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PREFACE 
 

Book Objectives and Highlights 
 
We live in a world where business and  technology issues are intricately intermixed. This is definitely 
the case in e-business and the emerging “Real-Time Enterprises” where information technologies are 
not only the enablers but also the drivers of business activities. The potpourri of technologies 
developed under the general umbrella of distributed systems – ranging from broadband and wireless 
networks to component based integration platforms – continue to enable and drive the modern 
enterprises despite the industrial slowdown. Consequently, it is important to understand the big 
picture that spans business as well as technology areas.   

The players in the competitive marketplace of today have to develop strategies to help them survive 
and win. But strategies are not enough – they need to be translated into working solutions that can be 
deployed, supported, and managed. The vast majority of extant IS (information system) literature 
either concentrates on strategies or technologies. Many books, for example, discuss strategic issues 
with no reference to the role of enabling technologies while others concentrate mainly on 
technologies without any reference to business. This book attempts to bridge this gap by showing how 
to translate the business strategies into working IS solutions by using the latest distributed computing 
technologies. To accomplish this goal, enough details are provided so that the translation can happen 
successfully. This goal guides the breadth as well as the depth of topics discussed. For example, the 
book attempts to synthesize the strategic, architectural, integration, IT infrastructure, and management 
issues in a single volume with help from numerous case studies and tutorials. Unnecessary formulas 
and formalities are actively avoided to focus on answers to the following questions:  
 How can the business strategies in the modern e-business enterprises be translated into working IS 

solutions?  
 What is the necessary vocabulary needed to understand e-business and how do the terms and concepts 

interrelate? 
 What are the key building blocks and what type of methodologies can be used to architect working 

solutions from these building blocks?  
 What  are e-business  models and applications such as emarkets, portals, ASPs, ERPs, CRMs, and  

SCMs, and how do they support business strategies?  
 What are the key enabling technologies (networks, middleware, middleware platforms) to support  the 

aforementioned models and what role do they play in building working solutions? 
 How can  the modern e-business applications  be architected by using components? 
 How can the new applications be integrated with the existing (including legacy)  applications?  
 What are the management, security,  and support issues?  
 What are the state of the art (research and trends), state of the market (commercial products) and state 

of the practice (case studies and examples) in this field for an overall sense of reality and direction?   
The objective of this book is to answer these questions and to serve as a tutorial on technical as well 
as management aspects of e-business and its evolution into next generation real-time  enterprises. The 
book views e-business and its variants as a special case of third generation distributed systems. The 
tone is practical, and the emphasis is on synthesis, interrelationships, architectures,  and integration. 
The reader of this book should be able to plan, architect, and integrate e-business services which 
combine business strategies, enterprise applications, networks, middleware, databases, user interfaces, 
and management services to meet the enterprise needs. The key features of the book are:  
 Synthesis based on a common framework. The book synthesizes several rapidly advancing fields 

into a single framework shown in Figure 1. Topics include  e-business strategies and applications, 
component-based architectures, enterprise application integration, high speed  IP (Internet Protocol)-
based networks, next generation Web technologies and XML, distributed object technologies, 
especially with business components, mobile computing, distributed databases, distributed transaction 

  
 



  

processing, distributed operating systems,  network/systems management, and emerging application 
platforms such as Sun J2EE and Microsoft .NET. 

 Case Study Approach. The book uses almost 100 case studies and examples to illustrate the key 
points. A single case study is developed throughout the book. This case study is based on a realistic 
company that goes through a series of strategic, applications, architectural, integration, networks, and 
middleware projects. Hints and sketchy solutions are suggested for the case study. In addition, a 
complete chapter is devoted to a wide range of case studies and examples. Numerous other  case studies 
and examples are included in individual chapters and each module of the book concludes with a chapter 
with relevant case studies and commercially available products.  

 Modular Structure. The  book is structured as a set of  modules that represent the major building 
blocks shown in Figure 1. Each module is written as a self-contained booklet and can be used for 
independent study of  the subject matter or combined with others. The modules are organized as 
follows:   
- Module overview with recommended background and overview of relevant case studies.  
- Four chapters that discuss the subject matter in some depth. Each chapter introduces 

the topic by first establishing a framework for discussion  and by defining the basic terms. 
It then proceeds through different levels of discussion to facilitate different audiences 
(conceptual overviews,  key points, technical details, sidebars, and summaries). Several 
references for additional studies are provided throughout each chapter).  

- Concluding chapter with a discussion of state of the practice (case studies), state of the 
market (commercial products), and state of the art (trends and research issues).  

 Tutorials on special topics.  A complete module is devoted to tutorials on several technologies 
(network concepts, object concepts, database concepts, Web and XML) so that the book can be of 
value to novices as well as experienced practitioners.    

  

e-Business Applications, Architectures, Integration
MODULE (APPLICATIONS): e-Business Strategies and Applications:
Chapter 1: e-Business - From Strategies to Applications  
Chapter 2: e-Business Applications (CRMs, ERPs, eMarkets, SCM, ASPs, Portals)
Chapter 3: From Strategies to Solutions -- A Planning Methodology
Chapter 4: IT Infrastructure -- Overview  of Enabling Technologies
Chapter 5: Applications State of the Practice, Market, and Art 
MODULE (ARCHITECTURES): Solution Architectures Through Components
Chapter 1: Solution Architecture Overview
Chapter 2: Enterprise Application Architectures -- Component-based Approach
Chapter 3  Enterprise Data Architectures in Web-XML Environments
Chapter 4: Implementing Architectures -- Concepts and Examples 
Chapter 5: Architectures State of the Practice, Market, and Art 
MODULE (INTEGRATION):Enterprise Application Integration and Migration  
Chapter 1: Integration with Existing (Including Legacy) Applications -- An Overview
Chapter 2: Enterprise and Inter-Enterprise Application Integration (EAI/eAI)  
Chapter 3: Data  Warehouses and Data Mining for Integration
Chapter 4: Migration Strategies and Technologies
Chapter 5: Integration State of the Practice, Market, and Art 

Background and Management    

MODULE (OVERVIEW); The Big Picture 
Chapter 1:  e-Business and 3G Distributed Systems 
--From Strategies to Working Solutions 

MODULE (EXAMPLES); Case Studies & Examples
Chapter 2: Case Studies  and Examples

MODULE (MANAGEMENT): Management and Security
Chapter 1 e-Business Management in Practice  
Chapter 2: Management Platforms for Network and Systems 
Management 
Chapter 3: Security Management - Approaches and 
Technologies
Chapter 4: Security Solutions -- Using Technologies to 
Secure Systems
Chapter 5: Management State of the Practice, Market, and 
Art 

