 

A distributed system is a collection of independent entities that cooperate to solve a 

problem that cannot be individually solved (Coulouris et al., 2001; Tanenbaum & 

Van Steen, 2002; Du & Raghavendra, 2005; Sutherland et al., 2007; Kshemkalyani 

& Singhal, 2008). For computing systems, a distributed system has been 

characterized as a collection of computers that do not share common memory or a 

common physical clock, that communicate by a messages passing over a 

communication network, where each computer has its own memory and runs its own 

operating system. Typically the computers are loosely coupled and they cooperate to 

address a problem collectively (Wehrle et ul., 2005). 

The distributed software can also be termed as middleware. In other words, the 

middleware is the distributed software that drives the distributed system, while 

providing transparency of heterogeneity at the platform level (Kshemkalyani & 

Singhal, 2008). Various primitives and calls to hnctions defined in various libraries 

of the middleware layer are embedded in the user program code. In addition, there 
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exist several libraries to choose from to invoke primitives for the more common 

hnctions of the middleware layer (Wehrle et al., 2005). Furthermore, there are 

several standards such as Object Management Group's (OMG), Common Object 

Request Broker Architecture (CORBA), Remote Method Invocation (RMI) and the 

Remote Procedure Call (RPC) mechanisms for distributed computing (Coulouris et 

ul., 200 1 ; Kshemkal yani & Singhal, 2008). Currently, deployed commercial versions 

of middleware often use CORBA, DCOM (distributed component object model), 

EJB and RMI technologies (Tanenbaum & Van Steen, 2002; lssarny et al., 2008; 

Blair et al., 2009). 

The use of distributed systems is highly recommended at times due to the following 

motivations (Coulouris et al., 200 1; Tanenbaum & Van Steen, 2002; Kshemkalyani 

& Singhal, 2008; Oracle, 2010; SAS, 2010): 

a. Access to geographically rcwotc data and resources: In many scenarios, the 

data cannot be replicated at every sites participating in the distributed 

execution because it may be too large or too sensitive to be replicated. For 

example, data within a multinational corporation is both too large and too 

sensitive to be replicated at every branch. It is therefore stored at a central 

server that can be queried by branch offices. In addition to that, limited 

resources in mobile devices as well as in the wireless technology with which 

these devices communicate have increased the need for distributed protocols 

and middleware. 

b. Enhanced reliability: The distribution concept has increased the system 

reliability because of the possibility of replicating resources and executions, 
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and since geographically distributed resources are not likely to crash at the 

same time under normal circumstances. Reliability is dependent on several 

aspects such as: 

Availability: The resource should be accessible at all times. 

Integri/y: The valuelstate of the resource should be correct, in the 

face of concurrent access from multiple processors, as per the 

semantics expected by the application. 

Fault-tolerance: The ability to recover from system failures, where 

such failures may be defined to occur in one of the many failure 

models. 

c. Increused performclnce/cost ratio: By resource sharing and accessing 

geographically remote data and resources, the performancelcost ratio is 

increased. Although higher throughput has not necessarily been the main 

objective behind using a distributed system, nevertheless, any task can be 

partitioned across the various computers in the distributed system. Such a 

configuration provides a better performance/cost ratio than using special 

parallel machines, 

d, Scukrbility: As the processors are usually connected by a wide-area network, 

adding more processors does not pose a direct bottleneck for the 

communication network. 

e Modularity clnd incremental expunduhility: Heterogeneous processors may 

be easily added into the system without affecting the performance, as long as 

those processors are running the same middleware algorithms. Similarly, 

existing processors may be easily replaced by other processors, 
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Sections 3.1.1 to 3.1.5 highlight some technologies that support distributed 

architecture. Furthermore, Tables 3.1 and 3.2 in section 3.6 summarize a brief 

comparison among these distributed technologies regarding components' distribution 

and interoperability. 

3.1.1 Remote Procedure Call (RPC) 

The first distributed computing technology to gain widespread use was the Remote 

Procedure Call commonly known as RPC. RPC is designed to be as similar to 

making local procedure calls as possible. The idea behind RPC is to make a hnction 

call to a procedure in another process and address space either on the same processor 

or across the network on another processor without having to deal with the concrete 

details of how this should be done besides making a procedure call (Coulouris et al., 

2001; Tanenbaum & Van Steen, 2002; Du & Raghavendra, 2005; Kshemkalyani & 

Singhal, 2008). 

Before an RPC call can be made, both the client and the server both have to have 

stubs for the remote function that are usually generated by an interface definition 

language (IDL), When an RPC call is made by a client the arguments to the remote 

function are marshalled and sent across the network and the client waits until a 

response is sent by the server. There are some difficulties with marshalling certain 

arguments such as pointers (Coulouris et al,, 2001; Tanenbaum & Van Steen, 2002; 

Du & Raghavendra, 2005; Kshernkalyani & Singhal, 2008), since a memory address 

on a client is completely useless to the server so various strategies for passing 

pointers are usually implemented two rules: ( I )  disallowing pointer arguments and 



(2) copying what the pointer points at and sending that to the remote function. RPC 

programs face a number of problems such as 

Network packets containing client requests being lost. 

Network packets containing server responses being lost. 

Client being unable to locate its server. 

3.1.2 Common Object Request Broker Architecture (CORBA) 

A CORBA usually consists of an Object Request Broker (ORB), a client and a 

server. An ORB is responsible for matching a requesting client to the server that 

performs the request, using an object reference to locate the target object. When the 

ORB examines the object reference and discovers that the target object is remote, it 

marshals the arguments and routes the invocation out over the network to the remote 

object's ORB. The remote ORB then invokes the method locally and sends the 

results back to the client via the network (Coulouris ei a/. , 200 1 ; Wehrle ei a/. , 2007; 

Issarny ei a/., 2008; Sutherland et a/., 2008; Sutherland et a/., 2009). There are many 

optional features that ORBS can implement besides merely sending and receiving 

remote method invocations including looking up objects by name, maintaining 

persistent objects, and supporting transaction processing. A primary feature of' 

CORBA is its interoperability between various platforms and programming 

languages (Issarny et a/,, 2008). 

The first step in creating a CORBA application is to define the interface for the 

remote object using the OMG's interface definition language (IDL,) (Issarny ei a/., 

2008), Compiling the IDI, file will yield two forms of stub files; one that implements 
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the client side of the application and another that implements the server. Stubs and 

skeletons serve as proxies for clients and servers, respectively. Because IDL defines 

interfaces so strictly, the stub on the client side has no interacting with the skeleton 

on the server side, even if the two are compiled into different programming 

languages, use different ORBS and run on different operating systems. Then, in order 

to invoke the remote object instance, the client first obtains its object reference via 

the Orb. To make the remote invocation, the client uses the same code that it would 

use in a local invocation but use an object reference to the remote object instead of 

an instance of a local object. 

When the ORB examines the object reference and discovers that the target object is 

remote, it marshals the arguments and routes the invocation out over the network to 

the remote object's ORB instead of to another process within the on the same 

computer. CORBA also supports dynamically discovering information about remote 

objects at runtime. The IDL compiler generates type information for each method in 

an interface and stores it in the Interface Repository (IR). A client can thus query the 

IR to get run-time information about a particular interface and then use that 

information to create and invoke a method on the remote CORBA server object 

dynamically through the Dynamic Invocation Interface (DII), Similarly, on the 

server side, the Dynamic Skeleton Interface (DSI) allows a client to invoke an 

operation of a remote CORBA Server object that has no compile time knowledge of 

the type of object it is implementing (Issamy et al,, 2008) 

C O M A  is often considered a superficial specification because it concerns itself 

more with syntax than with semantics. CORBA specifies a large number of services 
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that can be provided but only to the extent of describing what interfaces should be 

used by application developers. Unfortunately, the minimum that CORBA requires 

from service providers lacks mention of security, high availability, failure recovery, 

or guaranteed behaviour of objects outside the basic hnctionality provided and 

instead CORBA deems these features as optional. The end result of the lowest 

common denominator approach is that ORBs vary so wildly from vendor to vendor 

that it is extremely difficult to write portable CORBA code due to the fact that 

important features such as transactional support and error recovery are inconsistent 

across ORBs (Coulouris et ul., 2001 ; Bertrand et ul., 2005; Du & Raghavendra, 

2005). Fortunately a lot of this has changed with the development of the CORBA 

Component Model, which is a superset of Enterprise Java Beans (Sullins & Whipple, 

2005). 

3.1.3 Distributed Component Object Model (DCOM) 

Distributed Component Object Model (DCOM) is the distributed version of 

Microsoft's COM technology which allows the creation and use of binary 

objects/components from languages other than the one they were originally written 

in, it currently supports Java (Jtt), C t t ,  Visual Basic, JScript, and VBScript. 

DCOM works over the network by using proxy's and stubs. When the client 

instantiates a component whose registry entry suggests that it resides outside the 

process space, DCOM creates a wrapper for the component and hands the client a 

pointer to the wrapper. This wrapper, called a proxy, simply marshals methods calls 

and routes them across the network (Voth et ul., 1998; Issarny et ul., 2008) On the 

other hand, DCOM creates another wrapper, called a stub, which unrnarshals 
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methods calls and routes them to an instance of the component (Tanenbaum & Van 

Steen, 2002; Bertrand et al., 2005; Du & Raghavendra, 2005; Kshemkalyani & 

Singhal, 2008). 

3.1.4 Remote Method Invocation (RMI) 

RMI is a technology that allows the sharing of Java objects between Java Virtual 

Machines (JVM) across a network. An RMI application consists of a server that 

creates remote objects that conform to a specified interface, which are available for 

method invocation to client applications that obtain a remote reference to the object 

(Bertrand et al., 2005; Maassen ct al., 2008). RMI treats a remote object differently 

from a local object when the object is passed from one virtual machine to another. 

Rather than making a copy of the implementation object in the receiving virtual 

machine, RMI passes a remote stub for a remote object. The stub acts as the local 

representative, or proxy, for the remote object and basically is, to the caller, the 

remote reference. The caller invokes a method on the local stub, which is responsible 

for carrying out the method call on the remote object. A stub for a remote object 

implements the same set of remote interfaces that the remote object implements. 

This allows a stub to be cast to any of the interfaces that the remote object 

implements (Barai et al., 2008). However, this also means that only those methods 

defined in a remote interface are available to be called in the receiving virtual 

machine (Tanenbaum & Van Steen, 2002; Bertrand et al., 2005; Du & Raghavendra, 

2005; Kshemkalyani & Singhal, 2008) 

RMl provides the unique ability to dynamically load classes via their byte codes 

from one JVM to the other even if the class is not defined on the receiver's JVM. 
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This means that new object types can be added to an application simply by 

upgrading the classes on the server with no other work being done on the part of the 

receiver. This transparent loading of new classes via their byte codes is a unique 

feature of RMl that greatly simplifies modifying and updating a program. 

The first step in creating an RMI application is creating a remote interface. A remote 

interface is a subclass of java.rmi.Remote, which indicates that it is a remote object 

whose methods can be invoked across virtual machines. Any object that implements 

this interface becomes a remote object. 

To show dynamic class loading at work, an interface describing an object that can be 

serialized and passed from JVM to JVM shall also be created. The interface is a 

subclass of the java.io.Serializableinterface. RMI uses the object serialization 

mechanism to transport objects by value between Java virtual machines. 

Implementing Serializable marks the class as being capable of conversion into a self- 

describing byte stream that can be used to reconstruct an exact copy of the serialized 

object when the object is read back from the stream. Any entity of any type can be 

passed to or from a remote method as long as the entity is an instance of a type that 

is a primitive data type, a remote object, or an object that implements the interface 

java.io.Serializab1e. Remote objects are essentially passed by reference. A remote 

object reference is a stub, which is a client-side proxy that implements the complete 

set of remote interfaces that the remote object implements. L,ocal objects are passed 

by copy, using object serialization By default all fields are copied, except those that 

are marked static or transient. Default serialization behaviour can be ovenidden on a 

class-by-class basis. 



Thus clients of the distributed application can dynamically load objects that 

implement the remote interface even if they are not defined in the local virtual 

machine. The next step is to implement the remote interface, the implementation 

must define a constructor for the remote object as well as define all the methods 

declared in the interface once the class is created, the server must be able to create 

and install remote objects. The process for initializing the server includes; creating 

and installing a security manager, creating one or more instances of a remote object, 

and registering at least one of the remote objects with the RMI remote object registry 

(or another naming service such as one that uses JNDI), for bootstrapping purposes. 

An RMI client behaves similarly to a server; after installing a security manager, the 

client constructs a name used to look up a remote object. The client uses the 

Naming.lookup method to look up the remote object by name in the remote host's 

registry. When doing the name lookup, the code creates a URL that specifies the host 

where the server is running, 

3.1.5 Service Oriented Architecture (SOA) 

SOA is not a solution for a certain problem, but it is a framework architecture which 

adds some features to traditional software frameworks (Newcomer & Lomow, 2004; 

Barai et ul., 2008; Kumari et al., 2008). Typically, "SOA is u sofhyare ~irchitecture 

that starts with an interface definition and builds the entire application topology us a 

topology of interfaces, interface implementations, and interface calls" (Barai et ul., 

2008). 

The core architecture of SOA is based on: services, messages, dynamic discoveries 

and web services (Chester, 2001; Agrawal et al., 2002; Brown el al,, 2003; 
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Papazoglou, 2003; Heinzl ei 111.. 2006; Kumari et al. ,  2008; Lam & Minsky, 20 10). 

In addition, the approach of designing web services offers the business logic to be 

decomposed in separated services (Natis, 2003; Hau et al., 2008; Zhang et al., 2008). 

Each of these services is a distinct logical unit, and these units are interoperable to 

each other's. 

The interoperability means that the units can communicate with each other's 

smoothly. Therefore, the interoperability requires that the business logic gets 

encapsulated in a service. A service can be an independent logical unit or it can 

contain other set of services. In case the service is used to call other sets of 

dependant services, to refer to those services, these must contain the service 

descriptions (Hau et al., 2008; Phan et al., 2008; Wang & Liu, 2008). The service 

description in its basic form contains the information of service name and location of 

the service being called (Derong et ul., 2005; Louridas, 2006; Matsumura et al., 

2006). 

These logical units have to follow certain sets of communication standards to enable 

information flow across the enterprise offerings in an understandable form. The 

information is exchanged as messages from the interface designed within the system 

(Barai et al.,  2008). 

At a higher level, SOA consists of three core components which are service provider 

(service), service consumer (consumer) and directory services (Broker), which also 

can be called "orchestration point" or "registry service" (Newcomer & Lomow, 

2004). 



Figure 3.1: SOA Parts (Barui et ul., 2008) 

As shown in Figure 3.1, the service provider includes business processes as services. 

The services provided by the provider are called by the consumer to achieve some 

business goals. The process of services being provided and consumed is achieved by 

using directory services (broker) which lie between the service provider and the 

consumer. 

To be available to the consumer, the service is published to the directory services in 

the broker. The consumer discovers the service from the broker. If the service is 

found, it refers and binds to the service and executes the processing logic. 

3.1.6 Comparison of Distributed Technologies 

Sections 3.1.1 - 3.1.5 explored and discussed five popular distributed technologies, 

For the purpose of highlighting the best technology that is capable of overcoming the 

distribution and interoperability gaps of the current ETL, framework, Tables 3.1 and 

3,2 show a comparison of the distributed technologies listed in sections 3.1 . I  - 3.1.5 
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regarding components distribution and interoperability and the features that are 

dependent on the distribution and interoperability features. 

Tubkc 3.1: Distributed Technologies based on Components Distribution and 
Interopera bility 

Components Components Central Components 
Distribution Interoperability Orchestration 

RPC Supported Supported Not supported 

CORBA Supported Supported Not supported 

DCOM Supported Supported Not supported 

RMI Supported Supported Not supported 

SOA Supported Supported Supported 

Table 3.1 compares the distribution and interoperability features among ETL 

components. In addition, it compares the central orchestration among the ETL 

components. It is shown that the distribution and interoperability are supported by 

the five distribution technologies listed in the table. On the other hand, the central 

orchestration among the distributed components is completely supported only in 

SOA, while the other four technologies listed in Table 3.1 do not support central 

orchestration, and the interoperability is done directly among the components. This 

causes difficulties to manage and orchestrate many components sufficiently. 



Tuhle 3.2: Distributed Tc.clznologieLs bused on Components Portubility, 
Extensibility, and Leguc:~? Compatibility 

Components Components Components Compatibility 

Reusability Portability Extensibility with Legacy 
Systems 

RPC Limited support Not supported Supported Not supported 

CORBA Limited support Not supported Supported Not supported 

DCOM Limited support Not supported Supported Not supported 

RMI Limited support Not supported Supported Not supported 

SOA Unlimited support Supported Supported Supported 

Table 3.2 shows a comparison among distributed technologies based on components 

portability, extensibility, and legacy compatibility. Components reusability is 

supported without limitations by SOA, while it is supported by RPC if the used 

programming languages are compatible with each others. CORBA supports 

components reusability for all programming languages but with lots of configuration 

steps if the languages of the component are different, while DCOM supports 

reusability only within the same infrastructure. This infrastructure includes: 

programming languages, distribution technology, and configuration files, RMl 

supports reusability only for components that are built based on java programming 

language. 

Components portability enables the distributed components to be executable in any 

programming environment and then to be stand alone components that can be 

plugged as portlets to web portals (Priebe & Pernul, 2003). The portability is 
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supported only is SOA due to the web services availability in which every 

component can be encapsulated in a web service that is standalone and pluggable to 

any SOA based portal. All distributed technologies support extensibility (Coulouris 

et al., 2001; Tanenbaum & Van Steen, 2002; Kshernkalyani & Singhal, 2008), while 

only SOA supports components compatibility with legacy systems due to the web 

services involvement in SOA (Newcomer, 2002; Newcomer & Lomow, 2004; 

Weerawarana et al., 2005). 

Based on the brief literature about distributed technologies discussed in this section, 

several benefits can be obtained when SOA is used in redefining the ETL framework 

such as: distribution, interoperability, reusability, portability, and compatibility with 

legacy systems (Barai ct al., 2008). All of these advantages and other SOA 

specifications are discussed later in this chapter. 

Since one of the major roles of SOA is to enhance the features of computerized 

frameworks and models (Jerstad et ul., 2005; Sneed, 2006; Barai et a1 , 2008; 

Maurizio el ul., 2008; Laskey & Laskey, 2009), and ETL framework is a 

computerized framework (Kimball & Caserta, 2004), therefore, SOA can play a 

central role in enhancing the ETL framework features regarding component 

distribution and interoperability. In addition, it is worth to have a look at the 

available types of computerized application architectures. This helps in identifying 

the most suitable architecture for the new ETL framework. 



3.2 Application Architectures and SOA 

More than one set of applications will be running together to achieve some business 

goals when a system or an application is designed to do many duties (Coulouris et 

al., 200 1 ; Armstrong et ul., 2004). These applications are developed using different 

kinds of blueprints that are referred to as architecture, This architecture is an abstract 

view of the entire application, or a high-level overview of the system (Tanenbaum & 

Van Steen, 2002). Thus, application architecture can be considered as a 

representation of the structure of components and the interaction between them in 

any framework or model (Armstrong et al., 2004). J2EE and .NET are good 

examples for software development and deployment frameworks (Armstrong et al., 

2004). 

If J2EE is taken as an example of a software framework, the business requirements 

are converted into a high-level design where the first layer of HTML or JSP acts as 

the presentation layer. The business logic is encapsulated in the middle layer that can 

be built on Servlets or Enterprise Java Beans (EJB). In addition, the data is handled 

in the third layer which can be for example MySQL DBMS (Armstrong et al., 2004). 

Each organization may have multiple application architectures, which would suit the 

need of different business goals. These applications could be Web based, or even the 

custom client server applications (Armstrong et czl., 2004). 



3.2.1 Types of Application Architectures 
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Figure 3.2: N- Tier Architecture (Armstrong et al., 2004) 

There are many types of application architectures, each has its own characteristics 

that have to be considered when a decision has to be taken to design a system based 

on it (Armstrong et al., 2004; Barai et al., 2008). The types of application 

architectures are: 

a. Client-Server Architecture 

The client-server architecture which is known as two-tier architecture 

separates the client from the server (Voth et ul., 1998; Coulouris et al., 200 1 ; 

Mykknen cJt al,, 2003; Shah et al., 2003). The client initiates the request, 



which the server processes and responds to. The client can send a request to 

one or more than a server at the same time. 

Using this architecture, the responsibilities can be divided between the server 

and the client. Earlier, client and server parts were tightly coupled into an 

application. Due to this, it was difficult to process multiple clients. But, with 

the client-server architecture in place, business process is done within the 

server. This enables multiple clients to be plugged in at the same time (Voth 

et al., 1998; Coulouris et al., 200 1 ; Mykknen et al., 2003; Shah et ul., 2003) 

Client-server architecture can be divided also to a three or N tier architecture. 

Each of these is briefly explained in this section. These two types of 

architectures are both based on three basic layers, the presentation layer, the 

business layer, and the database layer. Presentation layer is the one with 

which the client interact, it could either be a thin or a fat client (Armstrong et 

ul., 2004; Barai et al., 2008). Business layer processes the information 

supplied by the presentation layer to accomplish a business goal according to 

a set of business rules (Voth et al,, 1998; Mykknen et al., 2003; Urgaonkar et 

al., 2005). Data layer that is sometimes called Enterprise Information System 

(EIS) stores the data and logic that would be used to achieve business goals. 

Before going to the three and N tier architectures, point (b) explains the one 

tier architecture. 



b. One- fier Architecture 

The single tier application has the three layers: the presentation, the business, 

and the data layer tightly coupled and run on a single processing unit 

(Armstrong et ul., 2004). The application is designed in a way that the 

interaction between the layers is interwoven. 

The limitations of 1 -tier application architecture are: 

Changes to the database, in case it is being edited by multiple users 

can come with conflict problems (Tanenbaum & Van Steen, 2002; 

Armstrong et al., 2004; Sullins & Whipple, 2005). 

Difficulty in scalability, as the application is running on a single 

machine (Armstrong et al., 2004). 

c. Three- Tier Architecture 

In this type of architecture, the business layer resides between the 

presentation and the data layer. This enables the presentation logic to be 

independent of the data layer, and all its communication will happen through 

the business layer only (Sullins & Whipple, 2005). 

The business layer can be multi-threaded so that multiple clients can access 

the business process. Typically, these business processes take client calls, 

convert them to queries, and then interact with the data layer. Subsequently, 

it translates the response from the data layer and passes it to the presentation 

layer. As a conclusion of the 3-tier architecture discussion, it has these 
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advantages: (1) the business layer can be multithreaded, which enables 

multiple clients to access the business functions; (2) enables the presentation 

layer to be light weight, as it does not have to take care of the database 

operations; (3) the components in each layer are reusable; and (4) each of the 

layers is easily scalable because it enables load balancing and clustering 

(Sullins & Whipple, 2005). 

d. N- Tier architecture 

An n-tier application as shown in Figure 3.2; has more than three layers. The 

business logic from the middle layer is structured in two layers. A part of the 

business logic resides in the application server that connects to the EIS 

(Enterprise Lnformation Service) layer and the other part of the business logic 

remains in a web server, which connects to the presentation layer (Sullins & 

Whipple, 2005). 

In a typical web-based solution, the client has access to the business through a 

browser. The browser calls the business logic in the web-server (Armstrong et al., 

2004) The web server then transfers the calls to the application server, which 

effectively sends the request to the data layer. 

Adapting the N-Tier architecture in any distributable framework such as the ETL 

distributable framework has many advantages such as: (1)  N-tier application offers 

the advantages of distributed computing that have been discussed in section 2,5; (2) 

the ability to distribute the components helps in applying the portability and 

reusability of the components (Voth et al,,  1998; Cloulouris et crl., 200 1 ; Mykknen et 
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al., 2003; Shah et ul., 2003; Armstrong et al., 2004); (3) each of the tiers can reside 

in a different system even if the systems are heterogeneous (Armstrong et ul., 2004); 

(4) the division of the tasks helps in reducing load on each tier; (5) higher code 

maintainability can be achieved, which reduces the number of errors (Sullins & 

Whipple, 2005); and (6) all of the system components can appear as a unique system 

due to the distribution transparency that N-tier architecture offers (Wehrle et al., 

2005; Tsenov, 2007; Sutherland et ul., 2009; lJi et al., 20 10) 

Therefore, the N-tier architecture is adopted in the conceptual restructuring of the 

new ETL framework in this study as a result of its advantages over other tiers. 

3.3 Extensible Markup Language (XML) 

----- "" 1 I 
Client flash 

Flash requcst -> 
I 

Flash response <: 

Figurc 3.3: Data Portability Feuture in XML (Barai et al., 2008) 

The extensible Markup Language was designed for data exchange (Cleveland, 2002) 

and has demonstrated its strength over time. Some of its features are that it is 



structured, portable and extensible (Newcomer, 2002; Qiu et al., 2002; Erl, 2004). 

Portability of XML is of great importance for data exchange. It typically means that 

the data can be exchanged among many heterogeneous environments (W3C, 1999). 

For example as shown in Figure 3.3, data can be exchanged between Java and .NET 

and Macromedia Flash applications without any changes (W3C, 1999; Wolter, 2001 ; 

Barai et al., 2008). This means the data is application independent. Therefore, 

because of its portability feature (W3C, 1999), XN[L plays a major role in web 

services and SOA frameworks. This is explained further in section 3.4. 

3.4 Web Services in SOA 

Section 3.3 has briefly explained what XML is, and the reason of its adoption in web 

services and SOA implementation, however, there are no discussions on web 

services. The terms SOA and web services are sometimes mixed which results in 

some misunderstanding. Sections 3.4.1 to 3.4.4 explain web services in more details. 

3.4.1 Web Services versus SOA Concepts 

SOA is like a methodology, it is an architectural design choice (Sprott & Wilkes, 

2004; Stojanovic et al., 2004; Stal, 2006; Salter & Jennings, 2008). The first word is 

not short for "Web Service"; it is just "Service" in its wider meaning (Barai et al., 

2008). SOA is used as a basis for designing the high-level interfaces of the business 

rules of'a given domain model. 

On the other hand, web services concept is an architecture that constitutes a 

distributed computing environment (Shil & Ahrned, 2006), in which applications call 

functionalities from other applications either locally or remotely over an internal 
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network or an IP-network in a loosely-coupled way (Werner et al., 2004; Barai et al., 

2008). Web services are encapsulated and can be invoked via standardized XML 

based interfaces (Cheng et ul., 2006). 

3.4.2 Simple Object Access Protocol (SOAP) in Web Services 

The Simple Object Access Protocol (SOAP) is a web service standard 

communication protocol (Chester, 2001 ; Tsai et al., 2002; Yingying et ul., 2003; 

Weerawarana et ul., 2005; Louridas, 2006). It basically defines the structure of the 

exchanged messages, which is composed of an "envelope" with a "header" and a 

"body". This protocol adds powerhl features to web services, which are: ( 1 ) auto 

generation of classes involved in the communication process (Barai et al., 2008); (2) 

auto generation of the web service descriptor (WSDL,) (Shil & Ahrned, 2006); (3) 

auto generation of client classes starting from the service descriptor (Newcomer, 

2002); and (4) ability to be used with network protocols other than HTTP such as 

SMTP or JMS (Barai et al., 2008). 

3.4.3 Web Services Description Language (WSDL) 

WSDL carries information about the service such as the input or output parameter, 

location of the service and binding information (Curbera et al., 2002; Newcomer, 

2002; Weerawarana et al., 2005; Barai et al., 2008), This helps in locating the 

service when a consumer requests it. 

The WSDL document is supposed to have all information needed by the consumer to 

locate and execute the business logic within the web service (Tsai et al., 2002; Vara 

et ul., 2005; Shil & Ahmed, 2006). It can be classified in two different entities: 
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abstract and concrete (Curbera et ul., 2002; Newcomer, 2002; Weerawarana et ul., 

2005; Barai et ul., 2008). The abstract definition constitutes port and messages, 

whereas the concrete definition constitutes the binding, port, and service 

information. 

3.4.4 Messaging 

SOAP is the messaging protocol of sharing information over networks (Chester, 

2001; Louridas, 2006). The information is stored in the form of XML data within 

SOAP which has a message specification that consists of envelope, header and body 

(Curbera et al., 2002; Werner et al., 2004; Heinzl et al., 2006). 

The header contains information about the SOAP message and the meta-data 

required by the message. This is, however, optional in the SOAP envelope. The body 

contains the actual message required for the execution of the Web services (Barai et 

al., 2008). The body also includes information about faults which can be considered 

as a way of error handling (Barai ef  ul., 2008). 

Messaging in SOA does the sharing of information (Werner et ul., 2004; Yang et al., 

2008). SOA-based solutions have a frequent usage of messages. The messages are 

designed in common format (Curbera et al., 2002; Werner et ul., 2004; Heinzl et ul., 

2006; Barai et ul., 2008) to be used by services available in an SOA-based solution. 



3.5 Integration Benefits of Adopting SOA in the ETL Framework 

Based on the discussion in sections 3.1 to 3.4, the advantages of involving SOA in 

the conceptual restructuring of the ETL framework are: 

a. Portability and Interopcv-ability (Barai et al., 2008; Laskey & Laskey, 2009): 

The portability feature, which SOA adds to its services and which is a direct 

result to XML adoption for data exchange between the web services leads to 

that any of the ETL components can be used as a portlet in a web portal 

(Priebe & Pernul, 2003). These can also be remotely managed through the 

web portal or even a normal web application to centralize the management of 

all the components even if they are available in different locations. 

b. Compatibility (Jerstad et ul., 2005; Sneed, 2006; Barai et ul., 2008): As a 

result of applying SOA, any component of the ETL can be compatible with 

any platform or development environment. For example, the Extraction 

component as well as any other component can be compatible with .NET or 

J2EE framework without any change in the component coding. This is a 

direct result to the compatibility feature which SOA framework offers. 

c. Platform-neutrality (Jerstad et al., 2005; Iqbal & Daudpota, 2006; Sneed, 

2006; Barai et al., 2008; Klmek et al., 2010): XML-based message 

information flow enhances the capability to achieve platform neutrality. 

These XML messages are based on XML standards, which eliminate the need 

to set up other messaging standards that can differ across platforms between 

ETI, components. For example, if the Extract component of ETL is 
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encapsulated in a Java service inside a J2EE framework, and the Transform 

service is encapsulated in a .]VET service inside a .NET framework, the two 

services can exchange messages while each is available in a different 

framework. 

d. Extensibility and Reusability (Jerstad et al., 2005; Sneed, 2006; Barai et al., 

2008; Roach et LIZ., 2008; Laskey & Laskey, 2009): One of the most 

important goals of adapting SOA in the ETL framework is the component 

extensibility as well as reusability. Traditional ETL framework components 

were tightly coupled, which have leaded to difficulties to extend and reuse 

the ETL components in heterogeneous environments. 

3.6 Conclusion 

This chapter has briefly explained the SOA framework and its concepts, and has 

listed the advantages of conceptual restructuring of the ETL framework based on it, 

In addition, it has discussed the technologies which SOA is built on such as: web 

services, XML, SOAP, WSDL and messaging. Furthermore, the types of application 

architectures have been discussed and commented to brief the advantages of 

prefemng N-tier architecture for an SOA-based ETL framework. Chapter 4 will 

discuss the methodology that was used in this research. 



CHAPTER FOUR 

RESEARCH METHODOLOGY 

Chapters one, two and three have discussed thoroughly the gaps and problems in the 

current ETL framework. Based on the problems highlighted in the current ETL 

framework, the goal of this research is to define a conceptual framework for 

distributable and interoperable ETL components. Thus, this chapter elaborates the 

research methodology that was used in order to achieve the research aim in general, 

and the specific objectives. 

The research strategy discussed in section 1.6 consists of four phases (first, second, 

third and fourth). Each phase achieves certain objectives of the research, and is able 

to answer the research question related to these objectives. 

In the first phase, the focus is on understanding the problems of current ETL 

framework, while the second phase concentrates on exploring the SOA framework 

capabilities as well as proposing a conceptual ETL framework with distribution and 

interoperability features. The third phase concentrates on defining the new 

framework. The last phase focuses on evaluating and validating the new ETL 

framework. In order to achieve this goal, suitable methodologies have been adopted 

as a guide in implementing these research phases. 

The research methodology used in this research adopts both the DSA (Design 

Science Approach) and Scrum methodologies. DSA is adopted as the main and 

comprehensive methodology of the research, while Scrum is adopted only for the 

prototype that was developed as a proof of the framework concepts, Scrum is 



adopted for the prototype development part because i t  structures the prototype 

development process, That is because Scrum is one of the best methodologies for the 

development work (Cristal et al., 2008; Judy & Krumins-Beens, 2008; Rayhan & 

Haque, 2008; Schwaber, 2009; Sutherland et ul., 2009). DSA is explained in section 

4.1, while Scrum methodology is discussed in section 4.2. 

4.1 Design Science Approach (DSA) 

Design Science Approach (DSA) also known as Design Science Research (DSR) can 

be defined as "a research paradigm in which a designer unswvrs questions relevant 

to human problems via the creation of' innovative artifacts, thereby contributing new 

knowledge to the body of scientzfic evidence. The designed urtifact.~ are both useful 

and,fundamental in understanding thcrt problem" (Hevner & Chattet-jee, 20 10). 

The term artifact is used to describe something that is artificial, or constructed by 

humans, as opposed to something that occurs naturally (Hevner & Chatterjee, 2010). 

Such artifacts must improve upon existing solutions to a problem or perhaps provide 

a first solution to an important problem. [T artifacts, which are the end-goal of any 

design science research project, are: ( 1 ) constructs (vocabulary and symbols); (2)  

models (abstractions and representations); (3) methods (algorithms and practices); 

(4) instantiations (implemented and prototype systems); and (5) better theories. 

Design science research has some guidelines that should be considered in conducting 

a research. These guidelines are: ( I )  design science research must produce a viable 

artifact in the form of a construct, a model, a method, or an instantiation; (2) the 

objective of design science research is to develop technology-based solutions to 
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important and relevant business problems; (3) evaluation of the utility, quality, and 

efficiency of a design artifact must be demonstrated via well-executed evaluation 

methods; (4) research must provide clear contributions in the areas of the design 

artifact, design foundations, andlor design methodologies; (5) the search for an 

effective artifact requires utilizing available means to reach desired ends while 

satisfying laws in the problem environment; and (6) design science research must be 

presented effectively to both technology-oriented and management-oriented 

audiences. 

4.1.1 DSA phases 

DSA is a widely-adopted research methodology in the field of  information 

technology (Hevner & March, 2003; Vaishnavi & Kuechler, 2004; Niehaves & 

Becker, 2006). DSA consists of  five phases as illustrated in Table 4.1. 

Table 4.1: DSA Methodology Phases 

PROCESS STEPS OUTPUTS DESCRIPTIONS 

AWARENESS OF THE Proposal An awareness of relevant problems and 

PROBL.EM proposing new research effort. 

S~J(;<;ES-I ION Tentative design Suggesting the solution for the problems by 

proposing the tentative design. 

DEVEL,OPMEN'I Artifacts Developing the artifacts based on tentative 

design and its implementation. 

E V A L I I A T I ~ N  Performance Evaluation of the artifacts based on the 

measures criteria defined for certain expectations 

CON<'LUSION Results Finalizing and concluding a specific research 

effort. 



In this section, the five phases are explained based on the works of (Hevner & 

March, 2003; Hevner & Chatterjee, 2010), while section 4.3 discusses how these 

phases are used in this research : 

a. Awareness qf Problem: An awareness of an interesting problem may come 

from multiple sources: intensive research, new developments in industry or in 

a reference discipline. Reading in a related discipline may also provide the 

opportunity for application of new findings to the researcher's field. The 

output of this phase is a proposal, formal or informal, for a new research 

effort. 

b. Suggestion: The suggestion phase follows immediately behind the proposal. 

Indeed, in any formal proposal for design research, a tentative design and the 

performance of a prototype based on that design would be an integral part of 

the proposal. Suggestion is an essentially creative step wherein new 

functionality is considered based on a novel configuration of either existing 

or new elements. 

c. Development: The tentative design or the theoretical framework or model is 

realized in this phase. The techniques for implementation will vary 

depending on the artifact to be constructed. 

d. Evaluation: Once constructed, the artifact is evaluated according to criteria 

that are frequently made explicit in the proposal (awareness of problem and 

suggestion phases). After that, analysis either confirms or contradicts a 

hypothesis. 



e. Co?iclz4si0ti: This phase is the final phase of a specific research effort. It  is the 

result of satisfaction. Not only are the results of the effort consolidated and 

"written up'' at this phase, but the knowledge gained in the effort is 

frequently categorized as either,firm (facts that have been learned and can be 

repeatedly applied or behavior that can be repeatedly invoked) or as loose 

ends (firther research could be done). 

For the evaluation phase, case study is one of the widely used evaluation rnethods in 

software engineering and computer science. It is an ideal method when an in-depth 

investigation is needed. Case studies are designed to bring out the details from the 

viewpoint of the participants. Case studies have been also used in varied 

investigations, particularly in sociological studies (Yin, 1994). 

(Yin, 1994) has identified six alternatives of evidence for case study results. The use 

of each of these depends on the case study needs to be conducted. The six 

alternatives identified by (Yin, 1994) are: 

documentation, 

archival records, 

interviews, 

direct observation, 

participant observation, and 

physical artifacts. 

The case study should use the type that is relevant to the study, Table 4.2 details the 

strengths and weaknesses of each type. 



Tuhle 4.2: T1pe.s uf Cuse Study Eviclmcc (Tellis, 1997) 

TYPE OF EVIDENCE STRENGTHS WEAKNESSES . Documentation Stable - repeated review Retrievability - difficult 
Unobtrusive - exist prior to Biased selectivity 
case study Reporting bias - reflects author bias 
Exact - names etc. Access - may be blocked 
Broad coverage - extended 
time span 

Archival Records Stable - repeated review Retrievability - difficult 
Unobtrusive - exist prior to Biased selectivity 
case study Reporting bias - reflects author bias 
Exact - names etc. Access - may be blocked Privacy 
Broad coverage - extended might inhibit access 
time span 
Precise and quantitative 

Interviews Targeted - focuses on case Bias due to poor questions 
study topic Response bias 
Insightful - provides Incomplete recollection 
perceived causal inferences Reflexivity - interviewee expresses 

what interviewer wants to hear 

Direct Observation Reality - covers events in real Time-consuming 
time Selectivity - might miss facts 

rn Contextual - covers event Reflexivity - observer's presence 
context might cause change 

Cost - observers need time 

Participant Reality - covers events in real Time-consuming 
Observation time Selectivity - might miss facts 

Contextual - covers event Reflexivity - observer's presence 
context might cause change 
Insightful into interpersonal Cost - observers need time 
behavior Bias due to investigator's actions 

Physical Artifacts Insightful into cultural Selectivity 
features Availability 
Insightful into technical 
o~erat ions 

Documents could be letters, memoranda, agendas, study reports, or any items that 

could be added to the database, The validity of the documents should be carefully 

reviewed so as to avoid incorrect data being included in the database. One of the 

most important uses of documents is to provide evidence gathered from other 



sources. The potential for over-reliance on document as evidence in case studies has 

been criticized. There could be a danger of this occurrence if the investigator is 

inexperienced and mistakes some types of documents for unmitigated truth. 

Archival records could be useful in some studies since they include service records. 

maps, charts, lists of names, survey data, and even personal records such as diaries. 

The investigator must be meticulous in determining the origin of the records and 

their accuracy. 

Interviews are one of the most important sources of case study information. The 

interview could take one of several forms: open-ended, focused, or structured. In an 

open-ended interview, the researcher could ask for the informant's opinion on events 

or facts. This could serve to provide previously gathered data. In a focused interview, 

the respondent is interviewed for only a short time, and the questions asked could 

have come from the case study protocol. The structured interview is particularly 

useful in studies of neighborhoods where a formal survey is required. 

Direct observation in a case study occurs when the observer(s) islare selected from 

the organization where the case study is conducted. The observations could be 

formal or casual activities, but the reliability of the observation is the main concern. 

IJsing multiple observers or conducting the case study in more than one organization 

are ways to guard against this problem. 

Participant observation is a unique mode of observation in which the researcher may 

actually participate in the events being studied. This technique could be used in 

studies of organizations. To avoid the potential bias of the researcher as an active 
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participant, one or more participants from the organization should be involved to get 

more precise observation results. 

Physical artifacts could be any physical evidence that might be gathered during a site 

visit. That might include tools, art works, notebooks, computer output, and other 

such physical evidence. 

4.2 Scrum Methodology 

Scrum is considered as an iterative and incremental agile methodology (Sutherland 

el al., 2007; Sutherland el al., 2008; Schwaber, 2009), which is suitable for 

developing systems and managing projects. For this reason it is adopted for the 

prototype development in this research work. It is different from traditional software 

methodologies in which a system is treated as a whole task rather than subsets (Uy & 

Ioannou, 2008). Scrum begins with the establishment of the system backlog, which 

is a list of system requirements (Marchenko & Abrahamsson, 2008). Each element of 

the backlog is prioritized according to its importance. The element of the highest 

priority (that is more important to be done first) comes first (Sulaiman ef al,, 2006; 

Barton & Campbell, 2007). Each part of the backlog is a sprint which takes around a 

month time (Schwaber, 2009). The sprint begins with a planning meeting. where the 

project team plan the work they will complete in the coming sprint, then each day 

begins includes a 15-minute meeting to show progress and rearrange the team 

members, work plans, and identi@ impediments to productivity (Judy & Krumins- 

Beens, 2008; Schwaber, 2009). 



4.2.1 Scrum Artifacts 

Scrum methodology includes three artifacts which are system (product) backlog, 

sprint backlog, and burn-down chart (Judy & Krumins-Beens, 2008; Sutherland et 

al., 2009). 

