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PREFACE

Business Processes and Information Technology prepares students to
effectively use, manage, and participate in the development of

information technology applications in support of common business
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processes. The text focuses on the interconnections among an
organization’s management, business processes, information
systems, and information technology. An emphasis is given
throughout the text to the governance, control, and security of
business processes and information systems, especially underlying
financial information systems. After studying this text, a student will
walk away with an understanding of the foundation tools and
knowledge required for the analysis, design, and control of IT-driven

business processes using current and emergent technologies.

Unique Features of the Book

Business Processes and Information Technology takes a business
process focus towards understanding and managing operations,
information systems, and management/decision making in
contemporary organizations. A wide range of information

technologies in business processes are integrated throughout.

Three Themes Three themes connect our discussions to topics that
are currently of great interest to business professionals. These
themes are enterprise systems—such as those sold by SAP, JD
Edwards, Oracle, and PeopleSoft; E-Business—including retail
(Business-to-Consumer, or B2C) e-businesses such as Amazon.com
and Business-to-Business (B2B) marketplaces such as Covisint.com
(operated by auto manufacturers); and information technology—

state-of-the-art hardware and software applications that keep an
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organization heading toward achievement of its objectives. Icons

have been added to the text to identify discussions of these themes.

Enterprise systems are software packages designed to provide
complete integration of an organization’s business information
processing systems and all related data. Data is shared across the
systems to support the operation and management of the
organization. Enterprise systems are introduced in Chapter 3 and
then discussed throughout the remainder of the text. For example, in
Chapter 10 you will find a diagram that depicts how the order
fulfillment process would be implemented with an enterprise system.
Similar diagrams are also in the other business process chapters.
Additionally, examples of screens from enterprise systems have been
included throughout the text to demonstrate business process
information acquisition and presentation in contemporary

organizations.

E-Business is the application of electronic networks (including
the Internet) to undertake business processes between organizations
and either individuals or other organizations. E-business has created
entirely new ways of working within and across organizations. For
example, organizations are buying and selling goods and services at
virtual marketplaces. This changes how organizations identify
customers and select vendors. It changes the cost of acquiring goods

from a vendor and the price they should charge their customers for
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their products. E-business and its closely related concept, e-
commerce, are explained more fully in Chapter 4 and discussed

throughout the remainder of the book.

Information Technology, indicated by the Technology icon at
left, encompasses any hardware, software, or communications
technology that might be adopted by an organization to support or
control a business process, enable management decisions, or provide
a competitive advantage. Technology icons signal that an electronic
mechanism is being discussed that is either in wide use,
representative of the state of the art, or advocated for business

adoption in the near future.

We present emerging technology examples and other current
topics in sidebars, which are typeset to make them stand out from the
text. Since the unique design allows you to easily locate the sidebars
within each chapter, you can read about a particular technology
separate from the remainder of the chapter. There are three types of

sidebars:

1. Technology Insights define and discuss a major topic. For
example, Technology Insight 4.1 describes Extensible Markup
Language (XML), a Web-based language that enables

information to be easily shared over the Web.

2. Technology Applications present short examples—taken from

actual practice—of technology in use. For example, Technology
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Application 10.2 describes real-world examples of e-business in

global markets.

3. Technology Excerpts contain article reprints. For example,
Technology Excerpt 7.2 summarizes experts’ criteria for
selecting an application service provider (ASP). ASPs are
external organizations that host, manage, and provide access to

application software over the Internet to multiple customers.

The issues of governance, internal control, and security have
received greater attention in the last few years as management has
realized the importance of internal control to the effective
governance of organizations and the IT that drives organizations.
Enron, WorldCom, and 9/11 have brought these issues into the
homes and offices of many of us. Chapter 8 introduces these topics,
including such control frameworks as COSO and COBIT*, and
pervasive exposures such as hacking and denial of service attacks.
Chapter 9 introduces a specific control framework for use in
analyzing business processes and discusses technology-related
controls that are key to well-controlled business processes. The
framework and controls from Chapters 8 and 9 are then applied in

the business process chapters—Chapters 10 through 14.

* The Committee of Sponsoring Organizations of the Treadway
Commission (COSO) supports a framework for structuring control

objectives. Control Objectives for Information and Related
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Technology (COBIT) is a framework for control of advanced

technology-based business information systems.

Documentation Tools Chapter 2 includes a comprehensive coverage
of how to read and prepare data flow diagrams (DFDs) and systems
flowcharts. The chapter also describes how to read entity-
relationship (E-R) diagrams (the drawing of E-R diagrams is covered

in Chapter 3).

Case Studies and Capsule Cases Several short cases describe typical
business processes at the end of Chapters 2, 10, 11, and 12. These
process narratives provide ample opportunity for students to practice
application of the various tools and techniques discussed in the book.
Several capsule cases, adapted from actual real-world systems, may
be found at the end of Chapters 10—12. These system descriptions
are shorter than those in the short cases, to provide another vehicle

for students to acquire proficiency in documenting systems.

How This Textbook Presents Information Systems

This textbook is divided into five parts. Part I, Business Processes
and 1S Foundations, introduces IS, basic systems concepts, and
documentation tools. Part I, Technology for Business Processes and
1S, introduces the design and use of database management systems
and reviews current advances in e-business and decision-making
support technologies. Part 111, Development of IS, presents the tools

and techniques used to develop and implement information systems.
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Part IV, Internal Control for Business Processes and IS, introduces
control concepts, pervasive controls, IT control processes, and
technology-related application controls. Part V, Core Business
Processes, presents views of IS application to support key business

activities.

Part I Chapter 1 introduces information systems and relates them to
key business process concepts with emphasis on the importance of
these subjects to today’s business professional. Information systems
are described as key enablers of an organization’s successful
operation of its important business processes. Chapter 2 shows how
to read and prepare documentation to portray aspects of a business
process, including operational and information systems processes.
The chapter consists of modular discussions that compartmentalize
the coverage of reading versus preparing each type of

documentation.

Part II Chapter 3 focuses on the issues surrounding the management
of data storage, retrieval, and security in contemporary
organizations. While the chapter includes an overview of traditional
data file structures and data storage management, the primary
emphasis of the chapter material is on relational database
management systems. Chapter 4 describes the emergence of
electronic business (e-business) and the radical change in

organizational thinking that has resulted. The evolution of
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information processing to its contemporary emphasis on
instantaneous recording, reporting, and accessibility of business
information is described. Enabling technologies such as XML and
advanced data communications networks are also explored. Chapter
5 examines the evolution of business intelligence and knowledge
management and their role in supporting information systems
initiatives. The nature of each of these strategic initiatives is
explored as well as the development and use of each to support

decision making.

Part III Chapter 6 introduces the systems development process as an
activity that must be undertaken successfully for an organization to
effectively reengineer its business processes and make effective use
of information technology. The initial phases in systems
development—the feasibility study and systems analysis—are
described. Chapter 7 explores several alternative sources for the
development and acquisition of hardware and software. In addition,
the final phases in systems development process—design and

implementation—are described.

Part I'V Chapter 8 explores the importance of effective management
and control of IT in contemporary corporate governance. Control
frameworks such as COSO and COBIT are introduced. These can
provide management, business process owners, and other interested

parties assurance that an organization’s essential business processes



Gelinas FM-xv

To The Student

and information technology resources are directed at achieving
organizational objectives. Chapter 9 presents a detailed framework
for the analysis of internal control. Physical implementations are
used as contexts for discussing controls that are typically applied in

business processes.

Part V Chapters 10 through 14 describe the typical business
processes found in a variety of organizations. For each process, there
is a description of the organizational context (e.g., departments,
managers), the business operations being performed (e.g., order
fulfillment, revenue collection), information for decision making,
and IT typically applied in support of these elements. In addition,
these chapters also describe the management processes that will
ensure achievement of the organization’s objectives for each process,
including the nature, functions, purpose, control goals, and control

plans for both the operations process and its information process.

To be successful in this course and with this text, we ask you to
accept that in this field there are no right and wrong answers. You
will be asked to solve problems—that is, to identify what the
problem is, to consider alternative solutions, to select a solution, and

then to defend your choice.