MODULE (TUTORIALS): Tutorials and Detailed 
Discussions  on Special Topics 

Chapter 1: Network Technologies -- A Tutorial    
Chapter 2: Object-Orientation, Java, and UML -- A Tutorial 
Chapter 3: Database Technologies and SQL -- A Tutorial
Chapter 4: Web Engineering and XML Processing
– A Closer Look 

Chapter 5:  CORBA -- A Closer Look 

Background and Management    

MODULE (OVERVIEW); The Big Picture 
Chapter 1:  e-Business and 3G Distributed Systems 
--From Strategies to Working Solutions 

MODULE (EXAMPLES); Case Studies & Examples
Chapter 2: Case Studies  and Examples

MODULE (MANAGEMENT): Management and Security
Chapter 1 e-Business Management in Practice  
Chapter 2: Management Platforms for Network and Systems 
Management 
Chapter 3: Security Management - Approaches and 
Technologies
Chapter 4: Security Solutions -- Using Technologies to 
Secure Systems
Chapter 5: Management State of the Practice, Market, and 
Art 

MODULE (TUTORIALS): Tutorials and Detailed 
Discussions  on Special Topics 

Chapter 1: Network Technologies -- A Tutorial    
Chapter 2: Object-Orientation, Java, and UML -- A Tutorial 
Chapter 3: Database Technologies and SQL -- A Tutorial
Chapter 4: Web Engineering and XML Processing
– A Closer Look 
Chapter 5:  CORBA -- A Closer Look 

The Enabling IT Infrastructure 
MODULE (PLATFORMS): Application Servers for Mobile and EC/EB Applications
Chapter 1: Mobile Computing Platforms -- Mobile Application Servers
Chapter 2: e-Commerce Platforms for C2B Trade-- The Commerce Servers  
Chapter 3: B2B Platforms and Standards  -- The B2B Servers
Chapter 4: Platforms for Multimedia and Collaboration
Chapter 5: Platforms State of the Practice, Market, and Art 
MODULE (MIDDLEWARE) : Application Connectivity Through Middleware     
Chapter 1: Middleware Principles and Basic Middleware Services
Chapter 2: Web, XML, Semantic Web, and Web Services 
Chapter 3: Distributed Objects:   CORBA, Web Services,  J2EE, .NET, SOAP, and EJBs
Chapter 4: Enterprise Data and Transaction Management 
Chapter 5: Middleware State of the Practice, Market, and Art 
MODULE  (NETWORKS):  Network Services and Network Architectures 
Chapter 1: Principles of Communication Networks   
Chapter 2: Network Architectures and Interconnectivity
Chapter 3: Wireless and Broadband  Networks -- Next Generation Networks:
Chapter 4: IP-based Networks and the Next Generation Internet
Chapter 5: Networks State of the Practice, Market, and Art 

 
Figure 1: Book Framework 

  
 



  

Book Organization and Contents 
 
Modern e-business systems are essentially distributed systems that consist of  several building blocks: 
distributed applications, enabling Infrastructure (e.g., networks, middleware), and 
management/support. Based on the overall framework shown in Figure 1, the book is organized in 
several modules that cover the building blocks in some detail (each module has five chapters). 

e-Business Applications, Architectures, and Integration Modules concentrate on strategic and 
application engineering/re-engineering aspects of e-business.  Specifically:  
 Module (Applications) describes how to translate strategies to implementable applications. The 

chapters discuss the strategic issues and examine EB applications (CRMs, ERP, SCMs, emarkets) in 
some detail. An overall application engineering/re-engineering methodology is presented and the 
enabling infrastructure is briefly reviewed.   

 Module (Architectures) shows how to architect solutions that serve the e-business needs. The  
chapters of this module present a business component view of enterprise application architectures, 
discuss how enterprise data architectures can be established in the modern web/XML environments, 
and show implementation examples.     

 Module (Integration) addresses the crucial aspect of how new applications can be integrated with 
existing back-end (including legacy) applications.  The chapters of this module discuss enterprise 
application integration, data warehousing, and migration issues that play a central role in application 
integration.   

IT Infrastructure Modules discuss the enabling technologies needed to build and deploy the 
applications. Specifically:     
 Module (Networks) discusses the important role of networks in the Internet age. The networks may be 

the private value added networks (VANs), Public Internet, and/or Extranets that utilize the wired or 
wireless transmission media. The chapters of this module include topics such as network principles, 
network interconnectivity, broadband and wireless networks, and Internet technologies.  

 Module (Middleware) explains how middleware interconnects remotely located users, applications, 
and databases in e-business. Middleware components are business/industry unaware software modules 
that provide a variety of services such as Web Services, directory services, Email, remote data services 
(e.g., bulk data transfer, browsing, and programmed access), remote application services (e.g., interac-
tions between remote objects), and distributed transaction services. The chapters of this module discuss 
these topics.   

 Module (Platforms) discusses the mobile computing and EC/EB platforms that are becoming available 
to support special purpose applications. In essence, these are higher level and specialized middleware 
services that are being packaged into "middleware platforms", also known as “application servers”. The 
chapters of this module discuss mobile computing platforms, e-commerce platforms, e-business 
platforms, legacy system access/integration gateways, workflows, and  specialized (higher level) 
middleware services for multimedia.  

Management and Support Modules discuss the technologies and techniques needed to manage and 
support the moderrn distributed systems. Specifically:  
 Module (Management) examines the services needed for administering and securing the e-business 

applications as well as the underlying IT infrastructure. Examples of these services include planning, 
security management, fault management, and performance management. We  discuss these services in 
the chapters of this module.    

 Module (Tutorials) presents short tutorials on special topics such as Database Technologies and SQL,  
Object Technologies and Java, and Networks. It also includes closer looks at Web Engineering and 
XML, and CORBA.  

  
 



  

Conventions Used 
 
We will use the following conventions in this book. Highlighted italics are used to indicate 
definitions of new terms, italics are used for emphasis and bold letters are used for subject headings.     