LI. System Backlog: At the beginning of the project, the system owner prepares a 

list of requirements prioritized by their importance regarding business values 

(Marchenko & Abrahamsson, 2008; Uy & Ioannou, 2008). This requirement 

list is the "System Backlog". The backlog includes all features visible to the 

customer, and the technical requirements as well. The highest priority items 

in the backlog are broken down into small chunks to estimate and test them 

easily (Sulaiman et al., 2006; Barton & Campbell, 2007). About 10 

developer-days effort can be an acceptable size for a system backlog item 

that can be implemented in the next iteration (Cristal et al., 2008; Sutherland 

et al., 2009). 

b. Sprint Backlog: The sprint backlog is an artifact of the sprint planning 

meeting (Judy & Krumins-Beens, 2008; Rayhan & Haque, 2008). As 

mentioned earlier, system backlog's features are broken down into subsets; 

each of them is a sprint backlog (Sutherland et a)., 2007; Schwaber, 2009) 

which is a list of the specific development tasks required to implement some 

features, Each task is broken down into pieces that requires less than two 

working days for each (Schwaber, 2009) After the completion of the sprint 

backlog, the total estimated work is compared with original estimates of the 

system Backlog, If there is a big difference, the team negotiates with the 



system owner to get the right work amount (Sutherland et al., 2007; 

Schwaber, 2009). 

c. Burndown Chart: The burndown chart targets to show the cumulative 

remaining work in a sprint every day (Schwaber, 2009). During the sprint 

planning meeting, the Scrum team identifies specific tasks that have to be 

completed for the sprint success (Schwaber, 2009). All the sprint backlog 

remaining work which needs to be completed is called the cumulative 

backlog. After completing the sprint tasks, the Scrum master who is leading 

the team identifies and calculates the remaining work (Schwaber, 2009). The 

sprint is successful only when the cumulative sprint backlog reaches zero at 

the end of the sprint (Schwaber, 2009). 

Scrum as other methodologies is divided into phases. These phases are explored in 

section 4.2.2. 

4.2.2 SCRUM Phases 

SCRLIM is divided into Pregame, Game and Postgame phases (Sutherland et ul., 

2007; Schwaber, 2009). 

a. Pregame: The pregame phase is composed of planning and architecture 

(Sutherland pt al., 2007; Schwaber, 2009). 

The Planning is a definition of a new release based on currently 

known backlog, including an estimate of its schedule and cost (Barton 

& Campbell, 2007; Judy & Krumins-Beens, 2008; Marchenko & 

Abrahamsson, 2008). If the system is new, this phase includes both 

conceptualization and analysis, but if it is related only to 
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enhancements, this phase includes limited analysis (Niehaves & 

Becker, 2006). 

The architecture is considered as a design on how the backlog items 

will be implemented (Hevner & March, 2003; Niehaves & Becker, 

2006; Sutherland et ul., 2008). 

h. Gume: The game phase concentrates on developing the sprints (Marchenko 

& Abrahamsson, 2008; Uy &: Ioannou, 2008), typically the development of 

new functionalities with respect to the time, requirements, quality and cost. 

c. Postgame: The postgame is considered the final phase of the Scrum 

methodology (Barton & Campbell, 2007; Schwaber, 2009), this phase 

concentrates on the closure which is a preparation for the release. including 

final documentation, pre-release testing, and release, 

Therefore, it can be concluded that Scrum only concentrates on the system 

development aspects rather than covering all of the research phases. Thus, to cover 

all of the research phases, the DSA methodology that is explored in section 4,2; is 

adopted, and Scrum is used in DSA to be followed only in the development phase of 

DSA. 

4.3 New ETL Framework Development Using DSA 

The strategy of this research is designed based on DSA methodology. As a result of 

that and in combination with what has been explained in chapter one regarding the 

research strategy; the alignment of the research strategy with the DSA is presented in 

Table 4,3, which shows how the DSA process steps correspond to the research 

strategy phases. 



Table 4.3: Research Strategy Based on DSA 

. To identify the Literature on methods and problems for 
AWAREKESS O F  PHASE I 

problems of defining a conceptual ETL framework with 
T H E  ETL distribution and interoperability features, 

PROBLEM 
frameworks. 

SU<;GESTION PHASE 11, . TO propose 
I l l  conceptual 

ETL 
framework 
with 
distribution 
and 
interoperability 
features. 
To detine the 
theoretical 
framework. 

DEVELOPMENT PHASE IV TO develop a 
USING SCRUM prototype 

METHODOL.OGY based on the 
theoretical 
framework to 
help in 
validating the 
framework. 

Distributed technologies and related 
concepts. 
Proposing a conceptual ETL framework 
with distribution and interoperability 
features. 
Defining the theoretical framework. 
Designing the ETL components based on 
the proposed framework. . Suggesting a prototype for validating the 
framework. 
Suggesting 3 case studies to evaluate the 
prototype (one case study to evaluate E,T 
&L, and two case studies to evaluate E&L). 

. Develop a prototype for a sample DW 
application following scrum methodology 
and fulfilling the defined theoretical 
framework. 
Conducting case studies for the purpose of 
evaluating the prototype (one case study to 
evaluate E,T&L, and two case studies to 
evaluate E&L).. 

EVALUATION PHASE IV . TO have an Validating the theoretical framework 
evaluated through literature and expert opinions. 
conceptual Validating the framework through showing 
ETL that the prototype follows the new 
framework theoretical framework. 
with . Testing and validating the prototype itself 
distribution using. 
and Evaluating the prototype using 3 case 
interoperability studies (one case study to evaluate E,T&L.. 
features, and two case studies to evaluate E&L).. 

Refine the framework based on feedback 
from the testing and validation processes. 

CONCL.IISION PHASE IV . To confirm Confirm the framework as a theoretical 
and conclude framework that is accurate for any ETL 
the conceptual implementation that targets to have 
ETL distribution and interoperability features of 
framework. the ETL components. 
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The achievement of phase I objectives contributes to the achievement of the 

objectives of phase 11. In addition, the success of objectives in phase 11 contributes to 

the achievement of phase I11 objectives. Eventually, the success of phase 111 

contributes to the work of phase IV that ends with the achievement of a conceptual 

framework for a component distributable and interoperable ETL. 

As shown in Table 4.3, the Table matches the methodology phases with the research 

objectives and with the phases of the strategy followed in this research, and shows 

the deliverables of each phase of the methodology. The objectives of the research 

match the five phases of DSA to reIate each objective to the suitable methodology 

phase. 

The awareness of problems phase of the methodoIogy matches with the I "  phase of 

the strategy and answers the question of: What are the problems o f  the current ETL 

framework, which result from the absence of components distribution and 

interoperability? The discussion of ETL literature, together with exploring the 

advantages of involving SOA, XML, distributed architecture and other related 

technologies are of great importance to identify the available problems, which are 

resultant from the absence of components distribution and interoperability in the 

current ETL framework. After completing this phase, a complete awareness of the 

problems is reached. The deliverable of this phase includes a comprehensive 

literature on methods and problems for defining a conceptual ETL framework with 

distribution and interoperability features. 

The suggestion phase of the nlethodology matches with the 2nd and the 3rd phases of 

the research strategy. The suggestion phase starts with a comprehensive and 
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intensive literature review of some theoretical concepts. The literature review shows 

that SOA framework plays a central role in resolving components distribution and 

interoperability issues of the new contributed framework. 

The research problems motivate for more research to bridge the gaps that have been 

left in the ETL field regarding distribution and interoperability. Literature about 

distributed systems, web services, SOA and software architecture is essential in 

determining the methods and concepts that help in bridging these gaps. After 

determining the appropriate methods and concepts and following them in bridging 

the gaps; the resultant partial solutions are combined together to come out with a 

proposed conceptual framework for interoperable distributed ETL components. 

Furthermore, in addition to what has been suggested, three organizations were 

selected to conduct the three case studies required for evaluating the research 

prototype. 

The selected organizations are: Palestine Electric Company (PEC), Lirnkokwing 

University of Creative Technology (LUCT), and Professionals Information 

Technology (PIT). More information about these organizations' profiles is explored 

in Chapter 7. Generally, the organizations are selected because they use ETL to 

accomplish specific business needs, and specifically: 

PEC is chosen as it has four turbines. A built-in Siemens Power 

Management System is used to auto-read the necessary data for each of the 

four turbines. Then, the data of each turbine is transferred to a separate 

Windows 2003 database server with an Ms SQL Server DBMS installation 

for each server. There are two types of statistical reports at PEC The first 
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type analyses the data of each turbine separately, while the other type is 

related to the whole power plant in which the reports analyze the data of the 

four turbines together. Therefore, for the second type, an ETL tool is needed 

to extract data from the four data sources and store it in an Ms. SQL Server 

DBMS data warehouse repository to generate statistical reports for the data 

related to the whole power plant. 

In addition, majority of PEC top management are Arabic natives, while the 

data units generated by Siemens Power Management System are described in 

English. Therefore, a component for transforming the units' language during 

the ETL execution is needed. Based on that, each of Extraction, 

Transformation and Loading hnctionalities are required at PEC. In the case 

study of this research, the data is extracted from four data sources each of 

them is dedicated for a certain turbine. Moreover, PEC has different 

operating systems running over their servers and PEC always prefers 

platform independent applications and this feature is available at the SOA- 

based ETL prototype. 

Based on the requirements of generating statistical reports of this case study, 

and based on the data available in PEC database, the data used to conduct this 

case study is generally textual data describing the records related to blackout 

transactions in PEC. The specific data types for the data source schema and 

Tables (changed after extraction) are shown in section A.4.1 of appendix A. 

The volumes of data used in PEC for business intelligence and data 

warehouse projects differ from one project to another Therefore, the volume 

of data differs from one business process to another. For the business process 

8 2  



of this case study that creates "Summary Report for 2010 Electricity 

Blackouts", the main target of using ETL is to aggregate the data of the four 

turbines in one central data warehouse repository regardless of the volume of 

data. The case study used 87 records of data to generate the Summary Report 

for 2010 Electricity Blackouts. 

LUCT is chosen as it has 12 campuses in Malaysia, Botswana, Cambodia, 

China, Indonesia, Lesotho and United Kingdom. Every campus has its own 

DBMS running over a different platform. In addition, some statistical reports 

are related to the campus while other reports are related to the whole 

university. Therefore, an ETL tool is required, because necessary data needs 

to be extracted from all branches that participate in the same business 

process, and then are loaded to a central Ms SQL Server DBMS DW 

repository located in the main campus in Cyberjaya city, Malaysia. 

In the case study of this research, the data is extracted from two data sources. 

The first is located in Malaysia, and the second in Botswana. The two data 

sources have the same Ms SQL Server DBMS database schema and format. 

In addition, LUCT grant different privileges to every staff member at the 

university, therefore, they always prefer distributable hnctionalities of 

software, which easily help them to grant specific privileges to specific staff 

members. 

Based on the requirements of generating statistical reports of this case study, 

and based on the data available in LUCT database, the data used to conduct 

this case study is generally textual data describing the records related to 

students' performance in Java I1 for Feb-June, 201 1 semester. The specific 
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data types for the data source schema and tables (changed after extraction) 

are shown in section A.4.2 of appendix A. 

The volumes of data used in LUCT for business intelligence and data 

warehouse projects differ from one project to another. Therefore, the volume 

of data differs from one business process to another. For the business process 

of this case study that creates "Summary Report for Students' Performance in 

Java I1 for Feb-June, 20 1 I", the main target of using ETL is to aggregate data 

of Malaysia and Botswana data sources in one central data warehouse 

repository regardless of the volume of data. The case study used 169 records 

of data to generate the Summary Report for Students' Performance in Java 11 

for Feb-June, 20 1 1. 

PIT is chosen as it has 7 branches in Palestine. PIT needs to do periodical 

statistical reports to monitor trainers and trainees performance in the overall 

company. Four branches over the seven branches use Ms Access DBMS for 

keying the data. However, Ms Access is not compatible with most of 

business intelligence tools for the purpose of data analysis. Therefore, 

necessary data needs to be extracted from the 7 branches and loaded in the 

central DW repository at the company main branch. 

In the case study of this research, the data is extracted from three data 

sources. Two of them use Ms, Access and the third uses Oracle log DBMS. 

Three of them are located in Palestine. The three data sources have the same 

database schema and format. In addition, PIT company consult open source 

and platform independent pro~ects, and both of these features are available in 

the SOA-based ETL prototype. 
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Based on the requirements of generating statistical reports of this case study, 

and based on the data available in PIT database, the data used to conduct this 

case study is generally textual data describing the records related to trainers' 

performance in training IT courses. The specific data types for the data 

source schema and tables (changed after extraction) are shown in section 

A.4.3 of appendix A. 

The volumes of data used in PIT for business intelligence and data warehouse 

projects differ from one project to another. Therefore, the volume of data 

differs from one business process to another. For the business process of this 

case study that creates "Summary Report for Trainers' Performance in 

Training IT Courses", the main target of using ETL is to aggregate the data 

of the three data sources in one central data warehouse repository regardless 

of the volume of data. The case study used 108 records of data to generate the 

Summary Report for Trainers' Performance in Training IT Courses. 

The deliverables of 2nd phase of the strategy are: (1) comprehensive literature on 

ETL and its gaps as well as literature on SOA and related concepts; (2) a proposed 

conceptual ETI, framework with distribution and interoperability features; and (3) 

Three case studies specifications for the purpose of evaluating the research 

prototype. 

The 3rd phase of the strategy concentrates on defining the theoretical framework 

before realizing it by a prototype. Defining the framework depended on theories, 

standards and rules of ETL and SOA, and other concepts related to SOA. In addition 

to that, expert opinions through structured interviews are considered in defining the 
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framework (Chapter 5 includes the complete explanation of the new framework). 

Structured interview is the method used to get the experts' opinions and feedback 

regarding their satisfaction level with the theoretical framework. The expert opinion 

questionnaire shown in appendix C is used as a way to conduct the structured 

interviews. A structured interview is a fixed format interview in which all questions 

are prepared and put in the same order to each interviewee. Although this style lacks 

the free flow of a friendly conversation (as in an unstructured interview), however, it 

provides the precision and reliability. In addition, structured interviews ensure 

candidates have equal opportunities to provide information and are assessed 

accurately and consistently (Brace, 2008; USA, 2008). 

Sometimes, the unstructured interview appears attractive due to its loose framework, 

flexible content and conversational flow. On the other hand, these same features 

make this type of interview very subjective, which reduces its accuracy and invites 

legal challenges. Research consistently indicates unstructured interviews have little 

value in giving the right feedback. Besides that, the lack of standardization in 

interview procedure and questions also makes the unstructured interview susceptible 

to legal challenges (Brace, 2008; USA, 2008). Therefore, structured interview is 

selected as the method of getting the feedback and opinions of experts regarding the 

theoretical framework. The deliverables of the 3rd phase are: (1) defining the 

Theoretical Framework; and (2) designing the ETL components based on the 

proposed framework. 

Development, evaluation and conclusion phases of the methodology match the 4' 

phase of the strategy. The focus is on testing and validating the new framework. 
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Specific methods that comply with the ETL and SOA frameworks are used to define, 

test and verify the framework. The framework is realized in a prototype for testing 

and validation purposes. Then, the prototype system based on the defined framework 

was developed using Scrum methodology and tested using testing tools, discussed in 

chapter 6, and evaluated using 3 case studies. These case studies are explained in 

details in Chapter 7. By this stage, the final goal of the research was achieved and the 

conceptual framework is completely defined, verified and validated. 

As shown in Table 4.3, Scrum was adopted for the prototype development. For more 

clarification regarding this adoption, section 4.4 discusses the flow of the research 

steps after combining DSA and Scrum methodologies. 

4.4 Applying Scrurn Methodology for the Development Phase of DSA 

Scrum is considered as one of the strongest methodologies for developing prototypes 

and systems, and for managing people who are involved in developing those systems 

(Sutherland et al., 2007; Rayhan & Haque, 2008; Uy & Ioannou, 2008), Scrum was 

used in this research for the development of the prototype. Figure 4.1 shows a flow 

chart for integrating the Scrum and DSA methodologies together. 



? 
' Analyze 8 '' 

(oeslgn the tlrst' 

.- sprlnt ,' 

Test the sprlnl c 3  
Cornbtne all 
the sprints 

Scrum plan for the 
prototype development 

7-- 

( Evaluatron of the 

Conclusion i r - l  

Figure 4.1: Flow Chart qf the Methodology Applied in this Research 

Based on the combination of both DSA and Scrum methodologies, the flow chart 

shows the order of steps that are followed in conducting this research. The main five 

88 



phases of DSA are the major steps in the flow chart. The development phase of DSA 

follows the Scrum steps as shown in the flow chart. 

The flow chart shows that before going to the prototype development phase, the 

research is intensively conducted to accomplish: awareness of problems, proposing 

the theoretical framework and defining the theoretical framework. After defining the 

framework, Scrum is adopted for the development phase. Scrum steps are done 

sequentially to accomplish the prototype development: (1)  prototype analysis and 

design; (2) getting experts advices regarding the acceptance of the design; (3) Scrum 

plan for the prototype development to do the whole prototype planning; (4) gathering 

general backlog requirements for the whole prototype; (5) dividing backlog into 

sprints for simplifying the development process; (6) determining sprint priorities to 

let the top priority tasks to take place first; (7) analyzing and designing the first 

sprint; (8) developing the first sprint; (9) testing the first sprint, after that the order 

goes for the next priority sprint and so on; (10) combining all the sprints and ( 1  1 )  

testing combination compatibility. 

The testing sprints will be done for the purpose of validating and verifying the 

prototype. The required types of testing are: unit testing, Web service testing, 

compatibility testing, classified-fragmentation speed testing, and end to end testing. 

Each of these tests will be done in a separate sprint. 

After prototype testing, the prototype was evaluated using the data provided by 3 

case studies. The method used to conduct the three case studies has adopted the 

recommendation of (Yin, 1994) that include four stages: ( I ) design the case study, 

(2) conduct the case study, (3) case study evidence, and (4) case study conclusion, 
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These four recommended steps are followed in conducting each of the three case 

studies. A common design for the 3 case studies is explored in Figure 4.2, while the 

details of conducting the 3 case studies are listed in Table 4.4. 

Delerm~nallorl of ~nfrastruclure Determ~nat~on of 
corrlponenls needed lo conducl type of ev~dence for 

the case study case s1~1tJy resulls 

Thr mnlrr crm(n~>nr.ls Ir, carry o u r  H R I ~ >  11: 
I I 

Processes and acliv~lies lo be 
carr~ed out durlng conduct~ng 

Iha case sludy 
study respondenls lo 

be lnvolved In Ihf? 
case study 

7-- 

Confirm 

Case study 
concluston 

Figure 4.2: Case Study Design 



Table 4.4(Part A): Details o f  the Cuse Studies bused on Case Study Design 

I Case study # 1 I Case study # 2 1 Case study # 3 

Inputs determined A database schema 
related to the source 
databases. This schema 
included auto generated 
text data for the purpose 
of conducting the case 
study. The auto generated 
data has matched the 
original data in data type 
and format to represent 
the original data that is 
private to PEC. 

A database schema 
related to the source 
databases. This 
schema included auto 
generated text data 
for the purpose of 
conducting the case 
study. The auto 
generated data has 
matched the original 
data in data type and 
format to represent 
the original data that 
is private to 
Limkokwing 
University, 

A database schema 
related to the source 
databases. This 
schema included auto 
generated text data 
for the purpose of 
conducting the case 
study. The auto 
generated data has 
matched the original 
data in data type and 
format to represent 
the original data that 
is private to PIT 
company. 

I I 

Determined I Using the 1. Ms SQI Server DBMS I Ms SQI Server I Oracle DBMS 

infrastructure 
components 
needed to 
conduct the 
case study 

- 
traditional 
ETL tool 

SQL Server Integration 
Services (SSIS) 
Windows 2003 server 
(Details explored in 
section 7.1.3) 

Using 
SOA- 
based ETL 
prototype 

The SOA-based ETL 
prototype 
2 Redhat Linux Sewers 
2 Windows 2003 
Servers 
JBoss Application 
Server 
GlassFish Application 
Server 
(Details explored in 
section 7.1.4) 

DBMS 
SQL Server 
Integration Services 
(SSIS) 
Windows 2003 
server 
(Details explored in 
section 7.2.3) 

The SOA-based 
ETL prototype 
2 Redhat Linux 
Servers 
2 Windows 2003 
Servers 
Apache Tomcat 
Web Server 
GlassFish 
Application Server 
(Details explored in 
section 7.2.4) 

Oracle Warehouse 
Builder (OWB) 
Windows 2003 
server 
(Details explored in 
section 7.3.3) 

The SOA-based 
E'TL prototype 
2 Redhat Linux 
Servers 
2 Windows 2003 
Servers 
Apache Tomcat 
Web Server . GlassFish 
Application Server 
(Details explored in 
section 7.3.4) 



Table 4.4 (Cont., Part B): Details of the Case Studies based on Case Study Design 

Processes and activities to 
be carried out during 
conducting the case study 

Determined type of 
evidence for case study 
results 

Determined case study 
respondents to be involved 
in the case study 

1. Preparing 
infrastructure 
components needed to 
conduct the case study 
such as data sources 
connections and 
software installations. 

2. Extracting required 
fields for data 
warehouse Star- 
Schema generation 
using the traditional 
ETL tool 

3. Applying Transform 
functionality using the 
traditional ETL tool 

4. Applying Load 
functionality using the 
traditional ETL tool 

5. Extracting required 
fields for data 
warehouse Star- 
Schema generation 
using SOA-based 
ETL Prototype 

6. Applying Transform 
functionality using 
SOA-based ETL 
Prototype 

7. Applying Load 
functionality using 
SOA-based ETL 
Prototype 

- 
Direct observation is 
chosen because this type 
of evidence covers events 
in real time, covers event 
context. 

- 
The IT Supervisor of 
PEC 

1. Preparing 
infrastructure 
components 
needed to conduct 
the case study 
such as data 
sources 
connections and 
software 
installations. 

2. Extracting 
required fields for 
data warehouse 
Star-Schema 
generation using 
the traditional 
ETL tool 

3. Applying Load 
functionality using 
the traditional 
ETL tool 

4. Extracting 
required fields for 
data warehouse 
Star-Sc hema 
generation using 
SOA-based ETL 
Prototype 

5. Applying Load 
functionality using 
SOA-based ETI. 
Prototype 

Direct observation is 
chosen because this 
type of evidence 
covers events in real 
time, covers event 
context. 

Two IT lecturers 
at Cyberjaya campus, 
Limkokwing 
university. 

1. Preparing 
infrastructure 
components 
needed to conduct 
the case study 
such as data 
sources 
connections and 
software 
installations. 

2. Extracting 
required fields for 
data warehouse 
Star-Schema 
generation using 
the traditional 
ETL tool 

3. Applying Load 
functionality 
using the 
traditional ETL 
tool 

4. Extracting 
required fields for 
data warehouse 
Star-Schema 
generation using 
SOA-based ETL. 
Prototype 

5. Applying Load 
functionality 
using SOA-based 
ETL Prototype 

Direct observation is 
chosen because this 
type of evidence 
covers events in real 
time, covers event 
context. 

The Company 
general manager & 
the executive 
manager-trainer 

Case study output Successfully loaded data 
to the final DW 
repository .. 

Successfully loaded 
data to the final DW 
repository 

Successfully loaded 
data to the final DW 
repository ___- 



4.5 Conclusion 

This research focuses on defining a conceptual framework for distributable and 

interoperable ETL components. To achieve this goal, both the Scrum and DSA 

methodologies are adopted. Scrum methodology is powerful for development tasks. 

In contrast, it does not have a complete support for all of the research phases. DSA is 

a powerful methodology for research but does not handle the development phase as 

powerful as Scrum methodology. Thus, DSA and Scrum are combined to establish a 

more appropriate methodology for this research. This newly integrated methodology 

provides more suitable methods for executing the research. 



CHAPTER FIVE 

THE NEW ETL FRAMEWORK 

This chapter consolidates and further defines the conceptual solution of the research 

problems. Defining the new ETL theoretical framework consists of some mandatory 

specifications. These specifications are clear and strict enough to make sure that 

interoperability and distribution of the ETL components exist. In particular, ETL 

vendors or developers who are interested to adopt the new ETL framework as a base 

to produce their own ETL tools have to consider a set of specifications regarding: 

Distribution, Web services, SOA orchestration processes, XML schemas, WSDL 

documents, SOA-based composition, and the framework extensibility. These 

specifications are discussed in sections 5.2 to 5.6. In addition, before discussing 

these specifications, a conceptual comparison between the traditional (current) ETL 

framework and the new ETL framework (which is the output of this research) is 

explored in section 5.1 to clearly highlight the difference between both frameworks 

and to explore the relations among the new ETL framework concepts. 

5.1 Overview of the New ETL Framework 

Figure 5.1 illustrates the new ETI, framework and abstractly describes it, In the data 

layer, the data stores that are involved in the overall process are depicted. The left 

side shows the original data providers, which are typically, relational databases and 

files Data Staging Area is used as temporary data storage during the transformation, 

cleaning and classified fragmentation processes, The data warehouse repositories are 

used to store the final data for report generation or other BI tasks. 
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A conceptual framework h r  interoperable dlstr~hutrrl ETI. components 

Figure 5.1: A Conceptual Framework for Interoperable Distributed ETL 
Components 

The business layer includes four main parts which are: 

a. Service Orchestration Point (also called directory service or sewice 

registry): Describes the services available in its domain which are extraction, 

transformation, and loading, Those three services are called service providers 

and register themselves in the orchestration point, 

b. Service providers: Each of them is a component that performs a service in 

response to a consumer request. The framework has three service providers 

which are extraction, transformation, and loading services. 

c. Service consltmers: Each of them is a component that consumes the result of 

a service supplied by a provider: the main service consumer in the framework 
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is the client which represents ETL administrators, also the three service 

providers can be service consumers to other services. For example, the 

transformation service can request some functions from the extraction service 

in the case that the extraction and the transformation are executed in one 

patch. 

d. Service interJhce: Defines the programmatic access of the four services, 

establishes the identity of the service and the rules of the service invocation. 

The relationship between a service provider and consumer is dynamic and 

established at runtime by a binding mechanism done by the orchestration point. This 

dynamic binding minimizes the dependencies between the service consumer and 

service provider, which supports the loose coupling feature of the framework. 

In other words, extraction, transformation, and loading functionalities are loosely 

coupled to each other by distributing each fbnctionality in an interoperable web 

service. The orchestration point contains information about each service such as its 

interface. A client can discover services by examining the orchestration point. After 

looking up the required ETL service, the client continues communication remotely 

and directly with any distributed ETL service, in this case the client is the service 

consumer and the ETL service is the service provider. An ETL service can also be a 

consumer to another ETL service, where it discovers the availability of that service 

using orchestration point as well. 

To clearly show the flow of actions when a client demand an execution of an ETL, 

functionality, a simple flow diagram is shown in Figure 5.2. 



Figure 5.2: Flow Diagram for Steps to Consume an ETL Service by a Client 

( I )  When a client demand to consume (execute) a certain ETL service, the 

orchestration point starts with a receive activity in which it receives the client 

request; (2)  then, proceeds with invoking the suitable ETL service(s); (3) the 

required service confirms the invocation request and (4) finishes by replying back to 

the client. An orchestration point process typically interacts with one or more ETI., 

web Services (the orchestration point process is also a web service). These ETL web 

services are called also partner services or external service. 

By comparing the traditional ETL Framework briefed in section 2.2 and the new ETL 

Framework explored in this section, the new ETL Framework has involved 

advantages over the traditional one, these advantages are: 



a. C'onzponents' Distribution ant/ 1nter.operability: The interaction between 

clients (ETL administrators) and loosely-coupled distributed ETL services 

has widespread interoperability. It is required that clients and services can 

communicate and understand each other no matter what platform they run on. 

This target is met because clients and ETL services have a standard way of 

communication among each other. In addition, interoperability provides 

consistency across platforms, systems, and languages for the ETL framework 

components. 

b. Flexibility: Loosely-coupled services in ETL framework are typically more 

flexible than tightly-coupled ETL framework. In a tightly-coupled 

architecture, the ETL components are tightly coupled to each other, sharing 

semantics, libraries, and often sharing state. This makes it difficult to evolve 

the application to keep up with ever changing business requirements. The 

loosely-coupled, document-based, asynchronous nature of loosely-coupled 

framework services allows applications to be flexible, and easy to evolve 

with changing requirements. As a direct result, the new ETL framework can 

have an extra component without complexities. Furthermore, the new ETL 

framework can be extended in the future by adding any extra component to 

suit enterprises' new business needs. 

c. Reusability: The new ETL framework allows ETL developers in data 

warehouse industry to adopt the code of an existing ETL component 

developed by any other ETL provider who follows the new framework 

specifications, and then reuse it to meet new ETL business requirements. 
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Reusing functionality that already exists outside or inside an enterprise 

instead of developing code that reproduces those functions; can result in a 

huge savings in application development cost and time. 

d. Scalability: Since the new ETL framework services are loosely coupled, 

applications that follow the framework specifications can scale easily (much 

easier than applications that follow more tightly-coupled frameworks). This 

is because there are few dependencies between the requesting application and 

the services it uses. That enables the service to handle more requests because 

it does not need to handle lots of communication overhead like tightly 

coupled components. 

e. Cost Eficiencv: In the current ETL framework, if there is a demand to 

integrate different business resources to the ETL framework implementations 

(such as data source legacy systems, business partner applications, and 

organization-specific solutions) can be expensive because these components 

are tied together in a customized way, Customized solutions are costly 

because they require extensive analysis, development time, and effort. In 

addition, they are costly to maintain and extend because these are tightly- 

coupled, as the changes in one component of the integrated solution require 

changes in other components. An ETL framework based on web services and 

SOA should result in less costly solutions because the integration of clients 

and services does not require in depth analysis and unique code of 

customized solutions. Furthermore, because services in an SOA based ETL 



framework are loosely-coupled, applications that use these services should be 

less costly to maintain and easier to extend than customized solutions. 

This section has briefed the new ETL framework while the specifications of the 

framework are discussed in sections 5.2 to 5.6 

5.2 Distributed Architecture Specifications 

There are many distributed architectures that could be followed to meet the 

distribution specification of the new ETL framework. CORBA (Common Object 

Request Broker Architecture) (Issarny et al., 2008), RMI (Remote Method 

Invocation) (Bertrand et al., 2005; Sullins & WhippIe, 2005), RPC (Remote 

Procedure Call) (Tanenbaum & Van Steen, 2002) and EJB (Enterprise Java Beans) 

(Sullins & Whipple, 2005) are samples of valid distribution architectures. Any of 

these distribution architectures or others could be followed to hIfill the distribution 

requirement of the ETL framework. By fulfilling this requirement, a distributed 

multi-tiered ETL application can be accomplished. The application logic should be 

divided into components according to function, and the various ETL components 

should be (optionally) installed on different machines; depending on the tier which 

the application component belongs to. 

Java 2 Enterprise Edition (J2EE) is an open source architecture that supports the 

distribution concept and the multi-tiered application architecture, In addition, it 

freely provides all the tools might be needed to implement a distributed project 

including application servers, database connectors, development and deployment 

IDES, and testing tools. Furthermore, J2EE is platform independent because it is 
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built over Java language that is completely platform independent (Armstrong et al., 

2004; Perin, 2009). Therefore, if the standards of EJB architecture (the distribution 

model of J2EE (Armstrong et ul., 2004; Perin, 2009)) is followed, the distribution 

will be similar to Figure 3.2 which shows two multi-tiered J2EE applications divided 

into these tiers: 

Client-tier components run on the client machine. 

Web-tier components run on web container of the J2EE server. 

Business-tier components run on the EJB container of the J2EE server. 

Enterprise information system (EIS)-tier runs on the EIS server. 

Although a J2EE application can consist of the three or four tiers as shown in Figure 

3.2, J2EE multi-tiered applications are generally considered to be three-tiered 

applications because they are distributed over three locations: client machines, the 

J2EE server machine, and the database or legacy machines at the back end. 

Therefore, it is highly recommended that the implementation of any ETL tool based 

on the new ETL framework to be built on a multi-tier or at least 3-tier architecture 

using the standards of any distributed architecture. 

5.3 Web Services Involvement Specifications 

The technology associated with the realization of SOA is Web services (Newcomer 

& Lomow, 2004; Jerstad et al., 2005; Weerawarana et al., 2005; Sneed, 2006; 

Laskey & [,askey, 2009). A typical Web service needed in the new ETL framework 

is comprised of: 



a. A decozcpled technicul scwice contract: based on the standards of WSDL and 

XML Schema, the service contract has to consist of a WSDL definition and 

an XML schema definition (W3C, 1999; Newcomer, 2002; Tsai ct al., 2002; 

Weerawarana ct ul., 2005). This service contract decIares public functions 

(operations). Basically, three operations for extraction, transformation and 

loading are needed, and an extra operation is needed for any extra extension 

component of the ETL. 

b. A body of programrtzirlg logic: based on web services standards (Erl, 2004; 

Derong et ul., 2005; Louridas, 2006; Matsumura et al., 2006), this logic may 

be custom-developed for the Web service, or it may exist as legacy logic that 

is wrapped by a Web service for its hnctionality to be made available via 

Web services communication standards. In the case that logic is custom- 

developed, it is created as components and is referred to as business logic. 

c. Message processing logic: based on web service communication standards 

(Gao et a!., ; Werner et al., 2004; Heinzl et al., 2006), message processing 

logic exists as a combination of parsers and processors. Much of this logic is 

provided by the runtime environment, but it can also be customized, The 

programs that carry out message-related processing are primarily event- 

driven and therefore can intercept a message subsequent to transmission or 

prior to receipt. It is common for multiple message processing programs to be 

invoked with every message exchange (Tsenov, 2007). 

A Web service can be associated with temporary roles, depending on its utilization at 

runtime. For example, it acts as a service provider when it receives and responds to 



request messages, but can also do the role of service consumer when i t  is required to 

issue request messages to other Web services. For instance, the transformation 

service can be a provider to the client and a consumer to the extraction service in 

case that extraction and transformation are executed in one batch. 

5.3.1 A Web Service for every Distributed ETL Component 

To achieve the benefits of adopting SOA, based on SOA standards (Hau et al., 2008; 

Zhang et al., 2008; Lam & Minsky, 201 0). every distributed component of the ETL 

framework has to be wrapped with a separated Web service. Each of these services is 

called an external service. External services (partners) and the client service interact 

with the orchestration point process. This process starts and ends somewhere, and 

involves the interaction of at least one external partner. In the ETL framework, the 

partner is the web service that has the ability to process the client's request, i.e., the 

ETL, components. The ETL administrator sends his request for processing. Then, the 

orchestration point receives the request, invokes a web service that processes the 

request, and returns the response back to the ETL administrator. 

5.3.2 Web Service Operations 

Remote Invocations of Web service operations of the ETL framework are 

asynchronous, i.e., the service provider must be capable of accepting requests from 

clients without notice. The designer of Web services needs to decide how to ensure 

that his or her implementation is compatible with the way in which a service 

provider supports asynchronous operations To achieve this asynchronous feature, 

according to SOA standards (Newcomer & L.omow, 2004; Barai et al,, 2008; Hau et 
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ul., 2008; Mitchell et ul., 2008; Mulik ct ul., 2008; Zhang et ul., 2008; Laskey & 

Laskey, 2009; Lam & Minsky, 2010), it is highly recommended that each Web 

service includes only one operation. For example, there should be an extraction 

distributed module includes one Web service that includes one operation for the 

extraction functionality, and the same for transformation and loading functionalities. 

The asynchronous scenarios for an ETL Web service would include: 

Production and transmission of a request message by a client. 

Consumption of the request message by the service provider. 

Production and transmission of a response message by the service provider. 

Consumption of the response message by the client. 

These scenarios points have to be considered in any implementation of the ETL 

framework, and it is left to the ETL designer to choose the technologies to achieve 

these. 

5.3.3 WSDL Documents 

There is a need for some standards to be considered when developing and integrating 

an ETL, application (tool) based on the new ETL framework. The Web Services 

Definition Language (WSDL) (Curbera et al., 2002; Newcomer, 2002) provides a 

standard for describing services, the location of services, and what operations these 

services provide, all in a platform and language independent way. This allows the 

ETL application developer to build loosely coupled services, which is one of the key 

factors of building successful SOA-based ET'L tools, 



WSDL documents could provide both an abstract and a concrete view of the ETL 

services they are describing. The abstract view describes the operations of the 

services while the concrete view describes how those operations are mapped onto a 

specific protocol such as SOAP. Furthermore, WSDL documents are correctly 

formed XML documents, which helps in developing ETL services up to Service 

Oriented Architecture standards (Barai et al., 2008; Salter & Jennings, 2008). 

Correctly formed XML documents can be read and parsed automatically by 

applications (W3C7 1999), which allows clients to look up and consume web 

services automatically through the orchestration point. Briefly, the key benefits of 

using WSDL are: 

a. WSDL is XML-bused (W3C, 1999; Klmek et al., 2010): Any system that can 

read and interpret XML, can read and interpret WSDL documents of the ETL 

component service. 

b, WSDL is platform and language independent (Weerawarana et al., 2005): It 

is not tied with one programming language or platform. WSDL-based ETL 

Web services could be developed and deployed in Microsoft's ,NET 

environment and consumed via Java GUI applications. Alternately, WSDL- 

based web services could be developed and deployed in a Java environment 

and consumed via PHP-based web applications. 

c. WSDL describes ETL services abstractly (Weerawarana et al., 2005): ETL, 

services are described abstractly as they support loose coupling and 

concentrates on developing interfaces to support the abstraction which is 

necessary for loose coupling. 



d. WSDL is ~'~~tetzsihle (Curbera et ul., 2002; Tsai et ul., 2002; Vara cf ul., 2005; 

Shil & Ahrned, 2006): WSDL does not tie communications to one specific 

protocol, for example SOAP over HTTP. As new transport mechanisms are 

required, additional bindings can be specified. Currently, there is only a need 

to access WSDL described ETL services via SOAP, but in the future, there 

might be a need to use JMS or SMTP bindings. WSDL format enables the 

extensibility of WSDL documents to add additional bindings when necessary. 

For specifying the format of WSDL documents that are supposed to be followed to 

implement ETL Web services based on the new ETL framework, the basic structure 

of a WSDL document should look like the WSDL file of Table A. 1.  

The WSDL file is divided into 5 main elements, all lie under the main <definitions> 

element: 

<types/>: Describes the data types used by the ETL operations; described for 

the service. These data types are defined using XML Schema Definitions. 

XML Schema specification is explored in subsection 5.2.4, 

<message/>: Describes the messages that are used within the E'TL service. 

<portType/>: Describes the operations that are available within the ETL 

service. 

<binding/>: Describes what binding the service is using (IJp to the time of 

writing this thesis it is SOAP) 

<service/>: Describes connection details for the specific bindings. 



5.3.4 XML Schema 

Over recent years, XML has become a main technology for data interchange 

between different systems (W3C, 1999; Chester, 200 1 ; Wolter, 200 1 ; Cleveland, 

2002; Newcomer, 2002; Qiu et ul., 2002; Green et al., 2003; Erl, 2004; Iqbal & 

Daudpota, 2006; Mahboubi & Darmont, 2009; Klmek et a/. , 20 10). The advantages 

of XML over other technologies is that it is extensible (additional attributes or 

elements can be added to data structures) and self describing. By using these 

advantages, a simple XML file that could be followed as a base in the ETL 

framework and is shown in Table A.2. 

Based on Table A.2, it can easily be seen that a single ETL element called classified- 

fragmentation is described. This XML file can be expanded by adding datatime 

element as shown in Table A.3. 

Based on Table A.3, it is possible to extend XML and add new elements, attributes 

or entire structures into an XML file. However, describing data structures in XNIL is 

only half of the problem. The other half is: how it is known that the XML received is 

the expected XML? For example, if an ETL XML element is needed with fields: 

name and datatime, the XML sample above meets these requirements, however, also 

the sample below meets the requirements as well, Which one is correct'? 

<?xm/ version="l ,OU?> 

<E TL nume=t'classz~ed-frc~gmentation" dutatime ="2O 1 Ot'//--. 

Both XML files are completely valid, however there is no way that an application 

would be able to parse both of these XML files and obtain the same results. XML 
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Schema answers the problems here by allowing the description of how the XML 

should be defined. This can be accomplished using XML Schema in which: 

name is an attribute. 

datatime is an element called datatime or an attribute called " datatime ". 

XML Schema allows the definition of the elements and attributes that are present 

within an XML file, and allows the XML file to be machine validated for 

correctness. This is important, because XML schema enables applications to validate 

XML files, which means that applications can check whether data is valid or not 

before it attempt to process the data. 

The W3C description of XML Schema (W3C, 1999) is: 

The XML schema language can be used to define, describe, and catalogue XML 

vocabularies for classes o f  XML documents. Any application of XML can use the 

Schema formalism to express syntactic, structural, and value const?-aints 

applicable to its document instances. 

Given this knowledge of XML schema, a simple XML schema (etl.xsd) is defined in 

Table A.4, and also an XML file (etl.xml) for ET1, data structure is defined in Table 

A.5; as an example that could be followed in the new ETL framework 

implementations. 

Looking at the XML Schema definition file (etl.xsd), and based on general XML 

Schema standards (W3C. 1999; Wolter, 200 1 ; Cleveland, 2002; Klmek et ul., 20 1 O), 



many important features can be seen that allow the XML structure to be defined, and 

these are: 

a. The .xsd file is a well formed XML document 

b. The root element of any XML files adopting this schema must be called "etl". 

There is only one root element allowed. 

c. The root element "etl" is a complex type. In XML Schema Definitions, types 

are defined as either simple or complex (Barai et al., 2008). Simple types are 

types such as integers, strings, dates. Complex types are data structures built 

up from simple types and other complex types (W3C, 1999). 

d. The complex type defines that the elements within it must appear in the order 

in which they are specified within the XSD file. If the elements in the XSD 

file are not specified in the same order, then the XML file will not validate 

correctly. 

e. In this example. the first element in the "etl" type is the "name" which is a 

string, and the second element in the "etl" type is the "datatime" code which 

is a date. 

