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> Intended Audience

Introduction to Systems Analysis and Design is intended to support a first course in
information systems development for information systems majors and other business
majors.

We recommend that students take a computer or information systems literacy course
before using this text. Introduction to Systems Analysis and Design does not assume
students have taken a programming course,although some knowledge of programming
can significantly enhance the learning experience provided by this textbook.

> The Need for This Book

Systems Analysis and Design Methods, 7e is the most widely-adopted textbook
on the subject. It continues to be the book of choice for those faculty teaching a
comprehensive systems analysis and design course with a balanced coverage of
systems concepts, tools, and techniques.

Introduction to Systems Analysis and Design will meet the needs of the many
faculty and students who have told us over the years that they want a complete, but
more concise text with just enough emphasis on systems concepts.

> Pedagogical Use of Color

The book uses color applied to an adaptation of Zachman’s Framework for Informa-
tion Systems Architecture. The color mappings are displayed in the inside front cover
of the textbook.

The information systems building blocks matrix uses these colors to introduce
recurring concepts. System models then reinforce those concepts with a consistent
use of the same colors.

> Organization

Introduction to Systems Analysis and Design is divided into four parts. The text’s
organization is flexible enough to allow instructors to omit and resequence chapters
according to what they feel is important to their audience. Every effort has been
made to decouple chapters from one another as much as possible to assist in
resequencing the material—even to the extent of reintroducing selected concepts
and terminology.

Part One,“The Context of Systems Development Projects,” presents the information
systems development scenario and process.Chapters 1 through 3 introduce the student
to systems analysts, other project team members (including users and management),
information systems building blocks (based on the Zachman framework), a
contemporary systems development life cycle, and project management. Part One can
be covered relatively quickly. Some readers may prefer to omit project management or
delay it until the end of the book.

Part Two,“Systems Analysis Methods,” covers the front-end life-cycle activities, tools,
and techniques for analyzing business problems, specifying business requirements
for an information system, and proposing a business and system solution. Coverage
in Chapters 4 through 10 includes requirements gathering, use cases, data modeling
with entity-relationship diagrams, process modeling with data flow diagrams, object-
oriented analysis, and solution identification and the system proposal.

Part Three, “Systems Design Methods,” covers the middle life-cycle activities, tools,
and techniques. Chapters 11 through 17 include coverage of both general and detailed
design, with a particular emphasis on application architecture, rapid development and
prototyping, external design (inputs, outputs, and interfaces), internal design (e.g.,
database and software engineering), and object-oriented design.



Information Systems Framework
Color is used consistently throughout the text’s frame-
work to introduce recurring concepts.

represents methods

represents data and/or knowledge

represents process

. represents communication/interface

represents people

Part Four,“Beyond Systems Analysis and Design,” is a capstone unit that places sys-
tems analysis and design into perspective by surveying the back-end life-cycle activi-
ties. Specifically, Chapter 18 examines systems construction and implementation.

> Supplements and Instructional Resources

It has always been our intent to provide a complete course, not just a textbook. We are
especially excited about this book’s comprehensive support package. It includes Web-
hosted support, software bundles, and other resources for both the student and the
instructor. The supplements for Introduction to Systems Analysis and Design include
the following components.

Web Site/OLC

A completely redesigned Web site provides easy-to-find resources for instructors and
students.




vi

For the Instructor
Web Site/OLC

The book’s Web site at www.mhhe.com/whitten provides resources for instructors and
students using the text.The Online Learning Center (OLC) builds on the book’s pedagogy
and features with self-assessment quizzes, extra material not found in the text,Web links,
and other resources.The instructor side of the site offers a secure location for download-
ing the latest supplemental resources.

Q Instructor’s Manual with PowerPoint Presentations

N The instructor’s manual is offered on the Instructor’s CD-ROM, as well as on the
book’s Web site. This manual includes course planning materials, teaching guidelines
and PowerPoint slides, templates, and answers to end-of-chapter problems, exercises,
and minicases.

The PowerPoint presentations on the CD-ROM include over 400 slides. All slides
are complete with instructor notes that provide teaching guidelines and tips. Instruc-
tors can (1) pick and choose the slides they wish to use, (2) customize slides to their
own preferences, and (3) add new slides. Slides can be organized into electronic pre-
sentations or be printed as transparencies or transparency masters.

Q Test Bank

The Instructor’s CD-ROM also includes an electronic test bank covering all the
chapters. Computerized/Network Testing with Brownstone Diploma software is fully
networkable for LAN test administration. Each chapter offers questions in the follow-
ing formats: true/false, multiple choice, sentence completion, and matching. The test
bank and answers are cross-referenced to the page numbers in the textbook. Each
question is assigned a level of difficulty and followed by the chapter learning objec-
tive that it addresses.

> Packages
Q System Architect Student Edition Version 8

< An optional package combines the textbook, Student Resource CD,and a student
version of System Architect. System Architect is a powerful, repository-based enter-
prise modeling tool which supports a comprehensive set of diagramming techniques
and features, including all nine UML diagram types, business enterprise modeling, data
modeling, business modeling with IDEFO and IDEF3 notations, plus many more.

Q Visible Analyst Workbench

< Another optional package combines the textbook, Student Resource CD, and
Visible Analyst Workbench.This tool integrates business function analysis, data model-
ing and database design, process modeling, and object modeling in one easy-to-use
package. Print versions of each case can be ordered through McGraw-Hill’'s Custom
Publishing group by visiting www.primiscontentcenter.com.A build your own proj-
ect model is retained for instructors and students who want to maximize value by
leveraging students’ past and current work experience or for use with a live-client
project.

% Primis Content Center

Primis Online

Print versions of projects and cases, as well as other MIS content, can be ordered
through McGraw-Hill’s Custom Publishing Group.
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This is a practical book about infor-
mation systems development meth-
ods. All businesses and organizations
develop information systems. You
can be assured that you will play
some role in the systems analysis and
design for those systems—either as
a customer or user of those systems
or as a developer of those systems.
Systems analysis and design is about
business problem solving and com-
puter applications. The methods you
will learn in this book can be applied
to a wide variety of problem domains,
not just those involving the computer.
Before we begin, we assume
you've completed an introductory
course in computer-based informa-
tion systems. Many of you have also
completed one or more programming
courses (using technologies such as
Access, Java, C/C+ +, or Visual
Basic). That will prove helpful, since
systems analysis and design precedes
and/or integrates with those activities.
But don't worry—we'll review all the
necessary principles on which sys-
tems analysis and design is based.
Part One focuses on the big pic-
ture. Before you learn about specific
activities, tools, techniques, methods,
and technology, you need to under-

Part One

The Context of Systems Development Projects

stand this big picture. As you explore
the context of systems analysis and
design, we will introduce many ideas,
tools, and techniques that are not
explored in great detail until later in
the book. Try to keep that in mind as
you explore the big picture.

Systems development isn't
magic. There are no secrets for suc-
cess, no perfect tools, techniques, or
methods. To be sure, there are skills
that can be mastered. But the com-
plete and consistent application of
those skills is still an art.

We start in Part One with funda-
mental concepts, philosophies, and
trends that provide the context of sys-
tems analysis and design methods—
in other words, the basics! If you
understand these basics, you will be
better able to apply, with confidence,
the practical tools and techniques you
will learn in Parts Two through Four.
You will also be able to adapt to new
situations and methods.

Three chapters make up this part.
Chapter 1, “The Context of Systems
Analysis and Design Methods,” intro-
duces you to the participants in sys-
tems analysis and design with special
emphasis on the modern systems
analyst as the facilitator of systems

work. You'll also learn about the rela-
tionships between systems analysts,
end users, managers, and other infor-
mation systems professionals. Finally,
you'll learn to prepare yourself for a
career as an analyst (if that is your
goal). Regardless, you will under-
stand how you will interact with this
important professional.

Chapter 2, “Information Systems
Development,” introduces a high-
level (meaning general) process for
information systems development.
This is called a systems development
life cycle. We will present the life
cycle in a form in which most of you
will experience it—a systems devel-
opment methodology. This method-
ology will be the context in which
you will learn to use and apply the
systems analysis and design methods
taught in the remainder of the book.

Chapter 3, “Project Management,”
introduces project management
techniques. All systems projects are
dependent on the principles that are
surveyed. This chapter introduces
two modeling techniques for proj-
ect management: Gantt and PERT.
These tools help you schedule ac-
tivities, evaluate progress, and adjust
schedules.



The Context of Systems
Analysis and Design Methods

Chapter Preview and Objectives

This is a book about systems analysis and design as applied to information systems and
computer applications. No matter what your chosen occupation or position in any busi-
ness, you will likely participate in systems analysis and design. Some of you will become
systems analysts, the key players in systems analysis and design activities. The rest of
you will work with systems analysts as projects come and go in your organizations. This
chapter introduces you to information systems from four different perspectives. You will
understand the context for systems analysis and design methods when you can:

Define information system and name seven types of information system applications.

Identify different types of stakeholders who use or develop information systems, and
give examples of each.

Define the unique role of systems analysts in the development of information systems.
Describe current business drivers that influence information systems development.
Describe current technology drivers that influence information systems development.

Briefly describe a simple process for developing information systems.




The Context of Systems Analysis and Design Methods

Introduction

It is Bob Martinez’s first week at work as an analyst/programmer. Fresh out of college
with a degree in computer information systems technology, Bob is eager to work
with information systems in the real world. His employer is SoundStage Entertainment
Club, one of the fastest-growing music and video clubs in America. SoundStage is just
beginning systems analysis and design work on a reengineering of their member ser-
vices information system. Bob has been appointed to the project team.

This morning was the kickoff meeting for the project,a meeting that included the
vice president of member services, director of the audio club, director of the game
club, director of marketing, director of customer services, and director of warehouse
operations. With that lineup Bob was glad to mainly keep silent at the meeting and
rely on his boss, Sandra Shepherd, a senior systems analyst. He was amazed at how
well Sandra was able to speak the language of each of the participants and to explain
the plans for the new information system in terms they could understand and with
benefits they could appreciate. Bob had thought that being just out of college he
would know more about cutting-edge technology than most of his co-workers. But
Sandra seemed to understand everything about e-commerce and using mobile tech-
nologies plus many things of which Bob was only vaguely aware. He made a note to
read up on ERP systems as that had come up in the discussion. By the end of the meet-
ing Bob had a new appreciation for the job of systems analyst and of all the things he
had yet to learn.

The Product—Information System

This is a book about systems analysis and design essentials. Ultimately, this is a
book about “analyzing” business requirements for information systems and “design-
ing” information systems that fulfill those business requirements. In other words,
the product of systems analysis and design is an information system.That product
is visually represented in the visual framework as the large rectangle in the center
of the picture.

A system is a group of interrelated components that function together to achieve
a desired result. For instance, you may own a home theater system made up of a DVD
player, receiver, speakers, and display monitor.

Information systems (IS) in organizations capture and manage data to produce
useful information that supports an organization and its employees, customers, sup-
pliers, and partners. Many organizations consider information systems to be essential
to their ability to compete or gain competitive advantage. Most organizations have
come to realize that all workers need to participate in the development of informa-
tion systems.Therefore, information systems development is a relevant subject to you
regardless of whether or not you are studying to become an information systems
professional.

Information systems come in all shapes and sizes. They are so interwoven into
the fabric of the business systems they support that it is often difficult to distinguish
between business systems and their support information systems. Suffice it to say that
information systems can be classified according to the functions they serve. Transac-
tion processing systems (TPSs) process business transactions such as orders, time
cards, payments, and reservations. Management information systems (MISs) use
the transaction data to produce information needed by managers to run the busi-
ness. Decision support systems (DSSs) help various decision makers identify and
choose between options or decisions. Executive information systems (EISs) are
tailored to the unique information needs of executives who plan for the business
and assess performance against those plans. Expert systems capture and reproduce
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system a group of inter-
related components that
function together to achieve a
desired result.

information system (IS)
an arrangement of people,
data, processes, and informa-
tion technology (IT) that
interact to collect, process,
store, and provide as output
the information needed to sup-
port an organization.

information technology
(IT) a contemporary term
that describes the combina-
tion of computer technology
(hardware and software) with
telecommunications technol-
ogy (data, image, and voice
networks).

transaction processing
system (TPS) an informa-
tion system that captures and
processes data about busi-
ness transactions.

management informa-
tion system (MIS) an infor-
mation system that provides
for management-oriented
reporting based on transaction
processing and operations of
the organization.
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decision support system
(DSS) an information system
that either helps to identify
decision-making opportuni-
ties or provides information to
help make decisions.

the knowledge of an expert problem solver or decision maker and then simulate the
“thinking” of that expert. Communications and collaboration systems enhance
communication and collaboration between people, both internal and external to the
organization. Finally, office automation systems help employees create and share

documents that support day-to-day office activities.

~~

“PEOPLE”

THE “PRODUCT”—AN INFORMATION SYSTEM

SYSTEM OWNERS

SYSTEM OWNERS’ VIEW OF THE INFORMATION SYSTEM

System owners pay for the system to be built and operated and set
the vision and priorities for the system. Hence, they view an
information system in terms of costs and benefits to solve problems
and exploit opportunities.

SYSTEM USERS

SYSTEM USERS’ VIEW OF THE INFORMATION SYSTEM

System users define the business requirements and expectations
for the system. Hence, they view an information system in terms of
the functionality provided to their jobs, ease-of-learning, or ease-of-use.

SYSTEM DESIGNERS

SYSTEM DESIGNERS’ VIEW OF THE INFORMATION SYSTEM

System designers translate the business requirements into a
feasible technical solution. Hence, they view an information system
in terms of a design blueprint to guide the construction of the final
system.

SYSTEMS ANALYSTS and PROJECT MANAGERS

SYSTEM BUILDERS

SYSTEM BUILDERS’ VIEW OF THE INFORMATION SYSTEM

System builders construct, deploy, and maintain the information
system. Hence, they tend to view an information system in terms of
the actual working hardware and software to implement the system.

PaN

FIGURE 1-1 Stakeholders’ Perspective of an Information System
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As illustrated in Figure 1-1, information systems can be viewed from various per-
spectives, including:

* The people in the information system (the “team”).

* The business drivers influencing the information system.
* The technology drivers used by the information system.
* The process used to develop the information system.

Let’s examine each of these perspectives in the remaining sections of the chapter.

The People—System Stakeholders

Let’s assume you are in a position to help build an information system. Who are the
stakeholders in this system? Stakeholders for information systems can be broadly
classified into the five groups shown on the left-hand side of Figure 1-1. Notice that
each stakeholder group has a different perspective of the same information system.
The systems analyst is a unique stakeholder in Figure 1-1.The systems analyst serves
as a facilitator or coach, bridging the communications gap that can naturally develop
between the nontechnical system owners and users and the technical system design-
ers and builders.

All the above stakeholders have one thing in common—they are what the U.S.
Department of Labor calls information workers. The livelihoods of informa-
tion workers depend on decisions made based on information. Today, more than
60 percent of the U.S. labor force is involved in producing, distributing, and us-
ing information. Let’s examine the five groups of information workers in greater
detail.

> Systems Owners

For any information system, large or small, there will be one or more system own-
ers. System owners usually come from the ranks of management. For medium to
large information systems, system owners are usually middle or executive manag-
ers. For smaller systems, system owners may be middle managers or supervisors.
System owners tend to be interested in the bottom line—how much will the sys-
tem cost? How much value or what benefits will the system return to the busi-
ness? Value and benefits can be measured in different ways, as noted in the margin
checklist.