Intended Audience and Recommended Usage   
 
 IS Managers who want to understand what they are managing  
 IS technical staff who want to understand why managers act as they do 
 IS students who want to get through their programs with minimal damage to their body and soul  
 Computer science students who want to link reality to their algorithm oriented courses in distributed 

systems   
 All others who just want to read good books written by good people  

 
The book was developed due to the knowledge gained by me in a large number of consulting, 
research management, strategic planning, and architecture assignments over the last two decades of 
practical, hands-on experience. Consequently the book can be used by consultants, IS managers, 
planners, and architects.   While working full-time, I managed to develop and teach graduate level 
univesity courses and industrial seminars in IT. The material has been greatly influenced and shaped 
by this activity due to repeated use. It can thus be used in academic courses, corporate training 
seminars,  and as a self learning tool/reference guide. The people who have successfully soldiered 
through this material have reported a significant improvement in their life style and better checkups at 
their dentists!    

Acknoweledgements 
I am greatly indebted to my wife, Dolorese, who keeps supporting me through this endless writing 
process. She also did a great deal of copy editing in good spirit, made valuable suggestions about the 
contents, and improved the overall look and feel of the manuscript. Her own background in 
computing (she worked at the University of Michigan and later at Bellcore/Telcordia Technologies in 
systems analysis and technical support) has been a valuable asset in this project. This work could 
never have been finished without her help and understanding.      

A large number of people have given me suggestions, directly and indirectly, that have shown up in 
the book. I am greatly indebted to Professor Ram Ramesh, University of Buffalo, for his trial of the 
material when it was in its very early stages. Many thanks to my students at the University of 
Pennsylvania, Rutgers University, Drexel University, Fordham University, and Stevens Institute of 
Technology for "fighting through" this material in various forms of readiness. Some interesting short 
case studies from some of these students appear in the book. Jill  Slivinski and Tara McSherry, two of 
my students at Drexel, volunteered to copy edit several modules and did a splendid job.   

Kamran Khalid, who has worked with me for several years on many projects, gave valuable 
suggestions and also wrote portions of the tutorials in the Tutorials Module.  
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Suggested Usage in Courses   
 
The book is organized in modules that can be purchased separately to offer courses with concentration 
on different aspects of  e-business applications, the enabling technologies, the management and 
support issues, and/or a mixture thereof (see Figure 2). While designing courses, please keep the 
following in mind:  
 There is a great deal of material in this book  (more than 40 chapters, most chapters are about 50 pages 

long)  
 On the average, one chapter can be finished in one week (3 hours of instruction). Thus one module 

roughly equates to 4 weeks of instruction (each module has 4 chapters of  detailed content; the fifth 
chapter has case studies, commercial products, and trends for self study).  

 You can teach a complete course by using four modules of this book or use one or two modules to 
augment/supplement other text books in an existing  course (see examples below). 

. 

MODULE 
(Overview)   

MODULE (Applications)
MODULE (Architectures)
MODULE (Integration)   

MODULE (Networks)
MODULE (Middleware)
MODULE (Platforms)

MODULE (Management)
MODULE (Tutorials)

Application 
Engineering/Reengineering
Modules

Enabling Technologies 
Modules

Management and 
Support Modules  

Figure 2: Possible Course Tracks 
 
I have developed and taught three main courses(with variants) that cover a possible "IS 
Architectures and Intergration" Track in Information Systems Programs. The purpose of this track 
is to prepare the students in the technical as well as management aspects of building new and dealing 
with existing systems in  e-business environments. This is a crucial area of preparation that is not 
being given adequate attention (see the sidebar "Architectures and Integration of Information Systems 
Track"). The courses are described on the next pages (see Figure 3 for interdependencies) 

Courses 1, 2 and 3 are the main courses that I have developed and taught several times and that have 
directly influenced the book content. As indicated in Figure 3, these three courses are second level 
courses that assume some IS/IT background. Course 3 serves as a good capstone course and 
synthesizes several topics.To fit different audiences with different backgrounds and needs, I have also 
sometimes combined some of these courses into fast paced courses. For example, Course 4 has been 
taught as a combination of Courses 2 and 3. I have also combined Courses 1 and 3 into Course 5 -- a 
very fast paced capstone course. Courses 4 and 5 are shown as circles in Figure 3.  

For additional courses based on this book, “soft” copies of the course descriptions and outlines, 
sample assignments and other instructional materials (e.g., complete powerpoint slides that have been 

  
 



  

classroom tested), visit the Instructor Corner on my web site (www.amjadumar.com). I am starting to 
post other courses that are being taught from this book as they become available. Some of these 
courses are combining different modules of this book in an interesting manner.  For example, a supply 
chain management course used the "Applications" and the "Platforms" Modules, a software 
engineering course used the "Architectures" and "Integration" Modules,  a security course used the 
"Management" Module, a wireless networks course used the "Network" Module,  and several 
client/server computing courses have used the "Middleware" Module.   

  

Course 1:EB/EC  Applications 
and Technologies
•MODULE (Overview) *
•MODULE (Applications)
•MODULE (Middleware)*
•MODULE (Platforms)
•MODULE (Management)  

Course 3: Enterprise 
Architectures and Integration
•MODULE (Overview) *
•MODULE (Applications)
•MODULE (Architectures)
•MODULE (Integration)

Course 2: Networks and 
Distributed Systems
•MODULE (Overview) *
•MODULE (Networks)
•MODULE (Middleware) 
•MODULE (Management)

* Indicates that the Module is briefly reviewed (can be a reading assignment)

EB/EC Overview and Strategy Course IS/IT Introductory Courses (OO, DB) 

Course 5 Course 4

Figure 3: Sample Courses in an IT/EB Architecture and Integration Track  
 
Course 1: e-Business/e-Commerce Applications and Technologies.  I have developed and taught 
this course nearly 10 times since 1998 in schools of business and engineering. The prerequisite is 
basic IT concepts. An overview or business strategies course on e-commerce is recommended as a 
prerequisite or a corequisite. The course starts with a review of e-business strategies and application 
models and then discusses the enabling technologies that are specific to e-commerce and e-business.  
Examples of the topics include CRMs, portals, ERPs, ASPs,  Web and XML, Web-based platforms 
for e-ommerce, B2B trade, mobile applications, XML standards for EC/EB, security, and management 
considerations for e-commerce. The course begins with the “Applications” Module and then relies 
heavily on the “Platforms” Module for EC/EB platforms. It also draws upon Web and XML 
discussions in the “Middleware” and “Tutorials” Modules. This course can also be taught under the 
following titles:  
 e-Business Systems 
 e-Commerce  -- A Technical Perspective  
 e-Commerce/e-Business  Infrastructure  
 Web Applications and Technologies 