This is just an abstract briefing of the features of XML, Schema and the benefits 

which it provides to ETL tools that are built based on the new framework. 

5.4 Orchestration Point Specifications 

Since the restructuring process of the new ETL framework is highly dependent on 

SOA, therefore, based on SOA standards (Barai et al., 2008), it is compulsory to 

orchestrate the services available in the ETL through creating an orchestration point. 
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It establishes a common point of integration for other components or applications, 

which enables an implemented orchestration point to be the main integration point. 

In addition, the orchestration point leads to an increase in the ETL flexibility 

because: 

The workflow logic encapsulated by an orchestration can be modified or 

extended in a central location (Lam & Minsky, 2010). 

Positioning an orchestration centrally can significantly ease the merging of 

ETL processes by abstracting the interfaces that tie the corresponding 

automation solutions together (Lam & Minsky, 2010). 

By establishing a service-oriented integration for ETL architecture, orchestration can 

support the evolution of ETL framework, because, it is the main factor of any 

successful ETL tool based on the new ETL framework that contains various 

components based on different computing platforms. In addition, it can be said that 

the orchestration is the heart of SOA-based ETL because it establishes means of 

centralizing and controlling a great deal of inter and intra-ETL logic through a 

standardized service model. Furthermore, it expresses a body of business process 

logic that is typically owned by a single ETL tool. Furthermore, it establishes a 

business protocol that formally defines a business process definition. 

The workflow logic within an orchestration is broken down into a series of basic and 

structured activities that can be organized into sequences and flows. These sequences 

and flows are explored in Figure 5,2 of section 5.1. 



In creating the orchestration point, the whole creation process is up to the ETL 

designer except some compulsory features which are: 

a. Create reusable partner services: make sure that partner services have to be 

reusable and can be used across different orchestration processes. For 

example, the extract operation of an ETL web service can be used by other 

orchestration processes in other ETL implementations of the same 

framework. This is to achieve the reusability feature of the new ETL 

framework (Newcomer & Lomow, 2004; Lam & Minsky, 2010). 

b. Asynchronous communication: Coordinate asynchronous communication 

between different web services. For example. an ETL administrator's request 

for the extraction functionality can be done without time sequence 

limitations, and the same for other ETL services. This helps in achieving the 

loose coupling of the new ETL framework (Lam & Minsky, 20 10). 

c. Data munipulation: Data can be manipulated before exchanging between 

different services. The orchestration process can check, verify, and modify 

data from the client before sending requests to partner services, which 

simplifies the administration and troubleshooting of the ETL (Lam & 

Minsky, 20 1 0). 

d. Conditional und parallel processing is possible with orchestration services: 

If an extraction is already done, the orchestration process can send the 

request to another ETL partner service, which supports the automation 

process of the ETL (Almeida et al., 2006; He et al,, 2007). 



5.5 Specifications of the Composition of Partners and Configurations Based on 

SOA 

Based on SOA standards (Jerstad et a/,, 2005; Sneed, 2006; Barai et a/., 2008; 

Maurizio et a/., 2008), after developing all the components of the ETL; based on the 

new ETL framework, these components must be composed in one application. This 

application has to be deployable as a composite ETL tool ready to be executed and 

used by ETL administrators (clients). 

A composite application is an accepted solution that addresses a specific business 

problem by bringing together business logic and data sources from multiple systems 

(Barai et a/., 2008; Hau et al., 2008). Typically, a composite application is associated 

with ETL business processes, and may bring together several process steps, 

presenting them to the client (ETL administrators) through a single interface that is 

customized to suit the requirements of the ETL business needs. 

SOA describes a category of composite applications composed of service provider 

and service consumer components that distributes business logic and offers location 

transparency for the service providers and consumers (Jerstad et al., 2005; Hau et a/., 

2008), The SOA approach allows the replacement or upgrading of individual 

components in the application without affecting other components. 

Figure 5.1 is the basic architecture specification for the way of composing the ETL 

application. The numbers from ( I )  to (9) refer to the flow of actions done starting 

from (1) the client request to execute an ETL functionality and finishing by (9) the 

confirmation message to the client that his request is done. It is up to the ETL 

designers to choose the tools, languages, application servers and containers to design 
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their own ETL tool, but the specifications shown in Figure 5.1 should be considered 

to meet the framework requirements. Based on this, any ETL tool (application) 

created using the new ETL framework; should be finally deployed as a composite 

application in the Service Container (SC). The SC Runtime Environment is provided 

and supported by most of application servers available these days. SC is integrated 

with the application server as a pre-configured lifecycle module, which means that 

whenever the application server's instance starts up, the SC runtime will be available. 

There is no user interaction required to configure or start the SC runtime. It is just 

like any other service of the application server. As shown in Figure 5.3, the Service 

Engine acts as the bridge between ETL components and SC. The distributed modules 

can be packaged in an SC composite application and deployed as one single entity. 

SC is based on a web services model in most of the available application servers 

(Barai et al., 2008), and provides a pluggable architecture for a container that hosts 

service producer and consumer components. ETL administrators (client) and ETL 

services connect to the container via binding components or can be hosted inside the 

container as parts of a service engine. 
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Figure 5.3: ETL Composition Arcliitecture Adopted From (Salter & Jennings, 2008) 

Furthermore, a Service Container (SC) is a container for structuring business 

integrated components. It defines an environment for plug-in components that 

interact using a services model based directly on WSDL (Barai et al., 2008). A SC 

defines a packaging for ETL composite applications that are composed of ETL 

service consumers and providers. Individual service units are deployable to 

components. Groups of components are gathered together into a service assembly. 

The service assembly includes meta-data for combining the service units together, as 

well as binding service units to external services. This provides a simpIe mechanism 

for performing composite application assembly using services. 



5.6 Specifications of Extending the New ETL Framework 

Sometimes, there is a need to add an additional component to the basic ETL 

framework to meet special business needs other than extraction, transformation and 

loading. In this case, the new ETL framework provides the extensibility feature to 

make it possible and simple to extend the framework to suit these special business 

needs. Then, if it is needed to add a new component to the basic ETL framework, 

there are few steps to be followed, which are: 

a. Prepare a distributable module for the extra component. 

b, Design and develop the business logic of the extra component. 

c. Encapsulate the extra component in a Web service. 

d. Register the Web service in the orchestration point as a partner service. 

e. Reconfigure the orchestration configuration files to suit the new extra 

component. 

f. Reconfigure the composite ETL application to involve the new extra 

component. 

g. Redeploy the whole stuff and test the application again to assure that other 

components are not affected by the extra one. 



U .4 concep~ual liameuork Ibr ~nlrroperablc dislr~hu~cd ETL components with clasitied-fragmentauon 

Figure 5.4: A Framework for Interoperable Distributed ETL Conzponents with 
Classified - Fragmentution 

An additional component to extend the basic framework is added. This component is 

a classification-fragmentation component that is added as an additional component to 

the enhanced ETL framework to speed up the report generation, and to show the 

simplicity and flexibility in adding any new component as an extension to the 

restructured ETL framework without affecting other components. These are the 

distribution and interoperability features of the framework, which leads to loosely- 

coupled ETL components. This allows easy to reuse, expand, extend, or add any new 

component to any loosely-coupled software framework (Roach et ul., 2008; Laskey 

& Laskey, 2009). As shown in Figure 5.4, after adding the classified-fragmentation 



component, the framework is the same as Figure 5.1 except the new loosely-coupled 

classified-fragmentation component and its relations with other components and with 

the orchestration point. 

Chapter 6 includes a complete prototype as a validation to the theoretical framework. 

A small part of this prototype implements the classified-fragmentation component 

based on the framework of Figure 5.4, and on the specifications provided in this 

section. This part of the prototype is developed as a proof of concept to prove that by 

following the framework standards, any other components can be added to the 

framework without any complications. Prior to developing the prototype, a meta- 

model for the new ETL framework is designed to specify the abstract design of the 

framework. 

5.7 Meta-Model for the New ETL Framework 

The new ETL framework meta-model is designed in this section to support and 

represent the new ETL framework and its concepts. A modeling language can be 

either a graphical or textual language (Kobryn, 2000; Yong Xia, 2002; OM(;, 2003). 

For the purpose of designing the new ETL framework, Unified Modeling Language 

(UML) is used as the graphical modeling language (Kobryn, 2000; Lujanmora, 

2004), while Extended Backus-Naur Form (EBNF) is also used as a textual modeling 

language to support the understanding of the graphical meta-model by following its 

flexible features and symbols of describing meta-models textually (ISO, 1996; Yong 

Xia, 2002; OMG, 2003; Gargantini, 2007). 



UML is formally defined by a meta-model (or semantic model) and it is used to 

represent software design since it is widely used for modeling both research and 

industry works (Kobryn, 2000; Kruchten & Selic, 2001; Atkinson, 2002; OMG, 

201 1). 

Object Management Group (OMG) has defined the Common Warehouse Meta- 

model (CWM) (OMG, 2003) that provides specifications to implement low level 

DW processes but it does not provide specifications to the component level design 

(OMG, 2003). On the other hand, UML provides notations for specifying the 

packaging of a logical design into components that represent a distributed computing 

architecture and this can be modeled using UML component diagram (Kobryn, 2000; 

Lujanmora, 2004; OMG, 201 1). Furthermore, according to (Lujanmora, 2004), 

several approaches have been proposed to model different aspects of a DW, such as 

the conceptual model of the DW, the design of the ETL processes, and the derivation 

of the DW models from the enterprise data models. However, few efforts have been 

dedicated to the modeling of the components' physical design of a DW from the 

early stages of a DW project. (Lujanmora, 2004) used UML component diagram for 

physical design of DW components to highlight the high level component 

architecture of the DW projects, 

Component diagram supported by other UM12 notations is used to create a meta- 

model for the new ETI, framework. The components of the meta-model and the 

relationships among these components are explored in this section. Figure 5.5 

represents a meta-model for the new ETL, framework. 
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Figure 5.5: Meta-Model for Interoperable and Distributed ETL Frumework 
Components Based on SOA 

The complete EBNF definitions for the meta-model shown in Figure 5.5 are listed in 

section A.3 of Appendix A. This section presents the specific EBNF definitions for 

the main components of the meta-model. Table 5.1 presents the meaning of some 

EBNF symbols that are included in the EBNF definitions of the new ETL 

framework. 



Table 5.1: EBNF Svrnhols Surnrnciry (/SO, 1996; Yong Xiu, 2002; Garguntini, 2007) 

Symbol Description 

..- . . - The element to the left of the symbol is defined by 

the constructs on the right. 

The preceding construct may occur zero or more 

times. 

The constructs within the curly braces are grouped 

together. 

[...I The constructs within the square brackets are 

optional. 

I An exclusive OR. 

The new ETL framework is composed of main components. These are: Extraction 

component, Transformation component Load component, optional extended 

components, and Orchestration point. 

. .- . . - Extract - Service , 

Transform Service, Load Service, - - 

[Extended - Service],Orechestration P 

oint, ETL - Service Bus; 

The E-T-L components are described by the following EBNF definitions followed 

by the EBNF definitions of the hnctions every component does regarding data 



queries, while the complete EBNF definitions regarding these ETL hnctions is 

included in section A.3 of Appendix A: 

Extract Service . . -  
- . . Extraction - Queries, (Distrib 

uted - Component - Container I 

User .- Distribution - Settings) 

Transform - Service 

Load - Service 

Extended -- Service 

. . .- . Transformation Queries, (Dis 
- 

tributed - Component - Containe 

r I 

User -- Distribution - Settings) 

. .- . Loading .- Queries, (Distribute 

d - Component - Container I 

User -- Distribution -. Settings) 

. . .- . - [Query], (Distributed Compon 
.- 

ent -- Container I 

User - Distribution -. Sett.ings) 

Extraction Queries . . .- . extract from datasource, 

update to DataStagingArea; 
-. ..- 

Transformation - Queries : : =  extract -. from -- DataStagingAre 

a r 

update - to -. DataStagingArea; 

Loading -. Queries . . .- extract from DataStagingAre 
. . ... . 
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a 1 

update to finalDwRepository 
-- - 

I 

delete temp DataStagingArea 
.- .-. 

- data; 

In addition, the syntax of Orchestration Point component is specified by the 

following EBNF definitions: 

Orchestration -- Point . . .- Orchestration Specifica - 

ecifications} , 

XSD - WSDL, 

{XSD - WSDL), (Distributed 

.- Component - Container 1 

User - Distribution -. Setti 

The new ETL framework components exchange data and messages through an 

enterprise service bus as shown in Figure 5.5. An enterprise service bus represents an 

environment designed to foster sophisticated interconnectivity between services. It 

establishes an intermediate layer of processing that can help overcome common 

problems associated with reliability, scalability, and communications disparity 

(Weerawarana et al., 2005; Salter & Jennings, 2008). The ETL components of the 

new ETL framework use the application server service bus to interchange messages 
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and data among ETL components. This service bus is mentioned as 

ETL - Service - Bus in the EBNF description of this meta-model. 

The ETL Service Bus component uses the Orchestration Point component as a 

dynamic look-up mechanism to provide information about ETL services. The 

Orchestration Point component thus enables optimized access to service meta-data 

and management of service interactions and policies. It also supports the integration 

of other standard registries and repositories. In its most elemental state, it is 

composed of service meta-data artifacts documents, such as XML Schema Definition 

Language (XSD) or Web Services Description Language (WSDL) files. These 

service meta-data fiIes are managed by the Orchestration Point component. The 

syntax of The ETL Service Bus component and other components that have direct 

relations with ETL Service Bus component are specified by the folIowing EBNF 

definitions: 

ETL Service Bus -.. - 
. . -  . . - (ETL Service Provider Bus I 

- - - 

ETL - Service - Requester - Bus}, 

ETL -. MessageRoute, 

Message Model , - 

(Message -- Model), 

Instructions -- Flow, 

Communication - Protoco, 

(Communication -- Protocol), 

Orchestration Point; - 

ETL -. Service Provider -. Bus : : =  (Extract -- Service I 
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T r a n s f o r m  - S e r v i c e  I 

Load - S e r v i c e  I 

[ E x t e n d e d  - S e r v i c e ]  I 

{ E x t e n d e d  - S e r v i c e ) ) ;  

ETL - S e r v i c e  - R e q u e s t e r  Bus : : =  E T L  - C l i e n t  -. Web - S e r v i c e ,  

{ETL - C l i e n t  - Web S e r v i c e ) ;  

The ETL Service Bus component represents the connectivity of the new ETL 

framework components, and it aggregates with ETL Service Provider Bus and ETL 

Service Requester Bus components to control the flow of messages and instructions 

between the ETL Service Requester and the ETL Service Provider. In addition, it 

provides support to communication protocols used for the communication among the 

distributed ETL framework components. The ETL Service Bus component uses 

Message Models, Instructions Flow, and Communication Protocols components. The 

Message Models component enables The ETI, Service Bus to support different types 

of message models flowing between the service provider and service requestor. The 

syntax of Communication Protocols component is specified by the following EBNF 

definition: 

Communicat ion -- P r o t o c o l  . .-  (SOAP 1 HTTP), 

( R e q u e s t  -. Response  1 

P u b l i s h  .- S u b s c r i b e  I 

Synchronous  -- Asynchronou 



The Communication Protocols component provides support for different 

communication protocols, such as SOAP and HTTP to connect the service providers 

with the service consumers (The communication protocols support several 

interactions patterns, such as request/response, publish/subscribe, and 

synchronous/asynchronous.). The Instructions flow component contains interfaces to 

invoke the mediation flows to perform mediation between ETL service requestor and 

ETL service provider, and to provide references to external services. 

The syntax of ETL Message Router component is specified by the following EBNF 

definitions: 

ETL - MessageRouter . .- . . - [Service - Engine], 

{ETL - Client - Request, 

Input - Extraction, 

Response .- Redirect}; 

The ETL, Service Bus component has the ETL, Message Router component routes 

requests to specific business services based on defined criteria, It's conditional 

routing, and it usually requires the extraction of some piece of data from the message 

upon which routing can be based. 

There are three steps that are done in the ETL Message Router component: 



1 .  ETL Client sends request to the router 

2. The router extracts the appropriate input 

3. The router directs the response to the appropriate ETL service based on the 

value of the input extracted in step 2. 

In addition, ETL Message Router component optionally uses Service Engine 

component to provide business logic and transformation services to ETL 

components, as well as consume ETL services. 

The Orchestration Point component and ETL distributed components use Distributed 

Component Containers as run environments. The container in its general definition is 

the interface between component functionalities and the application server 

functionalities that support the component (Armstrong et al., 2004). In the field of 

distributed application development, all of the application servers released by the 

popular vendors like Microsoft, Oracle, Sun Microsystems and IBM; include 

containers for distributed components (Coulouris et al., 2001). If the open source 

GlassFish Application server (Sun-Microsystems, 2010) that supports J2EE 

distributed components is taken as an example, then the distributed components are 

EJB (Enterprise JavaBeans) components that are deployed to the EJB container. The 

EJB container handles these functionalities: 

The J2EE security model that allows the configuration of a web component 

or a distributed enterprise bean component so that system resources are 

accessed only by authorized users. 



The J2EE transaction model that allows specifying relationships among 

methods those make up a single transaction so that all methods in one 

transaction are treated as a single unit. 

Lookup services that provide a unified interface to multiple naming and 

directory services in the enterprise so that application components can access 

naming and directory services. 

The J2EE remote connectivity model that manages low-level 

communications between clients and enterprise beans. After an enterprise 

bean is created, a client invokes methods on it as if it were in the same virtual 

machine. 

Because the J2EE architecture provides configurable services, distributed 

components within the same J2EE application can behave differently based on where 

they are deployed. For example, an enterprise bean can have security settings that 

allow it a certain level of access to database data in one production environment and 

another level of database access in another production environment, Figure 5.6 

shows the Distributed Components container (EJB container) position in the open 

source GlassFish application server as an example to Distributed Components 

containers in application servers. As shown in Figure 5.6, The J2EE GlassFish server 

provides EJB and web containers. Enterprise JavaBeans (EJB) container manages 

the execution of distributed enterprise beans components for J2EE applications. 

Enterprise beans and their container run on the J2EE server. On the other hand, the 

Web container manages the execution of JSP page and servlet components for J2EE 

applications. 
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Figure 5.6: GlassFish Sewer and Containers (Armstrong et al., 2004) 

5.8 Feedback from the Experts Regarding the Theoretical Framework 

In addition to validating the theoretical framework by the prototype that was 

designed, developed and evaluated based on the theoretical framework specifications 

and discussed in chapter 6 and chapter 7, this section discusses the feedback and 

opinions of experts regarding the theoretical framework using structured interviews. 

This evaluation was conducted to validate the theoretical solution of the highlighted 

problems and the advantages of this solution before developing the prototype. 

In addition, it consolidates the theoretical steps and specifications of the framework 

before the prototype development. These interviews were with experts from five 

companies which are: Sybase, SAS (Statistical Analysis System), TM (Telekom 

Malaysia), EIGC (Emirates Lndustrial Gases Co.), and PIT (Professional Information 

Technology Co.). The number of respondents (N) is 6. Two respondents from SAS 



Company and one respondent from each other company. Details of the interviews 

are attached in Appendix C. 

The main assumption during these interviews is that the expert opinions regarding 

the theoretical framework solution and advantages depict the expected actual 

solution and advantages of the new ETL framework. The feedback collection method 

for consolidating the theoretical solution and its advantages through the expert 

opinions; is a structured interview questionnaire covering basic aspects of the 

problems (section 2 of the questionnaire), solution (section 3 of the questionnaire) 

and advantages of the solution (section 4 of the questionnaire), 

The results of the structured interview questionnaire are analyzed using SPSS. N, 

Mean and Std. Deviation were the three fields for analyzing the results. N represents 

the number of respondents involved in the structured interview questionnaires. Mean 

represents the average of all responses regarding a certain point or it is the sum of all 

of the data values of the corresponding questionnaire item divided by the number of 

these data values. Standard deviation (Std. Deviation) is the average distance 

between any score in a distribution and the mean of the distribution. 

Table 5.2 shows the result of experts' satisfaction level for the problems of the 

traditional ETL framework. The number of respondents (N) is 6, while the Mean and 

Std, diviation are shown for every point. The total mean is 3.8 1 (given that the likert 

scale used in designing the structured interview questionnaire is a 5-point scale as 

shown in appendix C). 



Table 5.2: Problems Satisfaction 

N Mean Std. Deviation 
PRI 6 3.50 1.225 
PR2 6 3.83 0.408 
PR3 6 3.67 0.516 
P R4 6 3.67 0.816 
P R5 6 4.33 0 816 
P R6 6 3.67 0.516 
PR7 6 3.83 0.408 
P R8 6 4.00 0.632 
Valid N (listwise) 6 3.81 

Table 5.3 shows the result of experts' satisfaction level for the solutions proposed for 

the problems of the traditional ETL framework. The number of respondents (N) is 6, 

while the Mean and Std. diviation are shown for every point. The total mean is 3.73 

(given that the likert scale used in designing the structured interview questionnaire is 

a 5-point scale as shown in appendix C). 

Table 5.3: Solutions Satisfaction 

N Mean Std. Deviation 
SO1 6 4.00 0.000 

SO2 6 3.67 0.516 

SO3 6 3.33 0.516 

SO4 6 4.00 0.632 

SO5 6 3.67 0.516 

SO6 6 4 00 0,632 

SO7 6 3.67 0.516 

SO8 6 3.50 0.548 

Valid N (listwise) 6 3.73 

Table 5.4 shows the result of experts' satisfaction level for the advantages of the new 

proposed ETL framework over the traditional ETL framework. The number of 

respondents (N) is 6, while the Mean and Std. diviation are shown for every point, 



The total mean is 3.77 (given that the likert scale used in designing the structured 

interview questionnaire is a 5-point scale as shown in appendix C). 

Table 5.4:  advantage.^ Suti.~faction 

N Mean Std. Deviation 
AD1 6 3.50 0.548 
AD2 6 3.67 0.816 

AD3 6 4.00 0.000 

A D4 6 3.67 0.516 
AD5 6 4.17 0.408 

AD6 6 3.33 0.516 
AD7 6 3.83 0.408 

AD8 6 4.00 0.000 

Valid N (listwise) 6 3.77 

The experts' feedback shows that they agree that the problems presented in this 

research are existing problems that need to be solved. In addition, as shown in the 

structured interview questionnaires attached in Appendix C and in the results 

presented in this section, majority of the experts agree on the main points of the 

theoretical solution and its advantages. 

5.9 Conclusion 

This chapter has listed mandatory specifications and recommendation for the 

conceptual (theoretical) framework for interoperable distributed ETL, components. 

These specifications have covered distribution, Web services involvement, 

orchestration point, composing the ETL components, and extending the framework. 

In addition, a meta-model using both UML and EBNF is designed abstractly for 

consolidating the design of the new ETL, framework. Furthermore, this chapter 

included experts' feedback regarding the theoretical framework (before doing the 

prototype) through structured interviews with experts from the industry. Chapter 6 
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discusses the development of an SOA-based ETL prototype based on the newly 

defined theoretical framework. 



CHAPTER SIX 

SOA-BASED ETL PROTOTYPE 

Chapter 5 has specified the conceptual (theoretical) framework for interoperable 

distributed ETL., components. The specifications of the new framework constitute a 

base and a blueprint for developing ETL tools based on the new framework. Based 

on these specifications, this chapter discusses the development of an SOA-based 

ETL prototype, which was based on the new theoretical framework. Scrum 

methodology was adopted for the development of the SOA-based ETL prototype. 

6.1 Analysis 

Requirement analysis is the first activity that was performed in the life cycle of this 

prototype development to determine the whole backlog of the prototype. The method 

considered for gathering the requirements of the prototype is the theoretical 

framework specifications and the meta-model explored in chapter 5. 

Scrum methodology includes the term "Product Owners" (Sutherland et a/., 2007; 

Marchenko & Abrahamsson, 2008; Sutherland et a/., 2008; Uy & Ioannou, 2008). 

The product owners in this research prototype are industry experts. Once those 

product owners (industry experts) have an idea about ETL framework by working 

with DW customers, they have the ability to determine the requirements for the basic 

ETL activities. Based on that, the feedback of the industry experts is considered 

when the requirements are determined based on theoretical framework specifications 

and the literature. 



Considering priority, the whole requirements (product backlog) of the prototype are 

divided through several rounds (sprints) by the team. The complete clarity of the 

requirement items is reached at the starting point of every sprint. Furthermore, in the 

first part of the sprint planning meeting, the requirement analysis continues, and 

sometimes, the requirements are well understood by that time. However, since items 

are selected in the sprint planning, then, the team is sure that they are working on 

those specified items only for the current sprint. The team has identified further 

points to be clarified such as exact scope and sad path scenario. Moreover, the 

requirement analysis activity did not stop in the first part of the sprint planning 

meeting, but continued in the second part and during the actual sprint. In the second 

part of the sprint planning meeting, while the ETL tasks were decomposed, 

sometimes, the complexity in requirements appeared again and has been clarified. 

During the sprint, each of tests, requirement discussion while designing and coding 

and discovery from testing needed some additional elements of requirement analysis. 

Furthermore, in every sprint review, some additional requirements appeared through 

feedback and suggestions. 

6.1.1 Requirements (Prototype Backlog) Determination 

The whole prototype backlog (requirements) is the development of an SOA-based 

ETL prototype that is based on the theoretical framework described in chapter 5. 

This prototype periodically extracts data from source systems, transforms the data 

into a common format, and then loads the data into the target data store, usually a 

data warehouse. ETL processes bring together and combine data from multiple 

source systems into a data warehouse enabling all users to work on a single 
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integrated set of data. This process is to be done in a distributed and interoperable 

specification of the ETL components. The prototype contains three main components 

(Extract, Transform and Load) and one extended component (Classified- 

Fragmentation). The details of these components are as follows: 

a. Extract: the process of reading data from a specified source database and 

extracting a desired subset of data. 

b. Transform: the process of converting the extracted data from its previous 

form into the form it needs to be in, so that it can be placed into another 

database. Transformation occurs by using rules or lookup tables or by 

combining with other data. 

c. Load: the process of loading the data into the target DW repository. 

d. Classified-Fragmentation: a component to be added as an additional 

component to the enhanced ETL framework to speed up the report 

generation, and to show the simplicity and flexibility in adding any new 

component as an extension to the restructured ETL framework without 

affecting other components. 

6.1.2 Backlog Division 

After determining the whole product backlog as described in section 6.1. I ,  the total 

product backlog is divided into items Each item (or set of items) is carried out in 

one sprint which took from 2 to 4 weeks cumulative work of the research effort. The 

items of this product backlog are estimated or sized, because, knowing the size of the 

items is a cost indicator. It helps prioritize the product backlog and facilitates 

planning the prototype. In addition, detailed task-level estimates are determined in 
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the sprint planning meetings of the research team (the main researcher and his 

supervisor). Furthermore, tasks and their estimates are captured in the sprint backlog. 

The prototype backlog evolved, and its contents changed frequently. New items are 

discovered and added to the prototype backlog based on experts' feedback. 

Moreover, existing items are modified, reprioritized, refined, or removed. That is 

why the prototype product backlog was a dynamic artifact. 

Then, all sprints of the prototype backlog were prioritized. The most important and 

highest-priority sprints were implemented first. These were found at the top of the 

prototype backlog. Once a sprint was done, it was removed from the prototype 

backlog. Scrum does not mandate how the prototype backlog is prioritized. 

However, some prioritization factors are considered by the researcher to be useful, 

and these are: 

Sprint value: a sprint is considered valuable if it is necessary for achieving 

functional requirements of the prototype. If that is not the case, then, the 

sprint is irrelevant; and it is excluded from the top priority sprints. The Scrum 

team either reprioritizes the sprint and places it at the bottom of the prototype 

backlog or better, discards it. The second option keeps the prototype backlog 

simple and the researcher focused. 

Knowledge, uncertainty, and risk: Because risk and uncertainty influence 

prototype success, uncertain and risky sprints occupied high priorities. This 

speeded up the generation of new knowledge of ETL functional requirements 

of the prototype. In addition, it removed uncertainty, and reduced risk. 



Dependencies: Dependencies in the product backlog are an available fact. 

Functional requirements, for instance, often depend on other hnctional and 

even nonhnctional requirements, for example the extraction sprint came 

before the transformation one. 

Prioritization directed the team's work by focusing the team on the most important 

sprints of the prototype. It also enhances the management of the sprints. 

Based on prioritization factors, the whole prototype backlog is divided into sprints in 

this order: 

a. Database Sprint 

b. Coding ETL Components Sprint 

c. Distributed Components and Web Services Sprint 

d. BPEL Creation Sprint 

e. Sprint of Assembling Prototype Components into One Composite 

Application 

f. Unit Testing Sprint 

g. Web Service Testing Sprint 

h. Compatibility Testing Sprint 

i. Classified-Fragmentation Speed and Scalability Testing Sprint 

j. End To End Testing Sprint 

After dividing the prototype backlog into sprints, the requirements of every sprint are 

detailed in a meeting at the beginning of every sprint. In the same meeting, the 

general design of the sprint items is discussed among the research team and detailed 

design continued in the sprint. The team organized frequent discussion meetings 

137 



while coding, and coding itself leaded to include some design aspects. The design is 

considered done only when the sprint is done successfully. As mentioned in section 

6.1.2, database sprint occupied the highest priority among other sprints. Section 6.2 

describes in details the database design, creation, and other query aspects. 

6.2 Database Sprint 

The health domain is chosen for the prototype, because normally health centers have 

huge numbers of records in their databases (Patasiene et a/., 2007; Badoiu et a/., 

2008; Maskat & Shamsudin, 2008; Zhou et a/., 2008 ) especially historical data 

(Katifori et a/., 2008). This data are usually used in data warehouse and business 

intelligence activities (Bugatti et a/., 2008; Johansen et a/., 2008; Roy et al., 2008; 

Theodosi & Tsihrintzis, 2008; Information, 2009). 

This prototype uses a CLINIC database schema. This database was used as a sample 

for developing, deploying and testing the ETL components of the new ETL 

framework. The CLINIC database consists of a number of tables (such as 

PATIENTS, PHYSICIANS, DEPARTMENTS, TESTOPERATIONS, DISEASE, 

MEDICINES, GENDER and CITY). These tables store data for patients, physicians, 

test operations, and other related data. The detailed explanation about every table and 

every field in this schema is described in Appendix A. 

During the execution of the ETL processes, necessary databases are generated. These 

databases could be prepared before the execution, but in this prototype, the databases 

generation is automated to make the testing process more simple and clear. The 

generated databases are: Figure 6.1 (CLINIC database), Figure 6.2 (EXTRACT 
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TEMP STORAGE database), Figure 6.3 (TRANSFORM TEMP STORAGE 

database), Figure 6.4 (CLASSIFICATION database) and Figure 6.5 (LOAD 

database). 

1 PATIENT IP 

Figure 6.1: CLINIC Database 

a. EXTRACT TEMP STORAGE database 

An EXTRACT TEMP STORAGE database is a temporary storage database, 

which is generated after the extraction process of CLINIC database tables. The 

schema of this database is a star schema that consists of one fact table, and four 

dimension tables. The detailed explanation about every table and every field in 

this schema is described in Appendix A. 





A CLASSIFICATION database is a temporary storage database, which is 

generated after the classification process of TRANSFORM TEMP STORAGE 

database tables. The schema of this database is a star schema that consists of six 

fact tables, and four dimension tables. During the classification process, tables 

are fragment based on date and type. The detailed explanation about every table 

and every field in this schema is described in Appendix A. 



d. LOADdutuhase 

A LOAD database is a final storage that is generated after load process was 

executed on CLASSIFICATION database tables. The schema of this database is 

a star schema that consists of a number of fact and dimension tables depending 

on the fragmentation criteria. The detailed explanation about every table and 

every field in this schema is described in Appendix A. 

Figure 6.5: LOAD Database 



6.3 Coding ETL Components Sprint 

After completing the database sprint successfully, this sprint is done to accomplish 

the business logic coding of the ETL components. Java programming language is 

chosen as the core language to implement this prototype, because it has some 

advantages over other competitor languages, since it is an open source and platform 

independent language (Armstrong et ul., 2004). In conducting this sprint, there are 

two options to meet the theoretical framework specifications: The first is to do 

coding using JavaBeans and JSP, then to wrap them in an EJB multi tier distributed 

architecture, while the other option is to code the components completely under EJB 

specifications. For this sprint, the first option is selected, because it enables the 

migration of legacy components to the new framework whenever needed 

(Channabasavaiah et al., 2003). Therefore, the following tools are used to code the 

business logic of the ETL components: 

Java SE Development Kit (JDK) 6,O. 

MySQL database 5.0. 

Apache Tomcat web Server 5.5.9. 

Jcreator Pro 3.2 IDE. 

Web browsers: Internet Explorer, Mozilla Firefox and Google Chrome. 

Before describing the configuration and coding of this sprint, the design of this sprint 

was performed and is represented by a class diagram as shown in Figure 6,6. 

Attributes and methods of the class diagram of Figure 6.6 are listed in section A.2 of 

Appendix A. 



The database sprint is completed successully before starting the coding of this sprint 

because the database tables created are necessary to deploy and test this sprint. 

'Therefore, it is a must to configure the database connection between the coded 

components of this sprint and the database. This can be done by going to mnJig.txt 

file that has the JDBC (Java Database Connectivity) connection variables, which is 

located in WEB-INF folder of the Apache Tomcat web Server. Figure 6.7 is a screen 

shot of config.txt file. 

@host Str~ng 
b s e r  Str~ng 
%assword Stnng 
&b Sbng 

@host Stnng 
b s e r  m n g  
b a s w o r d  Shng 
Qb Sting 
+~ii shng 
b o n n  Connetbon 

--- 
TransformData 

&art str~ng I 

b o s l  Strng 
F s e r  sYr!ng v l  Veclor 
Qpassiiurd String 11 veclor 
Qdb 9 1 n g  K 

$ w r ~  m n g  
b o n n  Connetbon 

I 

+Idbc~onnertO 
+IdbcMulhpleRowQueq(sqlQue~ 8 1 n g )  Vettot 
+getQe(dob String) ~ n t  

~ n s f o r m D a l a ( s q l l m e r l  Slnngl -- 
*IdbcConCloseO <c s p  >, 

I load I 

- '+load LoadDala 

class~ficat~on LoadData 
L-L 

Qt~ass~ficaion 
v l  Vector 
r2 Vector Quser ~ t n n g  

Qsql Slr~ng Qpasward Shng 
Q~nsqrt-sq~ stnng 
4 c h 0  Stnng Qul  Skng 
O c h l  Shng b c o n n  Connechon 
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Figure 6.6: Class Diagram of ETL, Components 



i I / /  MYSQL port  
,port=3306 

( / /  MySQL user 
'user=root 

: / /  M ~ S Q L  password 
;password= 
il i// MYSQL db-name 

Figure 6.7: config.txt (JDBC Connection Vuriub1t.s) 

The config.txt file has a copy in each component of the ETL prototype, because 

every component is done separately as a distributed project to meet the distribution 

specifications. 

6.3.1 Extraction Task 

In addition to the class diagram discussed in section 6.3, this section presents the 

extraction task in more details including a sequence diagram and the coding of this 

task. The sequence diagram in Figure 6.8 shows that ETL admin can launch the 

extract page to start extraction operations. First, a connection to a data source has to 

be established, and then the extraction of data to the extract temp storage has to be 

done. Then, termination of database connection is done. Finally, " Extract,. .Done " 

expression appears. The complete code of core class of the extraction component is 

available in Appendix B. 
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Figure 6.8: Extraction Sequence Diagram 

To configure the extraction operation, some steps are done to the extract.jsp file that 

is located in the jsp folder of the extract project, those steps are: 

a. Creation of extractTempStorage database 

The database name is determined (step (1) of Figure A. 1). 

b. Creation of fact table 

A query is written. This query creates the fact table and extracts data from the 

main data source into the extractTempStorage database (step (2) of Figure 

A.1). 

c. Creation uf dimension tables 

A query is written. This query creates dimension (look up) tables and extracts 

its data from the main data source into the extractTempStorage database 

(stage (3) of Figure A. 1 ), 



In addition, if a new extract method is needed, it can be added to Extrac.tDutu,jrr~~a 

file, that is located in I WEB-INFlc./r.r.ses. The code of this java class is shown in 

Table B. 1 of Appendix B. 

6.3.2 Transformation Task 

In addition to the class diagram discussed in section 6.3, this section presents the 

transformation task in more details including a sequence diagram. 

1. 

ETL Admln 

launch transform page : 
- - - - - - 

: ~dbs(o.lnecr() j 
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- gelAQe(! : l ~ a n s f o r m ~ a l a (  ) j 
- ,  

7 

i j jdbc~:or~~:Io~?( j i ~~~~~f~~~~~ D~~~ 

! I  
J 

Figure 6.9: Transformation Sequence Diugram 

The sequence diagram in Figure 6.9 shows that ETL admin can launch the transform 

page to start transformation operations. First, a connection to the extract temp 

storage has to be established, and then a selection of extracted data and a 

transformation data from "birthday" to "age" has to be done. Then, then the 

transformed data is inserted into the transformation temp storage. Followed by 



termination of database connection is done. Finally, " Transform ... Done " 

expression appears. 

The complete code of core class of the transformation component is shown in Table 

B.2 of Appendix B. 

To configure the transformation operation, some steps are done to the transform.jsp 

file that is located in the,jsp folder of the transform project, those steps are: 

a. Creation of transform temp storage 

Specifies the database name that is found at the tranformed data (step ( 1  ) of 

Figure A.2). 

b. Creation of fact table 

Creates empty fact table as a copy from Temp fact table, that is located in the 

extractTempStorage database (step (2) of Figure A.2). 

c. Update fact table 

Alters the empty fact table to change any field name or datatype in order to 

be compatible with the tranformed data (step (3) of Figure A.2). 

d. Trrrnsform datu 

Writes a query to select extracted data from the extractTempStorage 

database. then transform the selected data such as "calculate age from 

birthday by getAge0" method. Then, insert the transformed data into the 

Temp fact table, which is located in the transformTempStorage database 

(step (4) of Figure A.2). Also another transform method like getAge0 can be 

added by going to 7'ransjormDatu,java file that is located in IWEB- 
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lNFlclusscs and adding the new transform method. then using it at this step. 

Trcln.sforn~Datr~.java is available in Appendix B. 

e. Creation of dimellsion tables 

Writes queries that create dimension (look up) tables and copy its data from 

the extractTempStorage database into the transformTempStorage database 

(step (5) of Figure A.2). 

6.3.3 Classified-Fragmentation Task 

In addition to the class diagram discussed in section 6.3, this section presents the 

cIassified-fragmentation task in more details including a sequence diagram. 

The sequence diagram in Figure 6.10 shows that ETL administrator can Iaunch the 

classified-fragmentation page to start Classified-fragmentation operations. First, a 

connection to the transform temp storage is established, and then, a selection of 

transformed data has to be done, and data classified according to years and type of 
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data. Then the classified data is inserted into the classification temp storage in 

different tables according to classification conditions. After that, termination of 

database connection is completed. Finally, " classified-fragmentation ... Done " 

expression appears. The complete code of core class of the classified-fragmentation 

component is shown in Table B.3 of Appendix B. 

To configure the classified-fragmentation operation, some steps are done to the 

classification.jsp file that is located in the,jLsp folder of the Classified-fragmentation 

project. those steps are: 

a. Creation of classzJication temp storage 

Specifies the database name that is found at the classified data (step ( 1 )  of 

Figure A.3 (a)). 

b. Creation oxfact table 

Creates empty fact tables, as a copy from Temp fact table that is located in 

the transformTempStorage database. The generation of a number of fact 

tables according to the classification of data is shown (step (2) of Figure A.3 

(a)). 

c, Classzfiing data 

To classify data, first of all, creation of a query is needed to select 

transformed data from the transformTempStorage database (step (3) of 

Figure A.3 (b)). 

Variables are set with the retrieved data to be prepared for classification 

(step (3.1 ) of Figure A 3 (b)). 



In this classification operation, data is classified according to its type, 

such as, rows include an image or video, and rows do not. 

Insertion of classified data into three different fact tables (step (3.2) of 

Figure A.3 (b)). Then, data is classified according to another condition, 

for example, the date of data, such as classifying data that was created 

before 1970 and inserting it into time1 fact table. 

The getyear() method returns the year from the date to use it in the 

classification operation step (3.3) of Figure A.3 (b)). 

d. Creation of dimension tables 

The creation of queries that generates the dimension (look up)  tables and 

copy its data from the transformTempStorage database to the classification 

database (step (4) of Figure A.3 (b)). 

6.3.4 Loading Task 

In addition to the class diagram discussed in section 6.3, this section presents the 

Loading task in more detail including a sequence diagram and the coding of this 

task. 
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Figure 6.11: Tran.yformution Sequence Diugram 

The sequence diagram in Figure 6.1 1 shows that ETL admin can launch the load 

page to start load operations. First, a connection to the classification temp storage 

has to be established. Then, classified data is loaded into load storage. After that. 

termination of database connection is completed. Finally, " Load ... Done " 

expression appears. The complete code of the core class of the load component is 

shown in Table B.4 of Appendix B, while the code of the JSP as a presentation layer 

is described in this section. 

To configure the load operation, some steps are done to the 1oad.jsp file that is 

located in the.jsp folder of the load project, and these steps are: 

a. Creation of load dutabase: Specifies the database name (step ( 1  ) at Figure 

b. Creation of fact tables: llsing queries that creates the fact tables and load its 

data from the classification database to the load database (step (2) at Figure 



c. C'rrution qfdimen.sion tuhles: Using queries that creates the dimension (look 

up) tables and loads its data from the classification database into the load 

data warehouse (step (3) at Figure A.4). 

6.4 Distributed Components and Web Services Sprint 

Based on the specifications of the theoretical framework, a distributed project is 

created separately for each component of the ETI, prototype. Multi tier architecture 

was adopted as a base for these projects. The distribution concept is based on the 

EJB (Enterprise Java Beans) technology, which was built on CORBA and RMI 

frameworks. GlassFish application server was selected to host the projects and the 

services of the distributed modules. 