> Systems Users

System users make up the vast majority of the information workers in any in-
formation system. Unlike system owners, system users tend to be less concerned
with costs and benefits of the system. Instead, as illustrated in Figure 1-1, they
are concerned with the functionality the system provides to their jobs and the
system’s ease of learning and ease of use.Although users have become more tech-
nology-literate over the years, their primary concern is to get the job done. Con-
sequently, discussions with most users need to be about business requirements
as opposed to technical requirements. Much of this book is dedicated to teaching
you how to effectively identify and communicate business requirements for an
information system.

There are many classes of system users. Each class should be directly involved in
any information system development project that affects them. Let’s briefly examine
these classes.
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executive information
system (EIS) an informa-
tion system that supports the
planning and assessment
needs of executive managers.

expert system an informa-
tion system that captures the
expertise of workers and then
simulates that expertise to the
benefit of nonexperts.

communications and
collaboration system an
information system that
enables more effective com-
munications between work-
ers, partners, customers, and
suppliers to enhance their
ability to collaborate.

office automation sys-
tem an information system
that supports the wide range
of business office activities
that provide for improved
work flow between workers.

stakeholder any person
who has an interest in an ex-
isting or proposed information
system. Stakeholders may
include both technical and
nontechnical workers. They
may also include both internal
and external workers.

information worker any
person whose job involves
creating, collecting, process-
ing, distributing, and using
information.

system owner an informa-
tion system’s sponsor and
executive advocate, usually
responsible for funding the
project of developing, operat-
ing, and maintaining the
information system.
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POSSIBLE VALUES
AND BENEFITS OF
INFORMATION
SYSTEMS

Increased Business Profit
Reduced Business Costs

Greater Costs and Benefits
of the System

Increased Market Share

Improved Customer
Relations

Increased Efficiency
Improved Decision Making

Better Compliance with
Regulations

Fewer Mistakes
Improved Security

Greater Capacity

/

system user a “customer”
who will use or is affected by
an information system on a
regular basis—capturing, vali-
dating, entering, responding
to, storing, and exchanging
data and information.

knowledge worker any
worker whose responsibilities
are based on a specialized
body of knowledge.

remote user a user who

is not physically located

on the premises but who still
requires access to information
systems.

mobile user a user whose
location is constantly chang-
ing but who requires access
to information systems from
any location.
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Internal System Users Internal system users are employees of the businesses for
which most information systems are built. Internal users make up the largest percent-
age of information system users in most businesses. Examples include:

Clerical and service workers—perform most of the day-to-day transaction
processing in the average business.They process orders, invoices, payments, and
the like. They type and file correspondence.They fill orders in the warehouse.
And they manufacture goods on the shop floor. Most of the fundamental data in
any business is captured or created by these workers, many of whom perform
manual labor in addition to processing data.

Technical and professional staff—consists largely of business and industrial
specialists who perform highly skilled and specialized work. Examples include
lawyers, accountants, engineers, scientists, market analysts, advertising designers,
and statisticians. Because their work is based on well-defined bodies of knowl-
edge, they are sometimes called knowledge workers.

Supervisors, middle managers, and executive managers—are the decision
makers. Supervisors tend to focus on day-to-day problem solving and decision
making. Middle managers are more concerned with tactical (short-term) opera-
tional problems and decision making. Executive managers are concerned with
strategic (long-term) planning and decision making.

External System Users The Internet has allowed traditional information system
boundaries to be extended to include other businesses or direct consumers as system
users.These external system users make up an increasingly large percentage of system
users for modern information systems. Examples include:

Customers—any organizations or individuals who purchase our products and
services.Today, our customers can become direct users of our information sys-
tems when they can directly execute orders and sales transactions that used to
require intervention by an internal user. For example, if you purchased a com-
pany’s product via the Internet, you became an external user of that business’s
sales information system. (There was no need for a separate internal user of the
business to input your order.)

Suppliers—any organizations from which our company may purchase supplies
and raw materials. Today, these suppliers can interact directly with our com-
pany’s information systems to determine our supply needs and automatically
create orders to fill those needs.There is no longer always a need for an internal
user to initiate those orders to a supplier.

Partners—any organizations from which our company purchases services
or with which it partners. Most modern businesses contract or outsource

a great number of basic services such as grounds maintenance and net-
work management. And businesses have learned that partnering with other
businesses more quickly leverages strengths to build better products more
rapidly.

Employees—those employees who work on the road or who work from home.
For example, sales representatives usually spend much of their time on the
road. Also, many businesses permit workers to telecommute (meaning “work
from home”) to reduce costs and improve productivity. As mobile or remote
users, these employees require access to the same information systems that are
needed by internal users.

External system users are increasingly referred to as remote users and mobile

users. They connect to our information systems through laptop computers, handheld
computers, and smart phones—either wired or wireless. Designing information sys-
tems for these devices presents some of the most contemporary of challenges that we
will address in this book.
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> Systems Designers

System designers are technology specialists for information systems. As Figure 1-1
shows, system designers are interested in information technology choices and in the
design of systems that use chosen technologies.Today’s system designers tend to fo-
cus on technical specialties. Some of you may be educating yourselves to specialize in
one of these technical specialties, such as:

Database administrators—specialists in database technologies who design and
coordinate changes to corporate databases.

Network architects—specialists in networking and telecommunications
technologies who design, install, configure, optimize, and support local and
wide area networks, including connections to the Internet and other exter-
nal networks.

Web architects—specialists who design complex Web sites for organizations,
including public Web sites for the Internet, internal Web sites for organiza-
tions (called intranets), and private business-to-business Web sites (called
extranets).

Graphic artists—relatively new in today’s IT worker mix, specialists in graphics
technology and methods used to design and construct compelling and easy-to-
use interfaces to systems, including interfaces for PCs, the Web, handhelds, and
smart phones.

Security experts—specialists in technology and methods used to ensure data
and network security (and privacy).

Technology specialists—experts in the application of specific technologies

that will be used in a system (e.g., a specific commercial software package or a
specific type of hardware).

> Systems Builders

System builders (see Figure 1-1) are another category of technology specialists for
information systems.Their role is to construc t the system according to the system de-
signers’ specifications. In small organizations or with small information systems, system
designers and system builders are often the same people.But in large organizations and
information systems they often handle separate job responsibilities. Some of you may
be educating yourselves to specialize in one of their technical specialties, such as:

Applications programmers—specialists who convert business requirements
and statements of problems and procedures into computer languages.They
develop and test computer programs to capture and store data and to locate and
retrieve data for computer applications.

Systems programmers—specialists who develop, test, and implement op-
erating systems-level software, utilities, and services. Increasingly, they also
develop reusable software “components” for use by applications program-
mers (above).

Database programmers—specialists in database languages and technology
who build, modify, and test database structures and the programs that use and
maintain them.

Network administrators—specialists who design, install, troubleshoot, and opti-
mize computer networks.

Security administrators—specialists who design, implement, troubleshoot, and
manage security and privacy controls in a network.

Webmasters—specialists who code and maintain Web servers.

Software integrators—specialists who integrate software packages with hard-
ware, networks, and other software packages.
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system designer a techni-
cal specialist who translates
system users’ business
requirements and constraints
into technical solutions. She
or he designs the computer
databases, inputs, outputs,
screens, networks, and soft-
ware that will meet the system
users’ requirements.

system builder a techni-
cal specialist who constructs
information systems and com-
ponents based on the design
specifications generated by
the system designers.
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systems analyst a special-
ist who studies the problems
and needs of an organization
to determine how people,
data, processes, and informa-
tion technology can best
accomplish improvements for
the business.

external service provider
(ESP) a systems analyst,
system designer, or system
builder who sells his or her
expertise and experience
to other businesses to help
those businesses purchase,
develop, or integrate their
information systems solu-
tions; may be affiliated with
a consulting or services
organization.

project manager an
experienced professional
who accepts responsibil-

ity for planning, monitoring,
and controlling projects with
respect to schedule, budget,
deliverables, customer satis-
faction, technical standards,
and system quality.
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Although this book is not directly intended to educate the system builder, it is
intended to teach system designers how to better communicate design specifications
to system builders.

> Systems Analysts

As you have seen, system owners, users, designers, and builders often have very
different perspectives on any information system to be built and used. Some are in-
terested in generalities, while others focus on details. Some are nontechnical, while
others are very technical. This presents a communications gap that has always ex-
isted between those who need computer-based business solutions and those who
understand information technology. The systems analyst bridges that gap.You can
(and probably will) play a role as either a systems analyst or someone who works with
systems analysts.

As illustrated in Figure 1-1, their role intentionally overlaps the roles of all
the other stakeholders. For the system owners and users, systems analysts identify
and validate business problems and needs. For the system designers and builders,
systems analysts ensure that the technical solution fulfills the business needs and
integrate the technical solution into the business. In other words, systems analysts
Jacilitate the development of information systems through interaction with the
other stakeholders.

There are several legitimate, but often confusing, variations on the job title we are
calling “systems analyst.” A programmer/analyst (or analyst/programmer) includes
the responsibilities of both the computer programmer and the systems analyst.A busi-
ness analyst focuses on only the nontechnical aspects of systems analysis and design.
Other synonyms for “systems analyst” are systems consultant, business analyst, systems
architect, systems engineer, information engineer, information analyst, and systems
integrator.

Some of you will become systems analysts.The rest of you will routinely work
with systems analysts who will help you solve your business and industrial prob-
lems by creating and improving your access to the data and information needed to
do your job.

> External Service Providers

Those of you with some computing experience may be wondering where consultants
fit in our taxonomy of stakeholders.They are not immediately apparent in our visual
framework. But they are there! Any of our stakeholder roles may be filled by internal
or external workers. Consultants are one example of an external service provider
(ESP). Most ESPs are systems analysts, designers, or builders who are contracted to
bring special expertise or experience to a specific project. Examples include tech-
nology engineers, sales engineers, systems consultants, contract programmers, and
systems integrators.

> The Project Manager

We’ve introduced most of the key players in modern information systems de-
velopment—systems owners, users, designers, builders, and analysts. We should
conclude by emphasizing the reality that these individuals must work together
as a team to successfully build information systems and applications that will
benefit the business. Teams require leadership. For this reason, usually one or
more of these stakeholders takes on the role of project manager to ensure that
systems are developed on time, within budget, and with acceptable quality. As
Figure 1-1 indicates, most project managers are experienced systems analysts.
But in some organizations, project managers are selected from the ranks of what
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we have called “system owners.” Regardless, most organizations have learned that
project management is a specialized role that requires distinctive skills and
experience.

Business Drivers for Today’s Information Systems

Another way to look at our information system product is from the perspective
of business drivers. Using Figure 1-2, let’s now briefly examine the most important
business trends that are impacting information systems. Many trends quickly become
fads, but here are some business trends we believe will influence systems develop-
ment in the coming years. Many of these trends are related and integrated such that
they form a new business philosophy that will impact the way everyone works in the
coming years.

> Globalization of the Economy

Since the 1990s, there has been a significant trend of economic globalization. Compe-
tition is global, with emerging industrial nations offering lower-cost or higher-quality
alternatives to many products. American businesses find themselves with new inter-
national competitors. On the other hand, many American businesses have discovered
new and expanded international markets for their own goods and services.The bot-
tom line is that most businesses were forced to reorganize to operate in this global
economy.

How does economic globalization affect the players in the systems game? First,
information systems and computer applications must be internationalized. They
must support multiple languages, currency exchange rates, international trade reg-
ulations, and different business cultures and practices. Second, most information
systems ultimately require information consolidation for performance analysis and
decision making. The aforementioned language barriers, currency exchange rates,
transborder information regulations, and the like, complicate such consolidation.
Finally, there exists a demand for players who can communicate, orally and in writ-
ing, with management and users that speak different languages, dialects, and slang.
Opportunities for international employment of systems analysts should continue to
expand.

> Electronic Commerce and Business

In part due to the globalization of the economy, and in part because of the perva-
siveness of the Internet,businesses are changing or expanding their business model
to implement electronic commerce (e-commerce) and electronic business
(e-business). The Internet is fundamentally changing the rules by which business
is conducted.We live in a world where consumers and businesses will increasingly
expect to conduct commerce (business transactions) using the Internet. But the
impact is even more substantive. Because people who work in the business world
have become so comfortable with “surfing the Web,” organizations are increasingly
embracing the Web interface as a suitable architecture for conducting day-to-day
business within the organization.

There are three basic types of e-commerce- and e-business-enabled information
systems applications:

* Marketing of corporate image, products, and services is the simplest form of
electronic commerce application.The Web is used merely to “inform” customers
about products, services, and policies.
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electronic commerce
(e-commerce) the buying
and selling of goods and ser-
vices by using the Internet.

electronic business
(e-business) the use of
the Internet to conduct and
support day-to-day business
activities.
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THE BUSINESS DRIVERS

THE “PRODUCT”

Globalization of the economy
Electronic commerce and business
Security and privacy

Collaboration and partnership

Knowledge asset management
Continuous improvement

Total quality management
Business process redesign

2L 22 2 2 2 2 2

e

FIGURE 1-2 Business Drivers for an Information System

* Business-to-consumer (B2C) electronic commerce attempts to offer new,
Web-based channels of distribution for traditional products and services.You,
as a typical consumer, can research, order, and pay for products directly via the
Internet. Examples include Amazon.com (for books and music) and E-trade.com
(for stocks and bonds). Both companies are businesses that were created on
the Web.Their competition, however, includes traditional businesses that have
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FIGURE 1-3 An Electronic Commerce Storefront

added Web-based electronic commerce front ends as an alternative consumer
option (such as Barnes and Noble and Merrill Lynch). Figure 1-3 illustrates a
typical B2C Web storefront.

e Business-to-business (B2B) electronic commerce is the real future. This
is the most complex form of electronic commerce and could ultimately
evolve into electronic business—the complete, paperless, and digital pro-
cessing of virtually all business transactions that occur within and between
businesses.

One example of B2B electronic commerce is electronic procurement. All
businesses purchase raw materials, equipment, and supplies—frequently tens or
hundreds of millions of dollars worth per year. B2B procurement allows employ-
ees to browse electronic storefronts and catalogs, initiate purchase requisitions
and work orders, route requisitions and work orders electronically for expendi-
ture approvals, order the goods and services, and pay for the delivered goods
and completed services—all without the traditional time-consuming and costly
paper flow and bureaucracy. Largely due to the trend toward these e-business and
e-commerce applications, most new information systems applications are being
designed for an Internet architecture. Figure 1-4 illustrates a sample Web-based
procurement storefront.
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> Security and Privacy

As the digital economy continues to evolve, citizens and organizations alike have de-
veloped a heightened awareness of the security and privacy issues involved in today’s
economy. Security issues tend to revolve around business continuity; that is,“How will
the business continue in the event of a breach or disaster—any event that causes a
disruption of business activity?” Additionally, businesses must ask themselves, “How
can the business protect its digital assets from outside threats?” It is true that these
questions ultimately come down to technology; however, the concerns have become
fundamental business concerns.

Related to security is the issue of privacy. Consumers are increasingly demanding
privacy in the digital economy. Governments are regulating privacy issues, and the
regulations will likely become more stringent as the digital economy continues to
evolve. Go to your favorite commercial Web sites. Almost every business now has a
privacy policy. Consumer groups are beginning to analyze and monitor such privacy
policies, holding companies accountable and lobbying governments for stricter regu-
lations and enforcement.