 
Course 2: (Networks and Distributed Systems). I have been teaching this course since 1986 under 
the general heading of “Distributed Systems”. In contrast to Course 1, this course concentrates 
exclusively on the infrastructure (networks and middleware)  needed to support the applications and 
thus relies heavily on the "Networks" and "Middleware" modules (obviously!).  The course covers the 
core aspects of Web technologies that are common to many application domains, including e-
commerce and e-business. The “Tutorials’ Module can be used to augment the technical background 
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of students in object orientation, distributed objects, and databases. This course has also been taught 
under the following headings:  
 Internet and the Web Technologies   
 Modern Distributed Systems   
 Networks and IT Infrastructure for e-Business 
 Client/server Environments  or Object-oriented Client/Server Internet Environments    
 Networks and Middleware for Modern Enterprises   

 
Course 3: (Enterprise Architectures and Integration).  I have taught this course since 1999, with 
slight modifications, as a capstone course in the e-commerce/e-business programs of different 
universities. In addition, I have taught this course as part of corporate training to bewildered 
managers. This course relies on the e-business applications oriented material (i.e., Applications, 
Architectures, and  Integration modules) and also uses the "Middleware" Module as reference 
material. Since academic programs in EC/EB are still being developed at the time of this writing, this 
course can be taught with titles such as the following:   
 e-Business Architectures and Integration  
 Enterprise Application Integration  
 Modern Distributed Information Systems 
 Application Engineering/Re-engineering  
 Software engineering for e-business and e-Commerce    

Course 4:  Web Technologies, Protocols, and Applications. This is a combination of Courses 2 and  
3  that I have developed and taught in the Telecommunication Engineering Program at the University 
of Pennsylvania. This technical course introduces the main concepts of Web technologies with special 
emphasis on the interrelationships between Internet and the Web. It basically is taught in three 
sections: the Web technology section, the Web applications section, and the Web engineering section 
that looks at interrelationships between IP and HTTP, and addresses Web traffic engineering issues.  
The course relies on outside material but uses the Middleware and Architectures Modules.  

Course 5: e-Business and 3G Distributed Systems.  This is a combination of Courses 1 and 3 to 
serve as a fast-paced synthesis course. It discusses e-business from a distributed systems point of view 
and shows how the EB applications can be architected and integrated by using the modern IT 
infrastructure. The course consists of four parts: EB applications, enabling IT infrastructure, 
architectures, and integration, and covers some chapters of the Applications, Middleware, Platforms, 
Architectures, and Integration Modules.  

Table 1 shows what chapters were discussed in what courses. There is some obvious overlap between 
these courses to re-inforce the basic ideas and to synchronize student preparation. The extent of 
coverage can be adjusted and new material can be added, if needed. The course outlines are given in 
subsequent pages.   

  
 



  

 
 
   

"Architectures and Integration of Information Systems " Track 
Increased demands for flexibility, pressures to respond quickly to market conditions, intense local and 
global competition, and continued business process re-engineering and improvement for enterprise 
efficiency are the typical characteristics of modern enterprises. To meet this demand, IS professionals 
of today and tomorrow must be able to architect new systems and integrate these systems with 
existing (in some cases, legacy) systems.  Architectures and integrations involve issues at several 
levels business level (e.g., business process re-engineering), application level (e.g., enterprise 
application integration), middleware level (e.g., use of middleware platforms to architect and integrate 
applications), and network level (e.g., network architectures and interconnectivity, integration of 
wireless with wirelined networks). 

IS programs need to train students in this crucial area. Instead of multiple courses on one topic (e.g., 
databases), courses should emphasize synthesis of concepts, tools, and techniques across disciplines.  
The following diagram shows a suggested sequence of courses for this track. The courses are 
described in this preface.    

 

Course 1:EB/EC  Applications 
and Technologies

Course 3: Enterprise 
Architectures and Integration )

Course 2: Networks and 
Distributed Systems

EB/EC Overview and Strategy Course IS/IT Introductory Courses (OO, DB) 

 
 
 
 
 
 
 

  
 



  

 
 

Table 1: Chapters Discussed in The Courses 
 

Book Chapters  
(Abbreviated Titles)  

Course 1 
EB App. 
& Tech. 
 

Course 2 
Network 
& Dist 
systems 

Course 3 
Arch. & 
Integrati
on 

Course 4 
Web 
Tech. 

Course 5 
EB & 3G
Distrib. 
Systems  

MODULE (OVERVIEW):    

Chapter 1: e-Business & 3G Distributed Systems  

Chapter 2: Case Studies  and Examples 

 

X 

O 

 

X 

O 

 

O 

O 

  

O 

O 

MODULE (APPLICATIONS): 

Chapter 1: eBusiness Strategies & Applications  

Chapter 2: e-Business Applications  

Chapter 3: Application (Re)Engg Methodology   

Chapter 4: Enabling IT Infrastructure Overview 

 

X 

X 

X 

X 

  

X 

X 

X 

O 

  

X 

X 

X 

X 

MODULE (ARCHITECTURES):  

Chapter 1: Solution Architecture Overview   

Chapter 2: Enterprise Application Architectures 

Chapter 3: Enterprise Data Architectures  

Chapter 4: Architecture Implementation  

 

  

  

X 

X 

X 

X 

 

X 

X 

O  

X 

 

X 

X 

O 

O 

MODULE  (INTEGRATION):   

Chapter 1: Integration Overview 

Chapter 2: Enterprise Application Integration 

Chapter 3: Data  Warehouses and Data Mining  

Chapter 4: Migration Strategies & Technologies 

 

 

  

X 

X 

X 

X 

  

X 

X 

O 

O 

MODULE  (NETWORKS):  

Chapter 1: Principles of Communication Networks  

Chapter 2: Network Architectures & Connectivity  

Chapter 3: Wireless and Broadband  Networks  

Chapter 4: IP-based Networks and the Internet 

 

 

 

X 

X 

X 

X 

   

MODULE (MIDDLEWARE) :   

Chapter 1: Basic Middleware Principles   

Chapter 2: Web, XML, Web Services 

Chapter 3: CORBA, J2EE, .NET, SOAP, & EJBs  

Chapter 4: Enterprise Data & Transaction Mgmt 

 

O 

X 

O 

  

 

X 

X 

X 

X 

 

 

O 

O 

 

X 

X 

X 

X 

 