After creating a distributed project for each ETL component, a web service is created 

inside each project to wrap the business logic of the ETL task. Points (a) to (d) show 

these four web services, their WSDL codes and their XML Schema codes, 

a. Extract Web service (The basic code of the web service design is available in 

Figure A.5) 

Based on the theoretical framework specifications, the WSDL code and the XML 

Schema code of the extract web service are shown in Tables B.5 and B.6 of 

Appendix B. 

b, Transform Web sewice (The basic code of the web service design is available 

in Figure A.6) 



Based on the theoretical framework specifications, the WSDL code and the XML 

Schema code of the transform web service are shown in Tables B.7 and B.8 of 

Appendix B. 

c. Classifi Web sewice (The basic code of the web service design is available in 

Figure A.7) 

Based on the theoretical framework specifications, the WSDL code and the XML 

Schema code of the classify web service are shown in Tables B.9 and B. 10 of 

Appendix B. 

d. Load Web service (The basic code of the web service design is available in 

Figure A.8) 

Based on the theoretical framework specifications, the WSDL code and the XML 

Schema code of the load web service are shown in Tables B.11 and B.12 of 

Appendix B. 

6.5 Business Process Execution Language (BPEL) Creation Sprint 

As an implementation to the orchestration point that is a mandatory specification of' 

the theoretical framework listed in chapter 5, the BPEL (Business Process Execution 

Language) was chosen to implement the orchestration point of the prototype. 

The BPEL has rapidly been emerged as a standard for combining a set of services 

into a number of discrete and long running enterprise processes (Weerawarana et nl., 

2005; Barai et al., 2008). Most organizations are either using BPEL or planning to 

use it over their other middIeware framework (Barai et al., 2008). The NetBeans IDE 

(NetBeans, 2010) was used to design and implement the required BPEL, 
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functionalities. In this study, a PBEL was designed and developed using NetBeans 

IDE and deployed to a separate runtime environment for execution. This runtime is 

the OpenESB (Sun-Microsystems, 2010) runtime that was integrated with the 

GlassFish application server. 

Figure 6.12 shows the design of the BPEL orchestration point based on the 

theoretical framework specifications. On the left side, a client web service is shown 

that is eligible for consumption by any ETL administrator application, while on the 

right side, four partner links for the four ETL web services that are described in 

section 6.4 are shown. In the middle, the core business logic of the BPEL web 

service is presented. To have a clearer look at the BPEL orchestration point. its code 

that is done using XML is listed in Table B. 1 3 of Appendix B. 

In Figure 6.12, a client (ETL administrators) Web service can discover services by 

examining the BPEL. After looking up the required ETL services, the client 

communicates remotely and directly with any distributed ETL, service (Partner 

Service), in this case the client is the service consumer and the ETL service is the 

service provider. An ETL service can also be a consumer to another ETL service; in 

this case it discovers the availability of that service using BPEL service as well, 
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Figure 6.12: Design of the. BPEL Orchestration Point 

In addition, when a client demand to consume (execute) a certain ETL service, the 

BPEL starts with a receive activity in which it receives the client's request. Then, it 

proceeds with invoking the suitable ETL service(s) and finishes by replying back to 

the client. A BPEL process typically interacts with one or more ETL web Services 

and these ETL web services are called also partner services or external service. The 

BPEL process itself is considered a Web service, and it has both the WSDL and 

XML Schema files that are shown in Tables B. 14 and B. 15 of Appendix R 



6.6 Sprint of Assembling Prototype Components in One Composite Application 

Based on the theoretical framework specifications. all the components of the 

prototype are combined in one deployable composite application. In addition to the 

theoretical framework specifications, the SOA architecture recommends building 

loosely coupled applications and treating each one of these as independent "service 

units". Well-designed composite applications implement this architectural approach 

by providing an easy way to build business applications. It also provides integration 

of existing applications with other existing, as well as new applications. This SOA 

concept of linking together business processes is the hub of composite applications. 

There are many tools available today that are used as editors or IDEs for the creation 

of composite applications. Out of these, NetBeans SOA tools and OpenESB runtime 

compose proper IDEs for creating and editing the required composite application for 

this prototype. Figure 6.13 shows the design of the composite application for the 

prototype parts. It combines the BPEL and other components through the SOAP 

protocol, and opens a port for each partner link as shown in the same Figure. The 

final composite application resulted from the design of Figure 6.13 is deployable in 

the GlassFish application server. The implementation of this design is listed in the 

code available as shown in Table B. 16 of Appendix B, 



Figure 6.13: Design of the Composite Applicution 

6.7 Sprints of Testing 

The testing sprints are done for the purpose of validating and verifying that the 

prototype meets the requirements that are listed in section 6.1 to validate that the 

prototype works as expected and can be implemented with the same required 

characteristics. Figure 6.14 shows the main testing interface that is developed to 

make testing and executing the ETI, components more friendly. This web interface 

combines all the components of the prototype in one composite application as an 

interface for the user to do testing and execution of any ETL web service. 



Choose the EIZ semce you would like to execute 

--- Choose The ETL Sew~ce  --- v 

- - -  Choose The ETL Sew~ca - - -  
Extract 

Figure 6.14: The Main Web Interface ofthe SOA-based ETL Protowpc 

The needed types of testing are: unit testing, Web service testing, compatibility 

testing, classified-fragmentation speed and scalability testing, and end to end testing. 

Each of these tests is done in a separate sprint. 



6.7.1 Unit Testing Sprint 
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Figure 6.15: GlussFish Tester Result f i r  the Extract Web Sewice 

Unit testing is a method by which individual units of source code are tested to 

determine if they are fit for use (W3C, 2010). A "unit" in the prototype is the 

distributed ETL, component that is wrapped in a Web service. GlassFish Tester (Sun- 

Microsystems, 2010) is used to test each Web service individually. The four main 

Web services passed the test, A screenshot of the SOAP request and response of the 

Extraction component are shown in Figure 6. I5 as a sample of testing results, while 

the complete testing process is shown in Appendix B, 



6.7.2 Classified-Fragmentation Speed and Scalability Testing Sprint 

To test the speed of report generation before and after using the Classified- 

Fragmentation component, and to test that the prototype is scalable for more than 

one concurrent ETL administrators, the same clinical data of the prototype is used to 

generate a statistical report. As stated in section 6.2, the data warehouse repository of 

that clinic consists of a number of tables which are: (PATIENTS, PHYSICIANS, 

DEPARTMENTS, TESTOPERATIONS, DISEASES, MEDICINES, GENDER and 

CITY). These tables store data about patients, physicians, test operations. and other 

related data. The data was classified according to its type (video, text, or image), and 

then, the original tables are fragmented in which each of the table consists one type 

of data e.g. video, text, or image. This fragmentation process decreases the number 

of records in each table, which leads to a faster report generation (Wrembel & 

Koncilia, 2007). 

A report generation speed test was conducted using Apache JMeter tool (Apache, 

201 O), which is a Java desktop application designed to test software functions and 

performance, especially for web applications, Testing was done to calculate the time 

consumed to generate the report shown in Figure 6.16. This testing was done 9 times 

using fragmented data and 9 times using un-fragmented data, while different 

numbers of concurrent users are considered The report shown in Figure 6 16 was re- 

generated using 100,000 to 300,000 records, and with one to three concurrent users. 

The time consumed for each of the fragmented and un-fragmented data is shown in 

Table 6.1 in milliseconds (ms). 



Figure 6.16: A Stutisticul Report Genercited fiom cr Clinical D W Repositon 

As shown in Table 6.1, it is clear that the time required to generate the report shown 

in Figure 6.16 in the case of fragmented data (highlighted in bold) is less than the 

time needed for un-fragmented data. 

Table 6.1: Time Deference hem~een Fragmented and Un-Fragmented Dalu for 
Report Generution 

No. o f  
Records 

No. of 
Users 

Fragmented 

.- data (ms) 
188 

192 

255 

359 

369 

3 69 

516 

53 1 

62 5 

Un-fragmented data 
(ms> -- - 

297 

207 

3 64 

515 

5 20 

64 3 

68 8 

7 19 

815 

Section A.5 of appendix A; shows the detailed steps of conducting this test with data 

from 100,000 to 1,000,000 records, however, in this section, only data from 100,000 

to 300,000 records is shown in Table 6.1 as a sample of what is shown in Table A.6 

of appendix A. 



6.7.3 Compatibility Testing Sprint 

The compatibility testing was done to test the compatibility of the prototype with 

different applications and Web servers, as well as with different browsers. Once the 

prototype is developed using Java, a set of J2EE (Java 2 Enterprise Edition) 

application and web servers are used to test whether the prototype is compatible or 

not. These servers are: GlassFish application server, Apache Tomcat Web server and 

JBoss application servers. The prototype was deployed and executed successfully on 

all of these servers. Furthermore, Microsoft Internet Explorer, Mozilla Firefox and 

Google Chrome web browsers were used to test the browser compatibility, and the 

results showed that it works exactly the same with the three browsers. 

6.7.4 End To End Testing Sprint 

End To End testing was used to validate the prototype starting from sending the 

request by the ETL administrator, passing through BPEL orchestration point and 

invoking the proper Web Service, and finally, finishing by executing the proper ETL, 

functionality. 

To conduct the End To End testing, GlassFish Tester was used to create a test case 

with an XML file as an input and then another XML file is auto generated as an 

output. The input file acts as an ETL administrator who needs to execute one of the 

four ETL hnctionalities. Then, the BPEL forwards the client request to the 

appropriate Web service according to the parameter included in 

"<etl:operationParameter> </etl:operationParameter>" tag of the input XML file. For 

the current test case, "1" means ''Extract", "2" means "'Transform", "3" means 



"Classify" and "4" means "Load". Figures 6.1 7 and 6.18 respectively are the 

screenshots of the input and output XML files used in a test case done with 

parameter " I  '., i.e. the input XML, file tag is: 

Yet1 :operation Parameter> 1 <let l:operationParameter>". 

Pro) ... 40 x Servlces 

+ < (rIlasslfyE1B 

- :, ETL-ComposlteApp 

:, Servlce Assemblv 

+ - Process F~les 

+ ,, JBI Modules 

- a Test 

+ .y TestCasel 

+ g Enterprlse Beans 

+ &. l a v a  Collabor&~ons 

- Ad Web Serv~ces 

+ _r ExtractW: 

Figure 6.17: End to End Test Cuse Input File (inpzct.xm1) 

+ & Class~fyElB * . *  - Q-Fk +Q,E 45% L , -  C v  G 
- ,fL ETL-Compos~teApp 

Servce Assembly 
1 i%nl v e r s l o l i = " l .  0" encodmg="UTF-8' '> 
2 ISOAF E N 7 f : E r r e l o F ~  , r hr Fl" = 

+ _J Prmess Flies 
3 .L111 ' =  

+ & JBI Modules 
4 i l L l , l  - 

+ y; ETl_Requestor 

- ExtractElB 

t g Enterprlse Beans 

f & lava Collaborat~ons 

- ij Web Serv~ces 

+ Extra~tWS 

- & Conflguratlon F~les 

: il wsdl 

5 . . .  . . .  .., . ; .. 

6 

7 ;. *3(1AP-Eli3':EI@d>'> 
+ 

8 ;  <ns2:ExrractUperatiorrFesponse xall.:: I,?..= . . ; ; 

9 T :return> 
10  E x t r a c t  S e r v i c e  I n v o k e d  ' 
11 C (8 i ~ , : i =  .:.: . , . .  

1 2  C l l c k  To E x t r a c t  D a t a  
13 '.I<- 

1 4  . < / r e c u r e  
15 ' : /n~Z:ExcractClprracl~~nResponse- 

16 ' :jSUAF-ENV:Budy- 
17 </SOAP-E1fi::Enrreljpe~ 
I R 

Figure 6.18: Auto generated End to End Test Case Outpur File (output.xm1) 



Jn addition to the "(;lassFish Tester" testing. the effect of executing each of the ETL, 

prototype components on the data available in the DW repository tables is verified. 

For example, the transformation component transforms the date of birth data 

available in P - BIRTHDAY field of Figure 6.19 to age data available in P - AGE field 

of Figure 6.20, and instead of having the date of birth of the patient; i t  calculates his 

age. Figure 6.19 shows the source data before executing the transformation 

component, while Figure 6.20 shows the transformed data after executing the 

transformation component. 

DISEASE-ID MEDICINE-ID 

4 8 

9 8 

5 7 

7 4 

8 2 

10 1 

10 4 

8 6 

4 6 

7 1 

7 10 

7 5 

10 3 

4 9 

4 10 

7 6 

10 5 

4 9 
7 9 

10 8 

7 7 

9 5 

CITY-ID 

10 1 
6 

9 

6 

3 
3 

3 

9 

9 

9 

9 

9 

3 

3 

3 

7 

7 

7 
3 

3 

3 

7 

Figure 6.19: Surnple Dutu before Executing the Trc~nsjbrrnutian Component 



Figure 6.20: Sunlple Data after Executing the Trunsformution Conlponent 

DISEASE-ID MEDICINE-ID Gender-l D 

4 8 

9 8 1 

5 7 1 

7 4 0 

8 2 1 

10 1 1 

10 4 1 

8 6 1 

4 6 1 

7 1 0 

7 10 0 

7 5 0 

10 3 1 

4 9 1 

4 10 1 

7 6 0 

10 5 0 

4 9 0 

7 9 

10 8 0 

7 7 0 

9 5 1 

6.8 Conclusion 

This chapter has explored the analysis, design, development and testing of the SOA- 

based ETI, prototype, which was based on the mandatory specifications and 

recommendations of the theoretical framework for interoperable distributed ETL 

components. Furthermore, the Scrum methodology was adopted in the life cycle of 

developing this prototype. Chapter 7 discusses the evaluation. results, and 

discussions of the SOA-based ETL prototype. 
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CHAPTER SEVEN 

EVALUATION 

In addition to the prototype results and its testing that are explored in chapter 6 for 

the purpose of testing the prototype. This chapter explores three case studies that are 

conducted for the purpose of evaluating the prototype of this research that validates 

the theoretical framework. 

For the purpose of the deployment of the ETL components using the SOA-based 

ETL prototype, GlassFish ESB IDE that is based on NetBeans IDE is used for this 

purpose and for the purpose of managing the weblapplication servers. In addition, 

the GlassFish ESB IDE is used for managing the database connections. A screenshot 

for this IDE is represented by Figure 7.1. 

As shown in the top-left side of Figure 7.1, each component of the ETL (ExtractEJB, 

TransformEJB, and LoadEJB) is deployed in a separate EJB based distributed 

application, In addition, each of the BPEL-based orchestration point called 

(ETL-Requestor) and the composition hnctionality called (ETL--CompositeApp) is 

deployed in a separate web service. This decomposition of' deploying the prototype 

components is done for the purpose of applying the distribution concept among the 

prototype components. 



l Fde  Edit Vfew Nav~gate Source Refactor R m  Dehug Prd~le  Team Tools Wndow k l p  1 

Pro1 ... 4: r Fdes Services pel _ ETL_Reque,tor wsdl r -- Output xrnl r - 4 15 13' http://j2e ... 0) r 

5ourrr WSGL Partner _, I C q  i> 4;' u d U' L ,-PrCQeilcs A 

.i - Name L 
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-.tr~e??smxe . 7 ,  = Target Name I-.' 
- , .  . =  g i r r  . , = Defaun Nam, . .  I _ .  
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. . n , e s , e g r  : = 

~- 
lnr I 1-1 

p e r r  , = , . :  :: ~8lr1k , 

<,',rle33Rqe. 
..- 

~ I S  I-. 
- 

iportType ,,i:.. = Ins LJ v 

. < # p e r  it l o r l  . i  . ,, = 

i i n y u c  :#  : S. = ' .:. . .. = http:4?eenn. 

+ . ~.- #TARGET-NAMESPACE 

a imparts 
h. Extl actEJQ !run) Java DB Database Process r UasrFish v2.I i 

deployment f ~ n l s h e d  : 100% 

- , t Mescages Deploying a p p l ~ c a t l o r ~  ~ r r  domaln completed s u c c e s s f u l l g  

+ _ ETL_R~questorOperat~onHPquest ~f, Tryzng t o  r r e e r e  reference for a p p l ~ c a t ~ o r .  ~ r ,  cargec server  comple 

- ETL_RequestorGperatlonResponse Tryznq 2 ,  s t a r t  appllcarxon In  target  server completed success fu l1  

t responsepart Deplopenc o f  a p p l l c a t ~ a n  IrtraaIJB c w l e t a d  aucersstull~ 
Enable of ExcrectHJB In  c e r g e t  s e r v e r  completed r u c c e s i f u l l y  

- Port Tvpes 
Enable of appl lca t lon  In  a l l  t a r g e t s  completed s u c c e s r f u l l y  

t & ETL_RequestorPortType v Al l  o p e r a t ~ o n $  completed s u c c e s s f u l l y  W 

< > < > 

Figure 7.1: GlassFislz ESB Based on NetBeans IDE for Managing the SOA-based 
E TL Prototype 

Traditional ETL tools share similar steps that are performed to execute ETL 

hnctionalities. These steps are summarized by Figures 7,2, 7.3 and 7.4, As shown in 

these Figures, first, the data source needs to be identified and an SQL query editor is 

provided for the transformation process. After that, the destination is determined, and 

finally the data transfer is executed from the source to the destination. 



~ C c n n e c t ~ c n  - Ed~t.. Nee . 

Get SQL select statement ... 
SELElIT 1.3 l ue :  FROM t a b l e  n a n ~ e  WHERE c o n d l  t i o n s  

Figure 7.2: First Step in Executing Traditional ETL Tools 

Step name Table output 

Connectton Ed~t  ... New ... 
Target table Var~able ... Browse ... -- 

Figure 7.3: Second Step in Executing Traditional ETL Tools 

Table ~ n p u t  Table output 

E-igure 7.4: Third Step in Executing Traditionul ETI, Tools 
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7.1 Case Study I: Applying ETL Functionalities on Palestine Electric Company 

(PEC) using Traditional and New ETL Tools 

Palestine Electric Company (PEC) is the only company that operates power 

generation in Palestine as the operating company for the power plant. PEC, which 

was formed in Gaza under the laws of Palestine to develop, own and operate the first 

power plant in the Palestinian Territories. The power plant is a 140MW combined 

cycle power plant based on four Gas Turbines and two Steam Turbines in a 

configuration of two blocks. Only four turbines are operating since 2007, while the 

other two are brokendown and not maintained till the time of conducting this case 

study. The turbines are designed to allow for dual he1 system and could bum both 

natural gas and fossil hel .  The he1 used by the power plant is stored in two big 

storage tanks with a capacity of 20 million liters, and the average daily consumption 

of he1 by the power plant is approximately 700,000 liters at hll load operation of 

140 MW. 

7.1.1 ETL Business Needs 

PEC does many statistical reports for the purpose of the decision making such as 

financial reports, the number of hours every turbine is operating, the amount of 

generated power in Megawatt (MW) over time, statistics of blackouts due to the 

Israeli occupation impediments and due to technical problems, and statistics for the 

he1 consumption by each turbine to make notifications regarding the available and 

the required amounts of fuel. 

Doing these types of statistical reports requires extracting certain data fields from the 

source databases, sometimes making some transformations to the extracted data, and 
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loading data to a final data warehouse repository for the purpose of generating 

statistical reports. 

7.1.2 Extracting Required Fields for Data Warehouse Star-Schema 

This case study had applied the ETL functionalities on sample partial source DB 

schema of the PEC Company shown in Figure 7.5, and sample screenshots of auto 

generated data are explored in Figures 7.6 and 7.7. 

Figure 7.5: Sample Partial Source PEC DB Schema 

Figure 7.6: Screenshot of Auto-generated Data in Turbine - transaction hzstory 
Table 

~ - ~ - ~  trans-type-deaiption 1 

4 IEle&nf?- Blackout 

3 Slaintamme Tum Off 

Figure 7.7: Scrvenskol o f  Auto-generated Data in Ili-ansaction type7 Tuhke 

17 1 



The star schema of the data warehouse fields extracted from the PEC database is 

explored in Figure 7.8. The ETL functionalities are applied to the sample PEC table 

schema and to its auto generated data using both the traditional ETL tool that is used 

by PEC Company (MS SQL Server Integration Services (SSIS)) and the SOA-based 

ETL prototype. The last four fields of the fact table (elec-brkout) represent the 

measures of the fact table. 

. :.. I.. " 
: ,. .,,. - ,,,! - . . . . ,, +: < . : ;. . 

,..\ .1 :,, . , . ~' 

Figure 7.8: Star Schema of'the Fact and Dimension Tables Extracted from PEC 
Database 

7.1.3 Applying ETL Functionalities Using the Traditional ETL Tool 

lJsing the traditional ETL tool simulated the current situation at PEC Company 

where the database is created and managed by Microsoft SQI, Server DBMS that 

includes its own ETL tool which is SQL, Server lntegration Services (SSIS). This 

tool is reviewed and discussed in section 2.3 of this thesis. In PEC Company, the 

SSIS is installed on one server for the purpose of extracting certain fields from the 

source database and loading it in a data warehouse repository, 



In this case study SSIS is used to extract the fields needed for the creation of the 

business process that enables the generation of a statistical report about blackouts to 

present the blackouts of the electricity for the year 20 10. The fields are shown in the 

star schema of Figure 7.8. Although the generation of the statistical report is outside 

the scope of the ETL hnctionalities since it belongs to the presentation layer of the 

Business Intelligence, however, Table 7.1 and Figure 7.9 show summary and graph 

reports for the blackouts of the electricity for the year 2010. These two reports are 

shown as samples for reports that are generated over the data loaded to the final PEC 

DW repository using both traditional and SOA-based ETL tools. One server with 

Windows 2003 server operating system is used for running the ETL functionalities 

and the SSIS is installed as a desktop application on the server. 

Table 7.1: Summary Reportfor 2010 Electricity Blackouts 

Month/ First Turbine Second Turbine 'Third Turbine Fourth Total 
Blackout Blackouts Blackouts Blackouts Turbine 

Blackouts 
Jan 2 3 3 1 9 
Feb 2 0 0 4 6 
Mar 0 0 0 2 2 

APr 3 1 0 5 9 

May 3 2 1 4 10 

lun 0 4 1 1 6 

lul 2 1 2 0 5 

Aug 2 2 3 0 7 

SeP 1 1 3 3 8 

oct 4 4 2 2 12 

Nov 1 1 3 1 6 

Dec 5 0 0 2 7 
Total 25 19 18 25 87 



Fourth First Nt: 
Second 

j Turbine 
Blackou 

ts 

Figure 7.9: Graph Report for 201 0 Electricity Blackouts 

7.1.4 SOA-based ETL Prototype 

After using the traditional ETL tool, this section describes using SOA-based ETL 

prototype. The SOA-based ETL prototype is deployed over four different servers 

two of them with Redhat Linux operating systems and the other two with Windows 

2003 server operating systems. JBoss application servers as runtime environments 

are installed over the servers with Redhat Linux operating systems, and open source 

GlassFish application server is installed over the servers with Windows 2003 server 

operating systems. Each of the four application servers has its own distributed 

components container which is EJB container. 

The Extraction component of the SOA-based ETL prototype is deployed separately 

on one of the JBoss application servers; the Transformation component of the SOA- 

based ETL prototype (as a language reformatting transformation) is deployed 

separately on the other JBoss application server; the Loading component of the 

SOA-based ETL prototype is deployed separately on one of the GlassFish 

application servers; the Orchestration point (BPEL Service) is deployed on the other 



GlassFish application server; and the ETL administrator (Client) conlponent is 

deployed separately on the same application server where the Orchestration point 

deployed on. After that, the execution of the ETL functionalities is done using 

browsers of normal client PCs. Therefore. SOA-based ETL prototype is used here to 

extract, transform and load the fields needed for the creation of the business process 

that enables the generation of a statistical report about blackouts to present the 

blackouts of the electricity for the year 20 10. 

7.1.5 Goals Achieved 

Based on the new ETL framework specifications explored in chapter 5, there are two 

goals that should be achieved. The first goal is related to the main functionality of 

ETL tools in general while the second goal is related to the usage of the distribution 

and interoperability of the ETL framework components. Both goals are listed in this 

section, and the results of the possibility of achieving each goal using both traditional 

ETL tool and the new ETL framework of this case study are listed. The results of 

achieving both goals were obtained through observation. 

a. Goul 1: Extracting, transforming and loading the data in its final format to the 

data warehouse repository to be suitable for the presentation layer of the 

business intelligence activities. 

This goal was achieved in both the traditional ETI, tool (SSIS) and the SOA- 

based ETL prototype, and the extracted data, the transformations and the 

loaded data that is necessary for generating a statistical report about electricity 

blackouts to present the blackouts of the electricity for the year 2010 is 

175 



obtained exactly similar in both using the traditional and SOA-based ETL 

tools. Figures 7.10, 7.1 1, 7.12 and 7.13 show the data of the fact and 

dimension tables of the star schema while Figure 7.14 shows the effect of the 

translation component on the data since it changes the time units from English 

to Arabic. 

Figure 7.10: A Sample of the Auto Gcwcruted Dutu of the Fact Table (eke_-brkout) 
ofthe S ~ L I ~  Schema Explored in Figure 7.8 

(month desc I 

2 Feb 

3 Mar 

4 Apr 

5 May 

6 Jun 

7 Jul 

8 Aug 

9 Sep 

10 Oct 

11 Nov 

12 Dec 

Figure 7.11: The Data qf the Dimension Tuble (months) of the Star Schcmm Explored 
in Figure 7.8 



Figure 7.12: The Data of tlze Dimensioti Table (periods) of tlze Star Schema 
Explored in Figure 7.8 

period-id 

2 SecondTurbine 

3 ThirdTurbine 

start-time 1 e n d - t i  

Figure 7.13: The Data of the Dimension Table (turbines) of the Star Schema 
Explored in Figure 7.8 

1 03:OO PM 06:OO PM 

2 06:OO PM 09:OO PM 

3 01:OOAM 04:OO AM 

4 07:OO PM 10:OO AM 

5 08:OO PM 11 1 :00 PM( 

Fipre  7.14: The Duta ofthe Dimension Table (periods) yf'the Star Schema 
Explored in Figurc 7.8 (ufter executing the translation component) 

periodjd 

b, Goal 2: Achieving Distribution and Interoperability among ETL components 

start-t~me I + - t ~ n ~  

By comparing both ways of using the traditional ETL, tool (SSIS) and the SOA- 

based ETL prototype, i t  is observed that goal #2 is achieved in using SOA-based 

1 03:OO 06:OO 5 L - o  

2 06:OO bLa 09:OO 5 L - o  



ETL prototype, while using the traditional ETL tool does not achieve most of the 

goal parts. By using the traditional ETL tool, the SSIS tool is a tightly coupled 

tool and its components cannot be distributed. Furthermore, the whole tool is 

installed on one server because of the impossibility of distributing its 

components. Therefore. Components' Distribution and Interoperability among 

ETL components could not be achieved when the traditional ETL tool is used. 

On the other hand, by following the SOA-based ETL prototype, each component 

of the SOA-based ETL prototype is distributed and deployed over a separated 

EJB container on a different application server, and these components were 

interoperable to each others because all of the components interoperated to 

achieve the Extraction, Transformation and Loading hnctionalities. 'Therefore, 

Components' Distribution and Interoperability is achieved among the ETL 

components. Table 7.2 shows a checklist that summarizes the observation results 

of conducting this case study. 

Table 7.2: Observation Results Checklist 

Using Traditional Using SOA-based ETL 
ETL Tool Prototype 

Extraction Performed Yes Yes  

Transformation Performed Yes 

Loading Performed Yes 

Distribution Achieved No 

Yes  

Yes  

Yes  

Interoperability Achieved No Yes 

ppp-p-.- - -- 
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Achieving the Distribution and Interoperability has enabled the achievement of 

Flexibility to extend the ETL tool. The SSIS tool is a tightly coupled tool and its 

components cannot be extended easily. On the other hand, a component for 

translating some symbols to Arabic language during the transformation process 

of ETL processes is encapsulated in a separated web service and plugged to the 

SOA-based ETL prototype as language reformatting transformation component. 

Furthermore, the reusability is achieved by using the SOA-based ETL prototype. 

A component for translating symbols to Arabic language during the 

transformation process of ETL processes is reused by encapsulating it in a 

separated web service and reusing it within the SOA-based ETL prototype. On 

the other hand, the SSIS tool is a tightly coupled tool and its components are not 

reusable. 

7.2 Case Study 2: Applying ETL Functionalities on 1,imkokwing University of 

Creative Technology (LUCT) using Traditional and New ETL Tools 

Limkokwing University of Creative Technology (1,UCT) is private Malaysian 

university that has six faculties, which are: Faculty of Architecture & the Built 

Environment; Faculty of Business Management & Globalization; Faculty of 

Communication, Media & Broadcasting; Faculty of Design Innovation; Faculty of 

Information & Communication Technology; and Faculty of Multimedia Creativity, 

7.2.1 ETL Business Needs 

LIJC'T does many statistical reports for the purpose of the decision making such as 

students' performance reports, staff performance reports, financial reports, and 



foreign students' visa tracing reports. Doing these types of statistical reports requires 

extracting certain data fields from the LUCT main database, sometimes making 

some transformations to the extracted data, and loading data to a final data 

warehouse repository for the purpose of generating statistical reports. 

7.2.2 Extracting Required Fields for Data Warehouse Star-Schema 

This case study had applied the ETL hnctionalities on sample partial source DB 

schema of LUCT University shown in Figure 7.15. The star schema of the data 

warehouse fields extracted from the LUCT database is explored in Figure 7.16. The 

last field of the fact table (studentqerformance) of Figure 7.16 represents a measure 

of the fact table. The ETL hnctionalities are applied to the sample LUCT table 

schema and to its auto generated data using both the traditional ETL tool that is used 

by LUCT Company (MS SQL Server Integration Services (SSIS)) and the SOA- 

based ETL prototype. 

-. - -- -- - - - -- 
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Figure 7.15: Sample Purtial Source DB Schema of LUCT 



studentgerfonnancc - * student-status r - x  

I )  

4 

Figure 7.16: Stur Schenzu of the Fuct u n ~ i  Dimension Tuhles Extracted, from L UCT 
Dutu base 

7.2.3 Applying ETL Functionalities Using the Traditional ETI, Tool 

Using the traditional ETL tool simulated the current situation at LUCT where the 

database is created and managed by Microsoft SQL Server DBMS that includes its 

own ETL tool which is SQL Server Integration Services. This tool is reviewed and 

discussed in section 2.3 of this thesis. In LUCT, the SSlS is installed on one server 

for the purpose of extracting certain fields from the source database and loading it in 

a data warehouse repository. 

In this case study SSlS is used to extract the fields needed for the creation of the 

business process that enables the generation of a statistical report about the students 

performance in Java [ I  subject for February-June, 201 1 semester. The fields are 

shown in the star schema of Figure 7.16. Although, the generation of the statistical 

report is outside the scope of the ETL hnctionalities since it belongs to the 



presentation layer of the Business Intelligence, however, Table 7.3 and Figure 7.17 

show summary and graph reports for the students' performance in Java I1 for Feb- 

June, 201 1 semester. These two reports are shown as samples for reports that are 

generated over the data Ioaded to the final LUCT DW repository using both 

traditional and SOA-based ETL tools. One server with Windows 2003 server 

operating system is used for running the ETL functionaIities and the SSIS is installed 

as a desktop application on the server. 

Tnhltr 7.3 . Sumnzaql Repolat, f01. Students ' Po:Ji,r.nlcrnre in .Jnvn Il.for Feh-June, 20 1 1 
Semester 

Grade Student Nos. 

A 

A- 

B + 

B 

B - 

C + 

C 

C - 

D 

F 

Total 



grade - 

Figure 7.17: Summ~lry Report,fbr Students' Perfi~rmance in Java Il.fo~* Feh-June, 
201 1 Semester 

7.2.4 SOA-based ETL Prototype 

After using the traditional ETL tool, this section describes using SOA-based ETL 

prototype. The SOA-based ETL prototype is deployed over four different servers 

two of them with Redhat Linux operating systems and the other two with Windows 

2003 server operating systems. Apache Tomcat Jakarta Web servers as runtime 

environments are installed over the servers with Redhat Linux operating systems, 

and Open source GlassFish application server is installed over the servers with 



Windows 2003 server operating systems. Each of the four application servers has its 

own distributed components container which is EJB container. 

The Extraction component of the SOA-based ETL prototype is deployed separately 

on one of the Apache Tomcat Jakarta Web servers; the Transformation component of 

the SOA-based ETL prototype is deployed separately on the other Apache Tomcat 

Jakarta Web server; the Loading component of the SOA-based ETL prototype is 

deployed separately on one of the GlassFish application servers; the Orchestration 

point (BPEL Service) is deployed on the other GlassFish application server; and the 

ETL administrator (Client) component is deployed separately on the same 

application server where the Orchestration point deployed on. After that, the 

execution of the ETL functionalities is done using browsers of normal client PCs. 

Therefore, SOA-based ETL prototype is used here to extract the fields needed for the 

creation of the business process that enables the generation of a statistical report 

about the students performance in Java I1 for February-June, 20 1 I semester. 

7.2.5 Goals Achieved 

Based on the new ETL framework specifications explored in chapter 5, there are two 

goals that should be achieved. The first goal is related to the main functionality of 

ETL tools in general while the second goal is related to the usage of the distribution 

and interoperability of the ETL framework components. Both goals are listed in this 

section, and the results of the possibility of achieving each goal using both traditional 

ETL tool and the new ETL framework of this case study are listed. The results of 

achieving both goals were obtained through observation. 



a. Goal I :  Extracting, transforming and loading the data in its final format to the 

data warehouse repository to be suitable for the presentation layer of the 

business intelligence activities. 

This goal was achieved in both the traditional ETL tool (SSIS) and the SOA- 

based ETL prototype. The extracted and the loaded data that is necessary for 

generating a statistical report about the students' performance in Java I1 for 

February-June, 201 1 semester is obtained exactly similar in both using the 

traditional and SOA-based ETL tools. Transformation in this case study is just 

a step that does nothing, because no transformations required in LUCT. 

Therefore, it is redundant in the traditional ETL tool, and skipped in the SOA- 

based ETL prototype. Figures 7.18, 7.19, 7.20, 7.21, 7.22 and 7.23 show the 

data of the fact and dimension tables of the star schema. 

Figure 7.18: A Sample oj  the Auto Ckneruted Data oj'the Fact Table 
(studentgerjormance) of the Star Schema Explored in Figure 7.16 
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mark-id I mark-desc 1 
1 A 

Figure 7.19: The Dutu c!ftlze Dimension Table (marks) oj'the Star Schemrr Explored 
in Figurc 7.16 

I 1 more than 80 O/O 

I 2 (less than 80% 

Figure 7.20: The Data of the Dimension Table (attendance) of the Stcir Schema 
Explored in Figure 7.16 

Figure 7.21: The Datu of the Dimension Table (student-status) of-the Star Schema 
E.x-plored in Figure 7.16 

status-td Iht~s-dsx 
1 old-scheme-student 

Figure 7.22: The Data of the Dimcwsion Table (gender) of the Star Schema Explored 
in Figure 7.16 

2 new-scheme-student 



Final-id ] final-desc 
1 attended 

2 did not attend 

Figure 7.23: The Datu of'tlic> Dimension Tuhlr (finalexanz) qf'the Stur Schcrnrr 
Explored in Figtri.cl 7.16 

b. Goal 2: Achieving Distribution and Interoperability among ETL components 

By comparing the usage of the traditional ETL tool (SSIS) versus the SOA- 

based ETL prototype, it is observed that goal #2 is achieved in using SOA- 

based ETL prototype, while using the traditional ETL tool does not achieve 

most of the goal parts. By using the traditional ETL tool, the SSIS tool is a 

tightly coupled tool and its components cannot be distributed. Furthermore, the 

whole tool is installed on one server because of the impossibility of 

distributing its components. Therefore, Components' Distribution and 

Interoperability among ETL components could not be achieved when the 

traditional ETL tool is used. 

On the other hand, by following the SOA-based ETL prototype, each 

component of the SOA-based ET1, prototype is distributed and deployed over a 

separated EJB container on a different application server, and these 

components were interoperable to each others because all of the components 

interoperated to achieve the Extraction, Transformation and L~ading 

functionalities. Therefore, Components' Distribution and Interoperability is 

achieved among the ETL components, Table 7.4 shows a checklist that 

summarizes the observation results of conducting this case study 
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Tuhle 7.4: Obsewution Results C'llecklist 

LJsing Traditional Using SOA-based ETL, 
ETL Tool Prototype 

Extraction Performed Yes 

Transformation Performed No 

Loading Performed Yes 

Distribution Achieved No 

lnteroperability Achieved No 

Yes 

No 

Yes 

Yes 

Yes 

7.3 Case Study 3: Applying ETL Functionalities on Professionals Information 

Technology (PIT) Company using Traditional and New ETL Tools 

The Professionals Information Technology Co. is a premier technology consultancy 

and training center in Gaza Strip. Palestine. PIT has been in business since 1997 and 

has grown over 100% each year, with 7 branches in the year 201 1 .  Furthermore, PIT 

put much emphasis in hands on training so that its trainees can join the IT workforce 

with expertise and confidence. In addition, PIT consultants provide specialized 

services to its clients ranging from small business system design and integration to 

large government contract management. 

PIT provides technical and non-technical training services for the public and private 

sector and its instructors are not only certified but also experienced in the subject 

matters they teach. Most make their daily living working in the IT field. Currently 

PIT has 40 trainers; some are employed by PIT Co, while others are PIT partners. 



7.3.1 ETL Business Needs 

PIT does statistical reports for the purpose of the decision making such as trainees' 

performance reports and trainers' performance reports. Doing these types of 

statistical reports requires extracting certain data fields from the PIT main database, 

sometimes making some transformations to the extracted data, and loading data to a 

final data warehouse repository for the purpose of generating statistical reports. 

7.3.2 Extracting Required Fields for Data Warehouse Star-Schema 

This case study had applied the ETL hnctionalities on sample partial source DB 

schema of PIT Company shown in Figure 7.24. The star schema of the data 

warehouse fields extracted from the PIT database is explored in Figure 7.25. The last 

field of the fact table (trainer-_evaluation) of Figure 7.25 represents a measure of the 

fact table. The ETL hnctionalities are applied to the sample PIT table schema and to 

its auto generated data using both the traditional ETL tool that is used by PIT 

Company (Oracle Warehouse Builder (OWB)) and the SOA-based ETL prototype, 

Figure 7.24: Sumple Purtiul Sourccl DB schcnla (?f'P17' 
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Figure 7.25: Star Schema o f  the Fact and Dinzension Tables Extructed.fr-or71 PIT 
Database 

7.3.3 Applying ETL Functionalities Using the Traditional ETL Tool 

Using the traditional ETL tool simulated the current situation at PIT where the 

database is created and managed by Oracle DBMS that includes its own ETL tool 

which is Oracle Warehouse Builder. This tool is reviewed and discussed in section 

2.3 of this thesis. In PIT, the OWB is installed on one server for the purpose of 

extracting certain fields from the source database and loading it in a data warehouse 

repository. 

In this case study OWB is used to extract the fields needed for the creation of the 

business process that enables the generation of a statistical report about the trainers' 

performance in training advanced IT courses. The fields are shown in the star 

schema of Figure 7.25. Although, the generation of the statistical report is outside the 

scope of the ETL hnctionalities since i t  belongs to the presentation layer of the 

Business Intelligence, however, Table 7,5 and Figure 7.26 show summary and graph 

reports for the trainers' performance in training IT courses. These two reports are 

shown as samples for reports that are generated over the data loaded to the final PIT 



DW repository using both traditional and SOA-based ETL tools. One server with 

Windows 2003 server operating system is used for running the ETL functionalities 

and the OWB is installed as a desktop application on the server 

Tuhk~ 7.5: Summary Report,for Ti.ainer.s' Pcv-jbrmance in Trrrining IT ('our.ses. 

Performance Level No. of Trainees 

Excellent 3 1 

Very Good 5 0 

Good 1 2  

Acceptable 5 
Not Acceptable 10 

Total 108 

I 

Figure 7 26: Grzlph Report for Trainers' Per;for.mance in Training ITI 'o~r~ses .  



7.3.4 SOA-based ETL Prototype 

After using the traditional ETL tool, this section describes using SOA-based ETL 

prototype. The SOA-based ETL prototype is deployed over four different servers 

two of them with Redhat Linux operating systems and the other two with Windows 

2003 server operating systems. Apache Tomcat Jakarta Web servers as runtime 

environments are installed over the servers with Redhat Linux operating systems, 

and Open source GlassFish application server is installed over the servers with 

Windows 2003 server operating systems. Each of the four application servers has its 

own distributed components container which is EJB container. 

The Extraction component of the SOA-based ETL prototype is deployed separately 

on one of the Apache Tomcat Jakarta Web servers; the Transformation component of 

the SOA-based ETL prototype is deployed separately on the other Apache Tomcat 

Jakarta Web server; the Loading component of the SOA-based ETL prototype is 

deployed separately on one of the GlassFish application servers; the Orchestration 

point (BPEL Service) is deployed on the other GlassFish application server; and the 

ETL administrator (Client) component is deployed separately on the same 

application server where the Orchestration point deployed on. After that, the 

execution of the ETL functionalities is done using browsers of normal client PCs. 

Therefore, SOA-based ETL prototype is used here to extract the fields needed for the 

creation of the business process that enables the generation of a statistical report 

about the trainers' performance in training advanced IT courses. 



7.3.5 Goals Achieved 

Based on the new ETL framework specifications explored in chapter 5, there are two 

goals that should be achieved. The first goal is related to the main functionality of 

ETL tools in general while the second goal is related to the usage of the distribution 

and interoperability of the ETL framework components. Both goals are listed in this 

section, and the results of the possibility of achieving each goal using both traditional 

ETL tool and the new ETL framework of this case study are listed. The results of 

achieving both goals were obtained through observation. 

a. Goal 1: Extracting, transforming and loading the data in its final format to the 

data warehouse repository to be suitable for the presentation layer of the 

business intelligence activities. 