Another measure of success will be your ability and willingness

to accept change as the only real constant in life and to prepare
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yourself to deal with change in your career. Because technology is
rapidly outdated, learning facts about the current state of affairs will
pay dividends only in the short run. What’s important for your long-
term success is that, at the university, you “learn how to learn,” and
that you continue to learn for the rest of your life. This text can help
you to learn how fo learn about information technology and business

Processes.

Instructional Supplements

Our text includes the following supplemental materials to assist the

student and the instructor:

The Instructor’s Resource Manual includes chapter overview,

outline, and teaching suggestions.

The Test Bank will include a variety of types of questions
including true/false, multiple-choice, short answer, and
problems. An electronic test bank, ExamView, is also available

so that instructors can easily customize their tests.

A Solutions Manual providing all answers to in-text problems is

available to instructors.

PowerPoint slides cover all major concepts and key terms and
are presented in an appealing way designed to hold students’

interest.

We also invite you to visit the Web site for this text at
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Part1

BUSINESS PROCESSES AND

INFORMATION SYSTEMS

FOUNDATIONS

1 Introduction to Information Systems

2 Documenting Business Processes and Information Systems

[Insert UNF-p.1-1 here]

INTRODUCTION TO INFORMATION SYSTEMS

As “Pottermania” reached epidemic proportions recently, it provided
a good example of how a single business event can strain critical
information systems in even the most advanced organizations. When
each Harry Potter book was due for release, pre-orders for the book
swamped bookstores and Internet booksellers. This demand had an
impact on the supply chain, from the publisher who needed to
predict how many copies to produce, to booksellers who accepted
pre-orders at a record pace, to the Fedex drivers charged with getting
books delivered on the official release date. As the fourth book
neared release, Amazon.com received over 275,000 advance orders
for the single volume, exceeding its previous record-setting preorder

0f 43,000 copies of John Grisham’s The Brethren.
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This large number of orders challenged Amazon’s information
systems in many ways. Although advance orders were accepted, for
example, the book’s title was not made public until shortly before
the release date, leaving Web developers scrambling to update the
many Web screens on which Harry Potter and the Goblet of Fire
needed to appear. Amazon also made careful arrangements with
Fedex to ship the first 250,000 preordered copies on the announced
delivery date, which happened to fall on a Saturday. Fedex
scheduled 100 flights and 9,000 delivery specialists to meet the

deadline.

But perhaps the biggest challenge of all fell to the Information
Systems staff at Amazon.com. Because the orders were received
weeks or even months ahead of time, data on each customer needed
to be confirmed and stored for the future shipment. Billing
information for the shipment had to be verified ahead of time, even
though billing could not be completed until the shipment was
released. Then the data was updated as each delivery was packaged
and kept in a warehouse until Fedex shipped. These proved to be
challenging data quality issues for Amazon. Each order was
confirmed by sending e-mail to customers to make sure that delivery
information was correct. Customer credit card charges were readied
to enable billing as soon as legally possible on the Saturday of the

shipment.'
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! Julia King, “Pottermania Strains the Supply Chain,”

Computerworld (July 3, 2000): Vol. 34, Issue 27, 1 and 16.

Did it work? Well, Harry Potter fans around the world returned
vicariously to Hogwart’s on July 8. As the parent of a voracious
Harry Potter fan, one of the authors of your text can attest that
Amazon’s information system worked well in handling this highly

publicized business event.

Many business professionals at Amazon.com had to work
together to be able to plan and implement the successful Harry Potter
release. They had to address Information Systems issues across
several business processes as part of this effort. These business
processes in organizations, including management, operations, and
information functions, are assisted by—and sometimes operated
by—Ilarge, complex enterprise systems that govern the collection and
sharing of data by various groups. Sometimes business processes
extend to business partners through the Internet, permitting
electronic business relationships to flourish. In the case of
Amazon.com, the Internet is not an alternative communications
channel, but the lifeblood of its business. Amazon’s e-business
systems had to be highly reliable even when faced with

unprecedented levels of demand.

To be successful, business professionals must understand their

roles and responsibilities in the context of the surrounding business
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Synopsis

processes and information technologies. In this text we help you to
connect your business knowledge to business processes and
information technologies to which professional activities are
inextricably linked. This book will teach you to evaluate and
understand what the impacts of technology are on your
organization’s operations and success, and how new technologies

may change your business and job performance in the future.

This chapter introduces Information Systems (IS) and describes its
importance. Be sure to become comfortable with fundamental
concepts in this chapter. Key among these are the components of

information systems, business processes, and information qualities.

This chapter connects discussion of Information Systems to three
themes having a major impact on modern business. These themes are
enterprise systems—such as those sold by SAP, J. D. Edwards,
Oracle, and PeopleSoft; e-business—including retail e-business such
as Amazon.com and Business-to-Business (B2B) marketplaces such
as Covisint.com (operated by auto manufacturers); and information
technology—state-of-the-art hardware and software applications that
keep an organization heading toward achievement of its objectives.

We define these three themes in this chapter.

LEARNING OBJECTIVES
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» To describe an information system’s integration with business processes and the

organization

» To describe the business professional’s role in the current information technology-

driven environment

» To illustrate the attributes of information and the importance of data quality

Introduction

This textbook asks you to focus on a set of elements broader than
that introduced in a typical Information Systems course. Becoming
comfortable in dealing with these elements can bring rewards in
terms of professional success and the competitive edge you gain in
the marketplace. An information system is a major part of the
business processes of an organization performing the critical
functions for it. The Information System function is doubly crucial to
an organization’s success because it provides useful information for
management and because it supports the organization’s strategic

plan.

Some of the terms in this chapter may not be familiar. The text
contains definitions and illustrations to facilitate your familiarization

with these terms.

The Textbook’s Three Themes

This text revolves around the influence of three themes on

contemporary business practices: (1) enterprise systems, (2)
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electronic business (e-business), and (3) information technology.

Enterprise systems are integrated software packages designed to
provide complete integration of an organization’s business
information processing systems and all related data. Data is shared
across systems to support the operation and management of the
organization. Modules within these packages are named for the
functions that they support and include logistics (sales and
distribution, procurement, inventory management), accounting
(financial accounting, treasury, controlling), manufacturing
(planning and scheduling, cost accounting, capacity planning), and
human resources (payroll, employee tracking, tax compliance). It is
critical that business professionals understand these systems because
they are members of teams that install and operate them in their
organizations, and they require access to information captured within
these systems to be effective managers. Installing an enterprise
system requires that the business processes of an organization be
understood and documented. Sometimes, the business processes
must be changed and then mapped to the enterprise system. A major
part of installation is configuring the enterprise system to tailor it to
the business processes. Consultants, business process owners, system
users, and evaluators must understand these systems and be able to
install, use, and assess them. Chapter 2 describes a tool set for

diagramming business processes that will help us analyze those
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processes. Chapter 3 describes enterprise systems more fully and
these systems in their business context appear throughout the

remainder of the book.

E-business is the application of electronic networks (including
the Internet) to undertake business processes between individuals
and organizations. These processes include interaction between
back-office processes (internal processes such as distribution,
manufacturing, and accounting) and front-office processes (external
processes such as those that connect an organization to its customers
and suppliers). Electronic networks include the Internet and
electronic data interchange (EDI), both described in Chapter 4. E-
business has created entirely new ways of working within and across
organizations. For example, organizations are buying and selling
goods and services at virtual marketplaces, changing the way
organizations identify customers and select vendors. E-business is
also changing how to determine what it costs to acquire goods from
a vendor and what price(s) to charge customers for products.
Obviously, business professionals should be aware of the
opportunities and risks associated with this new way of doing
business. Chapter 4 explains e-business and a closely related
concept, Internet commerce, more fully, and instances appear

throughout the reminder of the text.

2 See Andrew Bartels, “The Difference Between E-Business and E-
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Commerce,” Computerworld (October 30, 2000): 41, for a

discussion of e-business and e-commerce.