> Collaboration and Partnership

Collaboration and partnership are significant business trends that are influencing
information systems applications. Within organizations, management is emphasiz-
ing the need to break down the walls that separate the organization’s departments
and functions. Management speaks of “cross-functional” teams that collaborate to ad-
dress common business goals from interdisciplinary perspectives. For example, new
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product design used to be the exclusive domain of engineers. Today, new product
design typically involves a cross-functional team of representatives from many organi-
zational units, such as engineering, marketing, sales, manufacturing, inventory control,
distribution, and, yes, information systems.

Similarly, the trend toward collaboration extends beyond the organization to in-
clude other organizations—sometimes even competitors. Organizations choose to
directly collaborate as partners in business ventures that make good business sense.
Microsoft and Oracle sell competitive database management systems. But Microsoft
and Oracle also partner to ensure that Oracle applications will operate on a Microsoft
database. Both companies benefit financially from such cooperation. In a similar vein,
businesses have learned that it can be beneficial for their information systems to in-
teroperate with one another.

> Knowledge Asset Management

What is knowledge? Knowledge is the result of a continuum of how we process raw
data into useful information. Information systems collect raw data by capturing busi-
ness facts (about products, employees, customers, and the like) and processing busi-
ness transactions. Data gets combined, filtered, organized, and analyzed to produce
information to help managers plan and operate the business. Ultimately, information
is refined by people to create knowledge and expertise. Increasingly, organizations
are asking themselves,“How can the company manage and share knowledge for com-
petitive advantage? And as workers come and go, how can the workers’ knowledge
and expertise be preserved within the organization?”

The need for knowledge asset management impacts information systems on a va-
riety of fronts. Although we have captured (and continue to capture) a great amount
of data and information in information systems, they are loosely integrated in most
organizations—indeed, redundant, and contradictory data and information are com-
mon in information systems. As new information systems are built, we will increas-
ingly be expected to focus on integration of the data and information that can create
and preserve knowledge in the organizations for which we work. This will greatly
complicate systems analysis and design. In this book, we plan to introduce you to
many tools and techniques that can help you integrate systems for improved knowl-
edge management.

> Continuous Improvement and
Total Quality Management

Information systems automate and support business processes. In an effort to con-
tinuously improve a business process, continuous process improvement (CPI)
examines a business process to implement a series of small changes for improvement.
These changes can result in cost reductions, improved efficiencies, or increased value
and profit. Systems analysts are both affected by continuous process improvements
and expected to initiate or suggest such improvements while designing and imple-
menting information systems.

Another ongoing business driver is total quality management (TQM). Busi-
nesses have learned that quality has become a critical success factor in competition.
They have also learned that quality management does not begin and end with the
products and services sold by the business. Instead, it begins with a culture that rec-
ognizes that everyone in the business is responsible for quality. TQM commitments
require that every business function, including information services, identify quality
indicators, measure quality, and make appropriate changes to improve quality.

Information systems, and hence systems analysts, are part of the TQM require-
ment. Our discussions with college graduate recruiters suggest that an “obsessive” at-
titude toward quality management will become an essential characteristic of successful
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data raw facts about people,
places, events, and things
that are of importance in an
organization. Each fact is, by
itself, relatively meaningless.

information data that has
been processed or reorga-
nized into a more meaningful
form for someone. Information
is formed from combinations
of data that hopefully have
meaning to the recipient.

knowledge data and infor-
mation that are further refined
based on the facts, truths,
beliefs, judgments, experi-
ences, and expertise of the
recipient. Ideally information
leads to wisdom.

business processes tasks
that respond to business
events (e.g., an order).
Business processes are the
work, procedures, and rules
required to complete the
business tasks, independent
of any information technology
used to automate or support
them.

continuous process
improvement (CPI) the
continuous monitoring of busi-
ness processes to effect small
but measurable improve-
ments in cost reduction and
value added.

total quality
management (TQM) a
comprehensive approach

to facilitating quality
improvements and managem
ent within a business.



16 Part One The Context of Systems Development Projects

business process re-
design (BPR) the study,
analysis, and redesign

of fundamental business
processes to reduce costs
and/or improve value added
to the business.

systems analysts (and all information technology professionals).Throughout this book,
continuous process improvement and total quality management will be an underlying
theme.

> Business Process Redesign

As stated earlier, many information systems support or automate business processes.
Many businesses are learning that those business processes have not changed sub-
stantially in decades and that those business processes are grossly inefficient and/or
costly. Many business processes are overly bureaucratic,and all their steps do not truly
contribute value to the business. Unfortunately, information systems have merely au-
tomated many of these inefficiencies. Enter business process redesign!

Business process redesign (BPR) involves making substantive changes to busi-
ness processes across a larger system. In effect, BPR seeks to implement more sub-
stantial changes and improvements than does CPI In a BPR, business processes are
carefully documented and analyzed for timeliness, bottlenecks, costs, and whether or
not each step or task truly adds value to the organization (or, conversely, adds only
bureaucracy). Business processes are then redesigned for maximum efficiency and
lowest possible costs.

Technology Drivers for Today’s Information Systems

Advances in information technology can also be drivers for information systems (as
suggested in Figure 1-5).In some cases, outdated technologies can present significant
problems that drive information system development projects. In other cases, newer
technologies present business opportunities. Let’s examine several technologies that
are influencing today’s information systems.

> Networks and the Internet

Scott McNealy, Sun Computer’s charismatic CEQ, is often cited as stating, “The net-
work has become the computer” Few would argue that today’s information systems
are installed on a network architecture consisting of local and wide area networks.
These networks include mainframe computers, network servers, and a variety of
desktop, laptop, and handheld client computers. But today, the most pervasive net-
working technologies are based on the Internet. Some of the more relevant Internet
technologies that you need to become aware of, if not develop some basic skill with,
are described in the following list.

o xHTML and XML are the fundamental languages of Web page authoring and
Internet application development. Extensible Hypertext Markup Language
(xHTML) is the emerging second-generation version of HTML, the language used
to construct Web pages. Extensible Markup Language (XML) is the language
used to effectively transport data content along with its proper interpretation
over the Internet.

o Scripting languages are simple programming languages designed specifically
for Internet applications. Examples include Perl, VBScript, and JavaScript.
These languages are increasingly taught in college Web development and pro-
gramming courses.

e Web-specific programming languages such as Java and Cold Fusion have
emerged to specifically address construction of complex, Web-based applica-
tions that involve multiple servers and Web browsers.

e Intranets are essentially private Internet designed for use by employees of an
organization.They offer the look and feel of the Internet; however, security and
firewalls restrict their use to employees.
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THE “PRODUCT”

Networks and the Internet
Mobile and wireless technologies
Object technologies
Collaborative technologies
Enterprise applications

THE TECHNOLOGY DRIVERS

FIGURE 1-5 Technology Drivers for an Information System

e Extranets, like intranets, are private Internets. But extranets are for use between
specific organizations. Only the employees of those identified businesses can
access and use the extranet.

e Portals (in corporations) are “home pages” that can be customized to the spe-
cific needs of different individuals who use them. For example, portal technol-
ogy can define Web pages that provide appropriate information and applications
for different roles in the same company. Each individual’s role determines which
information and applications that person can use from her or his Web page.

e Web services are reusable, Web-based programs that can be called from any
other Internet program.
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object technology a soft-
ware technology that defines
a system in terms of objects
that consolidate data and
behavior (into objects). Ob-
jects become reusable and
extensible components for the
software developers.

object-oriented analysis
and design a collection

of tools and techniques for
systems development that
will utilize object technologies
to construct a system and its
software.

These are but a few of the network and Internet technologies that you should
seek out during your education. But you must recognize the volatility of the Internet
and accept that these and other technologies will emerge and disappear frequently
in the near future.

> Mobile and Wireless Technologies

Mobile and wireless technologies are poised to significantly change the next gen-
eration of information systems. Handheld computers, or personal data assistants
(PDAs, such as the HP iPaq, Palm, and RIM BlacleBerry®), have become common
in the ranks of information workers.These devices are increasingly including wire-
less capabilities (see margin photo) that provide Web access and e-mail. Cell phones
are also increasingly featuring Internet and e-mail capabilities. And now, integrated
devices such as smart phones are emerging that integrate the capabilities of PDAs
and cell phones into a single device (see margin photo). For those who prefer sepa-
rate devices, technologies like Bluetooth are emerging to allow the separate devices
to interoperate as one logical device while preserving each one’s form factors and
advantages.

Additionally, laptop computers are increasingly equipped with wireless and mo-
bile capabilities to allow information workers to more easily move between locations
while preserving connectivity to information systems. All of these technical trends
will significantly impact the analysis and design of new information systems. Increas-
ingly, wireless access must be assumed. And the limitations of mobile devices and
screen sizes must be accommodated in an information system’s design.This textbook
will teach and demonstrate tools and techniques to deal with the design of emerging

mobile applications.

> Object Technologies

Today, most contemporary information systems are built using object technologies.
Today’s pervasive programming languages are object-oriented. They include C+ +,
Java, Smalltalk, and Visual Basic .NET. Object technologies allow programmers to
build software from software parts called objects. (We will get into more specifics
about objects later in this book.) Object-oriented software offers two fundamental ad-
vantages over nonobject software. First, objects are reusable. Once they are designed
and built, objects can be reused in multiple information systems and applications.This
reduces the time required to develop future software applications. Second, objects are
extensible.They can be changed or expanded easily without adversely impacting any
previous applications that used them.This reduces the lifetime costs of maintaining
and improving software.

The impact of object technology is significant in the world of systems analysis and
design. Accordingly, object-oriented analysis and design methods have emerged
as the preferred approach for building most contemporary information systems. For
this reason, we will integrate object-oriented and classical analysis and design tools
and techniques throughout this book to give you a competitive advantage in tomor-
row’s job market. We will advocate both and teach you when and how to combine
classical (structured) and object-oriented tools and techniques for systems analysis
and design.As we write this chapter, this approach—called agile development—is
gaining favor among experienced analysts who have become weary of overly pre-
scriptive methods that usually insist that you use only one methodology’s tools and
processes. At the risk of oversimplifying agile methods, think of it as assembling a
toolbox of different tools and techniques—structured, object-oriented, and others—
and then selecting the best tool or technique for whatever problems or needs you
encounter as a systems analyst.
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> Collaborative Technologies

Another significant technology trend is the use of collaborative technologies. Collabora-
tive technologies are those that enhance interpersonal communications and teamwork.
Four important classes of collaborative technologies are e-mail, instant messaging, group-
ware, and work flow.

Everybody knows what e-mail is. But e-mail’s importance in information systems
development is changing. Increasingly, modern information systems are e-mail-enabled;
that is, e-mail capabilities are built right into the application software.There is no need to
switch to a dedicated e-mail program such as Outlook. The application merely invokes
the user’s or organization’s default e-mail program to enable relevant messages to be sent
or received.

Related to e-mail technology is instant messaging (€.g., AOL’s Instant Messenger
and Microsoft’s MSN Messenger Service). Instant messaging was popularized in pub-
lic and private “chat rooms” on the Internet. But instant messaging is slowly being
incorporated into enterprise information systems applications as well. For example,
instant messaging can implement immediate response capabilities into a help system
for a business application. Imagine being able to instantly send and receive messages
with the corporate help desk when using a business application. The productivity
and service-level implications are significant.

Finally, groupware technology allows teams of individuals to collaborate on proj-
ects and tasks regardless of their physical location. Examples of groupware technolo-
gies include Lotus’s SameTime and Microsoft’s NetMeeting. Using such groupware
allows multiple individuals to participate in meetings and share software tools across
a network.As with e-mail and instant messaging, groupware capabilities can be built
into appropriate business applications.

Clearly, systems analysts and system designers must build these innovative col-
laborative technologies into their applications.

> Enterprise Applications

Virtually all organizations, large and small, require a core set of enterprise applica-
tions to conduct business. As shown in Figure 1-6, for most businesses the core ap-
plications include financial management, human resource management, marketing
and sales, and operations management (inventory and/or manufacturing control). At
one time, most organizations custom-built most or all of these core enterprise appli-
cations. But today, these enterprise applications are frequently purchased, installed,
and configured for the business and integrated into the organization’s business pro-
cesses. Why? Because these core enterprise applications in different organizations or
industries tend to be more alike than they are different.

Today, these “internal” core applications are being supplemented with other en-
terprise applications that integrate an organization’s business processes with those of
its suppliers and customers. These applications, called customer relationship man-
agement and supply chain management, are also illustrated in Figure 1-6.

The trend toward the use of purchased enterprise applications significantly im-
pacts systems analysis and design. Purchased and installed enterprise applications are
never sufficient to meet all of the needs for information systems in any organization.
Thus, systems analysts and other developers are asked to develop value-added ap-
plications to meet additional needs of the business. But the purchased and installed
enterprise applications become a technology constraint. Any custom application must
properly integrate with and interface to the purchased enterprise applications. This
is often called systems integration, and this is the business and systems environ-
ment into which most of you will graduate. Let’s briefly explore some of the more
common enterprise applications and describe their implications for systems analysis
and design.
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agile development a sys-
tems development strategy
wherein the system develop-
ers are given the flexibility to
select from a variety of appro-
priate tools and techniques to
best accomplish the tasks at
hand. Agile development is
believed to strike an optimal
balance between productiv-
ity and quality for systems
development.

systems integration the
process of building a uni-
fied information system out
of diverse components of
purchased software, custom-
built software, hardware, and
networking.
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FIGURE 1-6 Enterprise Applications

Enterprise Resource Planning (ERP) As previously noted, the core business in-
formation system applications in most businesses were developed in-house incre-
mentally over many years. Each system had its own files and databases with loose
and awkward integration of all applications. During the 1990s, businesses tried very
SSA hard to integrate these legacy information systems, usually with poor results. Orga-
Oracle/PeopleSoft nizations would have probably preferred to redevelop these core business applica-
SAP AG (the Market Leader) tions (see Figure 1-6 again) from scratch as a single integrated information system.
Unfortunately, few if any businesses had enough resources to attempt this. Recog-
nizing that the basic applications needed by most businesses were more similar
than different, the software industry developed a solution—enterprise resource
planning (ERP) applications. An ERP solution is built around a common database
shared by common business functions. Examples of ERP software vendors are listed
in the margin.

An ERP solution provides the core information system functions for the entire
business. But usually an organization must redesign its business processes to fully
exploit and use an ERP solution. Most organizations must still supplement the ERP

REPRESENTATIVE
ERP VENDORS

REPRESENTATIVE
SCM VENDORS

i2 Technologies

Manugistics solution with custom software applications to fulfill business requirements that are
SAP unique to the industry or business. For most organizations, an ERP implementa-
SCT tion and integration represents the single largest information system project ever

J undertaken by the organization. It can cost tens of millions of dollars and require
a small army of managers, users, analysts, technical specialists, programmers, and
consultants.

ERP applications are significant to systems analysts for several reasons. First, sys-
tems analysts may be involved in the decision to select and purchase an ERP solution.
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Second, and more common, systems analysts are frequently involved in the customiza-
tion of the ERP solution, as well as the redesign of business processes to use the ERP
solution.Third, if custom-built applications are to be developed within an organization
that uses an ERP core solution, the ERP system’s architecture significantly impacts the
analysis and design of the custom application that must coexist and interoperate with
the ERP system.