This goal was achieved in both the traditional ETL tool (OWB) and the SOA- 

based ETL prototype. The extracted and loaded data that is necessary for 

generating a statistical report about the trainers performance in training 

advanced IT courses; is obtained exactly similar in both using the traditional 

and SOA-based ETL tools. . Transformation in this case study is just a step 

that does nothing, because no transformations required in PIT Company. 

Therefore, it is redundant in the traditional ETL tool, and skipped in the SOA- 

based ETL prototype. Figures 7.27, 7.28, and 7,29 show the data of the fact 

and dimension tables of the star schema. 



Figure 7.27: A Sample of the Auto Generated Data of'the Fact Table 
([ruiner-evaluation) oftke Star Schema Explored in Figure 7.25 

200901 1 Oracle Certified Administrator (OCA) 

2009014 Sun Certified Java Programmed (SCJP) 

2009020 International Computer Driving License (ICDL) 

2009031 Microsoft Certified System Developer (MCSD) 

Figure 7.28: The Duta ofthe Dimension Table (tr-uiner--detuils) of the Star Schemu 
Explored in Figure 7.25 

2 Very Good 

3 Good 

4 Acceptable 

5 Not Acceptable 

Figure 7.29: The Data of the Dimension Tuhle (perJbrmance.--level) ($the Star 
Schema Explored in Figure 7,25 



b. Goul2: Achieving Distribution and Interoperability among ETL components 

By comparing the usage of the traditional ETL tool (OWB) versus the SOA- 

based ETL prototype, it is observed that goal #2 is achieved in using SOA- 

based ETL prototype, while using the traditional ETL tool does not achieve 

most of the goal parts. By using the traditional ETL tool, the OWB tool is a 

tightly coupled tool and its components cannot be distributed. Furthermore, the 

whole tool is installed on one server because of the impossibility of 

distributing its components. Therefore, Components' Distribution and 

Interoperability among ETL components could not be achieved when the 

traditional ETL tool is used. 

On the other hand, by following the SOA-based ETL prototype, each 

component of the SOA-based ETL prototype is distributed and deployed over a 

separated EJB container on a different application server, and these 

components were interoperable to each others because all of the components 

interoperated to achieve the Extraction, Transformation and Loading 

functionalities. Therefore, Components' Distribution and Interoperability is 

achieved among the ETL, components. Table 7.6 shows a checklist that 

summarizes the observation results of conducting this case study. 



Using Traditional Using SOA-based ETL, 
ETL Tool Prototype 

Extraction Performed Yes 

Transformation Performed N o  

Loading Performed Yes 

Distribution Achieved N o  

Interoperability Achieved N o  

Yes 

N o  

Yes 

Yes 

Yes 

7.4 Conclusion 

This chapter has evaluated the SOA-based ETL prototype by conducting three case 

studies for the purpose of evaluating the prototype of this research that validates the 

theoretical framework. The three case studies are conducted with three different 

organizations that use the ETL, tools. The observed results of conducting the case 

studies have proved the distribution and interoperability among the new ETL 

framework components. 



CHAPTER EIGHT 

CONCLUSION AND FUTURE WORK 

This chapter concludes the thesis by discussing the research work carried out in 

supporting the thesis proposition. It highlights the problems of the current ETL 

framework, defines the new ETL theoretical framework, and discuses the 

development and evaluation of the SOA-based ETL prototype that validates the 

framework. In addition, the contribution of this research is concluded, and the 

chapter ends with proposing directions for future work in the areas of SOA-based 

ETL and business intelligence. 

8.1 Conclusion 

The goal of this research was to define and validate a framework for distributable 

and interoperable ETL components. The research has succeeded in filling the 

existing gaps of the current ETL framework regarding distribution and 

interoperability of ETL components. The research discussed how to distribute the 

Extraction, Transformation and Loading components so as to achieve distribution 

and interoperability of these ETL components. In addition, it explored how the ETL 

framework can be extended easier as a proof of the extensibility concept. Service 

Oriented Architecture was adopted to address the mentioned missing features of 

distribution and interoperability by restructuring the current ETL framework. After 

defining the new ETL framework as a solution to the research problems, the 

framework was validated by developing a prototype based on the new framework 

design and specifications. 'Therefore, this research has succeeded in defining a 
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validated framework for interoperable and distributed Extraction-Transformation- 

Loading (ETL) based on service oriented architecture. 

8.1.1 Problems of Current ETL Framework 

An intensive literature review about ETL and related technologies was conducted at 

the beginning of this research journey. The literature review showed that there are 

gaps in the ETL area, which are lack of components distribution and interoperability, 

and these gaps contributed to problems of the current ETL framework. 

In the current ETL framework, data warehouse gets its data from many sources 

available in different "geographically isolated" locations. Each data source at times 

needs a complete ETL tool to perform the Extraction process. If the Extraction is 

done at data source locations, an ETL tool including all of its features as tightly- 

coupled software needs to be installed in each data source location. Here, the 

Transformation and Loading features are redundant as only the Extraction process is 

required at a data source location. In addition, the two redundant features are only 

required at the location of the data warehouse destination. 

Therefore, in a data warehouse project each data source requires an ETL license to 

extract data from the sources. This increases the number of licenses whenever a new 

data source is included into the data warehouse project. Thus, the cost of the data 

warehouse project increases. However, if the ETL components are distributed and 

hosted on application server(s), any data source administrator can remotely use the 

same Extraction component to push the data to the Transformation phase of ETL. 

This signals a cheaper option when new data sources are used. 
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Managing many ETL tools to extract data from many different sources needs extra 

administration and maintenance effort, because the administrators are often different 

persons from one location to another. On the contrary, when the ETL components 

are distributed into interoperable components and hosted on application server(s) as 

web services, the administration of these components is centralized amongst all ETL 

administrators of the project. 

Furthermore, at times, due to the complexity, long learning curve of the available 

ETL tools, and difficulty to achieve some extensibility in terms of additional 

hnctionalities, many organizations prefer to adopt the in-house development to 

perform ETL tasks, and this increases the project time and effort. 

8.1.2 Proposing the New ETL Framework 

The research problems motivated for more research to bridge the gaps that have been 

left in the ETL field regarding distribution and interoperability. Literature about 

distributed systems, web services, SOA and software architecture was essential in 

determining the methods and concepts that contributed in bridging these gaps. 

The solution of the research problems is a new ETL framework that is based on 

Service Oriented Architecture. SOA was selected as the main architecture for 

proposing the new ETL framework due to its central role in resolving components 

distribution and interoperability issues. SOA was supported by literatures about 

distributed systems, web services and software architectures for the new ETL 

framework proposition. 



8.1.3 Defining the New ETL Framework 

The proposed ETL framework was refined and enhanced to constitute a base in 

answering the research questions and achieving the research objectives. The 

framework was defined as "Fr~lrnework fbr Interoperable and Distriblttcd Extract- 

Trunkfirm-Lotrd (ETL) Btr.sed on Sc7rvice Oriented Architectz~re ". The new ETL 

framework is defined in a meta-model using both UML for diagrammatic description 

and EBNF for textual definition. The meta-model and the specifications have 

consolidated that interoperability and distribution of the ETL components. In 

particular, ETL vendors or developers who are interested to adopt the new ETL 

framework as a base to produce their own ETL tools will have to consider a set of 

specifications regarding: Distribution, Web services, SOA orchestration processes, 

XML schemas, WSDL documents. SOA-based composition, and the framework 

extensibility. The new framework has advantages over the traditional ETL 

framework, which are interoperability, flexibility, reusability, scalability and cost 

efficiency. 

8.1.4 Validating the New ETL Framework 

The research methodology used in this research adopts both DSA and Scrum 

methodologies. DSA is adopted as the main and comprehensive methodology of the 

research, while Scrum is adopted only for the prototype that was developed as a 

proof of the framework concepts. The thesis included the analysis, design, 

development, testing. and evaluation of the SOA-based ETL, prototype. Analyzing 

the prototype requirements is based on the theoretical framework design and 

specifications. Scrum methodology was adopted in the life cycle of developing this 
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prototype due to its strength as a development methodology, and the same 

methodology is used to manage the testing tasks. 

Four types of testing are done for the purpose of verifying that the prototype meets 

the framework design and specifications. A web interface combined all the 

components of the prototype in one composite application as an interface for the user 

to do testing and execution of any ETL web service. The types of testing carried out 

for the purpose of validating the prototype are unit testing, Web services testing, 

compatibility testing, classified-fragmentation speed and scalability testing, and end 

to end testing. 

Moreover, three case studies were conducted for the purpose of evaluating the 

prototype of this research that validates the new ETL framework in real data 

warehouse environments. The case studies were conducted using the data of three 

different organizations that adopt data warehouse solutions for the purpose of 

generating statistical reports. The observed results of conducting the case studies 

have proved that the new framework enables the distribution and interoperability 

among the ETL components. 

8.2 Research Contributions 

This research contributes to the field of ETL by adding the distribution and 

interoperability concepts to the ETL framework, and restructuring this framework 

based on SOA, Therefore, the new ETL framework provided the ability of using 

each ETL, component separately by considering the loose coupling feature of the new 

ETL, framework. 



Furthermore, the new ETL framework adds contributions towards the area of data 

warehousing and business intelligence because ETL is a core concept in this area. 

This contribution has provided distributable and interoperable ETL framework that 

can be used in the design and implementation of data warehouse and business 

intelligence projects. Therefore, data warehouse and business intelligence projects 

can now take advantages of this contribution by including any ETL component as a 

service in the main portal of a data warehouse or business intelligence project. 

In addition, the research contributes to the ETL vendors (companies that develop 

ETL tools), since it enables them to develop new releases of ETL tools that 

incorporate the distribution and interoperability features based on the new ETL 

framework. This enables them to save time and effort in developing, extending and 

reusing the ETL components. The developers can follow the new ETL framework 

definition as a base for their future ETL tools development, thus reducing the 

licensing cost on the users' side. 

The research contributes aIso to the ETL administrators (users) by simplifying the 

administration process of a DW project, because in this case, the administrators only 

need to know the steps of using the required component rather than knowing the 

steps of using the complete ETL tool. In addition, the research contributes to the 

ETL customers (companies that buy non-free ETL tools to implement DW projects); 

by reducing the number of licenses needed for implementing a DW project. Thy only 

buy the components they require or they can just share the same components of a 

portal with other customers, in case that the components are deployed on a remote 

application server. 



8.3 Limitation 

This research included the classified-fragmentation component as an extension to the 

new ETL framework, and did not include other components to suit other specific 

business needs. In addition, the types of data used for the SOA-based ETL prototype 

implementation are limited to text, image orland video. Furthermore, the framework 

definition is limited to ETL components and did not include other business 

intelligence components. These limitations motivate for more research that could add 

more contributions to the body of knowledge. 

8.4 Future Work 

While conducting this research, possible directions for future works have been 

identified. These directions are discussed in sections 8.3.1 and 8.3.3. 

8.4.1 Enhancing the Speed of the ETL Framework Using Other Techniques 

A classified-fragmentation component to speed up the report generation of a data 

warehouse project was discussed in section 5.6. This component is added to the 

research as a proof to the extensibility concept of the framework, and did not provide 

sophisticated algorithms to handle the performance issue. Future research work can 

be dedicated to handle the performance problems of the ETI, framework in general, 

and to handle the problems of the report generation speed as an advance research 

topic. 



8.4.2 Extending the New ETL Framework with New Components and New 

Data Types 

The new ETL framework is extended by adding a classified-fragmentation 

component to speed up the report generation of a data warehouse project. In 

addition, the data types used in conducting this research are limited to text, image 

and video. Future research works can be conducted to extend the framework by other 

components to suit other specific ETL business needs. In addition, data types other 

than text, image and video can be included according to the specific business needs 

of these future research works. 

8.4.3 Combining the ETL Framework with a Complete SOA-Based Business 

Intelligence Framework 

Business intelligence technologies include many data warehousing technologies such 

as ETL, reporting, ad-hoc querying, online analytical processing (OLAP) and others. 

A potential hture research work is to define a theoretical framework for distributing 

the components of all these business intelligence technologies into interoperable 

distributed components, and to add the ETL framework developed in this research as 

a model in the complete business intelligence framework 

8.5 Final Remarks 

This research has identified the gaps and the problems of the current ETL 

framework. It solved the problems and filled the gaps of the current ETL framework 

by providing the new SOA based ETL framework. The framework was defined 

diagrammatically and textually to ease the understanding of the framework 



components. In addition, a tested and evaluated prototype has validated the 

theoretical framework. 

Although many technologies can be used to implement an ETL tool based on the 

new ETL framework, however all of the technologies used in implementing the 

prototype of this research are open source technologies. Open source technologies 

are adopted to enable free distribution and implementation of the SOA-based ETL 

prototype, so that developers can use it as a base for their future ETL tools 

development that are based on the new ETL framework. Open source technologies 

used to implement the prototype are: Java, J2EE, MySQI, Apache Tomcat web 

server, and GlassFish application server. On top of free availability, open source 

technologies are more flexible because the source code is available in case that there 

is a need to extend or enhance any part of the code of those technologies. 

Although this thesis provides "framework for interoperable and distributed 

extraction-transformation-loading (ETL) based on service oriented architecture", it 

has not only filled the existing distribution and interoperability gaps. The research 

has also contributed to an increased understanding of how a loosely coupled software 

framework can be built using service oriented architecture. This is an important issue 

as more software frameworks need to be redefined to eliminate the problems that 

arise due to the tight coupling feature of the software framework components. 
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Appendix A 

Details of the Prototype Design 

A.1 Details of Database Design 
A.l.1 Data Source Schema (CLINIC Database) 

a. PATIENTS TABLE 

The personal details of every patient are recorded in PATIENTS table 

that has the following fields: 

PATIENT - ID: Patient Id, the data type is NUMBER, this field is 
a primary key on the table and it is a sequence that increases field 
value when a new patient is added. 

P-NAME: Patient Name, the data type is TEXT, this field stores 
patient's name, and i t  must be not NULL. 

CITY-ID: City Id, the data type is NUMBER, this field is a 
foreign key belong to CITY table that specify the patient's STATE 
and CITY, and it must be not NULL. 

P-PHONE: Patient Phone, the data type is TEXT, this field 
stores patient's phone, and it must be not NULL. 

GENDER-ID: Gender Id, the data type is NUMBER, this field is 
a foreign key belong to GENDER table that specify the patient's 
sex, and it must be not NULL. 

P-BIRTHDAY: Patient Birthday, the data type is TEXT, this 
field stores patient's birthday, and it must be not NULL. 

P - WEIGHT: Patient Weight, the data type is TEXT, this field 
store patient's weight, and it must be not NULL. 

b. PHYSICIANS TABLE 

The personal details of every physician are recorded in Physicians table 

that has the following fields: 



PHY - ID: Physician Id, the data type is NUMBER, this field is a 
primary key on the table and it is a sequence that increases field 
value when a new physician is added. 

PHY-NAME: Physician Name, the data type is TEXT, this field 
stores physician's name, and it must be not NULL. 

PHYBIRTHDAY: Physician Age, the data type is TEXT, this 
field stores physician's birthday, and i t  must be not NULL. 

PHY - PHONE: Phone Id, the data type is TEXT, this field stores 
physician's phone, and it must be not NULL. 

PHY-MAJOR: Major Id, the data type is TEXT, this field stores 
physician's major, and it must be not NULL. 

DEPT - ID: Department Id, this field is a foreign key belong to 
DEPARTMENTS table that specify the physician's Department, 
and it must be not NULL. 

c. DEPARTMENTS TABLE 

This table stores data about clinic departments, Departments table has the 

following fields: 

DEPT-ID: Department Id, the data type is NUMBER, this field 
is a primary key on the table and it is a sequence that increases 
field value when a new department is added. 

DEPT-NAME: Department Name, the data type is TEXT, this 
field stores department name, and it must be not NULL. 

DEPT-DESC: Department description, the data type is TEXT, 
this field stores description about department, and it must be not 
NULL. 

DEPT-PHONE: Department Phone, the data type is 'TEXT, this 
field stores department phone, and it must be not NULL,; 

d. TESTOPERATIONS TABLE 



This table stores data about detail patient's test in detail. A number of 

tests may be conducted for each patient. Each patient is assigned to one 

physician. TESTOPERATIOlVS table has the following fields: 

TEST0 - ID: Test Operation Id, the data type is NUMBER, this 
field is a primary key on the table and it is a sequence that 
increases field value when a new test is added. 

TESTO-DATE: Test Operation Date, the data type is TEXT, this 
field stores date of test performed, and it must be not NULL. 

TEST0 - TIME: Test Operation Time, the data type is TEXT, 
this field stores time of test performed, and it must be not NULL. 

TEST0 - RESULT: Test Operation Result, the data type is 
TEXT, this field stores patient's case in detail, and it must be not 
NULL. 

TESTO-IMG: Test Operation Image, the data type is TEXT, this 
field stores URL of image that belongs to patient's test, like X-ray 
image. 

TESTO-VIDEO: Test Operation Video, the data type is TEXT, 
this field stores URL of video that belongs to patient's test, like 
ultrasound video. 

PATIENT-ID: Patient Id, the data type is NUMBER, this field is 
a foreign key belong to PATIENTS table that specify the patient 
personal details, and it must be not NULL. 

PHY-ID: Physician Id, the data type is NUMBER, this field is a 
foreign key belong to PHYSICIANS table that specify the 
physician personal details, and it must be not NULL, 

DISEASE-ID: Disease Id, the data type is NIJMBER, this field 
is a foreign key belong to DISEASE table that specify the patient's 
disease, and it must be not NULL. 

MEDICINE-ID: Medicine Id, the data type is NUMBER, this 
field is a foreign key belong to MEDICINES table that specify the 
medicine that treat disease, and it must be not NULL. 



e. DISEAES TABLE 

This table stores data about Diseases. This table has the following fields: 

DISEAE - ID: Disease Id, the data type is NIJMBER, this field is 
a primary key on the table and it is a sequence that increases field 
value when a new disease is added. 

DlSEAE - TITLE: Disease Title, the data type is TEXT, this fieId 
stores disease title, and it must be not NULL. 

DISEAE-TYPE: Disease Type, the data type is TEXT, this field 
indicates disease type, and it must be not NULL. 

f. MEDICINES TABLE 

This table stores data about Medicines each medicine belong to disease. 

MEDICINES table has the following fields: 

MEDICINE-ID: Medicine Id, the data type is NUMBER, this 
field is a primary key on the table and it is a sequence that 
increases field value when a new medicine is added. 

MEDICINE - DESC: Medicine description, the data type is 
TEXT, this field stores description about medicine, and it must be 
not NULL. 

DISEAS-ID: Disease Id, this field is a foreign key belong to 
DISEASE table that specify the patient's disease, and it must be 
not NULL. 

g. GENDER TABLE 

This table stores data about gender. GENDER table has the following 

fields: 

GENDER - ID: Gender Id, the data type is NUMBER, this field is 
a primary key on the table and it is a sequence that increases 
field's value when a new data is added. 



GENDER - DESC: Gender description, the data type is TEXT, 
this field stores description about gender (such as MALE, 
FEMAIL), and it must be not NULL. 

h. CITY TABLE 

This table stores data about gender. CITY table has the following fields: 

CITY-ID: CITY Id, the data type is NUMBER, this field is a 
primary key on the table and it is a sequence that increases field 
value when a new city is added. 

STATE: the data type is TEXT, this field stores the state name 
that has the city, and it must be not NULL. 

CITY: the data type is TEXT, this field stores the name of city, 
and it must be not NULL. 

A.1.2 EXTRACT TEMP STORAGE Database 
a. TEMPTABLE 
This table contains many fields that collected from clinic database table. 

TEMP table has the following fields: 

TEST0 - RESULT: Test Operation Result, the data type is 
NUMBER, the data type is TEXT, this field views patient's case in 
detail. and it must be not NULL. 

TESTO-DATE: Test Operation Date, the data type is TEXT, this 
field store date of test performed, and it must be not NULL. 

TESTO-IMG: Test Operation Image, the data type is TEXT, this 
field store URL of image that belongs to patient's test, like X-ray 
image. 

TESTO-VIDEO: Test Operation Video, the data type is TEXT, 
this field store liRL of video that belongs to patient's test, like 
ultrasound video, 



DISEASE - ID: Disease Id, the data type is NUMBER, the data type 
is NUMBER, this field is a foreign key belong to DISEASE table 
that specify the patient's disease, and it must be not NULL,. 

MEDICINE-ID: Medicine Id, the data type is NUMBER, this field 
is a foreign key belong to MEDICINES table that specify the 
medicine that treat disease, and it must be not NULL. 

GENDER-ID: Gender Id, the data type is NUMBER, this field is a 
foreign key belong to GENDER table that specify the patient's sex, 
and it must be not NULL. 

P-BIRTHDAY: Patient Birthday, the data type is TEXT, this field 
store patient's birthday, and it must be not NULL. 

CITY-ID: City Id, the data type is NUMBER, this field is a foreign 
key belong to CITY table that specify the patient's STATE and 
CITY, and it must be not NULL. 

b. DISEAES TABLE 
This table stores data about Diseases. This table has the following fields: 

DISEAE-ID: Disease Id, the data type is NUMBER, this field is 
a primary key on the table and it is a sequence that increases field 
value when a new disease is added. 

DISEAE-TITLE: Disease Title, the data type is 'TEXT, this field 
stores disease title, and it must be not NULL. 

DISEAE-TYPE: Disease Type, the data type is TEXT, this field 
indicates disease type, and it must be not NULL. 

c. MEDICINES TABLE 
This table stores data about Medicines each medicine belong to disease. 

MEDICINES table has the following fields: 

MEDICINE-ID: Medicine Id, the data type is NUMBER, this 
field is a primary key on the table and it is a sequence that 
increases field's value when a new medicine is added. 



MEDICINE-DESC: Medicine description, the data type is 
TEXT, this field stores description about medicine. and it must be 
not NULL. 

DISEAS - ID: Disease Id, this field is a foreign key belong to 
DISEASE table that specify the patient's disease, and i t  must be 
not NULL. 

d. GENDER TABLE 
This table stores data about gender. GENDER table has the following 

fields: 

GENDER-ID: Gender Id, the data type is NUMBER, this field is 
a primary key on the table and it is a sequence that increases field 
value when a new data is added. 

GENDER-DESC: Gender description, the data type is TEXT, 
this field stores description about gender (such as MALE, 
FEMAIL), and it must be not NULL. 

e. CITY TABLE 
This table stores data about gender. CITY table has the following fields: 

CITY-ID: CITY Id, the data type is NUMBER, this field is a 
primary key on the table and it is a sequence that increases field 
value when a new city is added. 

STATE: the data type is TEXT, this field stores the state name 
that has the city, and it must be not NULL. 

CITY: the data type is TEXT, this field stores the name of city, 
and it must be not NULL. 

A.1.3 TRANSFORM TEMP STORAGE Database 
a. TEMPTABLE 
This table contains many fields that collected from clinic database table. 

TEMP table has the following fields: 



TEST0 - RESULT: Test Operation Result, the data type is 
NUMBER, the data type is TEXT, this field views patient's case 
in detail, and it must be not NULL. 

TEST0 - DATE: Test Operation Date, the data type is TEXT, this 
field store date of test performed, and it must be not NULL. 

TESTO-IMG: Test Operation Image, the data type is TEXT, this 
field store URL of image that belongs to patient's test, like X-ray 
image. 

TESTO-VIDEO: Test Operation Video, the data type is TEXT, 
this field store URL of video that belongs to patient's test, like 
ultrasound video. 

DISEASE - ID: Disease Id, the data type is NUMBER, the data 
type is NUMBER, this field is a foreign key belong to DISEASE 
table that specify the patient's disease, and it must be not NULL. 

MEDICINE-ID: Medicine Id, the data type is NUMBER, this 
fieId is a foreign key belong to MEDICINES table that specify the 
medicine that treat disease, and it must be not NULL. 

GENDER - ID: Gender Id, the data type is NUMBER, this field is 
a foreign key belong to GENDER table that specify the patient's 
sex, and it must be not NULL. 

P-AGE: Patient AGE, the data type is TEXT, this field store 
patient's age, and it must be not NULL, 

CITY-ID: City Id, the data type is NUMBER, this field is a 
foreign key belong to CITY table that specify the patient's STATE 
and CITY, and it must be not NULL. 

b. DISEAES TABLE 
This table stores data about Diseases, This tabIe has the following fields: 

DISEAE-ID: Disease Id, the data type is NUMBER, this field is 
a primary key on the table and it is a sequence that increases 
field's value when a new disease is added. 



DISEAE - TITLE: Disease Title, the data type is TEXT, this field 
stores disease's title, and it must be not NULL. 

DISEAE-TYPE: Disease Type, the data type is TEXT, this field 
indicates disease's type, and it must be not NULL. 

c. MEDICINES TABLE 
This table stores data about Medicines each medicine belong to disease. 

MEDICINES table has the following fields: 

MEDICINE - ID: Medicine Id, the data type is NUMBER, this 
field is a primary key on the table and it is a sequence that 
increases field's value when a new medicine is added. 

MEDICINE - DESC: Medicine description, the data type is 
TEXT, this field stores description about medicine, and it must be 
not NULL. 

DISEAS-ID: Disease Id, this fieId is a foreign key belong to 
DISEASE table that specify the patient's disease, and it must be 
not NULL. 

d. GENDER TABLE 
This table stores data about gender. GENDER tabIe has the following 

fields: 

GENDER - ID: Gender Id, the data type is NUMBER, this field is 
a primary key on the table and it is a sequence that increases 
field's value when a new data is added. 

GENDER - DESC: Gender description, the data type is TEXT, 
this field stores description about gender (such as MALE, 
FEMAIL), and it must be not NULL. 

e. CITY TABLE 
This table stores data about gender. CITY table has the following fields: 

CITY - ID: CITY Id, the data type is NUMBER, this field is a 
primary key on the table and it is a sequence that increases fieId's 
value when a new city is added. 



STATE: the data type is TEXT, this field stores the state name 
that has the city, and it must be not NULL. 

CITY: the data type is TEXT, this field stores the name of city, 
and it must be not NULL. 

A. 1.4 CLASSIFICATION Database 
a. GENERATED TABLES DUE TO FRAGMENTATION 

PROCESS 
TIMEl TABLE: This table contains many fields that collected 
from TRANSFORM TEMP STORAGE database table, but 
TIMEl table has data about the tests that performed before 
1970. 
TIME2 TABLE: This table contains many fields that collected 
from TRANSFORM TEMP STORAGE database table, but 
TIME2 table has date about the tests that performed between 
years 1970 and 1980. 
TIME3 TABLE: This table contains many fields that collected 
from TRANSFORM TEMP STORAGE database table, but 
TIME3 table has date about the tests that performed after 1980 
until now. 
TYPE1 table: This table contains many fields that collected 
from TRANSFORM TEMP STORAGE database table, but 
TESTO-IMG field has NULL value in all records in this table. 
TYPE2 table: This table contains many fields that coIlected 
from TRANSFORM TEMP STORAGE database table, but 
TEST0 - VIED0 field has NULL value in all records in this 
table. 
TYPE3 table: This table contains many fields that collected 
from TRANSFORM TEMP STORAGE database table, but all 
records in this table inchding TESTO-IMG and 
TESTO-VIED0 fields have NOT NULL vaIue. 
TYPE4 table: This table contains many fields that collected 
from TRANSFORM TEMP STORAGE database table without 
any change on it. 



b. Fields of each of: TIMEI, TIME2, TIME3, TYPEI, TYPE2, 
TYPE3 and TYPE4 tables 

T E S T 0  - RESULT: Test Operation Result, the data type is 
NUMBER, the data type is TEXT, this field views patient's case 
in detail, and i t  must be not NULL. 
T E S T 0  - DATE: Test Operation Date, the data type is TEXT, 
this field store date of test performed, and i t  must be not NULL. 
T E S T 0  - IMG: Test Operation Image, the data type is TEXT, 
this field store URL of image that belongs to patient's test, like 
X-ray image. 
T E S T 0  - VIDEO: Test Operation Video, the data type is 
TEXT, this field store URL of video that belongs to patient's 
test, like ultrasound video. 
DISEASE - ID: Disease Id, the data type is NUMBER, the data 
type is NUMBER, this field is a foreign key belong to 
DISEASE table that specify the patient's disease, and it must be 
not NULL. 
MEDICINE-ID: Medicine Id, the data type is NUMBER, this 
field is a foreign key belong to MEDICINES table that specify 
the medicine that treat disease, and it must be not NULL. 
GENDER-ID: Gender Id, the data type is NUMBER, this field 
is a foreign key belong to GENDER table that specify the 
patient's sex, and i t  must be not NULL. 
P - AGE: Patient AGE, the data type is TEXT, this field store 
patient's age, and it must be not NULL. 
CITY - ID: City Id, the data type is NUMBER, this field is a 
foreign key belong to CITY table that specify the patient's 
STATE and CITY, and it must be not NULL. 

c. DISEAES TABLE 
This table stores data about Diseases. This table has the following fields: 

DISEAE-ID: Disease Id, the data type is NUMBER, this field 
is a primary key on the table and it is a sequence that increases 
field's value when a new disease is added. 
DISEAE-TITLE: Disease Title, the data type is TEXT, this 
field stores disease's title, and it must be not NULL. 



DISEAE-TYPE: Disease Type, the data type is TEXT, this 
field indicates disease's type, and it must be not NULL. 

d. MEDICINES TABLE 
This table stores data about Medicines each medicine belong to disease. 

MEDICINES table has the following fields: 

NIEDICINE - ID: Medicine Id, the data type is NUMBER, this 
field is a primary key on the table and it is a sequence that 
increases field value when a new medicine is added. 
MEDICINE-DESC: Medicine description, the data type is 
TEXT, this field stores description about medicine, and it must 
be not NULL,. 
DISEAS - ID: Disease Id, this field is a foreign key belong to 
DISEASE table that specify the patient's disease, and it must be 
not NULL. 

e. GENDER TABLE 
This table stores data about gender. GENDER table has the following 

fields: 

GENDER-ID: Gender Id, the data type is NUMBER, this field 
is a primary key on the table and it is a sequence that increases 
field's value when a new data is added. 
GENDER-DESC: Gender description, the data type is TEXT, 
this field stores description about gender (such as MALE, 
FEMAIL), and it must be not NULL. 

f. CITY TABLE 
This table stores data about gender. CITY table has the following fields: 

CITY-ID: CITY Id, the data type is NUMBER, this field is a 
primary key on the table and it is a sequence that increases field 
value when a new city is added. 
STATE: the data type is TEXT, this field stores the state name 
that has the city, and it must be not NULL. 



CITY: the data type is TEXT, this field stores the name of city, 
and it must be not NULL. 

A.1.5 LOAD Database 
The LOAD database is the final storage that consists of fact and dimension tables 

(look up tables), which are produced after load process was done on 

CLASSIFICATION database's tables. Load database includes the same tables of 

CLASSIFICATION database in addition to (optional) tables from CLINIC 

database. 

A.2 Details of the Class Diagrams 
A.2.1 Extract-Data Class 

a. Class attributes 
port: String variable that stores database port. 

host: String variable that stores database host name. 

user: String variable that stores database user account. 

password: String variable that stores database user account 
password. 

db: String variable that stores database name. 

url: String variable that concatenates database url from the 
previous variables. 

conn: Object variable that stores a connection (session) with a 
specific database. 

b. Class methods: 
jdbcConnect(): This method can initialize the database 
connection. 

extractData( sql : String): This method can extract data form 
multiple data sources and stores extracted data into temp storage. 



jdbcConClose(): This method can terminate the database 
connect ion. 

A.2.2 Transform-Data Class 
a. Class attributes: 

port: String variable that stores database port. 

host: String variable that stores database host name. 

user: String variable that stores database user account. 

password: String variable that stores database user account 
password. 

db: String variable that stores database's name. 

url: String variable that concatenates database url from the 
previous variables. 

conn: Object variable that stores a connection (session) with a 
specific database. 

b. Class methods 
jdbcConnect0: This method can initialize the database 
connection. 

jdbcMultipleRowQuery(sqlQuery : String): This method 
returns multiple rows from database according to the sqlQuery 
parameter that is passed SQL statement, 

getAge( dob : String ): This method calculates age from data of 
birth and returns the age. 

transformData( sqllnsert : String ): This method can transform 
data into specific form and store transformed data into temp 
storage. 

jdbcConClose(): This method can terminate the database 

connection. 



A.2.3 Classification-Data Class 
a. Class attributes: 

port: String variable that stores database port. 

host: String variable that stores database host name. 

user: String variable that stores database user account. 

password: String variable that stores database user account 
password. 

db: String variable that stores database's name. 

url: String variable that concatenates database url from the 
previous variables. 

conn: Object variable that stores a connection (session) with a 
specific database. 

b. Class methods: 
jdbcConnect(): This method can initialize the database 
connection. 

jdbcMultipleRowQuery(sqlQuery : String) : This method 
returns multiple rows from database according to the sqlQuery 
parameter that is passed SQL statement. 

getyear( d : String ): This method returns the year from date to 
use it in classification process. 

classificationData( sqllnsert : String ): This method can classify 
data into related groups and create new table with classified data. 

jdbcConClose(): This method can terminate the database 
connection. 

A.2.4 Load-Data Class 
a. Class attributes: 

port: String variable that stores database port. 



host: String variable that stores database host name. 

user: String variable that stores database user account. 

password: String variable that stores database user account 
password. 

db: String variable that stores database name. 

url: String variable that concatenates database url from the 
previous variables. 

conn: Object variable that stores a connection (session) with a 
specific database. 

b. Class methods: 
jdbcConnect(): This method can initialize the database 
connection. 

loadData( sql : String) : This method can load classified tables 
(fact tables) and look up tables (dimensional tables) into database. 

jdbcConClose(): This method can terminate the database 
connection. 



Table A. 1 : The basic .s/ruc/u~-e o/'a WSDL tlocumen/ slrr)poseci /o be Jollowed /o implernen/ ETL W P ~  

set-vice.r 

Table A.2: A sirnple XMLJle tho/ could bejollolz~ed as an example /he ETL/i-amen.or.k 



Table A 3: .4 simple X M L  file fbr the prrrpose o/'stnrrd(~r~irzirrg /he ETLJramework 

Table A.4: e/l.r.vd 

Table A 5 .  etl.xml 

<'?xml version-" 1 .OM encoding="UTF-8"?> 
<etl 
xmlns="http://xml.uum.org/schema~et1" 
xmlns:xsi="http:llwww.w3,orgl200 1 KMLSchema-instance" 
xsi:schemaLocation= "http:llxml.uum.orglschema/etl/etl.xsd"~ 
<name>classified-fragmentation</name> 
<datatime>20 I O</datatime> 
</etl> 



Figure A I JSPJlcz us /he presentulion laver o f fhe  E~ / ruc /  componenl 



Figure A 2: JSP Jile ns the preserztation layer oJthe Tran.$orm component 



Figure A 3 (a)  JSP file os rhepresenlatiorr lcr?/er o f ~ i l e  <'/assified-fragmentat~otr componerct 



l l l t  d = C l d ~ s l f l ~ ~ l l . , l ~ . q - t ' < e a c  , T E E T I  DATE;  ; 
l:,l/-l?~i. > 

l n r i l t  Z q : - ' ' l n 3 c l P  IT,', l a : s l f i , ' o : l . ! h . t i n -  7 L . T  I~E!; ' . l ' i . ,Ti ' ,T  1 ;>:,TITI ' , IL,Es , , I  I:;L.R,F. : . l , l l i , f l  INL .L,' . 
" i:rr.,!rL LL,P A';F.,r^IT', I C . T E I 5  DATE1 V i L : F C  ' " + T E S T < ,  P E $ : I I T T I " ' , ' " +  t i l + " ' . ' " r  ..t.. r '" , ' '+? : iE i iZ .K I D + '  , "  + 
" " + M E ~ ~ T ~ I N E _ I D + " , - ~ ' + ~ ; ~ ~ ~ ~ ~ ~ ~  - i f i + " ' ; " + p  AC;E+".. "+:IT.: T-,." , "' +TE:T! L>RTE+"' ": 
rlar:lll;al?n.cl~zs1f1~31nr~Dita~11i~.~~L :,<I!; 

e l 5 5  : f  l r l  . L Q i O  i s  d,=I:RrJr 
i 

.... : . -. ,. . L , > , , , J  !,.a . !  ! i I ! , : ;  : !.. :. : t.'.. ..,. 1 s ' ,  L!#! 