Information Technology, or simply, Technology, is the third
theme reflected in the side panel icons. This concept is more broadly
defined than the other two, as it encompasses any hardware,
software, or communications technology that might be adopted by an
organization to support or control a business process, enable
management decisions, or provide a competitive advantage. The
side-panel technology icons signal discussion of an electronic
mechanism that is either in wide use, represents the state of the art,
or may be adopted by business in the near future. Chapters 8 and 9
introduce the use of technology to provide security, privacy, or
internal control of operations. Technology can be used to support
enterprise systems and e-business applications as well. Business
professionals need to be aware of the availability of new
technologies, and be able to evaluate the costs, benefits, and

usefulness of each.
Challenges and Opportunities for the Business Professional

Are you preparing yourself to be effective in the future? Will you be
able to adapt to advances in technology? Are you equipped to take
advantage of technology improvements? You should prepare
yourself to use the available technology and to participate in

planning for and growing with the technology. For example, Chapter
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5 introduces business intelligence systems and explains why the use
of such systems is a competitive imperative for many organizations.
These are not conditions of the distant future; most of these changes
are already underway. For example, the Radio Frequency ID tags
described in Technology Insight 1.1 (page 6)will have a major
impact on how material is acquired, warehoused, assembled into
products, and distributed to customers. The people, activities, and
technologies involved in all processes within the supply chain will

change because of the impact of RFID.

[Insert TECHNOLOGY INSIGHT 1.1 box here]

Components of the Study of Information Systems

Figure 1.1 (page 7) depicts the elements central to our study of
Information Systems (IS). Many may be familiar, and some have

been introduced earlier in this chapter.

[Insert Figure 1.1]

Hardware and Software The ability to plan and manage business
operations depends partly on knowledge of the hardware and
software available. For instance, is production manageable without
knowledge of robotics? It goes without saying that technological
developments have a profound effect on information systems;
enterprise systems, e-business, databases, and business intelligence

systems are but a few examples. Hardware and software technology
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provides the foundation on which IS and business operations rest.

Databases Important to a complete understanding of IS are
databases, both internal and external to the company; the quantity
and type of data available in these databases; and methods of
retrieving those data. To perform analysis or to prepare information
for management decision making, a business professional must be
able to access and use data from internal and external databases.
Chapter 3 explores the design and use of an organization’s own

databases.

Reporting To design reports generated by an information system,
the business professional must know what outputs are required or
desirable. A user might prepare a report on an occasional basis using
powerful report-generating tools or a database query language
(discussed in Chapter 3). Scheduled reports appear periodically as
part of normal IS function. Government agencies such as the Internal
Revenue Service and the Securities and Exchange Commission
require some reports. Other reports, such as sales analysis, are useful

internally.
Review Question
What 10 elements are included in the study of IS?

Control Traditionally, internal auditors and IS professionals have

been charged with controlling business processes. However, this
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responsibility has expanded to others because of the difficulty of
controlling modern, complex business processes. Today’s business
process owners need to work with internal auditing and the IS staff,
and also business process owners in partnering companies, to ensure
that the activities in their business processes are secure and reliable.
Chapters 8 and 9 discuss control, the means by which one assures
that the intended actually happens. Business process Chapters 10
through 14 further demonstrate controls in action that facilitate
development and implementation of well-controlled business

Processes.

The next three elements of Information Systems study, business
operations, events processing, and management decision making,
comprise a major focus of this text, business processes. A business
process is a set of business events that together enable the creation
and delivery of an organization’s products or services to its
customers. It was the successful interaction among business
processes that enabled Amazon.com to fill all those Harry Potter
book orders during peak demand periods. Knowledge of these
processes is essential for success as a technology user, consultant,

business process owner, or Information Technology (IT) specialist.

Business Operations Organizations engage in activities or
operations, such as hiring employees, purchasing inventory, and

collecting cash from customers. An IS operates in concert with these
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business operations. Many IS inputs are prepared by operating
departments—the action or work centers of the organization—and
many IS outputs are used to manage these operations. Managers
must analyze an IS in light of the work the organization performs.
For example, to advise management and to prepare reports for
management decision making, a marketing manager must understand

the organization’s product cycles.

Events Processing As organizations undertake their business
operations, events, such as sales and purchases, occur. Data about
these events must be captured and recorded to mirror and monitor
business operations. The events have operational, managerial, and IS
aspects. To design and use the IS, the business professional must

know what event data are needed and how they are processed.

Management Decision Making The information used for a decision
must be tailored to the type of decision under consideration.
Furthermore, information is more useful if it recognizes the personal
management styles and preferences of the decision maker. For
example, the manager of Department A prefers to receive a monthly
cash flow statement that groups receipts and payments into broad
categories. The manager of Department B, on the other hand, wants
to see more detailed information in the form of an analysis of
payments by vendors. Chapter 5 examines decision making and the

business intelligence systems that support it.
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Systems Development and Operation Information Systems that
process business events and provide information for management
decision making must be designed, implemented, and effectively
operated. Business professionals often participate in systems
development projects. They may be users or business process owners
contributing requests for certain functions, or auditors advancing
controls for the new system. Choosing the data for a report,
designing that report, or configuring an enterprise system are
examples of systems development tasks that can be accomplished by
a business professional. Chapters 6 and 7 examine systems
development and operation, and the business professional’s role in

those processes.

Communications To present the results of their endeavors
effectively, business professionals must possess strong oral and
written communication skills. Have your professors been drumming
this message into you? If not, you’ll become acutely aware of its
importance when you enter the job market. There are few easy
answers in the study of IS. Professionals must evaluate alternatives,
choose solutions, and defend their choices. Technical knowledge

won’t be enough for the last task.

Business Principles To design and operate the IS, a business
professional must understand the use to which the information will

be put. As an illustration, suppose you were designing an IS for the
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billing function at XYZ, Inc. Would you invoice customers at the
time the customer’s purchase order was received, or would you wait
until XYZ’s shipping department notified you that the goods had
been shipped? You need to know the situations for which the former
is normally correct (e.g., e-business retail sales) and for which the

latter is correct (e.g., typical supply-chain operations for businesses).

What Is an Information System?

This section provides a definition for Information Systems (IS) and
defines related terms to establish a background for later study. The
section concludes by discussing how the business professional

interacts with the IS and with the current business environment.
Systems and Subsystems

A system is a set of interdependent elements that together
accomplish specific objectives. A system must have organization,
interrelationships, integration, and central objectives. Figure 1.2a
depicts a system consisting of four interrelated parts that have come
together, or integrated, as a single system, named “system 1.0.” Each
part of a system—in this case, parts 1.1, 1.2, 1.3, and 1.4—is known
as a subsystem. Within limits, any subsystem can be further divided
into its component parts or subsystems. Figure 1.2b depicts
subsystem 1.2 as a system consisting of three subsystems. Notice
that we use the term system (versus subsystem) to describe the area

of immediate focus. For example, in a typical university, the College
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of Business and the College of Engineering are subsystems of the
university system, and the Operations Management and Marketing

Departments are subsystems of the College of Business system.
Review Question

Are the terms system and subsystem synonymous? Explain your

ansSwer.

In Figure 1.2, parts a and b depict the interrelationships (A
through H) in a system; part ¢ depicts the hierarchical organization
structure inherent in any system. Again, picture system 1.0 as a
university and system 1.2 as the College of Business.
Interrelationship F might be a finance student being sent by the
Finance Department (1.2.1) to the Department of Accountancy

(1.2.2) for a minor in accounting.
[Insert Figure 1.2 here]

A system’s basic objectives depend on its type—natural,
biological, or human-made—and on the particular system. For
example, the human circulatory system is a biological system (a
subsystem of the human body) whose purpose is to carry blood
containing oxygen and carbon dioxide to and from the organs and

extremities of the body.
Review Question

A system must have organization, interrelationships, integration, and
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central objectives. Why must each of these four components be

present in a system?