Supply Chain Management Today, many organizations are expending effort on
enterprise applications that extend support beyond their core business functions.
Companies are extending their core business applications to interoperate with
their suppliers and distributors to more efficiently manage the flow of raw mate-
rials and products between their respective organizations. These supply chain
management (SCM) applications use the Internet as a means for integration and
communications.

For example, Figure 1-7 demonstrates a logical supply chain ending at restaurants
belonging to a franchise (e.g., Outback, Red Lobster, Wendy’s). Notice that this sup-
ply chain includes many businesses and carriers to achieve its final result—ensuring
that the restaurants have adequate food supplies to do business. Any delays or prob-
lems in any single link of this supply chain will adversely affect one and all. For that
reason, several of these businesses will implement supply chain management using

74

The Farms

Freight Companies Distribution Centers

Food Processing Plants

FIGURE 1-7 SupplyChain
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enterprise resource
planning (ERP) a software
application that fully inte-
grates information systems
that span most or all of the
basic, core business func-
tions (including transaction
processing and management
information for those business
functions).

supply chain manage-
ment (SCM) a software
application that optimizes
business processes for raw
material procurement through
finished product distribu-
tion by directly integrating
the logistical information
systems of organizations with
those of their suppliers and
distributors.

Freight Companies

The Restaurants
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REPRESENTATIVE
CRM VENDORS

BroadVision

E.piphany

Kana

Amdocs
Oracle/PeopleSoft

Siebel (the Market Leader)

SAP
/

customer relationship
management (CRM) a
software application that pro-
vides customers with access
to a business’s processes
from initial inquiry through
postsale service and support.

CUSTOMERS

SCM software technology to plan, implement, and manage the chain. Examples of
supply chain management vendors are listed in the margin. (It should be noted that
several ERP application vendors are extending ERP software applications to include
SCM capabilities. The SCM market is due for a shakeout because there are too many
vendors for all to succeed.)

SCM applications are significant to systems analysts for the same reasons as stated
for ERP applications. As an analyst, you may be involved in the evaluation and selec-
tion of an SCM package. Or you may be expected to implement and perhaps custom-
ize such packages to meet the organization’s needs. And again, you may expect to
participate in redesigning existing business processes to work appropriately with the
SCM solution.

Customer Relationship Management Many companies have discovered that
highly focused customer relationship management can create loyalty that results in
increased sales. Thus, many businesses are implementing customer relationship
management (CRM) solutions that enable customer self-service via the Internet.
The theme of all CRM solutions is a focus on the “customer.” CRM is concerned with
not only providing effective customer inquiry responses and assistance but also
helping the business better profile its customer base for the purpose of improving
customer relations and marketing. Examples of CRM vendors are listed in the mar-
gin. As was the case with SCM technologies, many ERP vendors are developing or

SUPPLIERS
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MANAGEMENT
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4 N

ENTERPRISE RESOURCE PLANNING A
APPLICATIONS

(ERP: See Figure 1.6)

A
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A
Other Other
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Application Application
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Other Other -1
Custom-Built Custom-Built
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FIGURE 1-8 Enterprise Application Integration
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acquiring CRM capabilities to complement and extend their ERP solutions. And as
with SCM, the larger number of players will likely be reduced through acquisition
and attrition.

CRM technology impacts systems analysts in precisely the same ways as those we
described for ERP and SCM technology. In many businesses, new applications must
interface with a core, CRM enterprise application.

Enterprise Application Integration Many companies face the significant challenge
of integrating their existing legacy systems with new applications such as ERP, SCM,
and CRM solutions.Any company that wants to do business across the Internet will
also have to meet the challenge of integrating its systems with those of other orga-
nizations and their different systems and technologies. To meet this challenge, many
organizations are looking at enterprise application integration software. Enterprise
application integration (EAI) involves linking applications, whether purchased
or developed in-house, so that they can transparently interoperate with one another.
This is illustrated conceptually in Figure 1-8. Some vendors offering EAI tools are
listed in the margin.

Today, as any new information system is developed, it must be integrated with
all the information systems that preceded it. These “legacy” information systems may
have been purchased or built in-house. Regardless, systems analysts and other devel-
opers must consider application integration for any new information system to be
developed. And EAI technologies are at the core of the integration requirements.

The Process—System Development Process

Thus far you have learned about different types of information systems, the players
involved in developing those systems, and several business and technology drivers
that influence the development of information systems. In this section you will learn
about another information system perspective, the “process” for developing an infor-
mation system.

Most organizations have a formal system development process consisting
of a standard set of processes or steps they expect will be followed on any system
development project.While these processes may vary greatly for different organizations,
a common characteristic can be found: Most organizations’ system development
process follows a problem-solving approach.That approach typically incorporates the
following general problem-solving steps:

Our Simplified System

Development Process

General Problem-Solving Steps

System initiation

Identify the problem. (Also plan for the solution
of the problem.)

System analysis

Analyze and understand the problem.

Identify solution requirements and expectations.

System design

Identify alternative solutions and choose the
best course of action.

Design the chosen solution.

System implementation

Implement the chosen solution.

Evaluate the results. (If the problem is not
solved, return to step 1 or 2 as appropriate.)
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REPRESENTATIVE
EAI VENDORS

BEA Systems
IBM (MQSeries) y e
Mercator Software

TIBCO Software

enterprise application
integration (EAI) the pro-
cess and technologies used
to link applications to support
the flow of data and informa-
tion between those applica-
tions. EAIl solutions are usually
based on middleware.

middleware software (usu-
ally purchased) used to trans-
late and route data between
different applications.

system development
process a set of activities,
methods, best practices,
deliverables, and automated
tools that stakeholders use to
develop and maintain infor-
mation systems and software.
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THE "PRODUCT"—AN INFORMATION SYSTEM

SYSTEM INITIATION DELIVERABLES

System initiation produces a business problem statement project
plan that establishes scope, goals, schedule, and budget for solving
the problem with a technical solution.
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SYSTEM ANALYSIS DELIVERABLES

System analysis produces a statement of the system users’
business requirements, expectations, and priorities for a solution to
the business problem.

pu

SYSTEM DESIGN DELIVERABLES

System design produces a technical blueprint and specifications for
a solution that fulfills the business requirements.
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SYSTEM IMPLEMENTATION DELIVERABLES

System implementation produces the technical hardware and
software solution for the business problem according to the technical
architecture and specifications.
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GI GURE 1-9 Systems Development and Problem Solving )

Figure 1-9 adds a system development process perspective that we will use (with
appropriate refinements) throughout this book as we study the development process,
tools, and techniques. For the sake of simplicity our initial problem-solving approach
establishes four stages or phases that must be completed for any system development
project—system initiation, system analysis, system design, and system implementa-
tion.The table on the previous page shows the correlation between the above general
problem-solving steps and our process.
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It is important to note that any system development process must be managed
on a project-by-project basis. You learned earlier that at least one stakeholder accepts
responsibility as the project manager for ensuring that the system is developed on
time, within budget, and with acceptable quality. The activity of managing a project
is referred to as project management. Accordingly, in Figure 1-9 we have added
a process for project management. Also, to ensure that all projects are managed
according to the same development process, we have included process management
as an ongoing activity. Notice that project and process management overlap all of the
process phases.

Let’s briefly examine our system development process in Figure 1-9 to expand
your understanding of each phase and activity in the process. Given a problem to be
solved or a need to be fulfilled, what will we do during system initiation, analysis, de-
sign, and implementation? Also, who will be involved in each phase?

> System Initiation

Information system projects are usually complicated. They require significant time,
effort, and economic investment. The problems to be solved are frequently stated
vaguely, which means that the initial envisioned solution may be premature. For these
reasons, system projects should be carefully planned. System initiation establishes
project scope and the problem-solving plan.Thus, as shown in Figure 1-9, we see that
system initiation establishes the project scope, goals, schedule, and budget required
to solve the problem or opportunity represented by the project. Project scope defines
the area of the business to be addressed by the project and the goals to be achieved.
Scope and goals ultimately impact the resource commitments, namely, schedule and
budget, that must be made to successfully complete the project. By establishing a
project schedule and budget against the initial scope and goals, you also establish a
baseline against which all stakeholders can accept the reality that any future changes
in scope or goals will impact the schedule and budget.

Figure 1-9 also shows that project managers, system analysts, and system owners
are the primary stakeholders in a system analysis.This book will teach you many tools
and techniques for initiating a system project and establishing a suitable project plan.

> System Analysis

The next step in our system development process is system analysis. System anal-
ysis is intended to provide the project team with a more thorough understanding of
the problems and needs that triggered the project.As such, the business area (scope
of the project—as defined during system initiation) may be studied and analyzed
to gain a more detailed understanding of what works, what doesn’t, and what’s
needed.As depicted in Figure 1-9, the system analysis requires working with system
users to clearly define business requirements and expectations for any new system
that is to be purchased or developed.Also, business priorities may need to be estab-
lished in the event that schedule and budget are insufficient to accomplish all that
is desired.

Recall the business drivers discussed earlier in the chapter. These (and future)
business drivers most closely affect system analysis, which often defines business re-
quirements in response to the business drivers. For example, we discussed a current
trend toward e-business and e-commerce.This business driver may influence the busi-
ness requirement for any information system, leading us to establish project goals to
conduct all business transactions on the Web.

The completion of a system analysis often results in the need to update many of
the deliverables produced earlier, during system initiation. The analysis may reveal
the need to revise the business scope or project goals—perhaps we now feel the
scope of the project is too large or too small. Accordingly, the schedule and budget
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project management the
activity of defining, planning,
directing, monitoring, and
controlling a project to de-
velop an acceptable system
within the allotted time and
budget.

process management the
ongoing activity that defines,
improves, and coordinates
the use of an organization’s
chosen methodology (the
“process”) and standards

for all system development
projects.

system initiation the

initial planning for a project to
define initial business scope,
goals, schedule, and budget.

system analysis the study
of a business problem domain
to recommend improvements
and specify the business
requirements and priorities for
the solution.
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system design the speci-
fication or construction of a
technical, computer-based
solution for the business
requirements identified in

a system analysis. (Note:
Increasingly, the design
takes the form of a working
prototype.)

system implementation
the construction, installation,
testing, and delivery of a sys-
tem into production (meaning
day-to-day operation).

for the project may need to be revised. Finally, the feasibility of the project itself
becomes questionable. The project could be canceled or could proceed to the next
phase.

As shown in Figure 1-9, project managers, system analysts, and system users
are the primary stakeholders in a system analysis. Typically, results must be summa-
rized and defended to the system owners, who will pay to design and implement
an information system to fulfill the business requirements.This book will teach you
many tools and techniques for performing a system analysis and documenting user
requirements.

> System Design

Given an understanding of the business requirements for an information system, we
can now proceed to system design. During system design we will initially need
to explore alternative technical solutions. Rarely is there only one solution to any
problem. For example, today most companies need to choose between purchasing a
solution that is good enough and building a custom solution in-house. (We’ll explore
options such as this throughout this book.)

Once a technical alternative is chosen and approved, the system design phase
develops the technical blueprints and specifications required to implement the final
solution.These blueprints and specifications will be used to implement required data-
bases, programs, user interfaces, and networks for the information system. In the case
where we choose to purchase software instead of build it, the blueprints specify how
the purchased software will be integrated into the business and with other informa-
tion systems.

Recall the technology drivers discussed in the last section of the chapter. These
(and future) technology drivers most closely impact the system design process and
decisions. Many organizations define a common information technology architecture
based on these technology drivers. Accordingly, all system designs for new informa-
tion systems must conform to the standard IT architecture.

As depicted in Figure 1-9, project managers, system analysts, and system designers
are the primary stakeholders in a system design.This book will teach you many tools
and techniques for performing a system design.

> System Implementation

The final step in our simple system development process is system implementa-
tion. As shown in Figure 1-9, system implementation constructs the new information
system and puts it into operation. It is during system implementation that any new
hardware and system software are installed and tested. Any purchased application
software and databases are installed and configured. And any custom software and da-
tabases are constructed using the technical blueprints and specifications developed
during system design.

As system components are constructed or installed, they must be individually
tested. And the complete system must also be tested to ensure that it works prop-
erly and meets user requirements and expectations. Once the system has been fully
tested, it must be placed into operation. Data from the previous system may have to
be converted or entered into start-up databases, and system users must be trained
to properly use the system. Finally, some sort of transition plan from older business
processes and information systems may have to be implemented.

And once again, as depicted in Figure 1-9, project managers, system analysts,
and system builders are the primary stakeholders in a system implementation. While
this book will teach you some of the tools and techniques for performing a system
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implementation, most of these methods are taught in programming, database, and
networking courses. This book emphasizes system initiation, analysis, and design
skills, but it will also teach you the unique system implementation tools and tech-
niques that are most commonly performed by systems analysts and, therefore, are
not typically covered in these other information technology courses.

> System Support and Continuous Improvement

We would be remiss not to briefly acknowledge that implemented information sys-
tems face a lifetime of support and continuous improvement. But where is that shown
in Figure 1-9? It is there! But it is subtle.

Implemented information systems are rarely perfect. Your users will find errors
(bugs) and you will discover, on occasion, design and implementation flaws that re-
quire attention and fixes. Also, business and user requirements constantly change.
Thus, there will be a need to continuously improve any information system until the
time it becomes obsolete. So where does system support and change fit into our de-
velopment process?

A change made for system support or improvement is merely another project,
sometimes called a maintenance or enbancement project. Such a project should
follow the exact same problem-solving approach defined for any other project. The
only difference is the effort and budget required to complete the project. Many of the
phases will be completed much more quickly, especially if the original stakeholders
properly documented the system as initially developed. Of course, if they did not,
a system improvement project can quickly consume much greater time, effort, and
money. Much of what we will teach you in this book is intended to help you appro-
priately document information systems to significantly reduce lifetime costs of sup-
porting and improving your information systems.
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‘ﬁ@ Summary

1. Information systems in organizations capture e. Expert systems that are systems that capture
and manage data to produce useful information and reproduce the knowledge of an expert
that supports an organization and its employees, problem solver or decision maker and then
customers, suppliers, and partners. simulate the “thinking” of that expert.

2. Information systems can be classified according f. Communication and collaboration systems
to the functions they serve, including: that enhance communication and collabo-

ration between people, both internal and

a. Transaction processing systems that process
business transactions such as orders, time
cards, payments, and reservations.

b. Management information systems that use
transaction data to produce information
needed by managers to run the business.

c. Decision support systems that help various
decision makers identify and choose between
options or decisions.

d. Executive information systems that are sys-
tems tailored to the unique information needs
of executives who plan for the business and
assess performance against the plans.

tion system.

external to the organization.

g. Office automation systems that help em-
ployees create and share documents that sup-
port day-to-day office activities.

3. Information systems can be viewed from vari-
ous perspectives, including from the perspec-
tive of the “people,” the “business drivers”
influencing the information system, the “tech-
nology drivers” used by the information system,
and the “process” used to develop the informa-
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Information workers are the stakeholders in in-
formation systems. Information workers include
those people whose jobs involve the creation,
collection, processing, distribution, and use of
information. They include:

a. System owners, the sponsors and chief
advocates of information systems.

b. System users, the people who use or are im-
pacted by the information system on a regular
basis. Geographically, system users may be
internal or external.

c. System designers, technology specialists who
translate system users’ business requirements
and constraints into technical solutions.

d. System builders, technology specialists who
construct the information system based on the
design specifications.

e. Systems analysts, who facilitate the develop-
ment of information systems and computer
applications. They coordinate the efforts of
the owners, users, designers, and builders.
Frequently, they may play one of those roles
as well. Systems analysts perform systems
analysis and design.