1 1 1 T ~ r t _ 5 , ~ l - " I r ~ . i e ~ t  i r l t i  C I 2 I P .  f l c d t l  , r i .  t l i ' ~ c -  TEST'  R E : ' : ~ L ? , T E ~ T : I  IMf , T E i i '  Y I L ? E I ~ , L , I ~ E R S L  I ? , M E ? I I I N L .  I ; I , "  + 

" I;Fs,li: ! I , ? - A b ; E , r I T I  I L I , T E T , '  [ I A T E ~  YiL"EC " ' + T E > T I ?  hi.SlliT+.',"'+:hl+",'.~~b,i+'","+L?i~EASh I D * ' , "  4 

" " + M E O I C I N E ~ - I D I " ,  q ' ' + t 2 c r r j t . ~  I[*+''', " ' + Z ~ A l l F ~ " L , " L  -IT'! l i l t " ,  '"+TE!jT.l t > A T E t " ' j " ;  
i - l a ~ . - : f ~ ~ i ~ ~ n . c l i c . - ~ f i : ~ i ~ r ~ n l ) - r t a ! i r i r ~ r t  c , ; ! , :  

Flgure A 3 (b) JSl'file U Y  thepresentuhor~ Iriyer o/the ( ' lu~srf ied~ragmentut~on component 



Figure A . 4 .  .ISP file as /lie preser~iaiior~ la,ver o f fhe  Loading componenf 

package awad.phd.profofyryre: 

Import javax.jws.WebFIethod: 

lmport javau. jws.WebParam: 

~ m p o r t  ]avax.jws.WebServlce: 

Import javax. e ~ b .  SLateless: 

@WebServl~e ( )  

@stntelesn ( )  

public class E x t r a c t W S  ( 

Figure A 5: A Web service in a disfributed archifecfure fhaf wraps the blisirless logic yflhe Exfracfion 



1apmr~r 7dllm. jws. WebMethod: 

l a y r ~ ~ r  javax. jws. WebService; 

1 a p o ~ r  ]avax.ejb.Stateless; 

I U ~ U ~ L  t 3ave.x. l~l's.lJebYarm; 

@ldebHethod ( operationName = ) 

y ~ a ~ l i c  String TransforrrDperatlon(@WebParam(nme = 

String transformparameter) { 

Figure A.6:  A Web service in a distrib~rk~i architecture that wraps the brrsiness logic o f  the Tranrfotmarioti 

Component 

irnp.:,rx javex. 3ws.WebHethod: 

Irnpcmr~ 3avax. 3ws.WebScrvlce: 

lmpcrt lavex. e3b. Stateless: 

lmpcrc 3avax. 3ws. WcbParam; 

@WebService ( ) 

@Stateless ( \ 

public clazs ClassifyWS ( 

@WebHethod(opecerlonName = - 1 , ) 

public String ClacsllyOperation(@WebParam(nme = 

sfrlng cLasslfyParanefer) i 

L P t l l r l l  L + 
I r 1 

I 

I & I  

r l  

Figure A 7. A Web service in a distribured architecture that wraps the business logic ({the ('lass~fiecf 

Fragmentation Component 



~ U P O L  t 3 S ~ B Y .  3 ~ ~ s .  Idehnethod; 

lluptmr 1 7 a v m x .  ,us. WebServlce: 

I - C O L T -  1a7-b~. elb. Stateles3; 
~ r r r p r m t r  ]nvnx.3us.l~lebParm; 

BWebnechod(opcratlonName = ) 

tmu&,l lc Strlng UadOperatlon (FrJehPar- (name 

strlno LoadParameter) I 

Figure A.8: A Web service in a distributed architecture that wraps the business logic oflhe Loading Component 



A.3 EBNF definitions for the meta-model of the new ETL Framework 

ETL 

Extract Service - 

Transform -- Service 

Load - Service 

Extended - Service 

. .-  . . - Extract Service , 
- 

Transform ..- Service, 

Load Service, -- 

[Extended Service],Orec 
- 

hestration -- Point, 

ETL - Service - Bus; 

. .-  . . - Extraction - Queries, (Dis 

tributed - Component - Cont 

ainer I 

[Jser Distribution Setti - - 

. .- . . - Transformation - Queries, 

(Distributed - Component - 

Container I 

User -. Distribution - Setti 

. . -  . . - Loading - Queries, (Distri 

buted - Component -. Contain 

[Jser Distribution Setti -- - 

. .- . . - [Query], (Distr.ibuted -. Co 

mponent -. Container I 



Orchestration - Point 

ETL - Service Bus -- 

Extraction - Queries 

User - Distribution - Setti 

. .- . . - Orchestration - Specifica 

tions,{Orchestration - Sp 

ecifications} , 
XSD - WSDL, 

{XSD - WSDL}, (Distributed 

- Component - Container I 
User - Distribution - Setti 

rigs) ; 

. .- . . - {ETL - Service - Provider B 
- 

ETL - Service - Requester - B 

us}, ETL MessageRoute, 
- 

Message - Model , 
{Message Model}, - 

Instructions - Flow, 

Communication - Protoco, 

{Communication - Protocol 

} ,  Orchestration Point; - 

. .-  . . - extract - from - datasource 

I 

update .- to -. DataStagingAr 

ea; 

Transformation .- Queries . . .-  . - extract - from Datastagin 

gAr ea, 



Loading Q u e r i e s  
.- 

update - t o  - DataStagingAr 

ea ;  

. .-  . . - e x t r a c t  - from - Data.5tagi.n 

update - t o  -- finalDwReposi 

t o r y ,  

d e l e t e  temp DSA d a t a ;  
- - - 

e x t r a c t  - from - da tasource  : :- - s e l e c t  - c l a u s e  

from - c l a u s e  

[where - c l a u s e ]  

[groupby c l a u s e ]  - 

[having - c l a u s e ]  

[orderby - c l a u s e ]  ; 

update - t o  - DataStagingArea update - c l a u s e  

. .- . . - [where c l a u s e ]  ; 
- 

e x t r a c t  - from - DataStagingArea s e l e c t  - c l a u s e  

. .- . . - from c l a u s e  
.- 

[where - c l a u s e ]  

[having - c l a u s e ]  

[orderby - c l a u s e ]  ; 

update -. to -- finalDwRepository : := update .- c l a u s e  

[where - c l a u s e ]  ; 

d e l e t e  - temp - DSA - d a t a  . .-  . . - d e l e t e  - c l a u s e  

[where - c l a u s e ]  ; 



ETL Service Provider Bus : : -  - - - - (Extract - Service I 

Transform Service I 
- 

Load - Service / 

[Extended Service] I - 

{Extended - Service}); 

ETL - Service - Requester - Bus : : =  ETL - Client .- Web - Servic, 

{ETL - Client - Web - Service 

1 ;  

ETL - MessageRouter . .- . . - [Service - Engine], 

{ETL - Client - Request , 

Input - Extraction, 

Response - Redirect); 

Communication Protocol . . .- . - (SOAP I HTTP), - 

(Request - Response I 

Publish Subscribe I 

Synchronous Asynchronou - 

s) ; 

Instructions Flow 

select - clause 

update - clause 

. .= . . Mediation - Flows -. Interfa 

ces; 

. .- . . - SELECT [ DISTINCq'] 

select expression I ,  - 

select expression)*; - 

. .= . . UPDATE 



delete -- clause 

from - clause 

abstract - schema name - 

identification - variable 

1 S E T  update - item { ,  

update - item) *;  

. .- . . - DELETE FROM 

abstract schema name 
- - 

identification - variabl] 

. .- . . - FROM 

datasource schema table - - 

{,{dataSource schema - ta 

ble I 

collection member - decla 

- -. 
- range variable declarat datasource schema table : : -  -- - 

ion { join)"; 

range - variable - declaration : :=  abstract schema name 
- - 

[AS I 
identification - variable 

. .-  . . - join spec 
- 

join .- association - path -. e 

xpression [AS I 



identification variable 
- 

association - path - expression : :=  collect ion valued path 
- - - 

expression 1 

single - valued - associati 

on .- path - expression; 

join - spec . . -  . . - [LEFT] [OUTER I INNER] 

JOIN; 

join - association -- path - express join - collection - valued - 

ion . .- . . - path - expression I 

join - single - valued - asso 

ciation - path - expression 

join - collection valued .- path . . e identification - variable 

xpressior~ . . .- . - .collection valued asso - -- 

ciation -. field; 

join ..- single - valued - associatio i-dentification -. variable 

n path - expression . .- . . - .single -. valued - associat 

ion -. field; 

collection - member - declaration::= IN 

(collection - valued .- path 

expression) [AS] 
- 

identification - variable 



single valued path expression: := state field path expres - - - - - -. 

sion 1 

single valued associati - .- 

on path expression; - 

state field path expression : : =  - - - {identification - variabl 

single valued associati - - 

on-path_expression} . sta 
te - field; 

single valued association pat identification variable - - - - 

h - expression . .- . . - .{single valued associa 
- - 

tion - field.}* 

single valued associati - - 

on field; 
- 

collection valued path expres identification variable -- ...... .- - 

sion 

state - field 

update item 
.- 

. .- . . - .{single valued associa 
- - 

tion field.}* - 

collection valued assoc - - 

iation .- field; 

. .- . . - {embedded - class - state f 

ield.}*simple -- state -. fie 

Id; 

. .= . . [identification - variabl 

e. 1 {state - field ( 



new value - 

select - expression 

single valued associati 
- - 

on field} = new value; - - 

. .- . . - simple - arithmetic - expre 

ssion I 

string - primary I 

datetime - primary I 

boolean - primary I 

enum - primary 1 

simple - entity -. expressio 

n I NULI,; 

. .- . . - single - valued - path - expr 

ession I 

aggregate -- expression I 

identification -. variable 

I 
OBJECT (identification .- v 

ariable) I 

constructor - expression; 

constructor - expression . . .= . NEW 

constructor - name(constr 

uctor item - 

constructor - item . .- , . - single - valued path - expr 

ession I 

aggregate expression; 



aggregate - express ion 

where - clause 

groupby - clause 

groupby - item 

having -- clause 

orderby -. clause 

orderby .- item 

. .-  . . - {AVG JMAX IMIN ISUM} 

([DISTINCT] 

state - field - path -. expres 

sion) I COUNT 

([DISTINCT] 

identification variable 
- 

I 

state - field - path - expres 

sion I 

single - valued - associati 

on-path-expression); 

. .- . . - WHERE 

conditional - expression; 

. .- . . - GROUP BY groupby - item 

{ ,  groupby - item}*; 

. .- . . - single -. valued - path - expr 

ession; 

. . -  . . - HAVING 

conditional .- expression; 

. .- . . - ORDER BY orderby -. item 

( ,  orderby . . item)*; 

. . -  . . - state field - path - expres 

s ion [ASC I DESC] 



conditional - expression . . .- . - conditional term I 
- 

conditional - expression 

OR conditional -. term; 

conditional - term 

conditional - factor 

conditional - primary 

. .-  . . - conditional - factor I 

conditional - term AND 

conditional - factor; 

. .- . . - [NOT] 

conditional - primary 

. .-  . . - simple - cond - expression 

conditional - expression) 

simple - cond - expression . . .- . - between - expression I 

like - expression 1 

in - expression I 

null - comparison - express 

ion I 

empty collection compar 
- .- 

ison -. expression; 

be tween - expression . .- . . - arithmetic .- expression 

[NOT] BETWEEN 

arithmetic - expressionAN 

D arithmetic -. expression 

I 
string -. expression [NOT] 



in - expression 

in - item 

like -. expression 

BETWEEN 

string - expression AND 

string - expression I 

datetime expression 

[NOT]  BETWEEN 

datetime expression AND 
- 

datetime expression; 
-. 

. .- . . - state - field path expres - - 

sion [NOT]  I N  (in - item 

t ,  in - item)* 

I subquery) ; 

. .- . . - literal I 

input - parameter; 

. .- . . - string - expression [ N O T ]  

LIKE pattern .... value 

[ESCAPE 

escape - character]; 

null-comparison~_express~on : := (single valued path exp 
-- - - 

ression I 

input - parameter) IS 

[NOT] NULL; 



A.4 Screenshots for the Design of Database Tables Used in the Case Studies 

A.4.1 First Case Study (PEC) 

1 dependent-sendel 3 

Figure A. Y: emplo~vee-dependont.7 Table 

Same I T ? P ~  l ~ e n ~ t h  1 ~ e a m a l s  I.AIlo\\ ~4 
emp-ld mt 1 1  0 4 

emp-handjhone mt 10 0 4 

empghone mt 40 0 4 

emp-address varchar 40 0 4 

emp-dependents-id mt 40 0 J 

Figure il.10: employee-incharge-details Table 

tllrbme-id 

month-id 

pmod-id 

Figure A. 1 I :  elec-brkout Table 

Figure A,  12: months Table 

- 

Same I TYPe 1 ~mgth I ~ e c r m d s  1 . ~ 0 ~  

month-14 mt 1 1  0 4 

month-desc varchar 20 0 4 



Figure A. 13: period Table ("tinze " ciatcr is .s/ored u.s "longtext" for pr-ogr-unzrning sinzplici/y) 

Same 

Figure A. 14: /runsaction-types Table 

pcnnd id rn' I ! r* 

7-.pe 

Same ] T>Te I Length 

Figure i l .15: turbine-tra~zuction-histov Table 

i e n ~ t h  

trans-hpe-id mt 1 1  C r* 

Decrmalr 

: 

.Uoa 

Same I T > F ~  1 Length ~ ~ e c t m a l s  I - ~ o n  xu4 
trans-id mt 1 1  0 cl 

trans-month mt 1 1  0 cl 

trans--em mt 1 1  0 J 

transgmod-id mt 1 1  0 cl 

trans-c~c-id mt 1 1  0 cl 

cmp-mhmge-id mt 1 1  0 cl 

Figure A. 16: turbines Table 

Dezm~ds 

, 

.Un..\ Sdl  

Same 1 (~mgth l~ec imals  JAIIOWS 

turbmc-id int 1 1  0 2 
0 0 

.- - 
turbine-desc longcxt i J  



A.4.2 Second Case Study (LUCT) 

Figure A. 17: attendence Table 

Figurt~ A. 18: Jinalexam Table 

1 gender-dcsc varchar 0 0 J 

Figure A,  19: gender Table 

varchar 

Figure A.20: marks Table 

Same I ~~e I ~ m ~ t h  ( ~ c c n n a l s  I.Uom X d  
r d mr 11 0 J 

_pendcr-~d mr 11 0 J 

marl-ld mr 11 0 J 

status-ld mr 11 0 J 

final-ld mr 11 0 J 

anmdmce-ld mr 11 0 J 

scmesrn-derds varchar 20 J 

Figure A.21: studentgerformance Table 



A.4.3 Third Case Study (PIT) 

Figure A.21: studentj)erformance Tuhlc~ 

varc har 0 4 

Figure A.2 I: studentgerformance Tuble 

tramer-nam e a r c h  10 0 J 

course-tramtd varchaf 250 0 4 

tnwer-ase varchar 10 0 4 

tramer-h-hest-degee varchar 10 0 4 

trainer-mdusaral-cdcate varchaf 10 0 4 

tramer-dependents-~d varchar 10 0 J 

tramer-handghone varchaf 10 0 J 

tramerg hone varchaf 10 0 4 

tranrer-addiess varchar 10 0 4 

Figure A.21: studentge~formance Table 

Same 1 ~ > l J e  I lmgh ] ~ e c i m a l s  I.AIlow ?id 
id i n 1  11 0 t 

0 trainer-id in 1  I I J 

Figure A.2 I: student performance Table 



A.5 Fragmented Vs. Un-Fragmented Performance Testeing 

JMeter tool is provided by the Apache Software foundation. It is used for measuring 

the speed deference with and without the classified-fragmentation component. 

Apache JMeter is a java desktop application designed to test software functions and 

performance, especially for web applications. It tests both static and dynamic 

resources like files, databases, Java Servlets, Java Server Pages, and Web-Services. 

JMeter is able to simulate a heavy load on a server, a database, or an object. 

A.5.1 Creating Test Plan 

A basic Test Plane is created to test statistical report execution speed before and after 

involving the classified-fragmentation component of the SOA-based ETL prototype. 

To construct JMeter Test Plan, a Thread Group element is added by right clicking on 

the Test Plan to get Add menu, and then select Add 3 Thread Group as shown in 

Figure A.22. 

Then, the default properties are customized as follows: 

Name: Is set to "Thread Group", since this property provides more 

description about Thread Group. 

Number of Threads: " I  ","2" and"3" are set to this field periodically for every 

test. This property provides JMeter with the number of users who are 

expected to simulate (the number of users who send concurrent request to 

execute statistical reports). The software provides virtual users to instead of 

asking persons to execute concurrently. 
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Ramp-up Period: Is set to "1". This property feeds JMeter how long to delay 

between starting each user, For example, when you enter a Ramp-Up Period 

is 2 seconds; JMeter will finish starting all of users by the end of the 2 

seconds. 

Loop Count: This property tells JMeter how many times to repeat test. When 

a loop count value is 2, then JMeter will run test twice. To run test Plan 

repeatedly, select the Forever. In this testing, it is set to 1 .  

Thread Group 

Narne: Thread ~ > r o u ~ ~  

Comments: 
Action to be taken after a Sampler errol 

Continue Stop Thread Stop Test 

Thread Properties 

Number of Threads (users): 1 

Ramp-Up Period (in seconds): 1 

Loopcount: F o r m r  1 

Scheduler 

Figure A.22: Thread Group 



A.5.2 Adding Default HTTP Request Properties 

Settings are specified for requests. HTTP is selected because the statistical reports 

are hosted on a web server that needs HTTP protocol, which is Apache Tomcat 

Jakarta Web Server. This is done by right clicking on Thread Group element to get 

the Add menu and then select Add 3 Config Element + HTTP Request Defaults, as 

shown in Figure A.23. 

File Edrt ~ I I I  mlons  Help 

- - -. - - - -. -- -- - - -- 
9 y TP-1 Flar 

9 & 
hTTP Request Defauits - 

p I J J ~ C I  kCer~Ch 

r-- "--- 
O i l  

1 HlTP Request Defaults 

/ Name: HTTF' F.el-ll~le,;t Llefauili, 

Comlnents: 

Server Name or IP: I ~ ? i a l f ~ o  r t  

Port Number: 8OBO 
I / Protocol (defautt mp): 

/ Path: 

Send Parameters Wilh the Request: 