X 

X 

X 

O 

MODULE (PLATFORMS):  

Chapter 1: Mobile Application Servers 

Chapter 2: e-Commerce Platforms for C2B Trade  

Chapter 3: B2B Platforms and Standards  

Chapter 4: Application Servers & Multimedia  

 

X 

X 

X 

X 

  

 

 

X 

X 

X 

X 

 

X 

X 

X 

O 

MODULE (MANAGEMENT):  

Chapter 1: e-Business Management Overview  

 

X 

 

O 

 

X 

  

  
 



  

Chapter 2: Network and Systems Management 

Chapter 3: Security Management  

Chapter 4: Security solutions 

 

X 

X 

 

X 

 

 

 

O 

MODULE (TUTORIALS):  

Chapter 1: Network Technologies Overview 

Chapter 2: Object-Orientation, Java, and UML  

Chapter 3: Database Technologies and SQL  

Chapter 4: Web Engineering & XML Processing  

Chapter 5:  CORBA -- A Closer Look  

 

O 

O 

O 

 

 

X 

X 

 

 

O 

 

X 

 

 

X 

X 

 

  

 
Legend:  
 
X = Required  (covered extensively), O = Optional (overview,  may be assigned for background reading)  
 
Shaded areas indicate that the courses are a combination of Courses 1, 2 and 3. For example, Course 4 is a 
combination of Courses 2 and 3; Course 5 is a combination of Course 1 and 3.    

  
 



  

COURSE 1: e-Business/e-Commerce Applications and 
Technologies 

 
Description: e-commerce/e-business (EC/EB) are changing the landscape of business. This course 
introduces the key building blocks of EC/EB and their interrelationships in the evolving digital economy. It 
starts with a review of e-business strategies and application models and then discusses the enabling 
technologies that are specific to e-commerce and e-business.  Topics include EB application models such 
as trading through electronic marketplaces, outsourcing through service providers (e.g., network and 
application service providers),  partnering through virtual corporations, and integration through portals. 
These models rely heavily on the IT infrastructure as enabling technologies. This course concentrates on 
the role of enabling technologies in e-commerce/e-business (i.e., Web and XML, Web-based platforms for 
e-ommerce, B2B trade, mobile applications, XML standards for EC/EB, security, and management 
considerations for e-commerce). The course concludes with a discussion of security and management 
issues. Several real life examples and case studies will be reviewed in student led discussion sessions. 
 
Prerequisites 
1. Basic course in IS/IT with some background in databases and object-orientation  
2. Some knowledge of e-commerce desirable but not required 
 
Course Text:  
1. Umar, A.  “e-Business  and Distributed Systems Handbook",  available at www.amjadumar.com, 

selected  modules (Overview, Applications, Middleware, Platforms, Management) 
2.  Recommended:  Kalakota, R. and Robinson, M., “e-business 2.0”, Addison-Wesley    
  
Course Grade:   

Two projects that involve strategic analysis plus Web site development through Front Page and 
experimentation with demo versions of EC/EB applications   (200 Points)  
One Examination- Take home (100 Points)  
Total: 300 points  
 

Course Outline   
Legend:   
U-Mn-Cn, indicates Umar, Module name, Chapter n   
K-Cn, indicates Kalakota, Chapter n 

PART I: E-business - Strategies and Applications 
Session 1: Introduction and ebusiness strategies (K-C1, C2; U-Applications-C1)  
Session 2: E-business applications and models: CRM, emarkets, portals,  application service 
providers)  (K-C3-C6; U-Applications-C2)  
Session 3: Application service providers, ERP (K-C7,C8; U-Applications-C2)  
Session 4: SCM, e-procurement, Methodology (K-C9,C10; U-Applications-C2,C3)  

PART II: Enabling Infrastructure  
Session 5: Infrastructure Overview – Internet and Web (U-Applications-C4, handouts) 
Session 6: Web and XML for EB (U-Middleware-C2) 
Session 7: Mobile systems and mobile e-commerce (U-Platforms-C1) 
Session 8: EC middleware (purchasing, e-payment, EC transactions, EDI)     (U-Platforms-C2)  
Session 9: B2B platforms, standards (ebXML, Rosettanet, Biztalk) and trends (U-Platforms-C3) 
Session 10: Platforms for Multimedia and Collaborative Services (U-Platforms-C4) 

PART III: Management and Security Issues in E-business 
Session 11: EB-Management issues  (U-Management-C1)  
Session 12: EB-Security (U-Management-C3)  
Session 13: Security solutions for EB (U-Management-C4)  
Session 14: Trends and wrapup    
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COURSE 2:   Networks and Distributed Systems 
Description: Distributed Computing Systems (DCS) are used to connect many different and independent 
business units, computers, databases and applications over networks to support business activities. This 
course focuses on networks in the Internet world  and associated middleware services such as the Web that 
are at the core of 3G Distributed Systems. The first part of the course highlights the role of networks in 
modern enterprises and discusses topics such as communication network technologies, network 
architectures, Internet and its variants (public Internet, Intranet, Extranets), broadband networks, and 
wireless networks (cellular networks, satellites, wireless LANs). The second part of the course discusses 
how enterprise applications and databases are interconnected through middleware services and covers 
topics such as Web-based distributed computing and client/server systems,  distributed  object 
technologies, XML-Web Services, .NET, J2EE, and distributaed data/transaction processing. The course 
concludes with a discussion of networks and systems management issues. The topics of this course 
continually evolve to reflect the latest business and technical trends. The course is intended for students 
who want to learn how communication networks are being used in modern business settings.  
 