Any stakeholder role may be filled by an internal
or external worker referred to as an external ser-
vice provider (ESP). Most ESPs are systems ana-
lysts, designers, or builders who are contracted
to bring special expertise or experience to a
specific project.

Most information systems projects involve
working as a team. Usually one or more of the
stakeholders (team members) takes on the role
of project manager to ensure that the system

is developed on time, within budget, and with
acceptable quality. Most project managers are
experienced systems analysts.

Business drivers influence information systems.
Current business drivers that will continue to in-
fluence the development of information systems
include:

Globalization of the economy.

Electronic commerce and business.
Security and privacy.

Collaboration and partnership.
Knowledge asset management.
Continuous improvement and total quality
management.

g. Business process redesign.

-0 an o

Information technology can be a driver of infor-
mation systems. Outdated technologies can pres-
ent problems that drive the need to develop new
systems. Newer technologies such as the follow-
ing are influencing today’s information systems:

The Context of Systems Development Projects

a. Networks and the Internet:

i) xHTMIL and XML are the fundamental lan-
guages of Web page authoring and Inter-
net application development. Extensible
Hypertext Markup Language (xHTML) is
the emerging second-generation version
of HTML, the language used to construct
Web pages. Extensible Markup Language
(XML) is the language used to effectively
transport data content along with its
proper interpretation over the Internet.

ii) Scripting languages are simple program-
ming languages designed specifically for
Internet applications.

iii) Web-specific programming languages
such as Java and Cold Fusion have
emerged to specifically address construc-
tion of complex, Web-based applications
that involve multiple servers and Web
browsers.

iv) Intranets are essentially private Internets
designed for use by employees of an
organization. They offer the look and feel
of the Internet; however, security and
firewalls restrict their use to employees.

v) Extranets, like intranets, are private Inter-
nets. But extranets are for use between
specific organizations. Only the employ-
ees of those identified businesses can
access and use the extranet.

vi) Portals (in corporations) are “home
pages” that can be customized to the spe-
cific needs of different individuals who
use them. For example, portal technol-
ogy can define Web pages that provide
appropriate information and applications
for different roles in the same company.
Each individual’s role determines which
information and applications that person
can use from her or his Web page.

vii) Web services are reusable, Web-based
programs that can be called from any
other Internet program.

. Mobile and wireless technologies—Increas-

ingly, wireless access must be assumed. And
the limitations of mobile devices and screen
sizes must be accommodated in an information
system’s design. All of the following technical
trends will significantly impact the analysis and
design of new information systems:

i) Handheld computers, or personal data
assistants (such as the HP iPaq, Palm,
and RIM BlackBerry) have become com-
mon in the ranks of information workers.
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These devices are increasingly including
wireless capabilities that provide Web ac-
cess and e-mail

ii) Cell phones are also increasingly featuring
Internet and e-mail capabilities.

iii) Integrated devices such as smart phones
are emerging that integrate the capabili-
ties of PDAs and cell phones into a single
device.

iv) Technologies like Bluetooth are emerging
to allow separate devices to interoperate
as one logical device while preserving
each one’s form factors and advantages.

c. Object technologies—Most contemporary
information systems are built using object
technologies. Object technologies allow
programmers to build software from software
parts called objects. Object-oriented software
offers the advantage of reusability and extensi-
bility.

d. Collaborative technologies—Collaborative
technologies are those that enhance interper-
sonal communications and teamwork. Four
important classes of collaborative technolo-
gies are e-mail, instant messaging, groupware,
and work flow.

e. Enterprise applications—Virtually all organiza-
tions, large and small, require a core set of en-
terprise applications to conduct business. For
most businesses the core applications include
financial management, human resource man-
agement, marketing and sales, and operations
management (inventory and/or manufacturing
control). At one time, most organizations
custom-built most or all of these core enter-
prise applications. But today, these enter-
prise applications are frequently purchased,
installed, and configured for the business and
integrated into the organization’s business
processes. These “internal” core applications
are being supplemented with other enterprise
applications that integrate an organization’s
business processes with those of its suppliers
and customers. These applications are called
customer relationship management (CRM) and
supply chain management (SCM). Enterprise
application integration (EAI) involves linking
applications, whether purchased or developed

9.

10.

11.
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in-house, so that they can transparently inter-
operate with one another.

Many organizations have a formal systems devel-
opment process consisting of a standard set of
processes or steps they expect will be followed
on any systems development project. Systems
development processes tend to mirror general
problem-solving approaches. This chapter pre-
sented a simplified system development process
that is composed of the following phases:

a. System initiation—the initial planning for a
project to define initial business scope, goals,
schedule, and budget.

b. System analysis—the study of a business
process domain to recommend improvements
and specify the business requirements and
priorities for the solution.

c. System design—the specification or construc-
tion of a technical, computer-based solution
for the business requirements identified in
system analysis.

d. System implementation—the construction,
installation, testing, and delivery of a system
into operation.

Information systems face a lifetime of support
and continuous improvement. A change made
for system support or improvement is merely
another project, sometimes called a maintenance
or enhancement project. These projects follow
the exact same problem-solving approach defined
for any other project, but they require less effort
and budget.

Sequential development requires that each de-
velopment process (phase) be completed—one
after the other. This approach is referred to as
the waterfall approach. An alternative devel-
opment approach is iterative (or incremental)
development. This approach requires complet-
ing enough analysis, design, and implementa-
tion as is necessary to fully develop a part of the
new system. Once that version of the system is
implemented, the strategy is to then perform
some additional analysis, design, and implemen-
tation in order to release the next version of the
system. These iterations continue until all parts
of the entire information system have been
developed.
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1. Why are information systems (IS) essential in what are the other essential skills that they need
organizations? to effectively complete their jobs?

2. Who do systems analysts need to know who the 8. What are some of the business drivers for today’s
stakeholders are in the organization? information systems?

3. Who are the typical stakeholders in an 9. What are the diferences between electronic
information system? What are their roles? commerce (e-commerce) and electronic business

4. Please explain what the consequences are if an (e-business)?
information system lacks a system owner. 10. What are the differences between information

5. What are the differences between internal users and knowledge?
and external users? Give examples. 11. What are the most important technology drivers

6. What are the differences between the role of for today’s information systems?
system analysts and the role of the rest of the 12. What are the four steps in a system development
stakeholders? process? What happens in each step?

7. In addition to the business and computing 13. Why is system initiation essential in the system
knowledge that system analysts should possess, development process?

J2dot
ses 00
Problems and Exercises ",
O
A

1. Assume you are a systems analyst who will 5. As information systems increase in complexity and
be conducting a requirements analysis for an comprehensiveness, ethical issues regarding ac-
individually owned brick-and-mortar retail cessing and using data from these systems are also
store with a point-of-sale system. Identify who increasing. What are some of these ethical issues?
the typical internal and external users might 6. What are business to consumer (B2C) and busi-
include. ness to business (B2B) Web applications, and

2. Assume you are a systems analyst for a consult- what are some examples of each type?
ing company and have been asked to assist the 7. While system development processes and meth-
chief executive officer (CEO) of a regional bank. odologies can vary greatly, identify and briefly
The bank recently implemented a plan to reduce explain the “generic” phases of the system
the number of staff, including loan officers, as a development process that are described in the
strategy to maintain profitability. Subsequently, textbook and which must be completed for any
the bank has experienced chronic problems with project. You are a contractor with a systems
backlogged loan requests because of the limited integration company.
number of loan officers who are able to review 8. Your company has a contract with a local firm to
and approve or disapprove loans. The CEO of the link all of their systems so they can transparently
bank is interested in solutions that would allow work together. Their applications include a num-
the approval process to move faster without ber of existing legacy systems, which were built
increasing the number of loan officers and has at different times by different developers using
engaged your company to come up with sugges- a variety of languages and platforms, as well as
tions. What is one type of system that you might several newer contemporary applications. What
recommend to the bank? is the term for this type of linking? What type

3. How do communication and collaboration sys- of tool would you most likely use, and what are
tems improve efficiency and effectiveness? What some examples of the tool?
are some of the communication and collabora- 9. Your company has asked you to develop a new

tion systems that are being used by an increasing
number of organizations?

4. Identify the type of information system that cleri-

cal workers in an organization would typically
use and why.

Web-based system to replace its existing legacy
system. There will be very little change in busi-
ness requirements and functionality from the
existing legacy system. Suggest which system
development process you might use and why.
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10. You recently joined a retail sales company which
has recently bought out and assimilated a com-
mercial industrial supply house. You have been
asked to lead a project to develop a consolidated
inventory-tracking system. Suggest which system
development process you might use and why.

11. Your company president sits down beside you
just before a meeting is to begin and tells you that
people keep saying the customer needs to install
a CRM, but doesn’t really know what it is. The
company president then asks you to explain it in
nontechnical terms in the next 30 seconds.

12. Industry studies indicate that mobile and wireless
technology has become one of the major technol-
ogy drivers for designing new information sys-
tems. Why is this the case and what is the impact?

13. Briefly explain the impact of Web services on
Web development. Give some examples of Web
services.

14. Identify in which phase of the development pro-
cess the following activities belong:

a. Development of the technical blueprint or
design document.

b. Project scheduling.

c. Integration testing.

d. Interviewing system users to define business
requirements.

15. What are the two most important advantages
of object-oriented software technologies over
structured software technologies?

<N\

CSE‘?Q Projects and Research

1. Research the average and/or median salaries for IT
professionals. You can use a variety of methods to
find this information, such as searching the Web for
online sites that publish the results of salary surveys
for IT professionals. You can also look at classified
ads in newspapers, trade magazines, and/or online.

a. Is there a significant difference between typical
salaries for system analysts, designers and
developers?

b. Roughly, what is the difference in the typical
salaries for these different groups?

c. What do you think are the reasons for the
difference?

d. Is there a gender gap in the salaries of IT
professionals? Discuss any trends that you
found and the implications.

2. Contact the chief information officers (CIOs)
or top IT managers of several local or regional
organizations. Ask them about the process or
methodology they use for system development
in their organizations, and why they use that
particular approach.

a. Describe and compare the different approaches
that you have found.

b. Which approach do you believe to be the most
effective approach?

c. Why?

3. Career choices and personal skills:

a. At this point in your education, if you had to
choose between becoming a systems analyst,
systems designer, or systems builder, which
one would you choose?

7

b. Why?

c. Now divide a piece of paper into two columns.
On one side, list the personal skills and traits
you think are most important for each of these
three groups of systems analysts, designers,
and builders. In the second column, list at least
five skills and traits that you feel to be your
strongest ones, then map them to the skills and
traits you listed for each of the three groups.
With which group do you have the most skills
and traits in common?

d. Is this group the same one as the one you
would choose in Question 3a? Why do you
think this is (or is not) the case?

4. Your school library should have journals and

periodicals dating back at least several decades
or may subscribe to online research services
which do. Look at several recent articles in
information technology journals regarding
systems analysis, as well as several articles from
at least 25 years ago.

a. Compare the recent articles to the older ones.
Do there appear to be significant differences in
the typical knowledge, skills, abilities, and/or
experience that systems analysts needed 25
years ago compared to now?

b. If you found some differences, what are the
ones that you consider most important?

c. What do you think are some of the reasons for
these changes?

d. Now get out your crystal ball and look into the
future 25 years from now. What differences do
you predict between the systems analysts of
today and those in 25 years?
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Search the Web or business periodicals in your
library such as Forbes magazine for information
on three or four chief information officers of large
companies or organizations.

a. Which industry sector, companies, and CIOs
did you find?

b. For each CIO that you researched, what
was their predominant experience prior to
becoming a CIO; that is, did they have an

The Context of Systems Development Projects

information technology background, a business
background, or both?

c. For each CIO, what is their level of education?

d. How many years has each been a CIO, and for
approximately how many different companies
has each one worked?

e. Based upon your research, what knowledge and
skills does a CIO need in order to be successful?
Why?

Minicases W

1.

‘What do you think will be possible technologically
10 years from now? How about 20 or 30 years
from now? Research a new and interesting tech-
nology that is in the research and development
stage. Prepare a presentation using a movie clip
and PowerPoint on this technology and present it
to the class. Submit a short paper on the impacts
this new technology might have on society and/or
businesses.

. Consider outsourcing: It is many times the case

that at least part of the development process is
outsourced. In fact, project leaders today must be
capable of handling geographically diverse teams

as well as timeline and resource constraints. Out-
sourcing brings to the table increased efficiency and
economic gains to the societies that are interacting.
However, these gains are not quickly realized, and
the negative impacts on a society that is outsourcing
can be significant from a jobs perspective. Dr.
Mankiw, as an economic advisor to President Bush,
publicly touted the benefits of outsourcing and was
deeply criticized for his stance. Do you think that it
is good or bad for a business to outsource work? Do
you think there are ethical dilemmas for companies

who outsource? Find at least two articles on the im-
pacts of outsourcing, and bring them to share with
the class.

. You are a network administrator, and as part of

your job, you monitor employee e-mails. You dis-
cover that your boss is cutting corners on a system
that your company is developing in order to finish
the project more quickly and to stay under budget.
There is a flaw in the system as a result, and this
flaw will cause a network crash if more than 20
people are on the network at a time.The client
expects approximately 12 people on the network
at any given time.You are sure, as apparently your
boss is, that the customer will not find out until
well after the project is accepted (if ever). What do
you do?

. A systems analyst must be both technically

proficient and capable of successful customer
communication. Developing a good system
requires a complete understanding of user
requirements. Many times, users don’t know what
is available (technologically) or even what they
would like from a system.What are characteristics
of good communication?

L

Team and Individual Exercises (%lgjj

1.

Get together into small groups of two. The first
person will decide on a task that he/she wishes
to be completed—for instance, sharpen a pencil
or write down the name of the professor. It
should be simple and straightforward. That
person is to communicate on paper using only
diagrams and no words (verbal or written) what
he/she wishes to be done, and give it to person
number two. Person number two should then
complete the requested task.

What did you discover from this exercise? How
long did it take until the second person under-

X ~l>

stood what the first person was asking for? Was
there miscommunication? Write down your
thoughts and observations, and share them with
the class.

Individual exercise: Imagine a really cool technol-
ogy. The sky is the limit, and anything is possible.
How does this technology impact your life? Does
it impact business?

Individual exercise: Think back on the last time
someone told you something couldn’t be done.
What was it? Did you listen to them? Why or
why not?
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\E | Suggested Readings

Ambler, Scott. Agile Modeling: Effective Practices for eXtreme

Programming and the Unified Process. New York: John
Wiley & Sons, 2002. This book has significantly shaped
our thinking about the software development process.
Those of you who are critical of the “extreme-program-
ming” movement need not fear that our enthusiasm for
this suggested reading indicates an endorsement of ex-
treme programming. We simply like the sanity that Scott
brings to the process of systems and software develop-
ment through the use of flexible methods within the con-
text of an iterative process.We will reference this book in
several chapters.

Ernest, Kallman; John Grillo; and James Linderman. Ethical

Decision Making and Information Technology: An In-
troduction with Cases, 2nd ed. Burr Ridge, IL: McGraw-
Hill/Irwin, 1995.This is an excellent textbook for teaching
ethics in an MIS curriculum. It is a collection of case
studies that can complement a systems analysis and de-
sign course.