Name -- V ~ I J ~  - Encode:_ Include Equ 1 

~ -~ .. ~ ~- -~ 

r~ ~ - - ~ ~ . ~  
7 - ~ -  . - : Add ; I1rl.lti 

~~~ 

( r-j Retrieve 1\11 Embedded Resources from HTML Files 

Figure A.23: Default HTTP Request Properties 

After that, some of properties are customized to suit the required testing: 

Server Name or 1P: This property point to the web server that host the web 

page of the two statistical reports (generated by fragmented and 
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unfragmented data) of this testing. For example, when the deployment is 

done at local host as this testing case, "localhost" is provided. 

Port Number: the default port value is 80, but in this testing the port number 

of Apache Tomcate Server is 8080, so, the port is set to "8080". 

A.5.3 Adding HTTP Requests 

HTTP Request element is used to specify which web page will be test regarding its 

performance. This is done by right clicking on Thread Group to get Add menu then 

select A d d 3  Sampler3 HTTP Request. In this testing case, the name of the report 

web page is "index,isp" and the path is identified to indicate the web page location 

on localhost web server, as shown in Figure A.24. 

HlTP Request 

llane HTIF - "  
Cotmnentr 

Web sere, 

s e ~  Mme OT IP  PO^ htmber 

HTTP Rewe* 

p~o(ocol Idefaun ~mpt  ~ e t h o t t  (GFT ~ ~ o r l e r *  

Path. h,- LFC I* * I  , 
r &d.m Lnmtnra1)y r M e  K e c p l l * e  'Use r n l w a d l ~ r n  data f HTTP POCl 

1 Value fw -name" a t r l h l e :  

I 1 . Retr lM M Lmedbcd f temrcss  from HlML FYcr  Vlc as Monnol 

I I Embedded URL s mat rndch. 

Figure A. 24: HTTP Requests 
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A.5.4 Adding a Listener 

This element stores all the HTTP requests results and view storing results. This is 

done by right clicking on Thread Group to get Add menu, then select Add + 
Listener + Generate results. 

The testing tool results are influenced by a number of factors, such as fragmented 

data, non-fragmented data, number of records, the server or personal computer 

performance used to execute the testing and number of users. One report is generated 

twice (once using fragmented data and another using un-fragmented data) is tested. 

The report is shown in Figure A.25. 

iduenza SS6 SZ4 S64 S-6 Si)l S19 S20 S9- SlO SO3 S410 

heart &seas? -95 -33 S1!l S!rJ S611 1 S40 540 -95 S45 S2-Z 

headache '65 S40 S13 SlS 8 2  S91 S15 S?? S-2 S60 8345 

hvpertension S91 SO2 So4 F6 8 3  S!3 SO3 531 SO3 905 S433 

disease1 1162 1053 1246 1124 I102 1162 11-0 1115 1195 1126114SS:  

disease: ~ 2 0  - 5 2  - < >  . - -99 --I -6- ~ 3 0  -20 ~ 1 3  -23 --5! 

d1sease3 "36 -!O -90 E02 -92 S12 -S! '82 --! -4- ---4 

disease4 -55 6-S -13 S4S -45 - 3 -  - -642 -81 -96 -9- --' 

disease! -31 -64 -0s S 52 -S1 613 --S 3 1  S l l  -24 --I? 

disease6 S -64 -69 - - c  -6 1 -59 --S -11 604 -S9 -693 

Figure A.25: Report Generared Twice, Once Using Fragmented Dara and rhe Orher Using 
IJn-Fragmented Dara 

A.5.5 Test Results 

Both reports of fragmented and unfragmented data are re-generated 30 times using a 

volume of data 100,000 - 1,000,000 records as shown in Table A.6, and to make it 



simpler for the reader to compare the results of fragmented and unfragmented data, 

only data from 100,000 to 300,000 is shown in Table 6.1 of section 6.7.2. These 

records (100,000 to 300,000) are shown in the first 9 rows of Table A.6. Concurrent 

virtual users who accessed the report concurrently are 1-3. 

As a sample of showing the output of the JMeter regarding the time of execution, 

Figure A.26 shows a screenshot for testing result of 1,000,000 records with one user 

that matches record 28 of Table A.6. The left hand menu shows that the two reports 

to be tested are non-fragmented and fragmented web pages, while the "lable" and 

"Sample Time(ms)" fields in the middle of the same Figure show the results of time 

needed to execute both reports. 

Mew Results in Table 

Figure A.26: Screenshot,for Testing Reszrlt of1,000,000 Records with One User 



Table A. 6: Tinlc Deference between Fragnlen ted and Un-Fragnzented Data ,for 
Report Re-generation qf 100,000 - 1,000,000 Records 

No. Records Users Fragmented data (ms) Non-fragmented data (ms) 

1 100,000 1 188 297 

2 100,000 2 192 207 

3 100,000 3 255 3 64 



JMeter tool does not deal with many reporting softwares available in the market. 

Therefore, a special programming project is developed by the researcher for the 

purpose of creating the fragmented and unfragmented based reports as two web 

pages. These programming codes are hosted on Tomcate Jakarta server that is 

compatible with JMeter as both of them are produced by the same vendor "Apache 

Software foundation". Table A.7 and Table A.8 Show the source code developed 

specially for creating the statistical report shown in Figure A.25. Table A.7 shows a 

reusable Java class that deals with the data warehouse repository and its stored 

procedure, while Table A.8 shows the JSP code used as a presentation layer for 

showing and formatting the report. 

Table A. 7: A reusable Ju~,la class that deals with the data warehouse repositoy and 
its stored procedure 

package uum.awad.phd; 

import java.io.*; 
import java.sql.*; 
import java.util.*; 
import com.fdsapi..ResultSetConverter; 
import com.jamonapi.utils.*; 

public class BusinessBean { 

Connection connection = null; 
Statement statement; 
pub1i.c int lenght2 = 1; 
public int length1 = 1; 

public BusinessBeari() //throws Exception 
{ 

trv 



String userName = "awad"; 
String password = ""; 

String dataSourceName = "phd - testing"; 
String dbURL = 

"jdbc:odbc:" + dataSourceName; 

Class.forName("sun.jdbc.odbc.Jdbc0dbcDriv 
er") ; 

connection = 

DriverManager.getConnection(dbURL, 
userName, password) ; 

statement = 

connection.createStatement(); 

1 catch (Exception e) { 

1 

/ *  this method returns a 2-dimentional array 
contains all of the resultset items * /  

public String [ I  [ I  getResul tset ( ) throws SQLException 

Callablestatement st = 

connection.prepareCa11("{ca1l 
statisticalReport ( ? ,  ? )  1 1 ' ,  
ResultSet.TYPE SCROLL SENSITIVE, 
Resul tSet . CONCUR READ--ONLY) - ; 
st.setInt (1, 5000002) ; 
st.setInt (2, 4) ; 
st-execute ( )  ; 
ResultSet rs = (ResultSet) st.executeQuery0; 
Resultsetconverter rsC = new 
ResultSetConverter(rs); 
Object [ I  [ I  rsArray = rsC.getResultSet ( )  ; 
String [ I  [ I  resultList = new 
String[rsArray.length] [rsArray[O].length]; 
for (int i = 0; i < rsArray.length; itt) { 

for (int j = 0; j < rsArray[O].length; j+t) 



resultlist [i] [j] = 

rsArray[i] [j] .tostring(); 
1 

1 

return resultlist; 
I 
/ *  Returns distinct values of the column in the 

resultset which we wanna add it as the left 
column in the cross tab report*/ 

public List getLeftColumn(String [ I  [I s, int 
leftColumn0rder) ( 

ArrayList 1eftColurnnArrayList = new ArrayListO; 
for (int n = 0; n < s.length; ntt) { 

if 
(1eftColumnArrayList .contains (s [n] [leftColumnOrd 
er - 11)) {continue 1 else { 

leftColumnArrayList.add(s[n] [leftColumnOrder - 
11 1 ;  

I 
1 
return 1eftColumnArrayList; 

1 

/*Returns distinct values of the column in the 
resultset which we wanna add it as the titles 
row in the cross tab report*/ 
public List getTi tlesRow (String L ]  L] s, int 
titlesorder) ( 

ArrayList titlesArrayList = new ArrayList 0 ;  
for (int n = 0; n < s.length; ntt) { 

if 
(titlesArrayList..contains(s[n] [t-itlesorder - 
11)) t 

continue; 
1 else { 
titlesArrayList .add (s [n] [titlesorder - 

11); 
1 

1 
return titlesArrayList; 

1 



/*gets the calculated results in a 2 dimensional array 
of Longs*/ 

public String[] [I getCalculatedResults (String [ I  [I 
resultlist, List leftColumnArrayList, List 
titlesArrayList, int wantedFieldOrder, int 
leftColumnOrder, int titlesorder) { 

String[] [I calcRs = new 
String[leftColumnArrayList.size()][titlesArrayList.size( 
)I; 

Object[] 1eftColumnArrayListl = 

leftColumnArrayList.toArray(); 
Object [I titlesArrayList1 = 

titlesArrayList.toArray(); 
int i = 0; 

for (i = 0; i < resultList.length; itt) { 
for (int j = 0; j < resultList[O].length; 

j++) { 
for (int h = 0; h < 

titlesArrayListl.length; htt) { 
for (int v = 0; v < 

leftCo1umnArrayListl.length; v+t) { 
if 

(resultList[i] [leftColumnOrder - 
11 .equals (1eftColumnArrayListl [v] . tostring ) ) & &  

resultlist [i] [titlesorder - 
l].equals(titlesArrayList1[h].toString())) { 

calcRs [v] [h] = 

resultList[il [wantedFieldOrder - 11; 
1 

1 

return calcRs; 

/ /  close statements and terminate database 
connect ion 



protected void finalize ( )  { 

/ /  attempt to close database connection 
try 1 

stat-ement .close ( )  ; 

connect ion. close ( ) ; 
1 / /  process SQI,Exception on close operation 
catch (SQLException sqlException) { 

sqlException.printStackTrace(); 
I 

Table A.8: The JSP code used as a prcscntution layer,for designing and.formutting 
the report 

-- 
<jsp:useBean id = "bB" scope = "page" 

class = "uum.awad.phd.BusinessBean" / >  

< % @  page contentType="text/html; charset=utf-8" language 
- - "java" % >  < %@page import = "java.util.*" % >  
< % @  page i-mport = "uum.awad.phd.*" % >  

<html xmlns = "http://www.w3.org/1999/xhtml" > 
<head> 

< title > resultset valuses</ 
title 

> 
<meta http-equiv="Content-Type" content = "text/html; 

charset=UTF-8" / >  < /head> < body> 

< %  / /  start scri~tlet 



String [ : I  1 1  varList = bB.getResultset ( )  ; 
List left = bB.getLeftColumn (varList, 1) ; 
List titles = bB.getTitlesRow(varList, 2); 
String[] [I calcRs = bB.getCalculatedResults(varList, 
left, titles, 5, 1, 2); 
Object[] left1 = left.toArray(); 
%> 

<center><Table border="lW cellspacing = "0" 
cellpadding = "0" id = "Tablel" style = "border- 
collapse: collapse; border-style: solid; border-width: 
1px" bordercolorlight = "#COCOCO" bordercolordark = 

"#000000" > 

<%- -  -- -- -- ---titles row - - - - - - - - - - - - - - - - - - - - - - - - %  
0 > 

<tr bgcolor="#4E4E4E" > 
<td> < center > <font 
color = "#FFFFFFU > <b> 
Disease</b></font></center></td> 

<% 
Iterator listIterator2 = titles.iterator(); 

while ( listIterator2 .hasNext ( )  ) { 

String next2=(String) listIterator2 .next ( )  ; 

%> 
<td><font 

color = "#FFFFFFW > <b> <%= next2 %> < /b> < 
/font> < /td> <% 

></font></center></td> 
</tr> 

<"-- ------------- end of titles row--------------%> 

< %  
long vTotal=O; 



(int k=O; 
k<calcRs. length ; ktt ) ( 

if (k%2 == 0) ( 

out.print.("<tr bgcolor=\"#F5F3F5\"><td>" t 
leftl [k] t "</td>") ; 

) else { 
out .print ("<tr><td>" t leftl [k] t "</td>") ; 

I 
for (int 1 = 0; 1 < calcRs[k] .length; ltt) ( 

%>  
<td><center><% 
if ( 

calcRs[kl [l] .equalsIgnoreCase("O")) { 
out .print (''11) ; 

} else { 

out.print (calcRs[k] [I]); 
1 
%> < /center> < /td> < % 

vTotal t =  Long.parseLong(calcRs[k] [l]); 
1 
%> 

<td><center><% 
if ( 

vTotal == 0) { 

out .print (I"') ; 
I else ( 

out.print (vTotal); 
I 
%> < /center> < /td> < 8 vTotal = 0; 
%> 

long hTotal = 0; 
long [ I  lastRow = new long [calcRs [0] . length] ; 
for 

(int a=O; 
accalcRs 

[O].length;att) ( 
for(int b=O; b < calcRs.length; b t t )  ( 

hTotal t= Long.parseLong (calcRs [b] [a] ) ; 

- 1 - 



1 
0 
0 

> 
<tr bgcolor="#4E4E4E" > 

<td> < center > <font 
color = "#FFFFFFW > <b> 
Total</ 
b></font></center></td> 

<% 
long crossTotal=O; 

for 
(int c=O; 

c<lastRow. length ; ctt ) { 

if(lastRow[c]==O) { 

out.print ("<td><center>" t I t "  t 

"</center></td>"); 
1 else { 

out.print("<td><center><font 
color=#FFFFFF><b>" + lastRow[c] t 

"</b></font></center></td>"); 
1 
crossTota1 += lastRow [c] ; 

1 
% >  

<td><center><font C O ~ O ~ = " # F E - F F F F ~  > <b> <%= cross~otal 
3 
o >  < /b> < /font> < /center> < /td> < /tr> < /Table> < 
/center> < /body> < /html> 



Appendix B 

Source Code of the Prototype 

Table B. I - ExtractData.jnvu 

package data.et1.d~; 

import java.sql.*; 
import java.util.*; 
import java.io.*; 

public class ExtractData { 

private String host; 
private String port; 
private String user; 
private String password; 
private String db; 
private String url; 
private Connection conn; 

public ExtractData(String config) throws [OException { 
Properties myproperties = new Properties(); 

FileInputStream in = new FileInputStream(config); 
myproperties,load(in); 
in.close(); 

this.ur1 = "jdbc:mysql://" t this.host .+ ":" + this.port + "I" + this.db; 

public void jdbcConnect() { 

try { 
Class.forName("com.mysql.jdbc.Driver"); 
this.conn = DriverManager.getConnection(this.url, this.user, this.password); 

275 



) catch (SQLException ex) { 
) catch (ClassNotFoundException ex) { 
) catch Cjava.lang.Exception ex) { 

public void jdbcConClose() { 

try { 
this.conn.close(); 

) catch (Exception ex) { 
t 

} 

public void extractData(String sql) { 

try { 
Statement extractstmt = this.conn.createStatement(); 
extractStmt.executeUpdate(sql); 
extractStmt.close(); 

) catch (SQLException ex) { 
1 

package data.et1 .dw; 

import java.sql.*; 
import java.util.*; 
import java.io.*; 

public class TransformData { 

private String host; 
private String port; 
private String user; 
private String password; 
private String db; 
private String url; 
private Connection conn; 



public TransformData(String config) throws IOException { 
Properties myproperties = new Properties(); 

FileInputStream in = new FileInputStream(config); 
myproperties.load(in); 
in.close(); 

public void jdbcConnect() { 

try { 
Class.forName("com.mysql.jdbc.Driver"); 
this.com = DriverManager.getConnection(this.url, this.user, this.password); 

) catch (SQLException ex) { 
) catch (ClassNotFoundException ex) { 
) catch (java.lang.Exception ex) { 

1 
1 

public void jdbcConClose() ( 

try { 
this.conn.close(); 

) catch (Exception ex) { 
1 

public void transformData(String sqlInsert) throws SQLException { 

Statement insertStmt = this.conn.createStatement(); 
insertStmt.executeUpdate(sql1nsert); 
insertStmt.close(); 

t 

public Vector jdbcMultipleRowQuery(String sqlQuery) { 
Vector v = new Vector(); 

try { 
Statement querystmt = this.conn.createStatement(); 
Resultset rs = queryStml.executeQuery(sqlQuery); 
int colCounl = rs.getMetaData(),getColumnCount(); 
String s; --- - - - - - . . ... . . . . -. - .. - . . . .. -. ...-- - - 
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while (rs.next()) { 
Vector vec = new Vector(); 
for (int i = 0; i < colcount; i++) { 

s = rs.getStnng(i + 1 ); 
vec.addElement(s); 

I 
v.addElernent(vec); 

I 
rs.close(); 
queryStmt.close(); 

} catch (SQLException ex) { 
} 
return v; 

} 

//Transform DOB to Age 
public int getAge(String dob) { 

int day, month, year, ageYears, ageMonths, ageDays; 

String111 split = dob.split("-"); 

day = Integer.parselnt(split[2]); 
month = Integer.parseInt(split[ 1 I); 
year = Integer.parseInt(split[O]); 

Calendar cd = Calendar.getInstance(); 
Calendar bd = new GregorianCalendar(year, month, day); 
ageyears = cd.get(Calendar.YEAR) - bd.get(Calendar.YEAR); 
if (cd.before(new GregorianCalendar(cd.get(Calendar.YEAR), month, day))) { 

ageyears--; 
ageMonths = ( 12 - (bd.get(Calendar.MONTH) + 1 )) + 

(bd.get(Calendar.MONTH)); 
if (day > cd.get(Calendar.DAY-OF-MONTH)) { 

ageDays = day - cd.get(Ca1endar.DAY-OF-MONTH); 
} else if (day < cd.get(Ca1endar.DAY-OF-MONTH)) { 

ageDays = cd.get(Ca1endar.DAY-OF- MONTH) - day; 
) else { 

ageDays = 0; 
t 

} else if (cd.after(bd)) { 
ageMonths = ( 12 - (bd.get(Calendar.MONTH) t I )) - 1 ; 
if (day > cd.get(Calendar.DAY-OF-MONTH)) { 

ageDays = day - cd.get(Ca1endar.DAY-OF-MONTH) - day; 
} else if (day < cd.get(Calendar.DAY-OF-MONTH)) { 

ageDays = cd.get(Calendar.DAY -OF_ MONTH) - day; 
} else { 

ageDays = 0; 
I 



) else { 
ageyears = cd.get(Calendar.YEAR) - bd.get(Calendar.YEAR); 
ageMonths = 0; 
agenays = 0; 

1 
if (ageMonths > 6) { 

ageyears = ageyears + I ;  
1 

return ageYears; 
1 

t 

package data.et1.d~; 

import java.sql.*; 
import java.util.*; 
import java.io.*; 

public class ClassificationData { 

private String host; 
private String port; 
private String user; 
private String password; 
private String db; 
private String url; 
private Connection conn; 

public ClassificationData(String config) throws lOException { 
Properties myproperties - new Properties(); 

FilelnputStream in = new FileInputStream(config); 
myproperties,load(in); 
in.close(); 



public void jdbcConnect() { 

try { 
Class.forName("com.mysql.jdbc.Driver"); 
this.conn = DriverManager.getConnection(this.ur1, this.user, this.password); 

} catch (SQLException ex) { 
} catch (ClassNotFoundException ex) { 
) catch Cjava.lang.Exception ex) { 

} 

public void jdbcConClose() { 

try { 
this.conn.close(); 

) catch (Exception ex) { 

public void classificaionData(String sqllnsert) throws SQLException { 

Statetnent insertstmt = this.conn.createStatement(); 
insertStmt.executeUpdate(sql1nsert); 
insertStmt.close(); 

1 

public Vector jdbcMultipleRowQuery(String sqlQuery) { 
Vector v = new Vector(); 
try { 

Statement querystmt = this.conn.createStatement(); 
Resultset rs = queryStmt.executeQuery(sqlQuery); 
int colCount = rs.getMetaData().getColumnCount(); 
String s; 
while (rs.next()) { 

Vector vec = new Vector(); 
for (int i = 0; i < colcount; i++) { 

s = rs.getString(i + 1); 
vec.addElement(s); 

} 
v.addElement(vec); 

) 
rs.close(); 
queryStmt.close(); 

) catch (SQLException ex) { 
-- - - - -- - - - -- ..- -- -- - -. - . -. - -- - 
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public void jdbcConnect() { 

try { 
Class.forName("com.mysql .jdbc.DriverU); 
this.conn = DriverManager.getConnection(this.url, thisuser, this.password); 

) catch (SQLException ex) { 
) catch (ClassNotFoundException ex) { 
) catch Cjava.lang.Exception ex) { 

1 
1 

public void jdbcConClose() { 

try { 
this.conn.close(); 

} catch (Exception ex) { 

I 
I 

public void loadData(String sql) { 

try { 
Statement extractStmt = this.conn.createStatement(); 
extractStmt.executeUpdate(sq1); 
extractStmt.close(); 

) catch (SQLException ex) { 
I 

Table B 5 Ct'SDL Code for Extract Web Servlcc 

<?xml version=" 1 .Ow encoding="l.STF-8" standalone="yes"?> 
<!-- Generated by JAX-WS RI at http:l/jax-ws.dev.-java.net. RI's version is JAX- 
WS RI 2.1.3.1 -hudson-749-SNAPSHOT. --> 
<definitions targetNamespace="http://prototype.phd.awad/" 
name="ExtractWSSe~ice" xmlns="http:/lschemas.xmlsoap.org/wsdl/" 
xmlns: tns="http://prototype.phd.awadP 
xmlns:xsd="http://wwww3.org/200 l/XML,Schema" 
xmlns:soap="http://schemas.xmlsoap.org/wsdl/soap~' 
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xmlns:wsu="http://docs.oasis-open.org/wss/2004/0 lloasis-20040 1 -wss-wssecurity- 
utility- l .O.xsdn> 

<ns I :Policy wsu:ld="ExtractWSPortBinding_F.xtractOperation -~ WSAT-Policy" 
xm1ns:ns I ="http://www.w3.org/ns/ws-policyn> 

<ns 1 :ExactlyOne> 
<ns I :All> 

<ns2:ATAlwaysCapability 
xmlns:ns2="http://schemas.xmlsoap.org/ws/2004/ I O/wsat"/> 

<ns3:ATAssenion nsl :Optional="true" ns4:Optional="true" 
xrnlns:ns4="http://schemas.xmlsoap.org/ws/2002/ 1 2/policyM 
xmlns:ns3="http:l/schemas.xmlsoap.org/ws/2004/ 1 O/wsat"/> 
<Ins I :All> 

411s 1 :ExactlyOne> 
<Ins 1 :Polk y> 
<types> 

<xsd:schema> 
<xsd:import namespace="http://prototype.phd.awad/" 
schemaLocation="ExtractWSSen~ice-schema 1 .xsdn/> 

</xsd:schema> 
</types> 
<message name="ExtractOperation"> 

<pan name="parametersW element="tns:ExtractOperation"/> 
</message> 
<message name="ExtractOperationResponse"> 

<part name="parametersW element="tns:ExtractOperationResponse"/, 
</message> 
CponType name="ExtractWS"> 
<operation name="ExtractOperation"> 

<input message="tns:ExtractOperation"/> 
<output message="tns:ExtractOperationResponse"/> 

</operation> 
</portType> 
<binding name=" ExtractW SPonBinding" type="tns:ExtractWSW> 

<soap:binding transport="http://schemas.xmlsoap.org/sttp" 
style="document"/> 

<operation name="ExtractOperation"> 
<ns5:PolicyReference 
URI="#ExtractWSPortBinding_ExtractOperationW SAT_PolicyV 
xmlns:ns5="http://www,w3.orglnslws-policy"/> 
<soap:operation soapAction=""/> 
<input> 
<soap:body use="literal"/> 

</input> 
<output> 
<soap:body use="literal"/> 

</output> 
</operation> 

</binding> 
<service name="ExtractWSService"> .- - 
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<port name="ExtractWSPort" binding="tns:ExtractWSPortBinding"> 
<soap:address location="REP12ACE-WITH - ACTUAL - URI,"/> 

</port> 
</service> 

</definitions> 

Table B 6 .YYL.IL Schema fbr Extract Web Service 

Table B 7. WSDL C'ode for Trunsform Web Sewice 

<?xml version=" l .Ow encoding="UTF-8" standalone="yes"?> 
<!-- Generated by JAX-WS RI at http://jax-ws.dev.java.net. RI's version is JAX- 
WS RI 2.1.3.1-hudson-749-SNAPSHOT. --> 
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xmlns:tns="http:llprototype.phd.awad~ 
xmlns:xsd="http:llwww.w3.orgl200 1 IXMLSchema" 
xmlns:soap="http:llschemas.xmlsoap.org/wsdllsoapl" 
xmlns:wsu="http:lldocs.oasis-open.org1wss1200410 1 loasis-20040 1 -wss- 
wssecurity-utility- I .O.xsdW> 
<ns 1 :Policy 

wsu:ld="Transform W SPort Binding-TransforrnOperation-WSATTPolicy" 
xm1ns:ns l="http://www.w3 .org/nslws-policyM> 

<ns 1 :ExactlyOne> 
<ns 1 :All> 

<ns2:ATAlwaysCapability 
xmlns:ns2="http:llschemas.xmlsoap.org/ws/2004/ 1 O/wsat"/> 

<ns3:ATAssertion ns 1 :Optional="true" ns4:Optional="true" 
xmlns:ns4="http:llschemas.xmlsoap.org/ws/2002/ 12/policy" 
xmlns:ns3="http://schemas.xmlsoap.org/ws/2004/ 1 O/wsat"/> 
<Ins 1 :All> 

<Ins 1 : ExactlyOne> 
<Ins1 :Policy> 
<types> 

<xsd:schema> 
<xsd:import namespace="http:llprototype.phd.awad/" 
schemaLocation="TransformWSSe~ice~schema I .xsd"/> 

</xsd:schema> 
</types> 
<message name="TransformOperation"> 

<part name="parameters" element="tns:TransfonnOperation"/> 
</message> 
<message name="TransformOperationResponse"> 

<part name="parametersW element="tns:TransformOperationResponse'~/> 
</message> 
CportType name="Transform WS"> 

<operation name="TransformOperation"> 
<input message="tns:TransfonnOperation"i> 
<output message="tns:TransformOperationResponse"/> 

</operation> 
</portType> 
<binding name="TransformWSPortSinding" type="tns:'rransformWS"> 
<soap:binding transport="http://schemas.xmlsoap.org/sttp" 
style="document"/> 
<operation name="'~ransformOperation"> 

<ns5:PolicyReference 
URI="#TransformW SPortBinding-TransformOperation_W SAT-Policy" 
xmlns:ns5="http://www.w3 .org/ns/ws-policy"/> 
<soap:operation soapAction=""/> 
<input> 

<soap:body use="literal"/> 
</invut> 



Table B.8: A'ML Schemafor Transfirm Web Sc,n.ice 

<?xml version=" 1 .Ow encoding="UTF-8" standalone="yes"?> 
<xs:schema version=" l .Ow targetNamespace="http://prototype.phd.awadl' 
xmlns: tns="http://prototype.phd.awad"' 
xmlns:xs="http://www.w3 .org/200 I /XMLSchemall> 

Table B. 9. WSDL. C'ode for Class~f i  Ueb Senice 



<?xml version=" 1 .Ow encoding="UTF-8" standalone-"yes"?> 
<!-- Generated by JAX-WS RI at http:/!jax-ws.dev.java.net. Rl's version is JAX-WS 
RI 2.1.3.1 -hudson-749-SNAPSHOT. --> 
<definitions targetNamespace="http://prototype,phd.awad/" 
name="ClassifyWSService" xmlns="http://schemas.xmlsoap.org/wsdl/" 
xmlns:tns="http://prototype.phd.awad/" 
xmlns:xsd="http://www.w3.org/200 11XMLSchema" 
xmlns:soap="http://schemas.xmlsoap.org/wsdl/soap/ xmlns:wsu="http:iidocs.oasis- 
open.org/wss/2004/0 lloasis-20040 1 -wss-wssecurity-utility- 1 .O.xsdW> 

<ns 1 :Policy wsu:Id="ClassifyWSPortBinding~ClassifyOperation~WSAT~Policy" 
xm1ns:ns 1 ="http://www.w3.org/ns/ws-policyw> 

<ns 1 :ExactlyOne> 
<ns 1 :All> 

<ns2:ATAlwaysCapability 
xmlns:ns2="http:Nschemas.xmlsoap.org/ws/200411 O/wsat"/> 
<ns3:ATAssertion ns 1 :Optional="true" ns4:Optional="true" 
xmlns:ns4="http://schemas.xmlsoap.org/ws/2002/ 12/policy" 
xmlns:ns3="http://schemas.xmlsoap.org/ws/2004/ 1 O/wsat"/> 
<Ins 1 :All> 

<Ins 1 :ExactlyOne> 
<Ins 1 :Policy> 
<types> 

<xsd:schema> 
<xsd:import namespace="http://prototype.phd.awad/" 

schemaLocation="ClassifyWSService~schema I .xsdW/> 
</xsd:schema> 

</types> 
<message name="ClassifyOperation"> 

<part name="parameters" element="tns:ClassifyOperation"/> 
</message> 
<message name="ClassifyOperationResponse"> 

<part name="parameters" element="tns:ClassifyOperationResponse"/> 
</message> 
<portType name="ClassifyWS "> 

<operation name="ClassifyOperation"> 
<input message="tns:ClassifyOperation"/> 
<output message="tns:ClassifyOperationResponse"/> 

</operation> 
</portType> 
<binding name="ClassifyWSPortBinding" type="tns:ClassifyWS"> 

<soap:binding transport="http://schemas.xmlsoap.orglsoap/http" 
style="documentl'/> 

<operation name="ClassifyOperation"> 
<ns5: PolicyReference 
URI="#ClassifyWSPortBinding_ClassifyOperation~WSAT~ Policy" 
xmlns:ns5="http://www.w3.org/ns/ws-policy"/> 
<soap:operation soapAction=""/> 
<input> 

<soap:body use="literal"/> - -. . . - .~ 
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</input> 
<output> 

<soap:body use="literal"/> 
</output> 

</operation> 
</binding> 
<service name="ClassifyWSService"> 

<port name="ClassifyWSPort" binding="tns:ClassifyWSPortBinding"> 
<soap:address location="REPLACE WITH-ACTUAL - IJRL"/> 

</port> 
</service> 

</definitions> 

Table B. 10. XML Sclzemrr/or Clussjfi Web Senice 



Table B I I .  If'SDL C'ode for Load M'eb Sc~t~jrce 

<'?xml version=" l .Ow encoding="UTF-8" standalone="yes"?> 
<!-- Generated by JAX-WS RI at http://jax-ws.dev.java.net. RI's version is JAX-WS 
RI 2.1.3.1 -hudson-749-SNAPSHOT. --> 
<definitions targetNamespace="http://prototype.phd.awad/" 
name="LoadWSService" xmlns="http:Nschemas.xmlsoap.org/wsdl/" 
xmlns:tns="http://prototype.phd.awad/" 
xmlns:xsd="http://www.w3 .org/200 1IXMLSchema" 
xmlns:soap="http://schemas.xmlsoap.org/wsdl/soap/" xmlns:wsu="http:lidocs.oasis- 
open.orglwss/2004/01 loasis-20040 1 -wss-wssecurity-utility- I .O.xsdU> 

<ns 1 :Policy wsu:ld="LoadWSPortBinding~LoadOperation~WSAT~Policy" 
xm1ns:ns I ="http://www.w3 .org/ns/ws-policy"> 

<ns I :ExactlyOne> 
<ns I :All> 

<ns2:A'TAlwaysCapability 
xmlns:ns2="http://schemas.xmlsoap.orgiws/2004/1 O/wsat"/> 

<ns3:ATAssertion ns 1 :Optional="true" ns4:Optional="true" 
xmlns:ns4="http:llschemas.xmlsoap.orgiws/2OO2/l 2/policyU 
xmlns:ns3="http://schemas.xmlsoap.or~ws/2004/ 1 O/wsat"/> 
<Ins I :All> 

<Ins 1 :ExactlyOne> 
<Ins1 :Policy> 
<types> 

<xsd:schema> 
<xsd:import namespace="http://prototype.phd.awad/" 

schemaLocation="LoadWSService~schema 1 .xsdW/> 
</xsd:scherna> 

</types> 
<message name="LoadOperation"> 

<part name="parameters" element="tns:LoadOperation"/> 
</message> 
<message name="LoadOperationResponse"> 

<part name="parameters" element="tns:LoadOperationResponse"/> 
</message> 
<portType name="LoadWSn> 

<operation name="L,oadOperation"> 
<input message="tns:LoadOperation"/> 
<output message="tns: LoadOperationResponse"/> 

</operation> 
</portType> 
<binding name="LoadWSPortBinding" type="tns:L,oadWS"> 

<soap:binding transport="http://schemas.xmlsoap.org/soap/http" 
style="document"/> 

coperation name="I,oadOperation"> 
<nsS:PolicyReference 



Table B, I2 XhfL Schema fi)r Load Web Service 

<?xml version=" 1 .Ow encoding="UTF-8" standalone="yes"?> 
<xs:schema version=" 1 .Ow targetNamespace="http://prototype.phd.awad"' 
xmlns: tns="http:l/prototype.phd.awad/" 
xmlns:xs="http://www. w3 .org/200 1 /XMLSchema"> 



Table B I.?: BPEL XML Cbde 

xmlns:sxeh="http:liwww.sun.comlwsbpel/2.O/process/executable/S~Extension/ErrorHandling" 
xmlns: tns="http://enterprise.netbeans.org/bpel/ETL~Requestor/ETL~Requestor" 

xmlns:sxed2="http:/!www.sun.codwsbpel/2.0/process/executable/SExtension/Editor2" 
x m l n s : n s O = " h t t p : / / x m l . n e t b e a n s . o r g / s c h e m a / R  

<import namespace="http://~i2ee.netbeans.org/wsd1/ETL~Requestor/ETL~Requestor" 
location="ETI,-Requestor.wsd1" importType="http://schemas.xmlsoap.org/wsdl/"/> 

<import namespace="http://ente~se.netbeans.org/bpel/ExactWSSe~iceWrapper" 
location="ExtractWSSe~iceWrapper.wsdl" importType="http://schemas.xmlsoap.org/wsdl/"/> 

<import namespace="http://prototype.phd.awad/" 
location="ExtractEJB/wsdl/ExtractWSSe~ice.wsdl" 
importType="http://schemas.xmlsoap.org/wsdl/"/> 

<import namespace=" http://enterprise.netbeans.org/bpel/Trans form W SSe~iceWrapper" 
~ocation="TransformWSSe~iceWrapper.wsdl" 
importType=" http://schemas.xmlsoap.org/wsdl/"/> 

<import namespace="http://prototype.phd.awad/" 
location="TransformEJB/wsdl/TransformWSSe~ice.wsdl" 
importType="http:l/schemas.xmlsoap.orglwsdl/"/~ 

<import namespace="http://ente~se.netbeans.org/bpel/ClassifyWSSe~iceWrapper" 
location="ClassifyWSSe~iceWrapper.wsdl" importType="http://schemas.xmlsoap.or~wsdl/"/> 

<import namespace="http://prototype,phd.awad/" 
location="ClassifyEJB/wsdl/ClassifyWSSe~ice.wsdl'' 
importType="http://schemas.xmlsoap.org/wsdl/''/~ 

<import namespace="http:l/enterprise.netbeans.org/bpel/LoadWSSe~iceWrapper" 
location="LoadWSSe~iceWrapper.wsd~" importType="http://schemas.xmlsoap.org/wsd1/"/> 

<import namespace="http://prototype.phd.awad/" 
location="LoadEJB/wsdl/LoadWSSe~ice.wsdl" 
importType="http://schemas.xmlsoap.org/wsdl/"/> 

<partnerLinks> 
<partnerLink name="Extract--PI," 

xmlns:tns=" http://enterprise.netbeans.org/bpel/Extract WSServiceWrapper" -- 
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partnerLinkType="tns:ExtractWSI,inkType" partnerRole="ExtractWSRole"/> 
<partnerLink name="Transfonn--PLJ 

xmlns: tns="ht tp: / /enterpr ise .netbeans.org/bprtnW SServiceWrapper" 
partnerIdinkType="tns:TransformW SIIinkTypel partnerRole="TransformWSRole"/> 

<partnerLink name="Classify-PL" 
xmlns:tns="http://enterprise.netbeans.orghpel/ClassifyWSServiceWrapperT' 
partnerLinkType="tns:ClassifyW SLinkType" partnerRole="ClassifyW SRole"/> 

<partnerLink name="Load-PL" 
xmlns:tns="http://enterprise.netbeans.orghpel/LoadW SServiceWrapperT' 
partnerLinkType="tns:LoadWSI,inkType" partnerRole="LoadWSRole"/> 

<partnerLink name="ETLAdmini~trators~PL" 
xmlns: tns="http://j2ee.netbeans.org/wsd1/ETL~Requestor/ETL~Requestor" 
partnerLinkType="tns:ETLW myRole="ETL-RequestorPortTypeRole"/> 

</partnerLinks> 
<variables> 

<variable name="LoadOperationOut" xmlns:tns="http://prototype.phd.awad/" 
messageType="tns:LoadOperationResponse"/> 

<variable name="LoadOperationIn" xmlns:tns="http://prototype.phd.awad/" 
messageType="tns:LoadOperation"/> 

<variable name="ClassifyOperationOut" xmlns:tns="http://prototype.phd.awad/" 
messageType="tns:C1assifyOperationResponseT'/> 

<variable name="ClassifyOperationIn" xmlns:tns="http://prototype.phd.awad/" 
messageType="tns:ClassifyOperation1'/> 

<variable name="TransformOperationOut" xml~ls:tns="http://prototype.phd.awad/'~ 
messageType="tns:TransformOperationResponsel'/> 

<variable name="TransformOperationln" xmlns:tns="http://prototype.phd.awad/" 
messageType="tns:TransformOperation"/> 

<variable name="ETL-RequestorOperationOut" 
xmlns: tns="http://j2ee.netbeans.org/wsdl/ETLRequestor/ETI Requestor" 
messageType="tns:ETL-RequestorOperationResponse"b 

<variable name="ExtractOperationOut" xmlns:tns="http://prototype.phd,awad/" 
messageType="tns:ExtractOperationResponse"/> 

<variable name="ExtractOperationIn" xmlns:tns="http://prototype.phd.awad/" 
messageType="tns:ExtractOperation"/> 

<variable name="ETL-RequestorOperationIn" 
xmlns:tns="http:llj2ee.netbeans.orgiwsdl/ETL,~Requestor/ETL~RequestorTT 
messageType=" tns: ETL.-RequestorOperationRequest"l> 

</variables> 
<sequence> 

<receive name="ReceiveAdministratorRequest" createInstance="yesl' 
partnerL,ink="ETLAdministrators_~~PL," operation="ETL-RequestorOperation" 
x m l n s : t n s = " h t t p : / / j 2 e e . n e t b e a n s . o r g / w s d l / R E T L ~ R e q u e s t o r T '  
portType="tns:ETL-RequestorPortTypeT' variable="ETL-RequestoIOperationInl'/> 

<if name="1fl1'> 
<condition> 

( $ E ? ' L ~ R e q u e s t o r O p e r a t i o n O u t , r e s p o n s e P a ~ = " e x t r a c t T ~ )  
</condition> 
<sequence name="SequenceExtract"> 

<assign name="AssignExtract"> -- .- - .- - - - . -- . . - . . ... . . . - . . . 
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<from>$ETL-RequestorOperationOut.responsePart/nsO:operationReturn</from> 
<to>$TransfomOperationIn.parameters/transfo~Parameter</to> 

</copy> 
</assign> 
<invoke name="Invoke?'ransfonn" partnerLink="Transforni-lPII" 

operation="TransformOperation" xmIns:tns="http://prototype.phd.awad"' 
portType="tns:Transfonn W S" inputVariable="TransformOperationIn" 
outputVariable="TransformOperationOut"/> 

<assign name="Assign?'ransforrn2"> 
<copy> 
<frotn>$TransformOperationOut.parameters/return</from~ 
<to>$ETI.~RequestorOperation[n.requestPart/nsO:operationParameter~/to~ 

</copy> 
</assign> 
<reply name="Replyl'ransfonn" partnerI,ink="ETLAdministrators - PL" 

operation="ETL-RequestorOperationW 
xtn1ns:tns="http://j2ee.netbeans.org/wsd1/ETL~Requestor/ETL~Requestor1' 
portType="tns:ETL.-RequestorPortTypet' variable="ETI,-RequestorOperation0ut"b 

</sequence> 
</elseif> 

- -. <elseif> 
--. -. -. -- -. ..... -. ... . .-..... .. .. . .- - -- - - - - . .- -.. - -. . .. . . -- . .. . .. . - . - -. . - . . - - .- 
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Tahle B 14. W'SDL ('ode of  he BPEL 

<?xml version=" 1 .Ow encoding="UTF-8"'b 
<definitions name="ETL1' 
targetNamespace="http://j2ee.netbeans.org/wsdl/ETL-Requestor/ETL-Requesto 
r" 

xmlns="http:/lschemas.xmlsoap.org/wsdl/~~ 
xmlns: wsdl="http://schemas.xmlsoap.org/wsdl/'~ 
xmlns:xsd="http://www.w3.org/200 1/XMLSchemaW 
xmlns: tns="http:/~i2ee.netbeans.org/wsd1/ETL_Requestor/ETL~Requestor~~ 

xmlns:ns="http://xml.netbeans.org/schema/ETL~Requestor" 
xmlns:plnk="http:/ldocs.oasis-open.org/wsbpel/2.0/plnktye~~ 
xm1ns:tns 1 ="http://j2ee.netbeans.org/wsdl/ETL-Requestor/ETL,-Requestor"> 

<types> 
<xsd:schema targetNamespace="#TARGET-NAMESPACE"> 

<xsd:import 
namespace="http://xml.netbeans.org/schema/ETL~Requestor" 
schemaLocation="ETL__Requestor.xsd"/> 

</xsd:schema> 
</types> 
<message name="ETL-RequestorOperationRequest"> 

<part name="requestPart" element="ns:processApplicElement"/> 
</message> 
<message name="ErTL-RequestorOperationResponse"> 

<part name="responsePart" element="ns:processApplicRespElernent"/> 
</message> 
CportType name="ETL-RequestorPortrrype"> 

Coperation name="ETL,-RequestorOperation"> 
<input name="input 1 " 

message="tns 1 :ETL-RequestorOperationRequest"/> 
<output name="output 1 " 

message="tns 1 :ETL~_RequestorOperationResponse"/> 

-. </operation> -- 
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</portType> 
<plnk:partnerLinkType name="ETLW, 

<!-- A partner link type is automatically generated when a new port type is 
added. Partner link types are used by BPEL processes. 
In a BPEL process, a partner link represents the interaction between the 
BPEL process and a partner service. Each partner link is associated with a 
partner link type. 
A partner link type characterizes the conversational relationship between 
two services. The partner link type can have one or two roles.--> 

<plnk:role name="ETL RequestorPortTypeRole" 
portType="tns I : E ~ ~ - ~ e ~ u e ~ t o r ~ o r t ~ y p e " / >  

</plnk:partnerLinkType> 
</definitions> 

Table B. 15L: XML Schemcr qf the BPEL, 

Table B 16 (-'ode ofthe composite upplicatioti 



xmlns:ns2="http:/~j2ee.netbeans.org/wsd1/ETL~Requestor/ETL~Requestor'~ 
xmlns:ns3="http://prototype.phd.awad/" 
x1nlns:ns4="http://enterprise.netbeans.org/bpel/ETI.~Requestor/ETI,~~Requestor" 
xmlns:xlink="http://www.w3.org/2000/xlink"> 

<endpoints> 
<endpoint endpoint-name="AdministratorPort" interface- 

name="ns2: ETL-RequestorPortType" name="endpoint 1 " service- 
name=lTns 1 :casaServicel"/> 

<endpoint endpoint-name="ExtractPort" interface-name="ns3:ExtractWS" 
name="endpoint2" service-name="ns 1 :casaService2"/> 

<endpoint display-name="ETLAdministrators-PL" endpoint- 
name="ET1,~RequestorPortTypeRole~myRole' file-path="ETL-Requestor.bpelV 
interface-name="ns2:ETL_RequestorPortType" name="endpoint3" process- 
name="ETL-Requestor" service-name="ns4:ETI,Administrators-PL"/> 

<endpoint display-name="Extract-PL" endpoint- 
name="ExtractWSRoleqartnerRole" file-path="ETL-Requestor.bpeln interface- 
name="ns3:ExtractWSU name="endpoint4" process-name="ETI,_Requestor" 
service-name="ns4: Extract-PI,"/> 

<endpoint display-name="Transfom-PL" endpoint- 
name="TransfomWSRoleqartnerRole" file-path="ETL-Requestor.bpe1" 
interface-name="ns3:TransfomWS" name="endpoint5" process- 
name="ETL-Requestor" service-name="ns4:Transfom-PLt'/> 

<endpoint display-name="Classify-PL" endpoint- 
name="ClassifyWSRolepartnerRole" file-path="ETL-Requestor.bpel" interface- 
name="ns3:ClassifyWS" name="endpoint6" process-name="ETL-Requestor" 
service-name="ns4:Classify-PL"/> 

<endpoint display-name="Load-PL" endpoint- 
name="LoadWSRoleqartnerRole" file-path="ETL.-Requestor.bpelV interface- 
name="ns3:LoadWS" name="endpoint7" process-name="ETI, - Requestor" service- 
name="ns4:Load-PL"/> 

<endpoint name="endpoint8" endpoint-name="TransfonnPort" interface- 
name="ns3:Transform WSI1 service-name="ns I :casaService3"/> 

<endpoint name="endpoint9" endpoint-name="ClassifyPort" interface- 
name="ns3:ClassifyWS" service-name="ns I :casaService4"/> 

<endpoint name="endpoint 10" endpoint-name="LoadPon" interface- 
name="ns3:LoadWS" service-name="ns 1 :casaServiceS1'/> 

</endpoints> 
<service-units> 

<service-engine-service-unit artifacts-zip="E'rL-Requestor,jarl' component- 
name="sun-bpel-engine" defined="trueU description="Represents this Service Unit" 
internal="true" name="ETI.,-CompositeApp-ETL--RequestorT unit- 
name="ETL-Requestor" unknown="false" x="35" y="99"> 

<provides endpoint="endpoint3"/> 
<consumes endpoint="endpoint4"/> 
<consumes endpoint="endpoint5"/> 
<consumes endpoint="endpoint6"/> 
<consumes endpoint="endpoint7"/> 

</service-engine-service-uni t> 
<binding-component-service-unit artifacts-zip="sun-http-binding.jarW 

.- -- - -. . . .- 
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component-name="sun-http-binding" description="Represents this Senrice Unit" 
name="ETL-CompositeApp-sun-http-binding" unit-name="sun-http-bindingw> 

<ports> 
<port bindingType="soap" x="67" y="39"> 

<link 
xlink:kref="../jbiasa/E7'L~CompositeApp.wsdl#xpointer(/definitions/service[~nam 
e='casaServiceI']/port~~~naine='AdministratorPort'])" xlink:type="simple"/> 

<consumes endpoint="endpoint I "I> 
<provides endpoint="endpoint 1 "I> 

</port> 
<port bindingType="soap" x="67" y=" 1 18'5 

<link 
xlink:href="../jbiasa/ETL~CompositeApp.wsdl#xpointer(/definitions/service[~~nam 
e='casaService2']/port[@name='ExtractPort])" xlink:type="simple"/> 

<consumes endpoint="endpoint2"/> 
<provides endpoint="endpoint2"/> 

</port> 
<port x="67" y=" 197" bindingType="soap"> 

<link 
xlink:kref="../jbiasdETL~CompositeApp.wsdl#xpointer(/definitions/service[@nam 
e=&apos;casaService3&apos;]/port[@name=&apos;TransfonnPort&apos;])" 
xlink:type="simple"/> 

<consumes endpoint="endpoint8"/> 
<provides endpoint="endpoint8"/> 

</port> 
<port x="67" y"276"  bindingType="soap"> 

<link 
xlink: href=" ../jbiasa~ETL~CompositeApp.wsdl#xpointer(/definitions/service[@,nam 
e=&apos;casaService4&apos;]/port[@name=&apos;ClassifyPort&apos;])" 
xlink:type="simple"/> 

<consumes endpoint="endpoint9"/> 
<provides endpoint="endpoint9"/> 

</port> 
<port x="67" y="355" bindingType="soapV> 

<link 
xlink: href="../jbiasdETL~C~ompositeApp.wsdl#xpointer(/definitions/service[~~nam 
e=&apos;casaService5&apos;]/port[@~name=&apos;LoadPort&apos;])" 
xlink:type="simple"b 

<consumes endpoint-"endpoint 101'/> 
<provides endpoint="endpoint 1 Ow/> 

</port> 
</ports> 

</binding-component-service-unit> 
</service-units> 
<connections> 

<connection consume~"endpoint4" provide~"endpoint2" state="new"/> 
<connection consumer="endpoint 1 " provide~"endpoint3" state="new"/> 
<connection state="newV' consume~"endpoint5" providet="endpoint8"/> 
<connection state="newW consume~"endpoint6" provider="endpoint9"/> 

. - - -. 
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<connection state="newV consume~"endpoint7" provider="endpoint lo"/> 
</connections> 
<porttypes> 

<link 
xlink: href="..!ibiasa/ETL-CompositeApp.wsdl#xpointer(/definitions/portType[@na 
me='dummyCasaPortType'])" xlink:type="simple"/> 

<link 
xlink:href="../jbiServiceUnits/ETL,~Requestor/ETL_Requestor.wsdl#xpointer(/defi 
nitions/portType[@name='ETL-RequestorPortType'])" xlink:type="si~nple"/> 

<link xlink:href="../jbiServiceUnits/META- 
INFIETL~Requestorlsrci_references/grqjects/ClassifyEJB/src/conf/wsdl/Classi~ 
W S S e ~ i c e . w s d l # x p o i n t e r ( / d e f i n i t i o n s / p o ~ W S ' ] ) "  
xlink:type="simple"/> 

<link xlink:href="../jbiServiceUnits/META- 
INF/ETL~Requestor/src/~references/qrojects/LoadEJBlsrc/conf/wsdl/Load WSSer 
vice.wsdl#xpointer(/definitions/portType[@name='LoadWS'])" 
xlink:type="simple"/> 

<link xlink:href="../jbiServiceUnits/META- 
MFIETL-Requestor/src/- references/qrojects/TransfomEJB/src/conf/wsdl/Transfo 
r m W S S e r v i c e . w s d l # x p o i n t e r ( / d e f i n i t i o n s / p o ~ m W S ' ] ) "  
xlink:type="simple"i> 

<link xlink:href="../jbiServiceUnits/META- 
INFIETL~Requestor/src/~references/qrojects/ExtractEJB/src/conf/wsdlExtractW S 
Service.wsdl#xpointer(/definitions/po~name='ExtractWS'])" 
xlink:type="simple"/> 

<link 
xlink:href="../jbiServiceUnits/ETL~CompositeApp.~sd1#~p0inter(/definit1ons/port 
Type[@name='dummyCasaPortTypel])" xlink:type="simple"/> 

</porttypes> 
<bindings> 

<link 
xlink:href="../jbiasa/ETL-CompositeApp.wsdl#xpointer(/definitions/binding[@na 
me='casaBindingl'])" xlink:type="simple"/> 

<link 
xlink:href="../jbiasa/ETL - CompositeApp.wsdl#xpointer(/definitions/binding[@na 
me='casaBinding2'])" xlink: type="simpleU/> 

<link xlink:href="../jbiServiceUnits/META- 
MF/ETL-Requestor/src/ ~references/qrojects/ClassifyEJB/src/conf/wsdl/Classifji 
W SService.wsdl#xpointer(/definitions/binding[name='ClassifyW SPortBinding'] )" 
xlink:type="simple"/> 

<link xlink:href=" ./jbiServiceUnits/META- 
INF/ETL~Requestor/srclreferences/qrojects/I~oadEJB/src/conf/wsdliIJoadWSSer 
vice.wsdl#xpointer(/definitions/binding[name='IoadW SPortBinding'])" 
xlink:type="simple"/> 

<link xlink:href="../jb~ServiceUnitsiMETA- 
INF/ETI,~Requestor/src/~references(qrojects/TransfomEJB/srclconfiwsd1/Transfo 
r m W S S e r v i c e . w s d l # x p o i n t e r ( / d e f i n i t i o n s / b i m W S P o r t B i n d i  
ng'])" xlink:type="simplel'/> 

-- ..~.. <link xlink:href="../~jbiServiceUnits/ME'I'A- - -- . -. - .. . . . -. . ... -- 



MF/ETL~Requestor~src/~references/~projects/ExtractEJB/src/conf/wsdl/ExtractWS 
Service.wsd~#xpointer(/definitions/binding[@name=ExtractWSPoBinding'])" 
xlink:type="simple"/> 

<link 
xlink:href="../jbiServiceUnits/ETL~CompositeApp.wsdl#xpoin~er(/definitions/bindi 
ng[@)name='casaBindingl'])" xlink:type="simple"/> 

<link 
xlink:href="../~jbiServiceUnits/ETL~CompositeApp.~sd1#~pointer(/definitions/bindi 
ng[@name='casaBindin@'])" xlink:type="simple"/> 
</bindings> 
<services> 
<link 

xlink:hreeW ../jbiasalET1,~CoinpositeApp.wsdl#xpointer(/definitions/service[@nam 
e='casaServicel'])" xlink:type="simple"/> 

<link 
xlink:href="../jbiasa/ETL~CompositeApp.wsdl#xpointer(/definitions/smice~@nam 
e='casaService2'])" xlink:type="simple"i> 

<link xlink:href="..ljbiServiceUnits/META- 
1NF/ETL~Requestor/src/~references/qrqiects/ClassifyEJB/src/conWwsdllClassify 
WSService. wsdl#xpointer(/definitions/se~ice[@name='ClassifyW SService] )" 
xlink:type="simple"/> 

<link xlink:href="../jbiServiceUnits/META- 
MF/ETL~Requestor/src/~references/qrojects/LoadEJB/src/conf/wsdl/l.oad W S Ser 
vice. wsdI#xpointer(/definitions/service[@name='L,oadW SService'])" 
xlink:type="simple"/> 

<link xlink:href="../jbiServiceUnits/META- 
INF/ETL~Requestor/src/~references/qrojects/TransfomEJB/src/conf/wsdl/Transfo 
mWSService.wsdl#xpointer(/definitions/se~~ce[@name='~ransfomSService'])" 
xlink:type="simple"i> 

<link xlink:href="../jbiServiceUnitslMETA- 
INFIETL Requestor/srcl~references/qrojectslExtractEJB/src/conf/wsdl/ExtractWS 
~ervice.w~d~#x~ointer(/definitions/se~~ce[@name=~xtract~ ~~ervice'])" 
xlink:type="simple"/> 

<link 
xlink:href-"../jbiServiceUnits/ETL_CompositeApp.wsdl#xpointer(/definitions/se~i 
ce[@name='casaService 1 'I)" xlink:type="simple"/> 

<link 
xlink: href="../jbiServiceUnits/ET[,~CompositeApp. wsdl#xpointer(/definitions/servi 
ce[@name='casaService2'])" xlink:type="simpleV> 
</services> 
<regions> 
<region name="WSDl, Endpoints" width=" 150"/> 
<region name="JBl Modules" width="904"/> 
<region name="External Modules" width="200"/> 

</regions> 
</casa> 



Appendix C 

Questionnaires as Deliverables of Structured Interviews Done with 

Industry Experts 

First @restionnuire: is the deliverable of a structured interview done with 
a D W spec-iulist from Singapore branch of Sybase international company. 
The interview is done by phone on 26 May, 2010, and then, the 
questionnaire is filled and sent back by email on 3 1 May, 2010. 

Secotzd Questionnaire: is the deliverable of a structured interview done 
with a DW administrator from Malaysia branch of SAS international 
company. The interview is done on 1 June, 201 0 at the company location. 

Tlzird Questionnaire: is the deliverable of a structured interview done with 
an IT consultant from Malaysia branch of SAS international company. The 
interview is done on 1 June, 20 10 at the company location. 

Fourth Questionnaire: is the deliverable of a structured interview done 
with a DW administrator from R&D department of TM (Telekom 
Malaysia), Malaysian Company. The interview is done on 1 5 June, 20 10 
at R&D Cybe rjaya branch of the company, 

Ffth Questionnaire: is the deliverable of a structured interview done with 
a sofi ,ure developer from EIGC Company in Dubai, UAE. The interview 
is done by phone on 10 May, 201 0, and then, the questionnaire is filled 
and sent back by email on 30 May, 20 10. 

Sixth Questionnaire: is the deliverable of a structured interview done with 
a D W manager from PIT Palestinian company. The interview is done by 
phone on 23 April, 2010, and then, the questionnaire is filled and sent 
back by email on 27 April, 20 10. 



Expert Opiilion 
Interview and Questionnaire 

Name: Ami t Vidyasagar 
Email: amitv@sybase.com 
Hand-Phone: +65 8233 4746 
Telephone: +65 6571 3000 
Organization Name: Sybase Singapore Pte. Ltd. 
Organization Website: www.sybase.com 
Organization address: 438B Alexandra Road, 

#04-0 1 I04 Alexandra Technopark, 
Singapore 1 19968 

Section 1: Information about you and your organization. 

1 .  Which best describes your current position? 
o DW Analyst 
o DW Manager 
o D W Specialist 

(architect/enpineer/dtueloper) 
o Project Leader 

o IT Consultant 
o DW Administrator 
o SoitwareIWeb developer 

o System ArchitectIAnalyst 

2. Wow long have you been in your current position'? 
o Less than 1 year o 1 to 3 vears 
o 3 to 6 years o More than 6 years 

3. What is the current status of DW activities in your organization'? 
o Develop and implement DW projects o Just started doing DW projects 

for organizations 

c Consultiri~ D W projects o Planning to enter DW field in the future 

o Do general Web applications o Develop and enhance DW tools 

4. How long have DW, SOA, or Web services in your organization been in existence? 
o Less than 1 year o 1 to 3 years 

o 3 to 6 years o More than 6 veurs 

o Not available. 

5. How long have you worked for this organization'? 
o Less than 2 years o 2 to 5 vears 
o 5 to 10 years o More than 10 years 



6. What is the percentage of including web services or SOA in your organization projects'? 
o Not used at all o From 40% to 70% 
o Less than 10% o From 70% to 90% 
o From 10% to 40% o From 90% to I OOO/b 

Section 2: Problems of the current ETL framework 
For each of the  following statcmmt, please clrcle the number that indicates the extent to which you agree or disagree 

Strongly Strongly 
Disagree " Agree 

PRI 

PR2 

PR3 

PR4 

PR5 

PR6 

PR7 

If DW extracts its data from many different locations, and each location 
administrator needs to push the data from his side. Furthermore, you use 
a licensed ETL tool for each location. Therefore, the budget of the 1 2 3 4  

project will be higher because of the number of licenses needed. 

Transformation and Loading features are redundant at the Extraction 
location because only Extraction is needed at data source locations. In 
addition, those two features would be necessary only in the location of 
the data warehouse destination. That leads to redundancy problem i.e. we 
pay a license for all ETL features and use some of them in some data 
location. 

In the current ETL framework, including all the features as tightly- 
coupled components in one software; decreases the ease of use, because 
it is easier for an ETL user to learn how to use only the needed 
functionality rather than learning all ETL functionalities. 

Managing many ETL tools in many data source locations for the same 
project to extract data from many different sources; needs extra 
administration. communication and maintenance effort, because the 
administrators are often different persons from one location to another 
and they could use different ETL tools and do different configurations to 
those tools. 

Sometimes due to the complexity, long learning curve of the available 
ETL tools, and difficulty to achieve some extensibility in terms of 
additional functionalities; some organizations prefer to turn to in-house 
development to perform ETL tasks, which increases the prqject effort. 

In the current ETL framework, i t  is not easy to exten 
by adding other components; to suite additional special business needs. 

Not all ETL tools are compatible with all 
vendor's tool runs on specific environme 
system and other requirements. That is considered sometimes an 
impediment for some customers. 



PR8 In the current ETL framework, there are many impediments to include 1 ETL as a part of a complete portal that manages the DW project, because 
of lack of standards in the current ETL framework to communicate with 1 2 3  

other components of the portal. 

I I I I 
Section 3: Solutions for the problems after restructuring the current ETL 
framework based on SOA 
['or each of the  foliow~ng statement, please circle the number that indicates the extent to wh~ch you agree or disagree. 

Strongly Strongly 
Disagree " Agree 

I SO2 I Using the enhanced ETL framework solves the problem of component 1 I 1 

SO1 

I I by- the administrator and it is the' same component for other 
administrators in other locations. - 1  I I 

Using the enhanced ETL framework solves the problem of licenses 
needed for each data source location, because ETL components can be 
deployed once on application server(s). Then, the same deployed version 1 2 3  

can be used remotely by all parties of the DW proiect. 

component he needs, and not the whole ETL tool. 4 - r  
SO4 Using the enhanced E'TL framework solves the problem of extra 

administration, communication and maintenance effort, because all the 
administrators share the same component which can be configured once, 1 2 3 
and each administrator can follow the common manual to use the 
component for his special needs. 

SO5 

1 I framework can be ex-tended without ~ o & ~ l i c ~ t i o n s .  

- -  . . - 

I I redundancy, since only one common component is available in the 
deployed version. Then. the needed component can be invoked remotely I 1 I 2 1 3 

Using the enhanced ETL, framework solves the problem in which many 
organizations prefer to turn to in-house development to perform ETL 
tasks, because the new famework is extendable and any extra component 1 2 3 
to suit special business needs can be merged easily to the framework 
rather than rebuilding the ETL, from the scratch. 

SO3 Using the enhanced ETL framework solves the problem of difficult 
usability, because ETL administrator needs to learn how to use only the 1 2 

the enhanced ETL framework solves the problem of lack of 
extensibility, because the components of the enhanced framework are 
distributable, inter-operable, and loosely-coupled to each others. So, the 

SO7 - Using the enha 



compatibility, because all the compatibility requirements can be 
configured once on the shared application server which the components 
will be deployed to. 

Using the enhanced ETL framework solves the problem of including 
ETL as a part of a web portal because the ETL components are built 
based on SOA which guarantees the portability of the components, and it 
follows web services standards for communication among components. 