Determination of the purpose of man-made systems—such as
governments, schools, and business organizations—is necessary to
understanding how best to create and evaluate the processes that
comprise each system. Business organizations usually have
relatively straightforward purposes that are normally related to the
“bottom line.” Many businesses, however, establish goals other than
financial return to the owners. For example, a business might strive
to improve the quality of life of its employees, or to use its natural
resources responsibly. Here is our own bottom line: We must know a
business organization’s objectives to understand that business as a
system and to understand the actions and interactions of that
business’s components or subsystems. This is a central theme of the

study of IS.
The Information System

An Information System is a man-made system that consists of an
integrated set of computer-based and manual components established
to facilitate an organization’s operational functions and to support
management decision making by providing information that
managers can use to plan and control the activities of the firm.
Figure 1.3 depicts the functional components of an Information

System. Imagine a simple IS used to maintain inventory balances for
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a shoe store. The inputs for such a system might be receipts of new
shoes or sales of shoes; the process might be to update (in storage)
the inventory records for the particular shoe; and the output might be
a listing of all the various kinds and sizes of shoes and their

respective recorded balances.
[Insert Figure 1.3 here]

Assume that, while entering data about shoe sales, we also enter
data about who purchased the shoes, how they paid for the shoes,
and why they decided to buy their shoes at our store. We might store
those data and then periodically print reports useful in making
decisions about advertising effectiveness. Or, we might decide, on
the basis of analysis of our sales data, to engage in joint advertising
campaigns with a credit card company whose cards are often used in

the store.

The shoe store example shows that an IS often divides into
components based on the organizational function being supported.
For example, the IS in the shoe store supports inventory control (a
logistics function) by maintaining records for each shoe stocked in
the store. The shoe store IS also supports a sales and marketing
function by analyzing sales in a variety of ways. Other typical IS
components include personnel, production, finance, and accounting.
As discussed in Chapter 3, however, integrated computer processing

has blurred the distinctions among these separate systems.
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Now consider the technology components of the IS model in
Figure 1.3. Input data are data received by the Information System
from the external environment or from another area within the
Information System. Data input includes capturing data (for
example, scanning a bar code on a sales item at a grocery store) and,
if necessary, conversion of the data to machine-readable form. Input
data are normally recorded in business event data stores.’ These
business events comprise the activities of the organization, such as
purchasing goods from vendors and collecting cash from customers.
Business event data are used often as a key source of data to update
various master data. A master data update is an information
processing activity whose function is to incorporate new business
event data into existing master data. Updating includes adding,
deleting, and replacing master data and/or records. For example, the
sales event data are used to update the accounts receivable master

data by adding new accounts receivable records.

3 Business event data and master data represent the relevant
portions (or views) of the corporate-wide database being used for

a particular application.

Master data updates are recorded on master data stores. Master
data stores are repositories of relatively permanent data maintained
over an extended period of time.* Master data contain data related

to entities—persons (e.g., employees, customers), places (e.g.,
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buildings), and things (e.g., inventory). Master data include such
data as the accounts receivable master data, the customer master

data, and the inventory master data.

4 See note 3.

Two types of updates can be made to master data: information
processing and data maintenance. Information processing includes
data processing functions related to economic events such as
financial events, and internal operations such as manufacturing.
Data maintenance, on the other hand, includes activities related to
adding, deleting, or replacing the standing data portions of master
data. Master data standing data include relatively permanent
portions of master data, such as the credit limit on customer master
data and the selling price and warehouse location on inventory
master data. This textbook emphasizes information processing, and
analysis of internal controls related to master data updates is
restricted to master data updates from information processing. There
are references however, to controls related to data maintenance at

appropriate points in the text.

Logical Components of a Business Process

A business process has three component processes that work
together to support its logical activities. The IS supports all three
processes in that it frequently embodies many of the policies and

procedures that help define each process.
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Review Question

What are three logical components of a business process? Define the
functions of each. How do the components interact with one

another?

The information process is that portion of the overall IS related
to a particular business process. The information process plays a

critical role in the way all three processes work together.

An operations process is a human-made system consisting of the
people, equipment, organization, policies, and procedures whose
objective is to accomplish the work of the organization. Operations
processes typically include distribution, manufacturing, human

resources, and their sub-processes.

The management process is a human-made system consisting of
the people, authority, organization, policies, and procedures whose
objective is to plan and control the operations of the organization.
The three most prominent management activities are planning,

controlling, and decision making. These are discussed in Chapter 5.

These processes work together to accomplish the objectives of the
business process—and therefore the organization. In order to accept
and fill a customer order for a Harry Potter book from Amazon.com,
all three processes engage in a set of activities, as shown in Figure

1.4. The activity numbers refer to the labeled flows in Figure 1.4.
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Flows are numbered in the order that activities occur.
[Insert Figure 1.4 here]
The management process:

(1) hires personnel and establishes the means for accomplishing the
work of the organization. For example, management designs the
procedures used to warehouse inventory and then to ship those

goods to the customers.

(2) establishes broad marketing objectives and assigns specific
sales quotas by which progress toward the long-run objectives
can be measured. Also designs the information processes’
procedures for facilitating operations, such as the procedures

used to pick and ship goods to the customer.
The information process:

(3) receives a customer’s order over the Internet for a Harry Potter

book.

(4) prepares an invoice and sends it electronically to the credit card

company/bank.

(5) receives an electronic payment acknowledgement from the

credit card company/bank.

(6) acknowledges the customer’s order by sending an e-mail

message to the customer.
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(7) sends to the warehouse a request to ship a Harry Potter book to
the customer. This request identifies the book and its location in
the warehouse. Also sends a packing slip to be attached to the

book.
The operations process:

(8) attaches to the shipment a document (i.e., a packing slip)
identifying the customer and the book and ships the book to the

customer.
(9) reports to the IS that the book has been shipped.
The information process:
(10) sends a shipping acknowledgement to the customer via e-mail.

(11) sends management a report comparing actual sales to

previously established sales quotas.
These 11 activities highlight several important concepts.

» The information process facilitates operations by maintaining
inventory and customer data and by providing electronic signals
(such as those used in automated warehouses) and paper
documents with which to execute business events, such as

shipments to customers.

» The information process provides the means by which
management monitors the operations process. For example,

management learns sales results only from the sales report.
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« Management designs the operations and information processes
and establishes these processes by providing people, equipment,

other physical components, and policies.

» Information process users include operations personnel,
management, and people outside the organization, such as the

customer.

Figure 1.5 represents data flows related to the processing of
business events. In this figure, the top three layers represent the
management process. The bottom layer represents the organization’s
operations processes. The information process supports all layers
through horizontal and vertical information flows.” By studying
these flows more closely, we can improve our understanding of the
Information System and its relationships with the operations and the
management processes. At the level of operations and business
events processing, the flows are horizontal as the information moves
through operational units such as sales, the warehouse, and
accounting. In the sales example above, the operational documents

and records are the outputs of these horizontal flows.
[Insert Figure 1.5 here]

Because Figure 1.5 depicts data from business events, the vertical
information flows upward. Other data, such as budgets, would flow

downward.
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The data captured at the operations and business event processing
level constitute the foundation for the vertical information flows that
service a multilevel management function. At the operations
management level, personnel such as supervisors use information to
monitor the daily functioning of their operating units. The vertical
information useful to operations management is a summarized and
tailored version of the information that flows horizontally. For
example, horizontal flows relate to specific business events, such as
one shipment, or to individual inventory items. On the other hand,
information useful to operations management personnel is often an
aggregate of data related to several business events. For example, a
report summarizing shipments made each day might be useful to the

shipping manager.

At the tactical management level, middle managers such as a
warehousing or distribution manager, might want information about
the timeliness of shipments each month. Such information is more
summarized and broader in scope than is the information used by

operations management.

Finally, at the strategic management level, senior managers such
as division managers, chief financial officers (CFOs), and chief
executive officers (CEOs), require information that is even more
summarized and broader in scope than is the information used by

tactical management. For these managers information must relate to
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longer time periods, be sufficiently broad in scope, and be
summarized to provide a means for judging the long-term
effectiveness of management policies. External financial statements,
annual sales reports, and division income statements are but a few
examples of strategic-level information. Note, however, that
information technology facilitates access to detailed data at all

management levels.