Gartner Group IT Symposium and Expo (annual). Our

university’s management information unit has long sub-
scribed to the Gartner Group’s service that reports on
industry trends, the probabilities for success of trends
and technologies, and suggested strategies for informa-
tion technology transfer. Gartner research has played a
significant, ongoing role in helping us to chart business
and technology drivers as described in this chapter. We
have also been fortunate to be able to attend Gartner’s
annual IT symposium. Gartner Group reports and sym-

posiums have influenced each edition of the book. For
more information about the Gartner Group, s€e€ WwWWw.
gartner.com.

Gause, Donald, and Gerald Weinberg. Are Your Lights On?

How to Figure Out What the Problem REALLY Is. New
York: Dorset House Publishing, 1990. Yes, this is not a re-
cent book, but neither are the fundamentals of problem
solving. Here’s a short and easy-to-read book about gen-
eral problem solving. You can probably read the entire
book in one night, and it could profoundly improve your
problem-solving potential as a systems analyst (or, for that
matter, in any other profession).

Levine, Martin. Effective Problem Solving, 2nd ed. Engle-

wood Cliffs, NJ: Prentice Hall, 1994.This is another older
book, but as we stated before, problem-solving methods
are timeless. At only 146 pages, this title can serve as an
excellent professional reference.

Weinberg, Gerald. Rethinking Systems Analysis and Design.

New York: Dorset House Publishing, 1988. Don’t let the
date fool you. This is one of the best and most impor-
tant books on this subject ever written. This book may
not teach any of the popular systems analysis and design
methods of our day, but it challenges the reader to leap be-
yond those methods to consider something far more im-
portant—the people side of systems work. Dr. Weinberg’s
theories and concepts are presented in the context of
dozens of delightful fables and short experiential stories.
We are grateful to him for our favorite systems analysis
fable of all time, “The Three Ostriches.”
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Chapter Preview and Obijectives

This chapter more closely examines the systems development process that was first
introduced in Chapter 1. Successful systems development is governed by some
fundamental, underlying principles that we introduce in this chapter. We also introduce
a basic, representative systems development methodology as a disciplined approach to
developing information systems. Although such an approach will not guarantee success,
it will greatly improve the chances of success. You will know that you understand
information systems development when you can:

Describe the motivation for a standard systems development process in terms of the
Capability Maturity Model (CMM) for quality management.

Differentiate between the system life cycle and a system development methodology.
Describe 10 basic principles of systems development.

Define problems, opportunities, and directives—the triggers for systems development
projects.

Describe the PIECES framework for categorizing problems, opportunities, and
directives.

Describe the essential phases of systems development. For each phase, describe its
purpose, inputs, and outputs.

Describe cross life-cycle activities that overlap multiple system development phases.
Describe typical, alternative “routes” through the essential phases of systems
development. Describe how routes may be combined or customized for different types

of projects.

Describe various automated tools for systems development.
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Introduction

Work is getting underway at SoundStage Entertainment Club for the systems analysis
and design of their member services information system. But the more Bob Martinez
learns about the system, the more confused he gets. Bob can recall some of his pro-
gramming assignments in college. Most of them were just a page or two of bulleted
points listing required features. It was pretty easy to get your head around that. But
the new SoundStage system will involve tracking member contacts and purchase
requirements, promotions, sales, shipments, inventory, multiple warehouses, Web
sites, and more. Bob wonders how they will even list all the requirements, let alone
keep them straight. How will they know what data they need to track? How will they
know what every piece of programming needs to do? He mentioned that to his boss,
Sandra. She said it was all about following “the methodology.” He remembered some-
thing about methodology from a systems analysis class. At the time it seemed like a lot
of unnecessary work. But he is starting to see now that on a large project, following
an established method may be the only path that is safe to travel.

The Process of Systems Development

This chapter introduces a focus on information systems development. We will ex-
amine a systems development process. Notice we did not say “the” process—
there are as many variations on the process as there are experts and authors. We will
present one representative process and use it consistently throughout this book.

Increasingly, organizations have no choice but to adopt and follow a standard-
ized systems development process. First, using a consistent process for systems de-
velopment creates efficiencies that allow management to shift resources between
projects. Second, a consistent methodology produces consistent documentation
that reduces lifetime costs to maintain the systems. Finally, the U.S. government has
mandated that any organization seeking to develop software for the government
must adhere to certain quality management requirements. A consistent process pro-
motes quality. And many other organizations have aggressively committed to total
quality management goals in order to increase their competitive advantage. In order
to realize quality and productivity improvements, many organizations have turned
to project and process management frameworks such as the Capability Maturity
Model, discussed in the next section.

> The Capability Maturity Model

It has been shown that as an organization’s information system development process
matures, project timelines and cost decrease while productivity and quality increase.
The Software Engineering Institute at Carnegie Mellon University has observed and
measured this phenomenon and developed the Capability Maturity Model (CMM)
to assist all organizations to achieve these benefits. The CMM has developed a wide
following, both in industry and government. Software evaluation based on CMM is
being used to qualify information technology contractors for most U.S. federal gov-
ernment projects.

The CMM framework for systems and software is intended to help organizations
improve the maturity of their systems development processes. The CMM is organized
into five maturity levels (see Figure 2-1):

e Level 1—Initial: This is sometimes called anarchy or chaos.At this level, system
development projects follow no consistent process. Documentation is sporadic or
not consistent from one project to the next, thus creating problems for those who
must maintain a system over its lifetime. Almost all organizations start at Level 1.
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systems development
process a set of activities,
methods, best practices,
deliverables, and automated
tools that stakeholders (from
Chapter 1) use to develop
and continuously improve
information systems and
software (from Chapter 1).

Capability Maturity
Model (CMM) a standard-
ized framework for assessing
the maturity level of an
organization’s information
systems development and
management processes and
products. It consists of five
levels of maturity.
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FIGURE 2-1

The Capability
Maturity Model
(CMM)

system development
methodology a formal-
ized approach to the systems
development process; a
standardized process that
includes the activities,
methods, best practices,
deliverables, and automated
tools to be used for informa-
tion systems development.

Level
5
OPTIMIZED

(continuous

Level process
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MANAGED

(process
managed
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DEFINED
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Level process
2 used)
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Level project

1 management)
INITIAL

(inconsistent
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* Level 2—Repeatable: At this level, project management processes and practices
are established to track project costs, schedules, and functionality. The focus is
on project management. A system development process is always followed, but
it may vary from project to project.

e Level 3—Defined: In this level,a standard system development process
(sometimes called a methodology) is purchased or developed. As a result of
using the standardized process for all projects, each project results in consistent
and high-quality documentation and deliverables. The process is stable,
predictable, and repeatable.

e Level 4—Managed.: In this level, measurable goals for quality and productivity
are established. Detailed measures of the standard system development
process and product quality are routinely collected and stored in a database.
There is an effort to improve individual project management based on this
collected data. Thus, management seeks to become more proactive than
reactive to systems development problems (such as cost overruns, scope
creep, schedule delays, etc.).

e Level 5—Optimizing: In this level, the standardized system development
process is continuously monitored and improved based on measures and data
analysis established in Level 4. Lessons learned are shared across the organization,
with a special emphasis on eliminating inefficiencies in the system development
process while sustaining quality.

It is very important to recognize that each level is a prerequisite for the next level.
Currently, many organizations are working hard to achieve at least CMM Level 3
(sometimes driven by a government or organizational mandate). A central theme to
achieving Level 3 (Defined) is the use of a standard process or methodology to build
or integrate systems. As shown in Table 2-1, an organization can realize significant
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TABLE 2-1 Impact of System Development “Process” on Quality

CMM Project Statistics for a Project Resulting in 200,000 Lines of Code

Organization’s Project Project Number Median Lowest Highest
CMM Duration  Person-  of Defects Cost Cost Cost
Level (months)  Months Shipped ($ millions)  ($ millions)  ($ millions)

1 30.0 600 61 5.5 1.8 100+
2 18.5 143 12 1.3 0.96 1.7
3 15.0 80 7 0.728 0.518 0.933

Source: Master Systems, Inc.

improvements in schedule and cost by institutionalizing CMM Level 3 process
improvements.!

> Life Cycle versus Methodology

The terms system life cycle and system development methodology are frequently
and incorrectly interchanged. Most system development processes are derived from
a natural system life cycle. The system life cycle just happens. Figure 2-2 illustrates
two life-cycle stages. Notice that there are two key events that trigger a change from
one stage to the other:

* When a system cycles from development to operation and maintenance, a
conversion must take place.

* At some point in time, obsolescence occurs (or is imminent) and a system cycles
from operation and maintenance to redevelopment.

Conversion

The “Systems

Development . . S y stem

Process” and A System Lifetime Operation
various System Development P d

Development an
Methodologies Process ofa Maintenance
are the focus of System
this chapt d

iS¢ i‘;ﬁ;ﬁgk. Ideally using a Using the system’s

System Development chosen information

Methodology

technology

Obsolescence

'White Paper,“Rapidly Improving Process Maturity: Moving Up the Capability Maturity Model through Outsourcing”
(Boston: Keane, 1997,1998,p.11).

system life cycle the
factoring of the lifetime of an
information system into two
stages, (1) systems develop-
ment and (2) systems opera-
tion and maintenance—first
you build it; then you use and
maintain it. Eventually, you
cycle back to redevelopment
of a new system.

FIGURE 2-2

The System Life
Cycle
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REPRESENTATIVE
SYSTEM
DEVELOPMENT
METHODOLOGIES

Architected Rapid
Application Development
(Architected RAD)
Dynamic Systems
Development Methodology
(DSDM)

Joint Application
Development (JAD)
Information Engineering (IE)
Rapid Application
Development (RAD)
Rational Unified Process
(RUP)

Structured Analysis and
Design (old, but still
occasionally encountered)
eXtreme Programming (XP)

Note: There are many
commercial methodologies
and software tools
(sometimes called
methodware) based on

the above general
methodologies.

J

The Context of Systems Development Projects

Actually, a system may be in more than one stage at the same time. For example, one
version may be in operation and support while the next version is in development.

So how does this contrast with a systems development methodology? A systems
development methodology “executes” the systems development stage of the system
life cycle. Each individual information system has its own system life cycle. The meth-
odology is the standard process to build and maintain that system and all other infor-
mation systems through their life cycles.

Methodologies can be purchased or homegrown. Examples of system develop-
ment methodologies are listed in the margin on the following page. You should be
able to research most of them on the Web. Many of their underlying methods will be
taught in this textbook.

> Underlying Principles for Systems Development

Before we examine the methodology we will use throughout this book, let’s in-
troduce some general principles that should underlie all systems development
methodologies.

Principle 1: Get the System Users Involved Think of systems development as
a partnership between system users, analysts, designers, and builders. The analysts,
designers, and builders are responsible for systems development, but they must en-
gage their owners and users, insist on their participation, and seek agreement from all
stakeholders concerning decisions that may affect them.

Miscommunication and misunderstandings continue to be a significant problem
in many systems development projects. However, owner and user involvement and
education minimize such problems and help to win acceptance of new ideas and
technological change. Because people tend to resist change, information technology
is often viewed as a threat. The best way to counter that threat is through constant
and thorough communication with owners and users.

Principle 2: Use a Problem-Solving Approach A system development meth-
odology is, first and foremost, a problem-solving approach to building systems. The
term problem is broadly used throughout this book to include (1) real problems,
(2) opportunities for improvement, and (3) directives from management. Systems
analysts should approach all projects using some variation of a problem-solving
approach.

Inexperienced or unsuccessful problem solvers tend to eliminate or abbreviate
one or more of the above steps. For example, they fail to completely understand
the problem, or they prematurely commit to the first solution they think of. The
result can range from (1) solving the wrong problem, to (2) incorrectly solving the
problem, (3) picking the wrong solution, or (4) picking a less-than-optimal solution.
A methodology’s problem-solving process, when correctly applied, can reduce or
eliminate these risks.

Principle 3: Establish Phases and Activities All methodologies prescribe phases
and activities. The number and scope of phases and activities vary from author to
author, expert to expert, methodology to methodology, and business to business.

The phases are: scope definition, problem analysis, requirements analysis, logical
design, decision analysis, physical design and integration, construction and testing,
and installation and delivery. Each of these phases will be discussed later in this
chapter. These phases are not absolutely sequential; they tend to overlap one an-
other, as illustrated in Figure 2-3. Also, the phases may be customized to the special
needs of a given project (e.g., deadlines, complexity, strategy, resources). In this
chapter, we will describe each customization as alternative routes through the meth-
odology and problem-solving process.
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Project Management 0

Scope Definition b

Problem Analysis 0_

Requirements Definition 6 _

[ e—

Decision Analysis Q-

Physical Design e

Construction & Testing o

Installation & Delivery e

Process Management L ——

FIGURE 2-3 Overlap of System Development Phases and Activities

Principle 4: Document throughout Development In medium to large organiza-
tions, system owners, users, analysts, designers, and builders come and go. Some will
be promoted; some will have extended medical leaves; some will quit the organiza-
tion; and still others will be reassigned. To promote good communication between
constantly changing stakeholders, documentation should be a working by-product of
the entire systems development effort.

Documentation enhances communications and acceptance. Documentation re-
veals strengths and weaknesses of the system to multiple stakeholders. It stimulates
user involvement and reassures management about progress. At the same time, some
methodologies have been criticized for expecting too much documentation that adds
little value to the process or resulting system. Our methodology advocates a balance
between the value of documentation and the effort to produce it. Experts call this
agile modeling.

Principle 5: Establish Standards Systems integration has become critical to the
success of any organization’s information systems. To achieve or improve systems
integration, organizations turn to standards. In many organizations, these standards
take the form of enterprise information technology architecture. An IT architecture
sets standards that serve to direct technology solutions and information systems to a
common technology vision or configuration.

In the absence of an IT architecture, each information system and application
may be built using radically different technologies. Not only does this make it difficult
to integrate applications, but it creates resource management problems—IT organi-
zations cannot as easily move developers between projects as priorities change or
emergencies occur because different teams are staffed with technical competencies
based on the various technologies that had been used and are being used to develop
information systems. Creating an enterprise IT architecture and driving projects and
teams to that architecture make more sense.

As new technologies emerge, an IT architecture must change. But that change
can be managed. The chief technology officer (CTO) in an organization is frequently
charged with technology exploration and IT architecture management. Given that
architecture, all information systems projects are constrained to implement new sys-
tems that conform to the architecture (unless otherwise approved by the CTO).

Principle 6: Manage the Process and Projects Most organizations have a system
development process or methodology, but they do not always use it consistently
on projects. Both the process and the projects that use it must be managed. Pro-
cess management ensures that an organization’s chosen process or management
is used consistently on and across all projects. Process management also defines and

process management

an ongoing activity that
documents, teaches, over-
sees the use of, and improves
an organization’s chosen
methodology (the “process”)
for systems development.
Process management is
concerned with phases,
activities, deliverables, and
quality standards that should
be consistently applied to

all projects.
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project management the
process of scoping, planning,
staffing, organizing, directing,
and controlling a project to
develop an information
system at minimum cost,
within a specified time frame,
and with acceptable quality.

cost-effectiveness the
result obtained by striking

a balance between the
lifetime costs of developing,
maintaining, and operating
an information system and
the benefits derived from that
system. Cost-effectiveness

is measured by cost-benefit
analysis.

creeping commitment

a strategy in which feasibility
and risks are continuously
reevaluated throughout a
project. Project budgets

and deadlines are adjusted
accordingly.