Section 4: Advantages of the restructured ETL framework over the traditional 
one 
For each of the following statement, please circle the number that ind~cates the extent to which you agree or d~sagree. 

Strongly Strongly 
D~sagreree ' Agree 

AD1 

AD2 

AD3 

Interoperahility: The interaction between clients (ETL administrators) 
and loosely-coupled ETL services has widespread interoperability. It is 
required that clients and services can communicate and understand each 
other no matter what platform they run on. This target is met because 
clients and ETL services have a standard way of communication among 
each other. In addition, interoperability provides consistency across 
platforms, systems, and languages for the ETL framework components. 

Flexibility atld extensibility: Loosely-coupled services in ETL 
framework are typically more flexible than tightly-coupled ETL 
framework. In the traditional framework, the ETL. components are 
tightly-coupled, share semantics, libraries, and often share state. This 
makes it difficult to evolve the application to keep up with changing 
business requirements. The loosely-coupled, document-based, and 
asynchronous natures of loosely-coupled services allow applications to 
be flexible, and easy to evolve with requirement changes. Therefore, the 
new ETL framework can have extra components without complexities. 
Based on that. it can be extended in the future by adding any extra 
component to suit enterprises' new business requirements, 

Reusuhil i~~: In case that the new ETL framework is followed, ETL 
developers in data warehouse industry can reuse the code of an existing 
ETL component developed by any other ETI, provider; to meet new ETL 
business requirements. Reusing functionality that already exists outside 
or inside an enterprise instead of developing code that reproduces those 
functions; can result in a big savings in application development cost and 
time. 

Because ETL framework services are loosely-coupled, 
applications that follow the framework standards can scale easily, at least 
easier than applications that follow more tightly-coupled frameworks. 
That is because there are few dependencies between the requesting 
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application and the services it uses. That enables the service to handle 
more requests because i t  does not need to handle lots of communication 
overhead like tightly-coupled components. 

Cost Efficienc~~: An ETL framework based on SOA, results in cheaper 
solutions because the integration of clients and services does not require 
heavy analysis and unique code of customized solutions. Furthermore, 
because services in the enhanced framework are loosely-coupled, 
applications that use these services are cheaper to maintain and easier to 
extend than customized solutions. Furthermore, administration, 
communication and maintenance effort will be less. because all the 
administrators share the same component which can be configured once, 
and each administrator can follow the common manual to use the 
component for his special needs. In addition, the solution of redundancy 
and licenses problem supports cheaper solutions. 

Euse o f  use: Using the enhanced ETL framework solves the problem of 
usability difficulty, because the ETL administrator (user) needs to learn 
how to use only the component he needs, and not the whole ETL tool. 

Compu~ibility: Using the enhanced ETL framework solves the problem 
of compatibility, because all the compatibility requirements can be 
configured once on the shared application server which the components 
are deployed to. 

Portability: Using the enhanced ETL framework solves the problem of 
including ETL as a part of a web portal because the ETL components are 
built based on SOA which guarantees the portability of the components, I 
and it follows web services standards for communication among 
components. 

Kindly give your advices and comments if any: 

Thank You 
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Section I: 1nforn1;rtioo iit)out !ou ancl ? o u r  organi~.ation. 

I . k h i c h  best describe, ?our current pc1,ition'' 

I)\\' AnaIy51 : I I ('onsulta~il 

I)\\' Xlana~er ,c I)U :\dniinistrator 

I)\Y Spci,nli,t (architect, cnSlnrc.1. dc\e\opsr) : Sotiware'llr cb dcvelopcr 

1'rojcc.t l.cader ,: S>stcni Architect Anal>[ 

2 .  t Io\ \  long habe ?otr been i r i  ).our current pohition'? 

.r I.css than I )c ;~r  I tc 3 yeilrs 
i to 0 >car5 htorc than 6 years 

? .  \Vti;it is thc currcnt status of  I.)\\ act ib i t ic~ In your organizatic)n" 
i- ' 1)evelop arid irnplerne~~t [IN' pro~ects : lust  started doing I)\Y pro~ccts 

for organizations 

.. ('onhulting Dl4 - 
110 general lYeb applications 

-r P lann~np to enter I)W tield In the future 

[jevelop and enhance [) I+ ttwls 

4, i {o ,b  IonL! have [ )W' .  SO..\, or \\'eb sen ices in your organization been in existence'? 

1.ess than I c i l r  i:. I to 3 years 

: 3 to 6 \e:lrs /y"/ hlore than 6 years 
- Uot  available. 

5 .  Iioq Ioiir have you wnrhed for this organij.iltion" 

;. I.ess than 2 years ... 2 to 5 years 
,. 5 to 10 years y More than I 0  years 

6. %'hat i j  (he percentape of  incl t~ding web services or SOA in  your orpani7ation pr0Jccts'' 

: Not used at all / From 4090 to 7046 

c I c s s  tharl IOO,u From 7090 to 90°% 

- t rom IOU,u to 40no From 90Y0 to 10040 



Section 2 :  t'rohler~~\ of  tlie current l-:'1'L2 framework 
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I r t t  h ~ u  I I t r t r ~ r i  i n l  a t i  u r  I c t t i r ~  I 
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.idtliri<>ri. t l i ( ~ \ c  I\\(' ic;~rurcs \\auld h r  rlcce<snr) oril? tn tlic It~catic3n c r i  

1 2  
111c dat;~ u a r c l i \ ' ~ ~ r c  dc\ l in;~t iot i  I hi11 Icad.; I,, rcdut id .~r iq  problem i.e \kc. 

pa? a l i c cnw  f t ~ r  all t I1 ic:~rurc\ and u t c  s<lnlr  o i  [hen1 i n  sornc dara 
I i~ i ; I l ro r~  

. .  - ~~~. . - ~.~ . . . . ~-~ .. . . . . - . , 
! 

1 ' , 
I'K; j Ir i tlic current ILIl franicuork. including a l l  rhc fratures as t ~ ~ t i r l ? -  

: c.t.upIctl io lnp~;r lcnt\  i n  one s o f t ~ ~ a r c .  decrc;lse\ thc ease o f  use, becausc 
f 5 :  1 11 I, e;lsier fur at1 k. I l .  user tt.7 lea111 hob\ use onl? the needed 

! i u ! l c t ~ o n n l ~ r  r;ithcr tli;in learnins a l l  i T  I functiunalit ie\ \ 1 

. -. - ~ .~ ~ . .. . .-~ . . . .~ . -~ ~-. - I I i , -1 . ~~. 
I 

PKI L l a r i a ~ t ~ i s  man) F- 1 I. t o t ~ l ~  i n  man? data souric location> for tl ic sanie 
project 10 u t racc  d.ua froni  many different sources: needs rxtr;l 
ad~~ i i r i i s r r i ~ t i on .  c o ~ n n ~ ~ ~ n i c a t i ~ n  and rna in te~ i i~nce e l l bn .  because thr 
adrninisrrat(~ra are o f t e r~  d i f k r cn r  perhons from one location l o  another 
and t h q  could usc ditf 'erel~r ETL t u ~ ~ l \  and d u  differen1 confi.urations to  
those tool5 

PR5 : Sonirtime.\ due to  the complexi t?.  I(>ng learning curve o f  the available 
I 11.1 tools. and di f f icul t> to  a c h i e ~ e  some extensibi l i ty i n  lernls o f  
I additional functionalit ies: some o rpa r i i r a~ io~ i s  prefer to  lu rn  l o  in-house 

developnient to  perionn FTL. tasks. wh ich increases the project e f b r t .  

I r i  ttie current E l l  framework. i t  is not eas) to extend ETI .  components 
b) adding other comp~ncnt,; to  suite additional special business needs. 

! 
PK7 1 S o t  al l  E 1.1. tools are compatible wirh al l  server environnients, and each 

vendor's ILWI runs on specific environment includine specitic operating 
' systetn and other rcquirenient5 That is considered sometrmes at1 
! in~pcd iment  for some customers. 

I i 

I n  ttie current Efl. framework. therr are many impediments to include 
ETL. as ;I pan  o f  a c i~mple te  portal  that manages the 11% project. because 
o f  lack o f  standards i n  the current t:TL f;ame\rork l o  conimunicate wi th  ) 
otl ier components of tl ie portal 
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I coniponcnr for l i ~ r  rpcci :~l  needs 
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S 5 1 3111: tllc el~liancci] t. I I .  frarne\rc~rh s c ~ l \ c .  rhc prohlclri i n  H l i ich man! 
o r g . ~ r i ~ / ~ l r i o n  prefer 1~1 turn III in-huuw dc \e l t ~pmcn t  to pcr tbn i i  [.I I : I 
ta\hi .  bcca~lse t h r  n c u  f ;m>euorl  i, rr tendahlc arid an! ry t ra  cirmpi,nent I ' - ' . , J ' < ;  

. L', - 
' t i? .;IIII special busines5 needs car1 be mergcd e n s i l  to ttic tra~r~e\r(,rh 1 

ra t l~er  than rchui ld ing thc. F.'I I. f rom the rcratch I , p I 

SO6 ' L'riri; t l l r  enhanced b.1 I. frame\rtirh solves the p roh l cn~  ti( l a th  of 
I 

I I e\:enslhi l i r .  because thc c o l n p c ~ n r n t  o f  thc enhanced frarncworh arc 
di,trihutable, inter-opcrahlc. and loosely-coupled ro each others SL). the ' 

1 tia~nr.nt!rh can be extended w i t h o u ~  compl icat ionr.  

S O i  [ ' s i ng  the enhanced E.11. frariieworA solve5 the prohleni  o f  environment 
' coinpat ihi l i t \ .  bec;iusc a l l  the conipatibil it? r cqu i r cmen t  can hc 

c < l n f i p ~ ~ r c d  once on the h a r e d  app l ica~ ion wrver  u h l c h  the ccvnponentr 
\ \ i l l  hc. dcplc>gcd to 

i I !  i 

SOS ' l : .~ng ttic enhanced €:.1'I f r amcno rh  st:l\r.\ thc p roh l rm  of i nc lud ing 
I- I I a5 a pan o f  a web portal twcnuce the [ : T I .  components arc bu i l t  1 I I j 2  
hnrcd ,111 SO!\ which guararltc.us the po r t ab i l i t  o f  the components, and ir 

, i o l l o ~ ,  ~ e h  ervicr: ,  strrndards fb r  cornniunicaticn anions components 

: ! !  

I 
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i i l c l i  t t l l i c~  111 .1~1dit1~rr~. i r ~ t i r o ~ i ~ ! . ~ I ~ i l ~ ~ !  I : r ( , \ i i l t \  c ( , n~ i \ t ? i i i !  i l ~ . [ o -  
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. \ I ) ?  f / t , ! ~ b i / ~ ~ ~  '>I:</ L,TICII.\I~I/III: l ~ ~ ~ ~ c l ! - ~ ~ ~ ~ ~ p l c ~ i  Tc,r\~c,c\ 111 F.11 
I t r a ~ n c \ v ~ ~ r h  ale r \p ica l l>  more t l c ~ i h l ~ ~  tl1i111 t ~ g h t l ! - c ~ ~ ~ p I e d  f I 1  
I I I'ralneworh Iri thy t rad~t lonn l  i r : ~~nc \ r t~ rh .  th t  1' ! 1 c o m p ~ n e n t \  arc. 

l ~ $ h ~ l ~ - ~ ~ ~ ~ u p l e d .  sharc ~ e n i ; i n t i ~ ~ .  I~lll-arrc.\. and 01'1r.lr share stair 1 hi, 
I n i u h e ~  i l  d i l i i cu l t  r \ .ol \ t .  tlrc appl icat~cin h s ~ p  up u i r h  ch;~ngtns  
/ husinc\z reqnirenlentz The l t ~o \ t . I ) - c~ \ t r p l i i i .  d<.)~u~i ient-hascd. i ~ n d  
i a . ; y n c l i r o ~ i ~ i t ~  na~arc.\ o f  loosel!-cui t l~lrd \c r \ icc> i ~ l l u \ \  app1ic;it ion~ to 
I b ~ ,  I lexiblc.  and e:k,> to ebolvc \vitl l reqii lrcnlcnt change,. 7 hercfure. the 
; r leu  1'11 t'ranrc~lcirh call habe exir;i cr>lnp~vlerI l> \ \ i t h ~ ) i ~ t  c o n i p l c ~ ~ t r e ,  1 l i l > e d  011 t l i i~ t ,  i~ call h i  extended i n  the future h! adding an) extra 

component I suir enterprl\e\' Iicw h115iness requirernent, 
I 

4 ' ,  
.\I); 1 l<t,ti.\~rhrlr!\: 111 c a e  that the n e u  E1.I fr;rnie\vc,rh is fol lo\ tcd. E T I  ' , 

I 

I dc\elopcr> ill data warehouse ~ndusr ry  can rellsc !lie code o f  an e l i s t l ng  
i : l.-I.l ion iponcnr  developed b j  an) other I I I p r c ~ \  idcr. to  meel new I T I  , i , I 

' bub incn  rcqu~renients Keusiny funct i<~nnl i t> th;rr alread) e ~ l s t h  out?l i ie ' I 2 ; 3 *,J ' 5 1 1 or  insidu m mlerprisr. ~ n s t i r d  o f  i l n e l o p i s ~  codc t h a ~  r e p r r d u m  those ' ' 

1 furrcrion\: can resull i n  a h i  saving, i n  app l i ia t i l jn  dcbelopment c ~ i s t  and I 
I t ime 

I 
: j  I I 

S ~ ~ u i u h i / r ~ y :  Bes;~use II 1.1. f ranlcworh scrvict..r are loosely-coupled. 
app l ica t i~ms that follow the framework standards call scale easil?. at least 
easier than applicatieris that follow more t igh t l j -coup led frameworhz 
That 1s because rliere arc fe\v dependencies betueen the requesting 
application and the service> i t  uses, That enables the service t o  handle 
more  request  because i t  docs not need to handle lots o f  con imunicat i~ in  
overhead l ihc t ight l>-coupled cnmp~inents  

(,'ox, t<Qic.it,ni?..: .4n ETL. framework based on SO.+\. results i n  cheaper ! i 
solutions because the inteyration o f  clients and senices does not require , ' 

hea\y analysis and unique code of' customized s o l ~ ~ t i o n s .  1 urthermore, / i 
because senices i n  the enhanced franieworh are loosely-coupled, / I . 

I L 

applications that use these service, are cheaper to  mainlain and easier to  : 

extend than custonii7cd solutions. Furthemlore. administration, : 
communicat ion and maintenance e f f o n  w i l l  hc  l e s .  because a l l  the j 
adnrinistrators share the same component wh ic l i  can be conf igured once. 
and each adnlinistrator can fol l i lw the comnicn manual to use the ~.~ ...-..---...--p-p...... ~~~ ~ 
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I)\\ \I'iriager l)U : l L i r ~ i ~ t : ~ < t r i l ~ ~ > r  
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2 .  Ilr>\\ Iony h;i\e jou bern  in  !our current p\~\ition'.' , 
,J I-c\, than I !car 1 ro ? >cars 
: IL\ 0 !cars \ lore than 0 !car\ 
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/ I.ccs than ? yearq c 7 to C >ears 

C to I 0  years . k l o r e  than I 0  )ear\ 
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EXPERT OPINION 
INTERVIEW AND QUESTIONNAIRE 

Hand-Phone : 01 9 .  ~9 7 
Telephone: 
Organization Name: TM L " ~ D  , ~ ~ b v j ~ 3 1  
Organization Website: 
Organization address: 

Section 1: Information about you and your organization. 

1. Which best describes your cumnt position? 
o DW Analyst o T Consultant 
o DW Manager DW Adminisbator 
o DW Specialist (architcd/enginecr/deveIoper) 

d 
o Softwarc/Web developer 

o Project Leader o System ArchitectIAnalyst 

2. How long have you been in your current position? 
Less than 1 year o 1to3years  
3 to 6 years o Morethan6 years 

3. What is the cumnt status of DW activities in your organization? 
/ Develop and implement DW projects o Just started doing DW projects 

for organizations 
o Consulting DW projects 
o Do general Web applications 

o Planning to enter DW field in the future 
o Develop and enhance DW tools 

4. How long have DW, SOA, or Web services in your organization been in existence? 
o Less than 1 year o 1to3years  
o 3to6years  / More than 6 years 
o Not available. 

5. How long have you worked for this organization? 
o Lessthan2ytars /p/ 2to5years  
o 5 t o  loyears o Morethan loyears 

6. What is the percentage of including web services or SOA in your organization projects? 
o Not used at all / From 40% to 70% 
0 Lessthanlooh 0 From 70% to 9o.h 
o From 10V0 to Wh o From 9o.h to 1 W h  



Section 2: Problems of the current ETL framework 
For each ot lhr followtnp slalrmcnt plea5e clrclc Lhc nurnkr that ~ n d l c r l c ~  the crtcnr lo which you aprct or d~sagrec 

/ PRI If DW extracLs its data from many different locations, and each location 
administrator needs to push the data from his side. Furthermore, you use 
a licensed ETL tool for each location. Therefore, the budget of the 
project will be higher because of the number of licenses needed. 

Transformation and Loading features are redundant at the Extraction 
location because only Extraction is needed at data source locations. In 
addition, those two features would be necessary only in the location of 
the data warehouse destination. That leads to redundancy problem i.e. we 
pay a license for all ETL features and use some of them in some data 
location. 

In the current ETL framework, including all the features as tightly- 
coupled components in one software; decreases the ease of use, because 
it is easier for an ETL user to learn how to use only the needed 
fundionality rather than learning all ETL functionalities. 

Sometimes due to the complexity, long learning curve of the available 
ETL tools, and difficulty to achieve some eaensibility in terms of 
additional fundionalities; some organizations prefer to turn to in-house 
development to perform ETL tasks, which increases the project effort. 

Managing many ETL tools in many data source locations for the same 
projed to extract data from many different sources; needs extra 
administration, communication and maintenance effort, because the 
administmors are oRen different persons from one location to another 
and they could use different ETL tools and do different configurations to 
those tools. 

In the current ETL framework, it is not easy to extend ETL components 
by adding other components; to suite additional special business needs. 

Not all ETL tools are compatible with all server environments, and each 
vendor's tool runs on specific environment including specific operating 
system and other requirements. That is considered sometimes an 
impediment for some customers. 

1 

In the current ETL framework, there are many impediments to include 
ETL as a part of a complete portal that manages the D W  project, because 
of lack of standards in the current ETL framework to communicate with 
other components of the portal. 



Section 3: Solutions for the problems after restructuring the current ETL framework 
based on SOA 
For each of the followlnp $tatcmml. p l c a x  clrcle thc nurnhcr that ~nd~cates  the exrent to whlch you a p e  or disagree 

Strongly Slronpl) 
D~sagree - Agree 

Using the enhanced E T L  framework solves the problem of licenses 
needed for each data source location, because E T L  components can be 
deployed once on application server(s). Then, the same deployed version 
can be used remotely by all parties of the DW project. 

Using the enhanced E T L  framework solves the problem of component 
redundancy, since only one common component is available in the 
deployed version. Then, the needed component can be invoked remotely 
by the administrator and it is the same component for other 
administrators in other locations. 

Using the enhanced E T L  framework solves the problem of difficult 
usability. because E T L  administrator needs to learn how to use only the 
component he needs, and not the whole E T L  tool. 

Using the enhanced E T L  framework solves the problem of extra 
administration, communication and maintenance effort, because all the 
administrators share the same component which can be configured once, 
and each administrator can follow the common manual to use the 
component for his special needs. 

Using the enhanced E T L  framework solves the problem in which many 
organizations prefer to turn to in-house development to perform E T L  
tasks, because the new famework is extendable and any extra component 
to suit special business needs can be merged easily to the framework 
rather than rebuilding the E T L  from the scratch. 

Using the enhanced E n  framework solves the problem of lack of 
extensibility, because the components of the enhanced framework arc 
distributable, inter-operable, and loosely-coupled to each others. So, the 
framework can be extended without complications, 

Using the enhanced E n  framework solves the problem of environment 
compatibility, because all the compatibility requirements can be 
configured once on the shared application sewer which the components 
will be deployed to. 

Using the enhanced E n  framework solves the problem of including 
E n  as a  art of a web w n a l  because the E n  comwnents are built 
based on SOA which guarantees the portability of the components, and it 
follows web sewices standards for communication among components. 



Section 4: Advantages of  the restructured ETL framework over the traditional one 
For each of the fdlow~ng stalemerot, please clrcle the numbcr that ~ndlcam the extent to wh~ch you agrbc or d~salpa 

Inleroperabilily: The interaction between clients ( E l l  administrators) 
and loosely-coupled E n  services has widespread interoperability. It is 

1 ADZ 

required that clients and services can communicate and understand each 
other no matter what platform they run on. This target is met because 
clients and ETL services have a standard way of communication among 
each other. In addition, interoperability provides consistency across 
platforms, systems, and languages for the ETL framework components. 

Reurabilify: In case that the new ETL framework is followed, ETL 
developers in data warehouse industry can reuse the code o f  an existing 
ETL component developed by any other ETL provider, to meet new ETL 
business requirements. Reusing functionality that already exists outside 
or inside an enterprise instead of developing code that reproduces those 
functions; can result in a big savings in application development cost and 
time. 

1 

Flexibiiify and exlensibilify: Looselyaupled services in ETL 
framework are typically more flexible than tightly-coupled ETL 
framework. In the traditional framework, the ETL components are 
tightly-coupled, share semantics, libraries, and often share state. This 
makes it difficult to evolve the application to keep up with changing 
business requirements. The looselyaupled, document-based, and 
asynchronous na tum of loosely-coupled services allow applications to 
be flexible, and easy to evolve with requirement changes. Therefore, the 
new ETL framework can have extra components without complexities. 
Based on that, it can be extended in the future by adding any extra 
component to suit enterprises' new business requirements. 

Scalabili~c Because ETL framework services are looselyaupled,  
applications that follow the h e w o r k  standards can scale easily, at least 
easier than applications that follow more t ightlyaupled frameworks. 
That is because there arc few dependencies between the requesting 
application and the services it uses. That enables the service to handle 
more requests because it d w  not need to handle lots of communication 
overhead l ike tightlycoupled components. 

I 

AD5 Carl Eflciency: An ETL framework based on SOA, results in cheaper 
solutions because the integration of  clients and services docs not q u i r e  
heavy analysis and unique code of customized solutions. Furthermore, 
because services in the enhanced framework arc loosclyaupled,  
applications that use these services arc cheaper to maintain and easier to 
extend than customized solutions. Furthermore, administration, 
communication and maintenance effort will be less, because all the 
administrators share the same component which can be configured once, 
and each administrator can follow the common manual to use the ! 

2 3 4 5 
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component for his special needs In addition, the solution of redundancy 
and licenses problem supports cheaper solut~ons 

AD6 &ye qfuse llsing the enhanced ETL framework solves the problem of 
usability difficulty, because the ETL administrator (user) needs to learn 
how to use only the component he needs, and not the whole ETL tool. 

Compa~ibili~y Using the enhanced ETL framework solves the problem 
of compatibility. because all the compatibility requirements can be 
configured once on the shared application server which the components 
are deployed to. 

Yor!abili@. Using the enhanced ETL. framework solves the problem of 
including ETL as a part of  a web portal because the ETL components are 
built based on SOA which guarantees the portability of  the components, 
and it follows web services standards for communication among 
components. 

Kindly give your advices and comments if any: 

Thank You 
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Expert Opinion 
Interview and Questionnaire 

Name: Moharnmad Skaik 
Email: info@pit.ps 
Telephone: +972 08-286 1772 
Hand-phone: +970 05997738 19 
Organization Name: Professionals Informat~on Technology (PIT) Co. Ltd. 

Organization website: http://www.pit.ps/ 
Organization address: 5 FI.,Kadhem Bld.,Omar Al-Mokhtar St., Al-remal, Gaza, 

Palestine. 

Section 1 : Information about you and your organization. 

7. Which best describes your current position? 
o DW Analyst o I'T Consultant 
o DWManaper o DW Administrator 
o DW Specialist (architect/engineer/developer) o SoftwareiWeb developer 
o Project Leader o System ArchitectiAnalyst 

8. How long have you been in your current position? 
o Less than 1 year o 1 to 3 years 
o 3 to 6 vears o More than 6 years 

9. What is the current status of DW activities in your organization? 
o Develop and implement DW projects o Just started doing DW projects 

for organizations 

o Consulting D W projects o Planning to enter DW field in the future 

o Do general Web applications o Develop and enhance DW tools 

10. How long have DW, SOA, or Web services in your organization been in existence? 
o Less than 1 year o 1 to 3 years 

o 3 to 6 vears o More than 6 years 

o Not available. 

1 1 .  How long have you worked for this organization? 
o Less than 2 years o 2 to 5 years 
o 5 to 10 years o More than 10 years 

12. What is the percentage of including web services or SOA in your organization projects? 
o Not used at all o From 40% to 70% 
o Less than 10% o From 70% to 90% 
o From 10% to 40% o From 90% to 100% 



Section 2: Problems of the current ETL framework 
For each of the following statement, please c~rcle  the number that indicates the extent to whlch you agree or d~sagree 

Strongly Strongly 
D~sagrcc - Agree 

PRI 

PR2 

PR3 

PR4 

PR5 

PR6 

PR7 

PR8 
ETL as a part of a complete portal that manages the DW project, because 
of lack of standards in the current ETI. framework to communicate with 
other components of the portal. I -- 

If DW extracts its data from many different locations, and each location 
administrator needs to push the data from his side. Furthermore, you use 
a licensed ETL tool for each location. Therefore, the budget of the 
project will be higher because of the number of  licenses needed. 

Transformation and Loading features are redundant at the Extraction 
location because only Extraction is needed at data source locations. In 
addition, those two features would be necessary only in the location of  
the data warehouse destination. That leads to redundancy problem i.e. we 
pay a license for all ETL features and use some of them in some data 
location. 

In the current ETL framework, including all the features as tightly- 
coupled components in one software; decreases the ease of use, because 
it is easier for an ETL user to learn how to use only the needed 
functionality rather than learning all ETL functionalities. 

Managing many ETL tools in many data source locations for the same 
project to extract data from many different sources; needs extra 
administration, communication and maintenance effort, because the 
administrators are often different persons from one location to another 
and they could use different ETL tools and do different configurations to 
those tools. 

Sometimes due to the complexity, long learning curve of the available 
ETL tools, and difficulty to achieve some extensibility in terms of  
additional functionalities; some organizations prefer to turn to in-house 
development to perform ETL. tasks, which increases the project effort. 

In the current ETL framework, it is not easy to extend ETL components 
by adding other components; to suite additional special business needs. 

Not all ETL tools are compatible with all server environments, and each 
vendor's tool runs on specific environment including specific operating 
system and other requirements That is considered sometimes an 
impediment for some customers. 

-- 

In the current ETL framework, there are many impediments to include 
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Section 3: Solutions for the problems after restructuring the current ETL 
framework based on SOA 
For each of the follow~ng statement, please c~rcle  the number that ind~cates the extent to which you agree or disagree 

Strongly Strongly 
Dlsagrw ' Agree 

Using the enhanced ETL framework solves the problem of licenses 
needed for each data source location, because ETL components can be 
deployed once on application server(s). Then, the same deployed version 
can be used remotely by all parties of the DW project. 

1 2  

Using the enhanced ETL framework solves the problem of component 
redundancy. since only one common component is available in the 
deployed version. Then. the needed component can be invoked remotely 
by the administrator and it is the same component for other 
administrators in other locations. 

Using the enhanced ETL framework solves the problem of extra 
administration, communication and maintenance effort, because all the 
administrators share the same component which can be configured once, 
and each administrator can follow the common manual to use the 
component for his special needs. 

I 

Using the enhanced ETL framework solves the problem of difficult 
usability. because ETL administrator needs to learn how to use only the 
component he needs, and not the whole ETL tool. 

Using the enhanced ETL framework solves the problem in which many 
organizations prefer to turn to in-house development to perform ETL 
tasks, because the new famework is extendable and any extra component 
to suit special business needs can be merged easily to the framework 
rather than rebuilding the ETL from the scratch. 

1 

Using the enhanced ETL framework solves the problem of  lack of 
extensibility, because the components of the enhanced framework are 
distributable, inter-operable, and loosely-coupled to each others. So, the 
framework can be extended without complications. 

Using the enhanced ETL framework solves the problem of  environment 
compatibility, because all the compatibility requirements can be 
configured once on the shared application server which the components 
will be deployed to. 

Using the enhanced ETL framework solves the problem of including 
ETL as a part of a web portal because the ETL components are built 
based on SOA which guarantees the portability of the components, and it 
follows web services standards for communication amone comuonents. 



Section 4: Advantages of the restructured ETL framework over the traditional 
one 
For each of the following statement, please circle the nuinher that indicates the extent to which you agree or dl~agree. 

Ititeroperuhilip: The interaction between clients (ETL administrators) 
and loosely-coupled ETL services has widespread interoperability. It is 
required that clients and services can communicate and understand each 
other no matter what platform they run on. This target is met because 
clients and ETL services have a standard way of communication among 
each other. In addition, interoperability provides consistency across 
platforms, systems, and languages for the ETL framework components. 

Flexihilip crnd e-rfensibility: Loosely-coupled services in ETL 
framework are typically more flexible than tightly-coupled ETL 
framework. In the traditional framework, the ETL components are 
tightly-coupled, share semantics, libraries, and often share state. This 
makes it difficult to evolve the application to keep up with changing 
business requirements. The loosely-coupled, document-based. and 
asynchronous natures of loosely-coupled services allow applications to 
be flexible, and easy to evolve with requirement changes. Therefore, the 
new ETL framework can have extra components without complexities. 
Based on that, it can be extended in the future by adding any extra 
component to suit enterprises' new business requirements. 

Reusahilip: In case that the new ETL framework is followed, ETL 
developers in data warehouse industry can reuse the code of an existing 
ETL component developed by any other ETL provider; to meet new ETL 
business requirements. Reusing functionality that already exists outside 
or inside an enterprise instead of developing code that reproduces those 
functions; can result in a big savings in application development cost and 
time. 

Sculuhilip: Because ETL framework services are loosely-coupled, 
applications that follow the framework standards can scale easily, at least 
easier than applications that follow more tightly-coupled frameworks. 
That is because there are few dependencies between the requesting 
application and the services i t  uses. That enables the service to handle 
more requests because i t  does not need to handle lots of communication 
overhead like tightly-coupled components. 

Cost Eficiency: An E'TL. framework based on SOA, results in cheaper 
solutions because the integration of clients and services does not require 
heavy analysis and unique code of customized solutions. Furthermore, 
because services in the enhanced framework are loosely-coupled, 
applications that use these services are cheaper to maintain and easier to 

Strongly Strongly 
Disagree ' 'Agree 



extend than customized solutions. Furthermore, administration, 
communication and maintenance effort will be less. because all the 
administrators share the same component which can be configured once, 
and each administrator can follow the common manual to use the 
component for his special needs. In addition, the solution of redundancy 
and licenses problem supports cheaper solutions. 

Ease of'~rse: Using the enhanced ETL framework solves the problem of 
usability difficulty. because the ETL administrator (user) needs to learn 
how to use only the component he needs. and not the whole ETL tool. 

- - 

Conlpatibility: Using the enhanced ETL framework solves the problem 
of compatibility, because all the compatibility requirements can be 
configured once on the shared application server which the components 
are deployed to. 

Por?ahilit?i: Using the enhanced ETL framework solves the problem of 
including ETL as a part of a web portal because the ETL components are 
built based on SOA which guarantees the portability of the components, 
and it follows web services standards for communication among 
components. 

Kindly give your advices and comments if any: 

The idea seems promising and worth investigating. Good luck. 

Thank You 



Appendix D 

Case Studies User Manual and Parts of the Source Code 

D.l Case Study Mnual 

This simple user manual is written to help case study respondents to follow certain 

steps in applying the SOA-based ETL prototype to execute ETL processes. The 

flowchart of Figure A.1 presents the main operations of SOA-based ETL prototype 

and the flow of the operations (processes). Operations can be executed separately, 

and some operations are dependent on other operations. For example, if there is a 

problem in executing the Extract operation. other ET1, operations won't be executed 

because Extraction is the starting operation of the SOA-based ETL prototype. Table 

D. 1 describes the necessary and optional operations. 

Table D. I :  Necessary and Optional Operations. 

Operation Status 

Extract Mandatory 

Transform Optional 

Classification Optional 

Load Mandatory 

- - 



- - --- 
( START ? 

True 

Figure D. 1: SOA-bused ETL Flowchurt 

D.l.l  Pre-installation requirements 

To be able to use the SOA-based ETL prototype you have to install: 

Java SE Development Kit (JDK) 6.0 or higher. 

MySQL database 5.0 or higher in addition to the DBMS available at your 
organization. 

Apache Tomcat web Server 5.9 or higher. 



Any web browser. 

D.1.2 ConFigure Database Connection 

You must configrue database connection through modifying the cotlfig.txt file that 

has the database connection variables, which is located in WEB-INF folder (see 

example in Figure D.2) 

File Edit Format View Help 

/ /  MySQL hostname 
host=localhost 

/ /  MySQL user 
User=root 

/ /  MySQL password 

password= 
/ /  MysQL db-name 
db= 

Figure 0.2:  Database connectiorr variubfes 

D.1.3 Extract Operation 

For the extruct.jsp file that is located in jsp folder of the Webapps main folder, the 

following steps are supposed to be done to configrue the extract operation: 



a. Create extract temp storugc. 

Specify the database name that is stored the extracted data (see example: step 1 at 

Figure D.3). 

b. Crrute.fuct Table 

Build a query that will create the fact Table and extracte data from the main data 

sources to the extract temp storage database (see example: step 2 at Figure D.3). 

c. Create Dimension Tables 

Build queries that will create the dimension (look up) tables and extract its data 

from the main data sources to the extractTempStorage database (see stage 3 at 

Figure D.3). This step is optional if the data of the dimension table is few records 

and you want to insert the data manually. 

Note: If you would like to add a new extract method you can go to 

ExtractData.java file that is located in I WEB-INFIclasses. 
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Figure 0 . 3 :  Extract Operation 

D.1.4 Transform Operation 

This is an optional component. You can skip it if your organization does not need it. 

At trunsforrn.jsp file that is located in jsp folder. the following steps have to be done 

to configrue the transform operation: 



a. Cwa te trunsfht.m temp storuge 

Specify the database name that is stored the tranformed data (see step 1 at Figure 

D.4). 

b. Create Fact Tuble 

Create empty fact table as a copy from Temp fact table that is located in the 

extractTempStorage database (see step 2 at Figure D.4). 

c. Alter Fact Tub161 

You can alter the empty fact table to change any field name or datatype to 

become compatible with the tranformed data (see step 3 at Figure D.4). 

d. Transform data 

Build a query to select extracted data from the extractTempStorage database, 

then transform the selected data such as calculate age from birthday by getAge() 

method. After that, insert transformed data into the Temp fact table that located 

in the transformTempStorage database (see step 4 at Figure D.4). 

If' you would like to build another transform method other than getAge() method, 

go to TransformData.java file that located in \WEB-INF\classes and add your 

new transform method, then use it. 



e. Cr(:utc> Dirtlension Tables 

Build queries that will create the dimension (look up) tables and copy its data 

from the extractTempStorage database to the transformTempStorage database 

(see stage 5 at Figure D.4). 

]Vote: If you would like to add a new transform method you can go to 

TransformData.java file that is located in \WEB-INF\classes. 
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T.1 tRTHrG;.T.'':T? lI:.t.TEST. O E T E  t r ~  ~ ? ~ t r 3 ~ : f e n , r ~ ~ t ? t a l e . T E Y I  T"; 

"1n;;:- 1r.ts T L ~ ~ . C ~ ~ ~ ~ T ~ ~ ~ ~ S ~ : . L U ~ P . T D I F ~ T ~ S T ~ ~ ~ P . E ~ : I L T , T E ~ T ~ T ~ ~ U C , T E F T T ~ ~ ~ ' ~ I C E ~ . , ~ : ~ E ~ ? L  i I ) , l ( E C I ~ ' I N E _ I D , "  + 
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Figure 0 .4:  Transform Operation 



D. 1.5 Classification Operation 

This is an optional component added to the prototype to prove its extensibility. You 

can skip this component if your organization does not need it. At cluss~jication.jsp 

file that is located in jsp folder, there are few steps to configrue the classification 

operation: 

a. Create cla.c.sification temp storage 

Specify the database name that stores the classified data (see step 1 at Figure 
D.5. I ). 

b. Create Fact Table 

Create empty fact tables as a copy from Temp fact table that is located in the 

transformTempStorage database, you can creat a number of fact tables according 

to the classification of data (see step 2 at Figure D.5. I ). 

c. Clussify duta 

First of all, build a quiery to select transformed data from the 

transformTempStorage database (see step 3 at Figure D.5.2), and then set 

variables with the retrieved data to prepare it for classification (see step 5.1 at 

Figure D.5.2). In this classification operation we classify data according its 

datatype, such as which row has either image or video data, and which row does 

not have any of them. After that, insert classified data into three different fact 

tables (see step 3.2 at Figure D.5.2). Here, we classify data by another condition, 

it is the date of data, such as we classify data that was created before 1970 and 
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insert it into time1 fact table. The getyear() method returns the year from the 

date; to use year in classification operation (see step 3.3 at Figure D.5.2). 

d. Create Dimension Tables 

Build queries that will create the dimension (look up) tables and copy its data 

from the transformTempStorage database to the classification database (see stage 

4 at Figure D.5.2). 

Note: If you would like to add a new classification method you can go to 

C1assificationData.java file, that is located in \WEB-INF\classes. 

S ~ T ~ = ' ' , ~ ! V ~ : ?  table , : l ~ ~ : l f ~ ~ : ~ t l , ~ r , . : l 1 ~ - 1  !,&le-t ' f !  .r) ' : ! , , ! , :~~ f i~8cT~! r , ; ,S t~ . r a . l - .T~>? :  'd l , -c -  i=;"; 
cLaz:~f1~3i:r8.~:1~?: lfl:d:,-~rL~ataI?ql~; 
~ r ; : = ' ' r : + + : ~  t a t l h  : i a : j l f :~dL l~ r~ .  tll~-: i: 5e:e-t ' f r , . in  1 ! J n ~ : : ~ ~ l ~ ~ T - n . ; , : : t t t ~ i ~ 6 . T M  vtis:n I=;": 
~:lal-clflcalcr1.claP:1fi:a~~:~r.Dara!5~71~: 
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Fignre D. 5.1 : Classification Operution 
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D.1.6 Load Operation 

At loudljirp file that is located in jsp folder. there are few steps to configrue the 

classification operation: 

u. Create load datubuse 

Specify the database name that stores the final form of data (see step 1 at Figure 

D.6). 

b. Create Fact Tables 

Build queries that will create the fact tables and loads its data from the 

classification (or any other ETL functionality) database to the load database (see 

step 2 at Figure D.6). 

c. Create Dimension Tubles 

Build queries that will create the dimension (look up) tables and load its data 

from the classification database to the load database (see stage 3 at Figure D.6). 

Note: If you would like to add a new extract method you can go to 

LoudL1atu.juvu file, that is located in \ WEB-INF\clus.ses~ 



Figure 0.6: Loud Operation 



D.2 Parts of the Case Studies' Source Code 

Tuble 0 .2 .  Muirz Cluss,fi,r Extructiotl Processes 

Author: Mohammed Awad 
Developed for: SOA-based ETL prototype evaluation (Case studies) 
Date Created: 5th Dec., 201 1 
Copyrighted 0 201 1, 20 12. All rights reserved 
*I 

package data.et1.d~; 

import java.sql. *; 

import java.util.*; 

import java.io.*; 

public class ExtractData { 

private String host, port, user, password, db, url; 

private Connection corn; 

public ExtractData(String config) throws [OException { 

Properties myproperties = new Properties(); 

FileInputStream in = new FilelnputStream(config); 



this.db = myproperties.getProperty("dbU); 

this.ur1 = "jdbc:odbc:" + this.host t ":" + this.port + " I"  +this.db; 

1 

public void jdbcConnect() { 

try { 

Class. forName( "sun.jdbc,odbc,JdbcOdbcDriver"); 

this.com = DriverManager,getConnection(this.url, thisuser, this.password); 

) catch (Exception ex) ( 

1 

1 

public void jdbcConClose() ( 

try { 

this.conn.close(); 

} catch (Exception ex) { 

I 

1 

public void extractData(String sql) ( 

try { 

Statement extractstmt = this.conn.createStatement(); 

extractStmt.executelJpdate(sql); 

extractStmt.close(); 

) catch (SQLException ex) { 



Figure D. 7. Config File to hold the source &tubuse specifications 

7'uble 0.3: JSP Page that creutes un object of the ExtructDutu class of 7'uhle D.2 for 
executing the Extraction process for PEC cuse study 

<%@ page import="java,util.* javasql. *%> 

<% 

data.etl.dw,ExtractData extract = new 

data.et1.d~ .ExtractData(pageContext.getServletContext().getRealPath("~WEB- 

INF/config.txt")); 

extract.jdbcConnect(); 



String sql; 

//drop temporary DB 

sql="drop database extracttempstorage"; 

extract.extractData(sq1); 

//create temporary DB 

sql="create database extracttempstorage"; 

extract.extractData(sq1); 

//extract data from main source and then store it in TEMP Table 

sql = "create Table extracttempstorage.temp as SELECTu+ 

"l","turbine - transaction - history.trans - month,"+ 

"turbine - transaction-history.transqeriod-id1'+ 

"FROM"+ 

"gpgc.turbine-transaction--history ,"+ 

"gpgc.transaction-typesw+ 

"WHEREu-t 

"turbine - transaction-history.trans-type-id = transaction-types.trans-type-_id 

ANDV+ 

"transaction--types.trans-type id = '2"'; 

extract.extractData(sq1);" 

//dimension Tables 

sql = "create Table extracttempstorage.period as select * from pgpc.periodfl; 

extract.extractData(sq1); 



sql = "create Table extracttempstorage.months as select * from pgpc.months"; 

extract.extractData(sq1); 

extract.jdbcConClose(); 

extract = null; 

%> 

<br><br><br><p align=center><b><font size=6>Extraction Done Successhlly 

. . .</font></b></p> 

<%-- response.~etHeader("Refresh","3;URL=. ./index. html"); --%> 

Table D.4: Main Class for Trun.!formation Processes for PEC case study 

package data.et1.d~; 

import java.sql.*; 

import java,util.*; 

import java.io.*; 

public class TransformData { 

private String host; 

private String port; 

private String user; 

private String password; 

private String db; 

-- 
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private String url; 

private Connection conn; 

public TransformData(String config2) throws IOException { 

Properties myproperties = new Properties(); 

FileInputStream in = new FileInputStream(config2); 

myproperties.load(in); 

in.close(); 

this.host = myproperties.getProperty("host"); 

this.port = myproperties.getProperty("port"); 

this.user = myproperties.getProperty("user"); 

this.password = myproperties.getProperty("password"); 

this.db = myproperties.getProperty("db"); 

this.ur1 = "jdbc:odbc:" t this.host -t ":" t this.port -t "I" t this.db; 

public void jdbcConnect() { 

try I 

Class. forName("sun.jdbc.odbc.Jdbc0dbcDriver"); 

this.com = DriverManager.getC:omection(this.url, this.user, this.password); 

} catch (SQLException ex) { 

) catch (ClassNotFoundException ex) { 

- -- .- 
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) catch Cjava.lang.Exception ex) f 

i 

public void jdbcConClose() { 

try ( 

this.conn.close(); 

j catch (Exception ex) ( 

1 

public void transformData(String sqlInsert) throws SQLException { 

Statement insertstmt = this.conn.createStatement(); 

insertStmt.executeUpdate(sq11nsert); 

insertStmt.close(); 

public Vector jdbcMultipleRowQuery(String sqlQuery) { 

Vector v = new Vector(); 

try { 

Statement querystmt = this.conn.createStatement(); 

Resultset rs = queryStmt.executeQuery(sqlQuery); 



int coICount = rs.getMetaData().getColumnCount(); 

String s; 

while (rs.next()) { 

Vector vec = new Vector(); 

for (int i = 0; i < colcount; i++) { 

s = rs.getString(i + 1 ); 

vec.addElement(s); 

f 

v.addElement(vec); 

f 

rs.close(); 

querystmt .close(); 

] catch (SQLException ex) { 

f 

return v; 

t 

//Transform English 

public String toArabic(String englishUnit) { 

String arabicunit; 

if englishUnit.endsWith("AM") 

{ 

arabicunit = englishUnit .replace("~bt ' ,  "AM") 



) else if englishUnit.endsWith("PM") { 

arabicunit = e n g l i s h U n i t . r e p l a ~ e ( ~ ' ~ ~ ~ ' ,  "AM") 

I 

return arabicunit; 

1 

Table D.5: JSP Page that crrcztes un object of the TransformDatu class of Table 0 . 4  
,for transforming time units from English to Arczbic.for PEC case study 

<%@ page imp~rt=~'java.util.*,java.sql. *"%> 

<% 

data.etl.dw.TransforrnData transform = new 

data.etl.dw.TransformData(pageContext.getSeletContext().getRealPath("/WEB- 

INF/config.txtU)); 

transform.jdbcConnect(); 

Vector v 1 ,v2; 

String sq1,insecsql; 

//drop temporary DB 

sql="drop database if exists TransformTempStorage"; 

transform.transformData(sq1); 

//create temporary D B 



sql="create database TransformTempStorage"; 

// create empty Table from extracttempstorage DB 

sql="create Table TransformTempStorage.TEMP as select * from 

extracttempstorage.TENIP where 1 =2 "; 

sql = "select p.period-id, p.starttime, p.end - time from extracttempstorage.period 

PI'; 

v 1 =transform.jdbcMultipleRowQuery(sql); 

for(int i=O;i<v 1 .size();i++) { 

insert - sql="insert into TransformTempStorage.period(period - id, start-time, 

end - time) VALUES 

(~~'+~2,get(O)+'~',"~+tran~form.toArabic(v2.get(1 ))+"',"'+transform. toArabic(v2.get(2)) 

+"')"; 

transform.transformData(insert sql); 

transform = null; 

%> 

<br><br><br><p align=center><b><font size=6>Transformation Done Success~l ly  



Table D.6: JSP Puge that creates un ohjccr of tlze ExtructDatu class of Tuhle D.2 fbr 
exectrtiny tlze Extruction process.for I,UCT cuse studv 

<%@ page import="java.util.* java.sql.*%> 

<% 

data.etl.dw.ExtractData extract = new 

data.etl.dw.ExtractData(pageContext.getSen/letContext().getRealPath("~WEB- 

INF/config.txt")); 

extract.jdbcConnect(); 

String sql; 

//drop temporary DB 

sql="drop database extracttempstorage"; 

extract.extractData(sq1); 

//create temporary DB 

sql="create database extracttempstorage"; 

extract .extractData(sql); 

//extract data from main source and then store it in TEMP Table 

"sql = "create Table extracttempstorage.temp as SELECT ".+ 

"std -- student -- performance.id, "4 



"std-studentgerformance.gender -id, "+ 

"std-studentgerformance.mark-id, "+ 

"std - studentgerformance.status_-id, " t 

"std-studentgerformance.fina1 - id"+ 

"FROMWt 

"std - studentgerformance , "+ 

"std-student-status 

"Inner Join std-marks ON " = " , " t  

"std-gender , " t 

"std-finalexam , "+ 

"std - attendenceUt 

"WHERE" + 

"std-studentgerformance.gender_id = std-gender.gender - id AND"+ 

"std-studentgerformance.mark-id = std-marks.mark-id AND"+ 

"std-studentgerformance.status-id = std-student-status.status-id AND" t 

"std - studentgerformance.fina1-id = std - - finalexam.fina1 - id AND"+ 

"std - studentgerformance.attendence .-. id = std -- attendence.attendence--idu; 

extract .extractData(sql);" 

//dimension Tables 

sql = "create Table extracttempstorage.gender as select * from 1uct.std - gender"; 

extract.extractData(sq1); 

sql = "create Table extracttempstorage.marks as select * from 1uct.std-marks"; 



extract.extractData(sq1); 

sql = "create Table extracttempstorage.status as select * from 1uct.std - status"; 

extract.extractData(sq1); 

sql = "create Table extracttempstorage.finalexam as select * from 

1uct.std - finalexam"; 

extract.extractData(sq1); 

sql = "create Table extracttempstorage.attendence as select * from 

1uct.std - attendence"; 

extract.extractData(sq1); 

extract.jdbcConClose(); 

extract = null; 

%> 

<br><br><br><p align=center><b><font size=6>Extraction Done SuccessfUlly 

. . .</font></b></p> 

Table D. 7: JSP Page that creates an object ($the E.xtractData class o f ' k h l e  D.2.for 
executing the Extraction process fbr PIT case studv 

<%@ page import="java.util. * java.sq1. *%> 



data.etl.dw.ExtractData extract = new 

data.etl.dw.ExtractData(pageContext.getSen,letContext().getRealPath("/W EB- 

WF/config.txt")); 

extract.jdbcConnect(); 

String sql; 

//drop temporary DB 

sql="drop database extracttempstorage"; 

ex tract.extractData(sq1); 

//create temporary DB 

sql="create database extracttempstorage"; 

extract.extractData(sq1); 

//extract data from main source and then store it in TEMP Table 

sql = "create Table extracttempstorage.temp as SELECTw+ 

"tr -- trainer-details.trainer - id, "+ 

"tr - trainer -- evaluation.performance-id"+ 

"FROMu+ 

"trqerformance-level , "+ 

'ltr -_trainer-dependents , "+ 

"tr-trainer details , " t 

"tr-trainer _ evaluation" + 

"WHERE" + 

"tr - trainer evaluation.trainer-id = tr-trainer details.trainer-id AND"+ 



"trqerformance - level.perfom1ance - id = "+ "tr - trainer - evaluation.performance - id"; 

extract.extractData(sqI);" 

//dimension Tables 

sql = "create Table extracttempstorage. trainer - details as selectu+ 

"tr - trainer .- detaktrainer - id, "+ 

"tr - trainer - details.course - trained from pit.trainer-details"; 

extract.extract Data(sq1); 

sql = "create Table extracttempstorage.performance~1evel as selectw+ 

"trqerformance-leve1.performance-id, "+ 

"trqerformance - 1evel.performance-desc from pit.tr- performance-level"; 

extract.extractData(sq1); 

extract.jdbcConClose(); 

extract = null; 

%> 

<br><br><br><p align=center><b><font size=6>Extraction Done Successfully 

...< lfont>clb><lp> 