Prerequisite:  Basic course in IS/IT with some backround in databases and object-orientation  
 
Course Text:  Umar, A.  “e-Business  and Distributed Systems Handbook",  available at 
www.amjadumar.com, selected  modules:  

- Overview Module  
- Networks Module 
- Middleware Module  
- Management Module   

 
Additional Material (main reference):  

- Tannenbaum, A., “Computer Networks”, 3rd edition, Prentice Hall 
- Colouris and Dollimore, “Distributed Computing”, 3rd edition, Wiley 

Course Grade:  :     
- Project 1:  Network evaluation and selection     (100 points) 
- Project 2:  Information architecture and management through middleware  (100 points)  
- One Examination  (100 points)  
- Total: 300 points  

 
 COURSE OUTLINE  
Legend: U-Mn-Cn, indicates Umar, Module name, Chapter n  
PART I: Networks in the Internet World   

Session 1:  Introduction to distributed systems   (U-Overview-C1)  
Session 2: Overview of Network Technologies (U-Networks-C1)                
Session 3: Local and Wide Area Networks     (U-Networks-C2)   
Session 4: Network Architectures and Network Interconnectivity  (U-Networks-C3)   
Session 5: Wireless   Networks   (U-Networks-C4 and handouts)    
Session 6: Broadband Networks  (U-Networks-C4 and handouts)  
Session 7: Internet, Intranets, Extranets,  and IP Networks      (U-Networks-C5)  

PART II: Distributed Systems Middleware Services    
Session 8: Interconnectivity through Middleware (U-Middleware-C1)                                                   
Session 9: Web and XML  (U-Middleware-C2)   
Session 10: Object orientation, distributed objects, Web Services and Dot Net (U-Middleware-C3, 
U-Tutorials-C2)   
Session 11: Distributed Databases  and  Transactions (U-Middleware-C4, U-Tutorials-C3)   

PART III: Management and Support Issues   
Session 12: Administration  and network planning  (U-Management-C1) 
Session 13: Networks and Systems Management  (U-Management-C2) 
Session 14: Trends and wrapup  

  
 

http://www.amjadumar.com/


  

COURSE 3:  Enterprise  Architectures and  Integration 
Description: Integrating business applications across all business functions and also between companies 
provides large benefits to organizations. Commercial Enterprise Resource Planning (ERP) systems promise 
tight integration but they prove to be technically difficult because of their breadth. The course is roughly 
divided into three phases. The first phase concentrates on business process and enterprise applications. The 
topics in this phase include a discussion of business processes, business process reengineering, and ERP 
systems. The relationships and flows between ERP and other EB applications and models such as CRMs, 
e-procurement, SCMs, e-markets, portals, mobile commerce and ASPs are established. The second  and 
third phases emphasize how these applications can be architected and integrated by using the modern IT 
infrastructure. Topics include the role of IT infrastructure, solution architectures, analysis  of commercially 
available enterprise application integration (EAI) platforms,  strategies to deal with legacy applications, 
and integration versus migration tradeoffs.  The course is intended for students who are interested in 
understanding the management as well as technical issues involved in enterprise-wide application 
architectures and integration.   
 
Prerequisites Recommended: Course 1 and  Course 2, or one as a prerequisite and the other as a 
corequisite.    
 
Course Texts (required):  

1.  Umar, A.  “e-Business and Distributed Systems Handbook",    available from 
www.amjadumar.com. Three modules required: Applications, Architectures, Integration 
(Middleware Module is recommended)    
2. Also Recommended:  Jacka, I. and Keller, J:  “Business Process Mapping: Improving Customer 
Satisfaction”, 2001 

Course Grade: Three Projects – Given a company, work through the following projects (100 points each)  
Project 1: Develop a business strategy and enterprise integration plan   
Project 2: Develop a solution architecture for a new business unit 
Project 3: Develop an integration approach that unites the new systems with the existing systems   

 
Course Outline   

Legend:  J-Cn, indicates Jacka, Chapter n 
Umar-Mn-Cn, indicates Umar, Module name, Chapter n   

PART I: Business Process Reengineering,  Strategies, and Applications  
Session 1: Strategic issues in  enterprise architectures and integration (J-C1,  U-Applications-C1) 
Session  2:  Business process modeling and  Process Mapping (J-C2-C4 or outside reading)  
Session 3: ERPs and their role in enterprise architectures and integration (readings, U-
Applications-C2)  
Session 4: Review of E-business applications and models: CRM, emarkets, portals,  application 
service providers  (U-Applications-C2)  
Session 5: Application Engineering/Re-engineering  Methodology  (U-Applications- C3)  

PART II: Application Architectures and Integration   
Session 6: The role of enabling IT Infrastructure - Internet, Web,  XML, platforms (U-
Applications-C4) 
Session  7: Solution Architectures – Putting the pieces together (U-Architectures-C1)  
Session 8: Enterprise  Application Architectures: (U-Architectures-C2)  
Session 9: Enterprise  Data Architectures (U-Architectures-C3) 

PART III: Application Architectures and Integration  
Session 10:  Application Integration Strategies (U-Integration-C1) 
Session 11: Enterprise Application Integration (EAI) Platforms (U-Integration-C2)  
Session 12: Data Warehouses for Enterprise Integration (U-Integration-C3) 
Session 13:  Migration strategies and approaches  (U-Integration-C4)   
Session 14: EB-Management issues  (U-Management-C1)   
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COURSE 4: Web Technologies, Protocols, and Applications     
 
Course Description: This course introduces the main concepts of Web technologies with special 
emphasis on contemporary web design issues.  The topics of this course continually evolve as new web 
technologies and protocols emerge. The course starts with an overview of key Web software technologies 
(Web clients, Web proxies, Web servers, XML and its variants, web gateways, and cookies) with emphasis 
on Next Generation Web (i.e., object orientation of Web). Emerging approaches to build web applications 
(e.g., Web Services, .NET, J2EE) will be examined to illustrate practical applications. The students will 
then learn HTTP protocol design and its interaction with TCP/IP.  The course  stresses the role of web in 
supporting the modern large scale applications by using a variety of middleware components. Emerging 
areas to be discussed include multimedia over the web, wireless web, web mining and building next 
generation web applications with XML.  Students will develop a simple web server and will investigate 
special areas of  interest to them.  
 
Prerequisites:      
1. Basic course in IS/IT with some backround in databases, object-orientation and Java   
2. Some knowledge of network principles and TCP/IP 
Texts:         
1. 

2. 