The Context of Systems Development Projects

improves the chosen process or methodology over time. Project management en-
sures that an information system is developed at minimum cost, within a specified
time frame, and with acceptable quality (using the standard system development pro-
cess or methodology).

Process management and project management are influenced by the need for
quality management. Quality standards are built into a process to ensure that the
activities and deliverables of each phase will contribute to the development of a
high-quality information system. They reduce the likelihood of missed problems
and requirements, as well as flawed designs and program errors (bugs). Standards
also make the IT organization more agile. As personnel changes occur, staff can be
relocated between projects with the assurance that every project is following an
understood and accepted process.

Principle 7: Justify Information Systems as Capital Investments Information
systems are capital investments, just like a fleet of trucks or a new building. System
owners commit to this investment. Notice that the initial commitment occurs early
in a project, when system owners agree to sponsor and fund the project. Later
(during the phase called decision analysis), system owners recommit to the more
costly technical decisions. In considering a capital investment, two issues must be
addressed:

1. For any problem, there are likely to be several possible solutions.The systems
analyst and other stakeholders should not blindly accept the first solution
suggested. The analyst who fails to look at alternatives may be doing the business
a disservice.

2. After identifying alternative solutions, the systems analyst should evaluate
each possible solution for feasibility, especially for cost-effectiveness. Cost-
effectiveness is measured using a technique called cost-benefit analysis.

Like project and process management, cost-benefit analysis is performed throughout
the system development process.

A significant advantage of the phased approach to systems development is that
it provides several opportunities to reevaluate cost-effectiveness, risk, and feasi-
bility. There is often a temptation to continue with a project only because of the
investment already made. In the long run, canceled projects are usually much less
costly than implemented disasters. This is extremely important for young analysts
to remember.

Principle 8: Don’t Be Afraid to Cancel or Revise Scope There is an old saying:
“Don’t throw good money after bad.” In other words, don’t be afraid to cancel a
project or revise scope, regardless of how much money has been spent so far—cut
your losses. To this end, we advocate a creeping commitment approach to systems
development.? With the creeping commitment approach, multiple feasibility check-
points are built into any systems development methodology. At each checkpoint fea-
sibility is reassessed. All previously expended costs are considered sunk (meaning not
recoverable). They are, therefore, irrelevant to the decision. Thus, the project should
be reevaluated at each checkpoint to determine if it remains feasible to continue
investing time, effort, and resources into the project. At each checkpoint, the analyst
should consider the following options:

» Cancel the project if it is no longer feasible.

* Reevaluate and adjust the costs and schedule if project scope is to be increased.

* Reduce the scope if the project budget and schedule are frozen and not
sufficient to cover all project objectives.

?Thomas Gildersleeve, Successful Data Processing Systems Analysis, 2nd ed. (Englewood Cliffs, NJ: Prentice Hall,
1985), pp. 5-7.
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The concept of sunk costs is more or less familiar to most financial analysts, but it
is frequently forgotten or not used by the majority of systems analysts, most system
users, and even many system owners.

In addition to managing feasibility throughout the project, we must manage risk.
Risk management seeks to balance risk and reward. Different organizations are
more or less averse to risk, meaning that some are willing to take greater risks than
others in order to achieve greater rewards.

Principle 9: Divide and Conquer Whether you realize it or not, you learned the
divide-and-conquer approach throughout your education. Since high school, you've
been taught to outline a paper before you write it. Outlining is a divide-and-conquer
approach to writing. A similar approach is used in systems development. We divide a
system into subsystems and components in order to more easily conquer the problem
and build the larger system. In systems analysis, we often call this factoring. By re-
peatedly dividing a larger problem (system) into more easily managed pieces (subsys-
tems), the analyst can simplify the problem-solving process. This divide-and-conquer
approach also complements communication and project management by allowing
different pieces of the system to be communicated to different and the most appro-
priate stakeholders.

The building blocks of your information system framework provide one basis
for dividing and conquering an information system’s development. We will use this
framework throughout the book.

Principle 10: Design Systems for Growth and Change Businesses change over
time. Their needs change. Their priorities change. Accordingly, information systems
that support a business must change over time. For this reason, good methodologies
should embrace the reality of change. Systems should be designed to accommodate
both growth and changing requirements. In other words, well-designed information sys-
tems can both scale up and adapt to the business. But regardless of how well we design
systems for growth and change, there will always come a time when they simply cannot
support the business.

System scientists describe the natural and inevitable decay of all systems over time
as entropy. As described earlier in this section, after a system is implemented it enters
the operations and maintenance stage of the life cycle. During this stage the analyst
encounters the need for changes that range from correcting simple mistakes, to rede-
signing the system to accommodate changing technology, to making modifications to
support changing user requirements. Such changes direct the analyst and programmers
to rework formerly completed phases of the life cycle. Eventually, the cost of main-
taining the current system exceeds the costs of developing a replacement system—the
current system has reached entropy and becomes obsolete.

We have presented 10 principles that should underlie any methodology. These prin-
ciples are summarized in the margin and can be used to evaluate any methodology.

A Systems Development Process

In this section we’ll examine a logical process for systems development. We'll begin
by studying types of system projects and how they get started. Then we’ll introduce
an eight-phased approach. Finally, we’ll examine alternative variations, or “routes”
through the phases, for different types of projects and development strategies.

> Where Do Systems Development Projects Come From?

System owners and system users initiate most projects. The impetus for most projects
is some combination of problems, opportunities, and directives. To simplify this
discussion, we will frequently use the term problem to collectively refer to problems,
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risk management the
process of identifying, evalu-
ating, and controlling what
might go wrong in a project
before it becomes a threat to
the successful completion of
the project or implementation
of the information system.
Risk management is driven by
risk analysis or assessment.

-~

PRINCIPLES
OF SYSTEMS
DEVELOPMENT

Get the System Users
Involved.

Use a Problem-Solving
Approach.

Establish Phases and
Activities.

Document throughout
Development.

Establish Standards.
Manage the Process and
Projects.

Justify Information
Systems as Capital
Investments.

Don't Be Afraid to Cancel
or Revise Scope.

Divide and Conquer.
Design Systems for Growth
and Change.

problem an undesirable
situation that prevents the
organization from fully
achieving its mission, vision,
goals, and/or objectives.

opportunity a chance to
improve the organization even
in the absence of an identified
problem.
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The Context of Systems Development Projects
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The PIECES Problem-Solving

A. Throughput — the amount of work performed

some period of time.

B. Response times — the average delay between
a transaction or request, and a response to that
transaction or request.

INFORMATION (and Data)

A. Outputs
1. Lack of any information
2. Lack of necessary information
3. Lack of relevant information
4. Too much information — “information

overload”

Information that is not in a useful format
Information that is not accurate

Information that is difficult to produce
Information is not timely to its subsequent use

Data is not captured

Data is not captured in time to be useful
Data is not accurately captured — contains
errors

Data is difficult to capture

Data is captured redundantly — same data
captured more than once

Too much data is captured

Illegal data is captured

C. Slcored data

1. Data is stored redundantly in multiple files
and/or databases
2. Same data items have different values in
different files (poor data integration)
3. Stored data is not accurate
4. Data is not secure to accident or vandalism
5. Data is not well organized
6. Data is not flexible — not easy to meet new
information needs from stored data
7. Data is not accessible
ECONOMICS
A. Costs
1. Costs are unknown
2. Costs are untraceable to source
3. Costs are too high
B. Profits

Framework and Checklist

The following checklist for problem, opportunity, and directive identification uses Wetherbeis PIECES framework.
Note that the categories of PIECES are not mutually exclusive; some possible problems show up in multiple lists.
Also, the list of possible problems is not exhaustive. The PIECES framework is equally suited to analyzing both

manual and computerized systems and applications.

PERFORMANCE

1.  New markets can be explored
2. Current marketing can be improved
3.  Orders can be increased

CONTROL (and Security)

A.

Too little security or control

1. Input data is not adequately edited

2. Crimes (e.g., fraud, embezzlement) are (or
can be) committed against data

3. Ethics are breached on data or information
— refers to data or information getting to
unauthorized people

4. Redundantly stored data is inconsistent in
different files or databases

5. Data privacy regulations or guidelines are
being (or can be) violated

6. Processing errors are occurring (either by
people, machines, or software)

7. Decision-making errors are occurring

Too much control or security

1. Bureaucratic red tape slows the system
Controls inconvenience customers or
employees

3. Excessive controls cause processing delays

EFFICIENCY

A.

B.

C.
D.

People, machines, or computers waste time

1. Data is redundantly input or copied

2. Data is redundantly processed

3. Information is redundantly generated
People, machines, or computers waste materials
and supplies

Effort required for tasks is excessive

Material required for tasks is excessive

SERVICE

@D QiEHOOWR

The system produces inaccurate results

The system produces inconsistent results

The system produces unreliable results

The system is not easy to learn

The system is not easy to use

The system is awkward to use

The system is inflexible to new or exceptional
situations

The system is inflexible to change

The system is incompatible with other systems

FIGURE 2-4 ThePIECES Framework for Problem Identification
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opportunities, and directives. Accordingly, problem solving refers to solving prob-
lems, exploiting opportunities, and fulfilling directives.

There are far too many potential system problems to list them all in this book.
However, James Wetherbe developed a useful framework for classifying problems.3
He calls it PIECES because the letters of each of the six categories, when put together,
spell the word “pieces.” The categories are:

the need to correct or improve performance.

the need to correct or improve information (and data).

the need to correct or improve economics, control costs, or increase profits.
the need to correct or improve control or security.

the need to correct or improve efficiency of people and processes.

the need to correct or improve service to customers, suppliers, partners,
employees, and so on.

LemAom==

Figure 2-4 expands on each of the PIECES categories.

The categories of the PIECES framework are neither exhaustive nor mutually
exclusive—they overlap. Any given project is usually characterized by one or more
categories, and any given problem or opportunity may have implications with respect
to more than one category. But PIECES is a practical framework, not just an academic
exercise. We'll revisit PIECES several times in this book.

Projects can be either planned or unplanned. The number of unplanned-project
proposals can easily overwhelm the largest information systems organization; there-
fore, they are frequently screened and prioritized by a steering committee of system
owners and IT managers to determine which requests get approved. Those requests
that are not approved are backlogged until resources become available (which some-
times never happens).

Both planned and unplanned projects go through the same essential system devel-
opment process. Let’s now examine the project phases in somewhat greater detail.

> The Systems Development Phases

Most methodologies consist of phases. The number of phases will vary from one
methodology to another. In Chapter 1 you were introduced to the four classic phases
of the system development life cycle. The methodology we introduce here employs
eight phases to better define periodic milestones and the deliverables. We will use
this methodology throughout this book as we learn about systems development tools
and techniques.

Figure 2-5 illustrates the phases of our methodology. Each phase produces de-
liverables that are passed to the next phase. And documentation accumulates as you
complete each phase. Notice that we have included an iconic representation of the
building blocks to symbolize this accumulation of knowledge and work-in-process ar-
tifacts during system development. Notice also that a project starts with some combi-
nation of PROBLEMS, OPPORTUNITIES, and DIRECTIVES from the user community (the green
arrow) and finishes with a WORKING BUSINESS SOLUTION (the red arrow) for the user
community.

Figure 2-6 shows our methodology from the perspective of your information
system building blocks that you learned in Chapter 1. The phases are on the right-
hand side. The deliverables are built around the building blocks for knowledge, pro-
cesses, and communications. The stakeholders are on the left-hand side. Notice how
we have expanded and duplicated some stakeholders to reflect their involvement
opposite the phases in which they primarily participate.

3James Wetherbe and Nicholas P. Vitalari, Systems Analysis and Design: Traditional, Best Practices, 4th ed. (St. Paul,
MN: West Publishing, 1994), pp. 196-199. James Wetherbe is a respected information systems educator, researcher, and
consultant.
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directive a new requirement
that’s imposed by manage-
ment, government, or some
external influence.

steering committee an
administrative body of system
owners and information
technology executives that
prioritizes and approves
candidate system develop-
ment projects.

backlog a repository of
project proposals that cannot
be funded or staffed because
they are a lower priority

than those that have been
approved for system develop-
ment. Note that priorities
change over time; therefore, a
backlogged project might be
approved at some future date.
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Chapter Two

Strategic Enterprise Plan

Strategic Information Systems Plan

Goal:
Improve Business
KNOWLEDGE

Goal:
Improve Business
PROCESSES

Goal:
Improve Business
COMMUNICATIONS

~~

~~

~~

and SYSTEMS ANALYSTS

PROJECT MANAGERS

SYSTEM
OWNERS

SYSTEM USERS

STATEMENT OF WORK

PROBLEM STATEMENT (using the PIECES framework)

INFORMATION
SCOPE
&
VISION

FUNCTIONAL
SCOPE
&
VISION

COMMUNICATIONS
SCOPE
&
VISION

SYSTEM IMPROVEMENT OBJECTIVES (using the PIECES framework)

BUSINESS REQUIREMENTS STATEMENT

BUSINESS
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REQUIREMENTS
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BUSINESS
PROCESS
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PROCESS
MODELS

BUSINESS & SYSTEM
INTERFACE
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Strategic Enterprise Information Technology Architecture

FIGURE 2-6 Building Blocks View of System Development
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problem statement a
statement and categorization
of problems, opportunities,
and directives; may also
include constraints and an
initial vision for the solution.
Synonyms include preliminary
study and feasibility
assessment.

constraint any factor,
limitation, or restraint that may
limit a solution or the problem-
solving process.

scope creep a common
phenomenon wherein the
requirements and expecta-
tions of a project increase,
often without regard to the im-
pact on budget and schedule.

statement of work a
contract with management
and the user community to
develop or enhance an infor-
mation system; defines vision,
scope, constraints, high-level
user requirements, schedule,
and budget. Synonyms
include project charter,
project plan, and service-level
agreement.

The Context of Systems Development Projects

NOTE: The remainder of this section briefly describes each of the eight basic
phases. Throughout this discussion, we will be referring to the process flowchart
in Figure 2-5, as well as the building blocks view of the process in Figure 2-6.
Also throughout the discussion, all terms printed in SMALL cAps refer to phases,
prerequisites (inputs), and deliverables (outputs) shown in Figures 2-5 and 2-6.

Scope Definition The first phase of a typical project is SCOPE DEFINITION. The pur-
pose of the scope definition phase is twofold. First, it answers the question, “Is this
problem worth looking at?” Second, and assuming the problem s worth looking at, it
establishes the size and boundaries of the project, the project vision, any constraints
or limitations, the required project participants, and, finally, the budget and schedule.

In Figure 2-6, we see that the participants in the scope definition phase primarily
include SYSTEM OWNERS, PROJECT MANAGERS, and SYSTEM ANALYSTS. System users are gener-
ally excluded because it is too early to get into the level of detail they will eventually
bring to the project.