How does the IS support the multiple information uses suggested
by the preceding discussion? For example, how does the IS support
such users as the organization’s operations units, the organization’s
management, and people outside the organization? How does the IS
supply the information needed by three levels of management? One
key component enabling the IS to meet the needs of this diverse
constituency is the entitywide database. The entitywide database is
the central repository for all of the data used by the organization.
Information processes, such as order entry, billing, and inventory,
update the database. Output can be obtained by other information
processes and by other users such as management. When processes
or other users access the entitywide database, they get a view of the
database appropriate for their needs. For example, when entering the
customer order in the earlier example, the information process had
access to that portion of the database that was required, such as the

applicable customer and inventory data.
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Management Uses of Information

An IS serves two important functions within an organization. First,
the IS mirrors and monitors actions in the operations process by
processing, recording, and reporting business events. For example,
the IS processes customer orders; records sales to customers by
updating sales, accounts receivable, and inventory data; and
produces invoices and sales event summaries. This event-based,
operations-oriented function is depicted by the horizontal

information flows shown along the bottom of Figure 1.5.

The vertical information flows shown in Figure 1.5 highlight the
second major function of the IS: to support managerial activities in
the management process, including management decision making.
How do managers use this information? First, they monitor current
operations to keep their ship on course. For example, managers need
to know if enough inventory is being produced each day to meet
expected demand. Managers’ second use of information is to help
them achieve satisfactory results for all of their stakeholders (e.g.,
customers, stockholders). For example, information can measure
attainment of goals regarding product quality, timely deliveries, and
cash flow. Finally, managers use the information system to
recognize and adapt in a timely manner to trends in the
organization’s environment. For example, managers need answers to

questions such as: “How does the time it takes us to introduce a new
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product compare to our competitors?” “Does our unit cost to
manufacture compare to our competitors?””® Because information
systems provide critical support to such management activities, one
must understand these activities, including decision making, to
understand the features of good information systems.

% To read more about measures of performance, see Robert S.

Kaplan and David P. Norton, “The Balanced Scorecard—Measures
That Drive Performance,” Harvard Business Review (January—
February 1992): 71-79, as well as subsequent articles that have

appeared in the Harvard Business Review.

Review Question

Why is the Information System important to the organization?
Data versus Information

Information is data presented in a form that is useful in a decision-
making activity. The information has value to the decision maker
because it reduces uncertainty and increases knowledge about a
particular area of concern. Data are facts or figures in raw form.
Data represent the measurements or observations of objects and
events. To become useful to a decision maker, data must be
transformed into information. The most basic function of an IS, then,
is to transform data into information that is useful/ in decision

making. What attributes give information its utility value?
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Review Question

What factors distinguish data from information?

Qualities of Information

To provide output useful for assisting managers and other users of
information, an IS must collect data and convert them into
information that possesses important qualities. Exhibit 1.1 describes
qualities of information that, if attained, will help an organization
achieve its business objectives. Figure 1.6 (page 18) presents an

overview of information qualities depicted as a hierarchy.

[Insert Figure 1.6 here]

[Insert Exhibit 1.1 here]

Review Question

Refer to Figure 1.5 (page 14). Characterize the horizontal

information flows and the vertical information flows.

You can see that effectiveness overlaps with other qualities as it
includes such measures as “timely” (i.e., availability) and “correct”
(i.e., integrity). The effectiveness of information must be evaluated
in relation to the purpose to be served—decision making.
Effectiveness, then, is a function of the decisions to be made, the
method of decision making to be used, the information already
possessed by the decision maker, and the decision maker’s capacity

to process information. The higher level factors in Figure 1.6, such
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2

as “users of information” and “overall quality (decision usefulness),
provide additional emphasis for these points.’

7 The descriptions of many of these terms are adapted from

Statement of Financial Accounting Concepts No. 2: Qualitative
Characteristics of Accounting Information, Financial Accounting

Standards Board (FASB), May 1980.

Understandability enables users to perceive the information’s
significance. For example, information must be in a language
understood by the decision maker. By language, we mean native
language, such as English or French, as well as technical language,
such as one that might be used in physics or computer science.
Information that makes excessive use of codes and acronyms may

not be understandable by some decision makers.

Information capable of making a difference in a decision-making
situation by reducing uncertainty or increasing knowledge has
relevance. For example, a credit manager making a decision about
whether to grant credit to a customer might use the customer’s
financial statements and credit history because that information
could be relevant to the credit-granting decision. The customer’s
organization chart would not be relevant. The description of
reliability of information in Exhibit 1.1 uses the term “appropriate.”

Relevance is a primary component of appropriateness.

Information that is available to a decision maker before it loses its
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capacity to influence a decision has timeliness. Lack of timeliness
can make information irrelevant. For example, the credit manager
must receive the customer’s credit history before making the credit-
granting decision. Otherwise, if the decision must be made without
the information, the credit history becomes irrelevant. Exhibit 1.1
describes availability as “being available when required.” Thus,

availability can increase timeliness.

Predictive value and feedback value improve a decision maker’s
capacity to predict, confirm, or correct earlier expectations.
Information can have both types of value. A buyer for a retail store
might use a sales forecast—a prediction—to establish inventory
levels. As the buyer continues to use these sales forecasts and to
review past inventory shortages and overages—feedback—he or she

can refine decision making concerning inventory.

If there is a high degree of consensus about the information
among independent measurers using the same measurement
methods, the information has verifiability. Real estate assets are
recorded in financial records at their purchase price. Why? Because
the evidence of the assets’ cost provides an objective valuation for

the property at that point.

Neutrality or freedom from bias means that the information is
reliably represented. For example, the number of current members of

a professional association may be overstated due to member deaths,
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career changers who don’t bother to quit, or members listed twice
because of misspellings or address changes. Notice that verifiability
addresses the reliability of the measurement method (e.g., purchase
price vs. current value) and neutrality addresses the reliability of the

entity doing the measuring.

Comparability is the quality that enables users to identify
similarities and differences in two pieces of information. If we can
compare information about two similar objects or events, the
information is comparable. Comparing vendor pricing estimates
where one vendor gives a per unit price, and another a price per case

is problematic in choosing a low-cost vendor.

If, on the other hand, we can compare information about the same
object or event collected at two points in time, the information is
consistent. Analyzing sales growth, for example, might require

horizontal or trend analysis for two or more years for one company.

As noted in Exhibit 1.1, integrity is an information quality that
can be expanded into three very important qualities: validity,
accuracy, and completeness. In Figure 1.6 these are components of
reliability. Information about actual events and actual objects has
validity. For example, suppose that the IS records a sale and an
account receivable for a shipment that didn’t actually occur. The
recorded information describes a fictitious event; therefore, the

information lacks validity.
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Accuracy is the correspondence or agreement between the
information and the actual events or objects that the information
represents. For example, if the quantity on hand indicated on an
inventory report was 51 units, when the actual physical quantity on
hand was 15 units whether the cause was a transposed number or an

erroneous count, the information is inaccurate.

Completeness is the degree to which information includes data
about every relevant object or event necessary to make a decision.
We use relevant in the sense of all objects or events that we intended
to include. For instance, suppose that a shipping department
prepared 50 shipping notices for 50 actual shipments made for the
day. Two of the notices fell to the floor and were discarded with the
trash. As a result, the billing department prepared customer invoices

for only 48 shipments, not for 50.

Review Question

What are the qualities of information presented in this chapter?
Explain each quality in your own words and give an example of

each.

In summary, there are many ways to measure the effectiveness of
information. Those discussed above and included in Exhibit 1.1 and
Figure 1.6 include: understandability, relevance (or reliability),
timeliness (or availability), predictive value, feedback value,

verifiability, neutrality (or freedom from bias), comparability,
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consistency, integrity (or validity, accuracy, and completeness).
These qualities appear again, in addition to some not discussed here

(efficiency, confidentiality, and compliance), in subsequent chapters.

Costs and Benefits of Information We often hear people say that,
before an action is undertaken, the estimated benefits of that action
should exceed the estimated costs. This is a basic expectation, as
basic as the American assumption that truth, justice, and the
American way will prevail. In business, we make an assumption that
there is a cost associated with each improvement in the quality of
information. For example, the information reflected in an inventory
data store could be improved if it were checked against a physical
count of inventory each week. But imagine how costly that would
be! Many companies use perpetual inventory balances for most of
the year, or estimate their inventory balances based on sales or past

years’ levels.