"Web Protocols and Practice: HTTP/1.1, Networking Protocols, Caching, and Traffic Measurement" 
by Balachander Krishnamurthy, Jennifer Rexford  
A. Umar, " e-Business and Distributed Systems Handbook " chapters from three Modules: 
Middleware, Arcitectures, and Tutorials (available at www.amjadumar.com) 

Course Grade:     
- Two Projects that include hands-on experimentation with several packages  (200 points) 
- One Examination  (100 points)  
- Total: 300 points  

Course Outline  
             Legend:  
               K-Cn, indicates Krishnamurthy, Chapter n  
               U-Mn-Cn, indicates Umar, Module name, Chapter n   
PART I: Core Web Technologies and Protocols   

Session 1: Overview of Web  technologies and protocols (K-C1, U-Middleware-C2)  
Session 2: Basic Web software (Web Clients, Web Proxies, Web Servers, cookies)  (K-C2, K-C3, 
K-C4)  
Session 3: Web Protocols:  HTTP Protocol Design and Description (K5, K6, U-Tutorials-C4)  
Session 4: HTTP/1.1, HTTP/TCP Interaction. (K-C7, K-C8)  
Session 5: General purpose middleware (RPCs, RDA, MOM)  and the Web (U-Middleware-C1) 

PART III: Next Generation Web, XML, Web Services, and Web-based Architectures    
Session 6: Next Generation Web - XML and its variants, servlets, JSPs, XSPs; Object-oriented 
Web, DOM, RDF (U-Middleware-C2)  
Session 7: Next generation web applications, Web Services (SOAP, UDDI, WSDL), CORBA, 
.NET, J2EE and EJBs (U-Middleware-C3, U-Tutorials-C5) 
Session 8: Data and transaction management in Web environments (U-Middleware-C4) 
Session 9: Web-application architectures, component-based architectures with Web Services, 
J2EE and  .Net  (U-Architectures-C1, C2) 
Session 10: Web architecture implementation examples using Web Services components and 
EJBs (U-Architectures-C2, C4) 

PART III: Web Engineering    
Session 11: Web Engineering and XML Processing (U-Tutorials-C4 ) 
Session 12: Web Traffic Measurement and Workload Characterization  (K-C10)  
Session  13: Web Caching and Delivering Multimedia Streams (K-C11, K-C12)  
Session 14: Research Perspectives in Caching, Measurement, and Protocols. Case studies and 
examples (K-C13, K-C14, K-C15)  

  
 



  

Course 5: e-Business & Third Generation Distributed Systems   
 
Description: This course discusses e-business from a distributed systems point of view and shows how the 
EB applications can be architected and integrated by using the modern IT infrastructure. The course 
consists of four parts: applications, enabling IT infrastructure, architectures, and integration. The first part 
of the course quickly reviews common EB application models such as customer relationship management 
systems (CRMs), e-procurement and online purchasing, supply chain management (SCM), enterprise 
resource planning (ERP) systems, e-markets, portals, mobile commerce, and application service providers 
(ASPs). The second part discusses the enabling IT infrastructure with focus on modern middleware 
services and platforms such as web-XML services, remote data access, mobile computing,  and e-
commerce/e-business platforms. The course concludes by discussing how the new applications can be 
architected and integrated with existing, including legacy, applications by using the component-based 
platforms such as Sun’s J2EE and Microsoft’s Dot Net. The emphasis of this course is on synthesis and 
interrelationships between the key building blocks of modern distributed systems and how they can be used 
to architect and integrate e-business applications.  Several real life examples and case studies will be 
reviewed in student led discussion sessions and students will be assigned a project to develop integrated 
architecture of a real life corporation.  
 
Prerequisites 
1. Basic course in IS/IT with some backround in databases and object-orientation  
2. Some knowledge of e-commerce desirable but not required  
Course Text:  
Umar, A.  “e-Business and Distributed Systems Handbook",  available at www.amjadumar.com, selected  
modules (Overview, Applications, Middleware, Platforms, Integration).  
Course Grade:   
Two projects - Given a company, work through the following projects (100 points each)  

Project 1: Develop a business strategy and solution architecture for a new business unit 
Project 2: Build a small protoptype to demonstrate the solution architecture  

One Examination- Take home (100 Points)  
Total: 300 points  
Course Outline   
Legend: U-Mn-Cn, indicates Umar, Module name, Chapter n   
PART I: E-business Strategies and Application Overview 

Session 1: Introduction and overview of  e-business  (U-Overview-C1, U-Applications-C1)  
Session 2: E-business applications and models: CRM, eMarkets, portals,  application service 
providers)  (U-Applications-C2)  
Session 3: ERP,   SCM, Enterprise Application Methodology  (U-Applications-C2-C3)  

PART II: Enabling Infrastructure  
Session 4: The role of IT Infrastructure and Middleware Services (U-Applications-C4; U-
Middleware-C1)  
Session 5: Web, XML and Web Services for EB (U-Middleware-C2) 
Session 6:  Distributed Objects, Dot Net, J2EE  (U-Miiddleware-C3)  
Session 7: Mobile systems and mobile e-commerce platforms (U-Platforms-C1) 
Session 8: EC platforms and commerce servers for online purchasing (U-Platforms-C2)  
Session 9: B2B platforms, standards (ebXML, Rosettanet, Biztalk) & trends (U-Platforms-C3)  

PART III: Architectures for e-business 
Session 10: Solution architecture overview (U-Architectures-C1)  
Session 11: EB-application architectures through components (U-Architectures-C1)  

PART IV: EB Application Integration     
Session 12:  Application Integration and Migration Strategies (U-Architectures-C2)  
Session 13:  Enterprise Application Integration - EAI/eAI (U-Architectures-C2)  
Session 14:  Trends  and wrapup   
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Acronyms and Glossary of Terms 
 
ACL  Authorized control list  
ACM         Association of Computing Machinery 
ACSE        Association Control Service Elements 
AI          Artificial Intelligence 
AIA         Application Integration Architecture 
API   Application Programming Interface 
APPC        Advanced Program to Program Communications 
ANSI        American National Standards Institute 
ASN.1  Abstract Syntax Notation One 
ASP  Application service provider 
ASP  Active Server pages – A Microsoft technology for building  

server side code   
ATM  Asynchronous Transfer Mode – a packet switching technology  

used typically in high data rate networks  
ATM   Automatic Teller Machine – used in banking  
ATMF       Asynchronous Transfer Mode Forum 
BISDN       Broadband Integrated Services Digital Network 
BSP         Business System Planning 
B2B  Business to business 
B2C  Business to consumer 
B2E  Business to employee 
B2G  Business to government 
CAD         Computer Aided Design 
CAM         Computer Aided Manufacture 
CBX         Computerized Branch Exchange  
CCITT     Comité Consultatif Internationale de Télégraphique et 

Téléphonique (The International Telegraph and Telephone 
Consultative Committee) 