In Figure 2-5, we see that the scope definition phase is triggered by some com-
bination of PROBLEMS, OPPORTUNITIES, and DIRECTIVES (to which we will add CONSTRAINTS
and vision). There are several deliverables or outcomes of a scope definition. One
important outcome is a PROBLEM STATEMENT, a succinct overview of the problems, op-
portunities, and/or directives that triggered the project. The pieces framework pro-
vides an excellent outline for a problem statement. The goal here is not to solve the
problems, opportunities, and directives but only to catalog and categorize them. We
should also identify any constraints that may impact the proposed project. Exam-
ples of constraints include budget limits, deadlines, human resources available or not
available, business policies or government regulations, and technology standards.

Given a basic understanding of problems, opportunities, directives, constraints,
and vision, we need to establish initial scope. Thus, an initial SCOPE STATEMENT is an-
other important outcome of this phase. Scope defines how big we think the project
is. Your information system building blocks provide a useful framework for defining
scope. Figure 2-6 illustrates that scope and vision can be defined in terms of INFOR-
MATION, FUNCTIONS, and INTERFACES. Scope can, and frequently does, change during a
project. But by documenting initial scope, you establish a baseline for controlling
scope creep on both the budget and the schedule.

Given the initial problem and scope statements for the project, the analyst can
staff the project team, estimate the budget for system development, and prepare a
schedule for the remaining phases. Ultimately, this phase concludes with a “go or
no-go” decision from system owners. Either the system owners agree with the pro-
posed scope, budget, and schedule for the project, or they must reduce scope (to
reduce costs and time) or cancel the project. This feasibility checkpoint is illustrated
in Figure 2-5 as a diamond.

The final and most important deliverable is a STATEMENT OF WORK. A statement of
work is a contract or agreement to develop the information system. It consolidates
the problem statement, scope statement, and schedule and budget for all parties who
will be involved in the project.

Problem Analysis There is always an existing system, regardless of whether it cur-
rently uses information technology. The PROBLEM ANALYSIS phase studies the existing
system and analyzes the findings to provide the project team with a more thorough un-
derstanding of the problems that triggered the project. The analyst frequently uncovers
new problems and answers the most important question,“Will the benefits of solving
these problems exceed the costs of building the system to solve these problems?”
Once again, Figure 2-6 provides a graphical overview of the problem analysis
phase in terms of your information system building blocks. Notice that the partici-
pants still include the sysTEM OWNERS but that this phase begins to actively involve the
SYSTEM USERS as well. The system users are the business subject matter experts in any
project. (Notice the intentional expansion of the system users’ perspective to overlap
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many phases—remember principle 1: “Get the system users involved.”) Of course,
PROJECT MANAGERS and SYSTEM ANALYSTS are always involved in all phases of a project.

As shown in Figure 2-5, the prerequisites for the problem analysis phase are the
scopt and PROBLEM STATEMENTS as defined and approved in the scope definition phase.
The deliverable of the problem analysis phase is a set of SYSTEM IMPROVEMENT OBJECTIVES
derived from a thorough understanding of the business problems. Think of system
improvement objectives as the grading criteria for evaluating any new system that
you might eventually design and implement. System improvement objectives may
be presented to system owners and users as a written recommendation or an oral
presentation.

Every existing system has its own terminology, history, culture, and nuances.
Learning those aspects of the system is an important by-product of this phase. From
all of the information gathered, the project team gains a better understanding of the
existing system’s problems and opportunities. After reviewing the findings, the system
owners will either agree or disagree with the recommended system improvement
objectives. And consistent with the creeping commitment principle, we include
another go or no-go feasibility checkpoint (the red diamond) at the end of the phase.
The project can be either:

* Canceled if the problems are deemed no longer worth solving.

* Approved to continue to the next phase.

* Reduced or expanded in scope (with budget and schedule modifications) and
then approved to continue to the next phase.

Requirements Analysis Given system ownerapproval to continue from the problem
analysis phase, now you can design a new system, right? No, not yet! What capabilities
should the new system provide for its users? What data must be captured and stored?
What performance level is expected? Careful! This requires decisions about what the
system must do, 7ot how it should do those things.The REQUIREMENTS ANALYSIS phase de-
fines and prioritizes the business requirements. Simply stated, the analyst approaches
the users to find out what they need or want out of the new system, carefully avoiding
any discussion of technology or technical implementation. This is perhaps the most
important phase of systems development. Errors and omissions in requirements anal-
ysis result in user dissatisfaction with the final system and costly modifications.

Returning again to Figure 2-6, notice that the participants primarily include both
SYSTEM USERS (Which may include owners who will actually use the system) and SYSTEMS
ANALYSTS. PROJECT MANAGERS are also involved. SYSTEM DESIGNERS are omitted from this
phase in order to prevent premature attention to technology solutions. The building
blocks can themselves provide the framework for defining many business require-
ments, including BUSINESS DATA REQUIREMENTS, BUSINESS PROCESS REQUIREMENTS, and BUSINESS
AND SYSTEM INTERFACE REQUIREMENT. Because the business requirements are intended to
solve problems, the PIECES framework can also provide a useful outline, this time for
a requirements statement.

In Figure 2-5, we see that the SYSTEM IMPROVEMENT OBJECTIVES from the problem
analysis phase are the prerequisite to the requirements analysis phase. The deliver-
able is a BUSINESS REQUIREMENTS STATEMENT. Again, this requirements statement does not
specify any technical possibilities or solutions. The requirements statement may be
a document as small as a few pages, or it may be extensive with a page or more of
documentation per requirement.

To produce a business requirements statement, the systems analyst works closely
with system users to identify needs and priorities. This information is collected by
way of interviews, questionnaires, and facilitated meetings. The challenge to the team
is to validate those requirements. The system improvement objectives provide the
“grading key” for business requirements:

Typically, requirements must also be prioritized. Priorities serve two purposes.
First, if project timelines become stressed, requirements priorities can be used to

Chapter Two

47



48 Part One

system model a picture
of a system that represents
reality or a desired reality.
System models facilitate
improved communication
between system users,
system analysts, system
designers, and system
builders.

logical design the
translation of business user
requirements into a system
model that depicts only the
business requirements and
not any possible technical
design or implementation of
those requirements. Common
synonyms include conceptual
design and essential design,
the latter of which refers to
modeling the “essence” of

a system, or the “essential
requirements” independent of
any technology. The antonym
of logical design is physical
design (defined later in this
chapter).

analysis paralysis a
satirical term coined to
describe a common project
condition in which excessive
system modeling dramatically
slows progress toward imple-
mentation of the intended
system solution.

The Context of Systems Development Projects

rescope the project. Second, priorities can frequently be used to define iterations of
design and construction to create staged releases or versions of the final product.

The requirements analysis phase should never be skipped or shortchanged. One
of the most common complaints about new systems and applications is that they
don’t really satisfy the users’ needs. This usually happens when system designers and
builders become preoccupied with a technical solution before fully understanding
the business needs. System designers and builders are dependent on competent sys-
tems analysts to work with users to define and document complete and accurate
business requirements before applying any technology.

Logical Design Business requirements (above) are usually expressed in words. Sys-
tems analysts have found it useful to translate those words into pictures called system
models to validate the requirements for completeness and consistency. (Figure 2-5 is
an example of a common system model called a data flow diagram.) System modeling
implements a timeless concept:”A picture is worth a thousand words.”

The LOGICAL DESIGN PHASE translates business requirements into system models. The
term logical design should be interpreted as “technology independent,” meaning the
pictures illustrate the system independent of any possible technical solution—hence,
they model business requirements that must be fulfilled by any technical solution we
might want to consider.

Different methodologies require or recommend different amounts and degrees
of system modeling or logical design. Prescriptive methodologies like structured
analysis and design, information engineering, and the Rational Unified Process
(RUP) usually require that many types and/or instances of system models be drawn
in various levels of detail. Fortunately, computer-automated tools are available to as-
sist the systems analyst in these drawing tasks. Alternatively, agile methodologies like
architected rapid application development and extreme programming recommend
“just enough modeling.” This so-called agile modeling seeks to prevent the project
from degenerating into a condition called analysis paralysis. This textbook leans to-
ward agile methods but recognizes that complex problems may best be solved using
more prescriptive approaches.

In Figure 2-6, we see that the participants include SYSTEM ANALYSTS (who draw
the models) and sysTEM USERS (who validate the models). PROJECT MANAGERS are al-
ways included to ensure that modeling meets standards and does not deter overall
project progress. We can draw (1) LOGICAL DATA MODELS that depict data and informa-
tion requirements, (2) LOGICAL PROCESS MODELS that depict business processes require-
ments, and (3) LOGICAL INTERFACE MODELS that depict business and system interface
requirements.?

In Figure 2-5, we see that the prerequisite to logical design is the BUSINESS REQUIRE-
MENTS STATEMENT from the previous phase. In practice, the requirements analysis and
logical design phases almost always have considerable overlap. In other words, as
business requirements are identified and documented, they can be modeled. The de-
liverables of logical design are the LOGICAL SYSTEM MODELS AND SPECIFICATIONS themselves.
Depending on the methodology used, the level of detail in the specifications will
vary. For example, we may define a business rule that specifies the legitimate values
for a data attribute such as Credit Rating or a rule that specifies the business policy
for a Credit Check.

Decision Analysis Given business requirements and the logical system models,
there are usually numerous alternative ways to design a new information system to
fulfill those requirements.

“Those of you already familiar with object-oriented modeling should note that object models tend to blur the boundaries
of our framework somewhat, but the framework can still be applied since the problem to be solved is still driven by the
three fundamental business goals illustrated in our framework. This will be demonstrated in the object-oriented analysis
and design chapters of this book.



Information Systems Development

The purpose of the DECISION ANALYSIS phase is to (1) identify candidate technical
solutions, (2) analyze those candidate solutions for feasibility, and (3) recommend a
candidate system as the target solution to be designed.

In Figure 2-6, we see that the decision analysis phase is positioned halfway
through the development process. Half the building blocks are positioned higher, and
half are positioned lower. This is consistent with the decision analysis phase’s role as
a transition from analysis to design—and from business concerns of SYSTEM USERS tO
those of SYSTEM DESIGNERS (and, ultimately, system builders). Designers (the technical
experts in specific technologies) begin to play a role here along with system users
and SYSTEM ANALYSTS. Analysts help to define and analyze the alternatives. Decisions are
made regarding the technologies to be used as part of the application’s architecture.
Ultimately, sysTEM OWNERS Will have to approve or disapprove the approved decisions
since they are paying for the project.

Figure 2-5 shows that a decision analysis is triggered by validated business
requirements plus any logical system models and specifications that expand on those
requirements. The project team solicits ideas and opinions for technical design and
implementation from a diverse audience, possibly including IT software vendors.
Candidate solutions are identified and characterized according to various criteria.
It should be noted that many modern organizations have information technology
and architecture standards that constrain the number of candidate solutions that
might be considered and analyzed. (The existence of such standards is illustrated at
the bottom of your information system building blocks model in Figure 2-6.) After
the candidate solutions have been identified, each one is evaluated by the following
criteria:

o Technical feasibility—TIs the solution technically practical? Does our staff have
the technical expertise to design and build this solution?

*  Operational feasibility—Will the solution fulfill the user’s requirements? To
what degree? How will the solution change the user’s work environment? How
do users feel about such a solution?

* Economic feasibility—Is the solution cost-effective (as defined earlier in the
chapter)?

*  Schedule feasibility—Can the solution be designed and implemented within an
acceptable time period?

The project team is usually looking for the most feasible solution—the solution
that offers the best combination of technical, operational, economic, and schedule
feasibility. Different candidate solutions may be most feasible on a single criterion;
however, one solution will usually prove most feasible based on all of the criteria.

The key deliverable of the decision analysis phase is a SYSTEM PROPOSAL. This pro-
posal may be written and/or presented verbally. Several outcomes are possible. The
creeping commitment feasibility checkpoint (again, the red diamond) may result in
any one of the following options:

* Approve and fund the system proposal for design and construction (possibly in-
cluding an increased budget and timetable if scope has significantly expanded).

* Approve or fund one of the alternative candidate solutions.

* Reject all the candidate solutions and either cancel the project or send it back
for new recommendations.

* Approve a reduced-scope version of the proposed solution.

Optionally, the decision analysis phase may also produce an APPLICATION ARCHITECTURE
for the approved solution. Such a model serves as a high-level blueprint (like a simple
house floor plan) for the recommended or approved proposal.

Before we move on, you may have noticed in Figure 2-6 a variation on the SYSTEM
PROPOSAL deliverable called a REQUEST FOR SYSTEM PROPOSALS (or RFP). This variation is for
a recommendation to purchase the hardware and/or software solution as opposed to
building it in-house. We’ll defer any further discussion of this option until later in the
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physical design the
translation of business

user requirements into a
system model that depicts a
technical implementation of
the users’ business require-
ments. Common synonyms
include fechnical design

or, in describing the output,
implementation model. The
antonym of physical design is
logical design (defined earlier
in this chapter).

chapter when we discuss the commercial package integration variation of our basic
process.

Physical Design and Integration Given approval of the SYSTEM PROPOSAL from the
decision analysis phase, you can finally design the new system.The purpose of the
PHYSICAL DESIGN AND INTEGRATION phase is to transform the business requirements (rep-
resented in part by the LOGICAL SYSTEM MODELS) into PHYSICAL DESIGN SPECIFICATIONS that
will guide system construction. In other words, physical design addresses greater de-
tail about how technology will be used in the new system. The design will be con-
strained by the approved ARCHITECTURAL MODEL from the previous phase. Also, design
requires adherence to any internal technical design standards that ensure complete-
ness, usability, reliability, performance, and quality.

Physical design is the opposite of logical design. Whereas logical design dealt
exclusively with business requirements independent of any technical solution,
physical design represents a specific technical solution. Figure 2-6 demonstrates the
physical design phase from the perspective of your building blocks. Notice that the
design phase is concerned with technology-based views of the system: (1) PHYSICAL
DATABASE DESIGN SPECIFICATIONS, (2) PHYSICAL BUSINESS PROCESS and SOFTWARE DESIGN SPECIFI-
CATIONS, and (3) PHYSICAL USER AND SYSTEM INTERFACE SPECIFICATIONS. The SYSTEM DESIGNER
and SYSTEM ANALYST (possibly overlapping roles for some of the same individuals) are
the key participants; however, certain aspects of the design usually have to be shared
with the SYSTEM USERS (e.g., screen designs and work flow). You may have already had
some exposure to physical design specifications in either programming or database
courses.

There are two extreme philosophies of physical design.

* Design by specification—Physical system models and detailed specifications
are produced as a series of written (or computer-generated) blueprints for
construction.

* Design by prototyping—Incomplete but functioning applications or subsystems
(called prototypes) are constructed and refined based on feedback from users
and other designers.

In practice, some combination of these extremes is usually performed.

No new information system exists in isolation from other existing information
systems in an organization. Consequently, a design must also reflect system inte-
gration concerns. The new system must be integrated both with other information
systems and with the business’s processes themselves. Integration is usually reflected
in physical system models and design specifications.

In summary, Figure 2-5 shows that the deliverables of the physical design and in-
tegration phase include some combination of PHYSICAL DESIGN MODELS AND SPECIFICATIONS,
DESIGN PROTOTYPES, and REDESIGNED BUSINESS PROCESSES. Notice that we have included one
final go or no-go feasibility checkpoint for the project (the red diamond). A project is
rarely canceled after the design phase unless it is hopelessly over budget or behind
schedule. On the other hand, scope could be decreased to produce a minimum ac-
ceptable product in a specified time frame. Or the schedule could be extended to
build a more complete solution in multiple versions. The project plan (schedule and
budget)