In practice, the benefits and sometimes the costs of information
are often hard to measure. Chapter 6 provides some ideas for

measuring the costs and benefits of an information system.

Conflicts Among Information Qualities It is virtually impossible
to achieve a maximum level for all of the qualities of information
simultaneously. In fact, for some qualities, an increased level of one
requires a reduced level of another. As one instance, obtaining

complete information for a decision may require delaying use of the
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information until all events related to the decision have taken place.
That delay may sacrifice the timeliness of the information. For
example, to determine all the merchandise shipments made in
November, an organization may have to wait until several days into

December to make sure that all shipments get recorded.

As another example, to obtain accurate information, we may
carefully and methodically prepare the information, thus sacrificing
its timeliness. To ensure the accuracy of a customer invoice, billing
clerks might check the invoice for accuracy several times and then
get their supervisor to initial the invoice, indicating that she also has
checked the invoice for accuracy. Though ensuring accuracy, these

procedures certainly hurt timeliness.

Prioritizing Information Qualities In cases where there are
conflicts between qualities of information, defining a hierarchy
establishes the relative importance of each quality. We could decide
that accuracy is more important than any other quality. Or we could
insist that timeliness be achieved even if that means that accuracy is
sacrificed. For example, a marketing manager wanting to know
quickly the impact of a new advertising campaign might check sales
in just a few regions to get an early indication. The information may
be timely, but it might be collected so hastily that it has limited

reliability.

In some situations, managers choose to sacrifice maximum
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attainment of individual goals or values for achievement of a higher
goal. For many decision makers, relevance of information is the key
quality when choosing among many viable options. Maximizing one
objective, rather than obtaining the highest possible levels for
individual subordinate values, is a strategic choice. Later chapters
revisit these information qualities and their role in the design,

control, and use of various business processes.

The Role of the Business Professional

In relation to an Information System, the business professional may

assume one or more of three roles: designer, user, and evaluator.

As a designer of an IS, the business professional brings a
knowledge of business, information systems techniques, and systems
development methods. In designing the IS, the business professional

might answer such questions as:
» What will be recorded (i.e., what is a recordable business event)?

» How will the event be recorded (i.e., what data stores will be

used)?
*  When will the event be recorded (i.e., before or after occurrence)?

» What controls will be necessary to provide valid, accurate, and
complete records; to protect assets; and to ensure that the IS can

be audited?

*  What reports will be produced, and when will they be produced?
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* How much detail will the reports include?

The business professional is also a user of the IS to perform
functions. The business professional’s effectiveness depends on how
well she knows the IS and the technology used to implement it. For
instance, to analyze financial information, a financial analyst must
know what data are stored in the IS, how to access those data, what
analysis tools exist and how to use them, and how to present the

information using available report-writing facilities.

As a user, the business professional may also be called on to
participate in the IS design process. In fact, an Information System
user should insist on being involved to make sure that a new system
contains required features. To be effective in the design process, the
user must know how systems are developed, the techniques used to
develop a system, and the technology that will be used in a new

system.

Review Question

What three roles can a business professional fill in relation to the IS?

Describe them.

As business process owners, business professionals are evaluators
of the IS. They may stipulate the system’s controls, assess the
system’s efficiency and effectiveness, and participate in the system

design process. To be effective, the evaluator must possess
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Conclusions

knowledge of systems development techniques, of controls, of the
technology used in the Information Systems, and of the design and

operation of the IS.

Companies survive or fail these days based in large part on how well
they conduct their business processes. In the business world,
information technology and Information Systems play a pivotal role
in how effectively and efficiently companies perform. It is not
sufficient to have a flashy Web site or the cheapest product line.
Customers expect quality service, accurate and timely delivery of
orders, and a well-run organization behind the flashy Web site. This
textbook is written to give you the background you need to
understand how to succeed as a business professional in providing
high-quality products and services while collecting and managing
the data a profitable organization needs to plan, organize and control

its people, processes, and systems.

Business professionals can no longer hide in a functional silo
within a company. Companies do not separate product development
and manufacturing into well-defined pieces; the accountants need to
talk to the product development team, who need to connect with
marketing people, who need to understand production cycles. All
business professionals must share common information, information

that is collected centrally and made available via integrated
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RQI-1

RQ1-2

RQ1-3

RQ1-4

Information Systems to all company users. Since these users need to
share the output of their Information Systems, they will also have to
coordinate the systems’ design and control to make sure all users

have access to the highest quality information possible.

As you read each chapter of this book, take with you an
understanding of how topics fit together as the pieces of a puzzle
whose objective is to create the best possible structure in which to
run a business. The challenge of this puzzle, however, is that the
pieces keep changing, and the shape of the puzzle does, too. These
changes are what will make your career both challenging and
rewarding. The more you know about working with interchangeable
pieces, the better prepared you will be to succeed as a business

professional.
REVIEW QUESTIONS
What 10 elements are included in the study of IS?

Are the terms system and subsystem synonymous? Explain your

answer.

A system must have organization, interrelationships, integration, and
central objectives. Why must each of these four components be

present in a system?

What are three logical components of a business process? Define the

functions of each. How do the components interact with one another?
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RQI-5

RQI1-6

RQ1-7

RQI1-8

RQ1-9

DQI1-1

DQ1-2

DQ1-3

DQ1-4

Why is the Information System important to the organization?
What factors distinguish data from information?

Refer to Figure 1.5 (page 14). Characterize the horizontal

information flows and the vertical information flows.

What are the qualities of information presented in this chapter?
Explain each quality in your own words and give an example of

each.

What three roles can a business professional fill in relation to the IS?

Describe them.
DISCUSSION QUESTIONS

“I don’t want to learn about technology; I just want to be good at my

job.” Comment.

Examine Figure 1.1 (page 7). Based on your college education to
date, with which elements are you most comfortable? With which are

you least comfortable? Discuss your answers.

Examine Figure 1.1. Based on any practical experience that you have
had, with which elements are you most comfortable? With which are

you least comfortable? Discuss your answers.

Why might we have more trouble assessing the success of a federal
government entitlement program than we would have judging the

success of a business organization?
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DQI1-5

DQ1-6

DQ1-7

DQI1-8

DQ1-9

DQI-10

Why must we have knowledge of a system’s objectives to study that

system?

Can one person be a member of all three business process
components: information, management, and operations? Discuss

your anSwer.

Where do you see your role(s) as a business professional—in the
information, management, or operations processes? Discuss your

ansSwer.

Examine Figure 1.5 (page 14). Discuss the relative importance of
horizontal information flows and vertical information flows to the

business professional.

“When we computerize an IS, we merely change how the data are
processed; we don’t change what tasks are performed.’” Do you

agree? Give examples to support your position.

Assume that a manager can obtain information from the
organization’s computer in three ways: by direct inquiry using his
laptop connected to the enterprise system, by a daily paper report,
and by a monthly report. Using the qualities of information discussed
in this chapter (understandability, relevance, timeliness, predictive
value/feedback value, neutrality/freedom from bias, comparability,
consistency, validity, accuracy and completeness), compare and

contrast these three sources of information.
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DQ1-11 Give several examples not mentioned in the chapter of potential

conflicts between pairs of information qualities.

DQ1-12 What information quality is most important for decision making—

relevance or reliability? Discuss your answer.

DQ1-13 Which information qualities are most important to Amazon.com’s

ability to fill advance orders for books? Explain your answer.
BOXES
[Start TECHNOLOGY INSIGHT 1.1 box here]
TECHNOLOGY INSIGHT 1.1
Radio Frequency ID Tags

Bar codes revolutionized the tracking of merchandise and shipments by including an
easily readable label to identify a product or shipping container full of products. Bar
codes dramatically cut the time needed to inventory packages, items within packages, and
even truck-sized shipping containers. Because the codes were standardized, this
technology also improved the accuracy with which products could be tracked and

accounted for.

Now another technology is appearing that will take this revolution a step farther.
Radio Frequency ID Tags (RFID) are intelligent chips that can be embedded in or
attached to a product. These chips transmit descriptive data through packaging and
shipping containers, so humans need not open and physically examine each item. The
more advanced (and expensive) versions of RFID periodically send out signals

identifying their location, reducing further the need for human intervention or time-
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consuming searches for particular products or shipments. They are also much faster to
scan than their bar code equivalent, especially since an entire container’s contents can be

assessed at once, in the same time a single bar code could be scanned manually.