CGI  Common Gateway Interface - A Web gateway technology 
CICS        Customer Information Control System - an IBM mainframe  

transaction manager 
CIM         Computer Integrated Manufacturing 
CIO  Chief Information Officer 
CLNP        Connectionless Mode Network Protocol 
CLNS        Connectionless Mode Network Service 
CMIP        Common Management Information Protocol 
CMIS        Common Management Information Service 
CMISE       Common Management Information Service Element 
CMOT        Common Management Information Services and Protocol Over  
       TCP/IP  
CORBA  Common Object Request Broker Architecture 
COTS  Commercial off-the-Shelf 
CPU         Central Processing Unit 
CRM   Customer Relationship management  
CSF  Critical success factors 
CSMA/CD     Carrier Sense  Multiple Access/Collision Detect 
DAF/ODP     Distributed Application Framework/Open Distributed 

Processing 
DAS         Distributed Application System 
DBMS        Database Management System 
DCP         Distributed Computing Platform 
DCOM   Distributed Component Object Model 
DCRM        Distributed Computing Reference Model 
DCS         Distributed Computing System 
DDBM        Distributed  Database Manager 
DDBMS       Distributed Database Management System 
DDL         Data Definition Language – used in database management  

  
 



  

DDTMS       Distributed Data and Transaction Management System 
DFM         Distributed File Manager 
DIS         Draft International Standard 
DISOS       Distributed Operating System 
DML         Data Manipulation Language 
DNA         Digital Network Architecture 
DOD         Department of Defense 
DQDB        Distributed Queue Dual Bus 
DRDA        Distributed Relational Database Architecture (from IBM) 
DS          Directory Services 
DSL  Digital subscriber loop  
DTM         Distributed Transaction Manager 
DTMS        Distributed Transaction Management System 
EAI  Enterprise application integration 
EB  Electronic Business 
EC  Electronic commerce  
EDI  Electronic Data Interchange 
EJB   Enterprise Java Beans 
ERP   Enterprise Resource Planning 
ES-IS       End System to Intermediate System 
ETSI   European Telecommunication Standards Institute 
FAP         File Allocation Program (Procedure) 
FDM         Frequency Division Multiplexing 
FDDI        Fiber Distributed Data Interface 
FEP         Front End Processor 
FMS         Flexible Manufacturing System 
FTAM        File Transfer, Access, and Management 
FTP         File Transfer Protocol 
GDMO   Guideline for Definition of Managed Objects 
GUI         Graphical User Interface 
IEEE        Institute for Electrical and Electronic Engineers 
IDL  Interface Definition Language – used in CORBA and other  

distributed object middleware services  
I/O         Input/Output 
IMS         Information Management System - IBM DB/DC system on  

mainframes 
IRM  Information resource management – a management methodology 
IP          Internet protocol 
IPC         Interprocess Communication 
ISDN        Integrated Services Digital Network 
ISO         International Organization for Standardization 
ISP  Internet service provider 
IT          Information Technology 
ITU   International Telecommunications Union 
ITU–T  International Telecommunications Union – Telecommunications  

Services Sector 
JDBC  Java Database Connectivity 
J2EE  Java Version 2 Enterprise Edition  
LAN         Local Area Network 
LDBMS       Local Database Management System 
LLC         Logical Link Control 
LU          Logical Unit - an endpoint in the IBM SNA environment 
MAN         Metropolitan Area Network 
MAC         Medium Access Control 
MAP         Manufacturing Automation Protocol 
Mbps        Million bits per second 
MHS         Message Handling Service 
MIB  Management information base - used in network management 
MIPS        Million Instructions Per Second 
MMS         Manufacturing Messaging Specification 

  
 



  

MOM  Message oriented middleware 
MVS         Multiple Virtual System - operating system on IBM's  

mainframes 
MUX         Multiplexor 
NAS         Network Application Support - DEC's open architecture 
NBS         National Bureau of Standards 
NCP         Network Control Program - a component of IBM's SNA 
NFS         Network File Services - SUN Microsystem's File System for 

Networks 
NIST        National Institute of Standards and Technology 
NLM         Network Loadable Module (A Novell Netware feature) 
NM          Network Management 
NMF  Network Management Forum 
NML  Network Management Layer 
NMS         Network Management System 
NOS  Network Operating Systems – typically indicates a LAN  

operating system (e.g., Novell Netware)  
NSP  Network service provider (e.g., UUNET) 
OAG  Open Application Group – a standards organization 
ODBC  Open Database Connectivity – a de-facto standard for remote 

SQL 
ODIF        Office Document Interchange Format 
OEM  Original equipment manufacturer 
OMG   Object Management Group  
OODBMS      Object-Oriented Database Management System 
OOPL        Object-Oriented Programming Language 
OS   Operating System 
OSF         Open Software Foundation 
OSF-DCE     OSF Distributed Computing Environment 
OSF-DME     OSF Distributed Management Environment 
OSI         Open System Interconnection 
OSS  Operations support systems - for telecom network  

provisioning   
QoS  Quality of Service 
QMP  Queued Message Processing  
PBX         Private Branch Exchange 
PCM         Pulse Code Modulation 
PGP  Pretty Good Privacy 
PU          Physical Unit - used in IBM's SNA 
RDA         Remote Database Access 
RTS         Reliable Transfer Service 
RPC         Remote Procedure Call 
SAA         System Application Architecture - IBM's "Open" Environment 
SCM  supply chain managemnt 
SDLC        Synchronous Data Link Control - Layer 2 Protocol in IBM's 

SNA 
SET  Secure Electronic Transaction – a security standard 
SIF  Synchronous Optical Network (SONET) Interoperability Forum 
SQL         Structured Query Language 
SMDS        Switched Muli-megabit Data Service 
SML  Service-management layer - used in telecom network  

services  
SNA         System Network Architecture - IBM's Network Architecture 
SNMP        Simple Network Management Protocol - TCP/IP Network 

management Protocol 
SOAP  Simple Object Activation Protocol – part of Web Services 
SONET       Synchronous Optical Network 
SSL  Secure socket layer   
TCP/IP      Transmission Control Protocol/Internet Protocol 
TCP         Transmission Control Protocol 

  
 



  

TDM         Time Division Multiplexing 
TMN   Telecommunications managed network 
TOP         Technical and Office Protocol 
UDDI Universal Description, Discovery and Integration - a 

registry for Web Services  
UDP         User Datagram Protocol - a protocol that runs on IP  
VAN  Value-added Network 
VPN  Virtual  Private Network 
VT          Virtual Terminal 
VTAM        Virtual Telecommunications Access Method - a component of  

IBM's SNA 
VXML   Voice eXtensible Markup Language  
WAN         Wide Area Network 
WAP   Wireless Application Protocol   
WML   Wireless Markup Language 
WS  Workstation 
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