RFID is being used by the military to track shipments to war zones. It is also being
investigated as a way to track radioactive or dangerous materials during transport. But the
most widespread and commonplace applications of RFID will likely be in manufacturing
and distribution, where the devices are being investigated to track everything from
automobiles as they proceed through the assembly line to items of clothing in the stock

room of a retail store.

RFID will improve a company’s ability to track inventory throughout all processes.
Savings related to reduced need for humans to track inventory, less need for excess
inventory, and better awareness of supplier and customer shipment location and times

will propel more companies to investigate this emerging technology.

Sources: Steve Konecki, “Sophisticated Supply,” Informationweek (December 10, 2001),
http://www.informationweek.com/story/IWK20011209S0012 (as of January 27, 2002);

Cheryl Rosen, “RFID Chips Put to the Test,” Informationweek (July 2, 2001), p. 55.

[End TECHNOLOGY INSIGHT 1.1 box here]
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DOCUMENTING BUSINESS PROCESSES AND INFORMATION SYSTEMS

Wander through the offices of a group of systems analysts and you
will likely see many flowcharts and other diagrams taped to the
walls. These diagrams are roadmaps for the systems and processes
that run the business. The analysts themselves may have created
them, but more than likely business process owners or business
process experts provided the description or narrative of the existing
or proposed process. Business professionals who work with complex
information systems can benefit greatly from knowing how to
understand and create flowcharts and narratives of their business
processes. These professionals may be users, designers, or evaluators

of business processes, as well as systems professionals.

A recent graduate described how he has used flowcharting and

other documentation techniques in his job:

Auditors and consultants at PricewaterhouseCoopers LLP
use flowcharts and systems narratives in a variety of
engagements, including financial audits, business process
reengineering, and security reviews. During financial audits,
auditors review business applications—such as sales, billing,
and purchasing—and the processes associated with those
applications. To document each process, the auditor conducts

interviews with the process owner, writes a narrative, and
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prepares accompanying flowcharts. Then, the auditor reviews
the narrative with the process owner for accuracy and
completeness. These documents allow an auditor to design the
audit, identify areas where controls may be needed, and

prepare audit findings and recommendations.

With the increasing use of computers in business today,
flowcharting is essential in financial audits to allow the
auditor—as well as consultants and the business process
owners—to see information flows and identify areas where
information may be changed, manipulated, or even lost. In
addition, with the reliance on automated processing systems
for financial information, the IRS now requires flowcharts and
narratives to be created and maintained for all automated

processing systems used by businesses.'
' Rev. Proc. 97-22

In professional services firms, individuals may work on
many different types of jobs at many different clients. It is rare
that auditors and consultants work with the same systems year
after year. This has made it necessary for documentation of
information systems to be created and maintained for all
clients serviced by such professional services firms and carried
forward for each subsequent audit or other engagement. Such

documentation is usually kept as part of the audit bundle and
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on disk, or in the automated working papers.”

2 Jeffrey S. Trent, PricewaterhouseCoopers LLP, prepared this
section. Jeff graduated from Bentley College with a BS in

Accountancy.
Synopsis

This chapter discusses reading and preparing documentation to
portray aspects of business processes and related information
systems. The text describes how to read data flow diagrams, systems
flowcharts, and entity-relationship diagrams and, in the appendices,
how to prepare data flow diagrams and systems flowcharts. In
Chapter 3 we show you how to prepare entity-relationship diagrams.
Proficiency with these tools should help you to read and prepare
systems documentation, which will help you understand and evaluate

business processes and their information systems.

Consultants, auditors, systems analysts, business process owners,
students, and others use documentation to understand, explain, and
improve complex business processes and information systems, such
as an enterprise system. First, consider a typical enterprise system.
This system probably includes all of the activities associated with
receiving a customer order, picking the goods off a warehouse shelf,
packing and shipping the goods, and billing the customer. Further,
the Information System supporting this business process is likely to

be used by dozens of people within and outside the organization.
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Enterprise systems have hundreds of programs that perform
functions for virtually every department in the organization, process
thousands of transactions and hundreds of requests for management
information, and have people throughout the organization preparing
inputs and receiving system outputs within the company and over the

Internet.

For such complex systems, we require maps or pictures, rather
than a detailed narrative description, to “see” and analyze all the
activities, inputs, and outputs. Being able to draw these diagrams
demonstrates that we understand the system and will be able to
explain the system to someone else. For example, with a systems
flowchart we can understand and analyze document flows (electronic
and paper) through the business process, including its management
system and information system. Perhaps our analysis will lead to
system improvements. Data flow diagrams, systems flowcharts, and
entity-relationship diagrams are much more efficient (and effective)
than narratives for working with complex systems. The application
of these tools, even to the relatively simple systems depicted in this

textbook, demonstrates this fact.

In addition to using documentation to understand and improve a
system, an organization can use it for other important purposes. For
example, managers use documentation to explain systems and to

train personnel. Auditors also use documentation to understand
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systems and to evaluate the systems’ controls.

Review Question

Why do we need to document an Information System?

LEARNING OBJECTIVES

» To read and evaluate data flow diagrams

» To read and evaluate systems flowcharts

* To read and evaluate entity-relationship diagrams

» To prepare data flow diagrams from a narrative

» To prepare systems flowcharts from a narrative

Introduction

When you learn to read, you first learn individual letters, then string
them together in words, and finally the words collectively make
sentences. It is only when you practice reading that real
understanding occurs, and you open up a new path to learning. These
diagramming techniques are another pathway, one that gives a visual

overview of complex organizational relationships.

This chapter begins by showing you how to read data flow
diagrams, systems flowcharts, and entity-relationship diagrams.
Then, in the appendices, you see how to prepare data flow diagrams
and systems flowcharts. You will use these documentation tools

throughout the remainder of the textbook. Don’t be a passive
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observer; work along with the text and practice these tools to

develop your skills.

Although we discuss drawing diagrams as if you were to draw
them with pencil and paper, keep in mind that professionals using
these techniques prefer using specialized flowcharting or
documenting software. Specialized tools produce highly
professional-looking diagrams that are much easier to update and
share. You may have access to one of these tools through your

instructor or workplace.

Reading Systems Documentation

This chapter shows you how to read and interpret three types of
systems documentation: data flow diagrams, systems flowcharts, and
entity-relationship diagrams. We will look at data flow diagrams

first.

Reading Data Flow Diagrams

A data flow diagram (DFD) is a graphical representation of a
system. A DFD depicts a system’s components, the data flows
among the components, and the sources, destinations, and storage of

data. Figure 2.1 shows the four symbols used in a DFD.

[Insert Figure 2.1 here]

Context Diagram Figure 2.2 (page 28) is an example of our first

type of DFD, the context diagram. A context diagram is a top-level,



Gelinas 2-7

or least-detailed diagram of an information system. The diagram
describes data flows into and out of the system and into and out of
external entities. External entities are items such as persons, places,
or things outside a system that send data to, or receive data from, a

system.”

3 Used in this manner, entities is a narrower concept than that used
in Chapter 1. External entities must be able to send or receive

data.
[Insert Figure 2.2 here]

Physical Data Flow Diagram A physical data flow diagram is a
graphical representation of a system showing the system’s internal
and external entities, and the flows of data into and out of these
entities. An internal entity is an entity (i.e., person, place, or thing)
within the system that transforms data.* Internal entities include, for
example, sales clerks (persons), departments (places), and computers
(things). Therefore, physical DFDs specify where, how, and by
whom a system’s processes are accomplished. A physical DFD does
not tell us what is being accomplished, though. For example, in
Figure 2.3 we see that the Sales clerk receives cash from the
Customer and sends cash, along with a register tape, to the Cashier.
So, we see where the cash goes and how the cash receipts data are
captured on the register tape, but we don’t know exactly what was

done by the Sales clerk.
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* Used in this manner, entities is a narrower concept than that used

in Chapter 1. Internal entities must be able to transform data.
[Insert Figure 2.3 here]

Notice that the physical DFD’s bubbles are labeled with nouns
and that the data flows are labeled to indicate how data are
transmitted between bubbles. For example, the Sales clerk sends
cash and a register tape to the Cashier. Also, see that a data store’s
location indicates exactly where (in the Computer) and a data store’s
label indicates #ow (in the sales data store) a system maintains sales
records. Finally, while the entity boxes on the context diagram
define external entities in the relevant environment, the bubbles in

the physical DFD define internal entities.
Review Question
What is a physical data flow diagram (DFD)?

Logical Data Flow Diagram A logical data flow diagram is a
graphical representation of a system showing the system’s processes
and the flows of data into and out of the processes. We use logical
DFDs to document information systems because we can represent
the logical nature of a system—what tasks the system is doing—
without having to specify how, where, or by whom the tasks are
accomplished. What a system is doing will change less over time

than will how it is doing it. For example, a cash receipts system will
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typically receive customer payments and post them to the customer’s
account. Over time, however, the form of the payment—cash, check,
electronic funds—and the method of recording—manual,

computer—may change.
Review Question
What is a logical data flow diagram (DFD)?

The advantage of a logical DFD (versus a physical DFD) is that
we can concentrate on the functions that a system performs. See, for
example, Figure 2.4 (page 30), where the labels on the data flows
describe the nature of the data, rather than how the data are
transmitted. Is the “payment” in the form of a check, cash, credit
card, or debit card? We don’t know. Is “Sales data” a book, card, or
records stored on a computer? Again, we don’t know. What we do
know is that customer payments are received, recorded in a sales
data store, verified for accuracy, and deposited in the bank. So, a
logical DFD portrays a system’s activities, while a physical DFD
depicts a system’s infrastructure. We need both pictures to

understand a system completely.

Review Question

Describe the symbols used in constructing data flow diagrams.
[Insert Figure 2.4 here]

Finally, note that the processes in Figure 2.4 are labeled with
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verbs that describe the actions being performed, rather than with the

nouns we saw in the physical DFD.

Figure 2.4 is a top-level view of the single bubble in Figure 2.2,
the context diagram. Because all of the bubbles in Figure 2.4 are
numbers followed by a decimal point and a zero, this diagram is
often called a “level 0” diagram.” You should notice that each of the
data flows into and out of the context bubble in Figure 2.2 also flow
into and out of the bubbles in Figure 2.4 (except for the flows
between bubbles, such as “Sales record,” which were contained
within the bubble in Figure 2.2). When two DFDs—in this case, the
context and the level 0—have equivalent external data flows, we say
that the DFDs are balanced. Only balanced sets of DFDs (that is, a

context diagram, a logical DFD, and a physical DFD) are correct.

> Even though physical DFDs are similarly numbered, we do not
use the term “level 0” when referring to a physical DFD because

there are no lower-level DFDs.

To derive Figure 2.4, we have “exploded” the context diagram in
Figure 2.2 into its top-level components. We have looked inside the
context diagram bubble to see the major subdivisions of the Cash
receipts process. The successive subdividing, or “exploding,” of
logical DFDs is called top-down partitioning and, when properly

performed, leads to a set of balanced DFDs.

We will use Figure 2.5 (page 31), which depicts a generic set of
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balanced DFDs, to study partitioning and balancing. Notice that the
level 0 DFD (part b) has the same input “A” and the same output
“B” as the context diagram (part a). Now look at part ¢, an explosion
of bubble 1.0. Part ¢ has the same input “A” and the same outputs
“C” and “D” as part b. This relationship must exist because diagram
1.0 (part c) is an explosion of bubble 1.0 in part b. The same can be
said for part d, the partitioning of bubble 3.0. Finally, part e shows
diagram 3.1, a partitioning of bubble 3.1 in part d. Study Figure 2.5
to make sure you understand the relationships among levels in this
set of DFDs. While you are studying the figure, you might also
notice the convention used to number the bubbles at each level. Also,
see that the entity boxes appear in the context diagram and the level

0 diagram but do not usually appear in diagrams below the level 0.
Review Question

What is the difference between a context diagram, a logical DFD,

and a physical DFD?
[Insert Figure 2.5 here]
Reading Systems Flowcharts

A systems flowchart is a graphical representation of information
processes (activities, logic flows, inputs, outputs, and data storage),
as well as the related operations processes (entities, physical flows,

and operations activities). Including both manual and computer
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activities, the systems flowchart presents a logical and physical
rendering of the who, what, how, and where of business processes

and Information Systems.

Systems flowcharts can be complex and cumbersome when they
depict a large or complicated process. DFDs can be drawn at many
levels of complexity, so someone needing only a high level view or a
picture of only a part of the process doesn’t need to work through the
complexities of a systems flowchart. However, for detailed analysis
of business processes, the complexity of a systems flowchart is

invaluable.
Review Question
What is a systems flowchart?

By combining the physical and logical aspects of a system, the
systems flowchart gives us a complete picture of a system. Physical
and logical DFDs each depict different aspects of a system. In
addition, the systems flowchart includes the business process and
management context for a system, aspects ignored in DFDs. Like
DFDs, systems flowcharts represent a system to identify parts that
could be improved or streamlined, and to analyze a system’s
controls. Taken together, DFDs and flowcharts provide multiple,

complementary methods for describing a system.

Review Question
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What are the similarities and differences between a systems

flowchart and a DFD?

Systems Flowcharting Symbols Figure 2.6 shows systems
flowcharting symbols used in this textbook. This is a limited set to
illustrate flowcharting principles. Use this set as a key to interpreting

later diagrams.

[Insert Figure 2.6 here]

Common Systems Flowcharting Routines Figure 2.7 (pages 34—
35) contains routines often found on systems flowcharts. Follow

along with us as we describe each of these routines.

[Insert Figure 2.7 here]

Figure 2.7, part (a), depicts a typical two-step data entry process

which might be described as follows:

The data entry clerk (such as a telephone sales clerk) keys a
sales input document while online. The computer accesses
data in data store 1 (perhaps a table of valid codes, such as
customer codes) and in data store 2 (perhaps a table of open
sales orders) to edit/validate the input. The computer
displays the input, including any errors. The clerk compares
the input document to the display, keys in corrections as
necessary, and accepts the input. The computer updates the

table in data store 2 and notifies the clerk that the input has
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been recorded.

Notice the following about Figure 2.7, part (a):

* The edit or validate step may be performed with one or

more data stores.

* The display is implied with most, if not all, data entry

Processes.

* By combining the “Edit/validate input” rectangle with the
“Record input” rectangle, we could depict this input process
in one—rather than two—steps without losing much detail

about the activities being performed.

* The manual processes undertaken by the clerk are isolated
in a separate column to distinguish them from the automated

processes undertaken by the computer.

*  We show the input document at the bottom of the column to
indicate that the document “flows” through the input

Process.

Figure 2.7, part (b), depicts a typical online computer query,

which might be described as follows:

A user keys a query request online into a computer. The
computer accesses the table(s) in one or more data stores

and presents a response to the user.

Notice the following about Figure 2.7, part (b):
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* The user and computer activities are again isolated in

separate columns.
* The display is an implied element of the online computer.

Figure 2.7, part (c), depicts the update of master data stored in a

sequential data store and might be described as follows:

New data (a customer address change, for example)
previously recorded on disk are input to the computer,
along with the existing (old) master data (customer master
data, for example). The computer updates the existing

master data and creates a new version of the master data.
Notice the following about Figure 2.7, part (¢):

*  When sequential master data is updated, we show two data
store symbols on a flowchart. One symbol represents the
existing (old) version and the other represents the new

version.

* A dashed line connects the new with the old master data
version to show that the new becomes the old version during

the next update process.

Figure 2.7, part (d), depicts the input and reconciliation of

computer inputs and might be described as follows:

The user collects a number of input documents in a “batch”

(such as a week’s worth of time cards), prepares batch
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totals, and enters the documents into the computer. The
computer records the inputs on a disk and notifies the user
as each input is accepted. The user files the input documents
in numerical sequence. At the end of the batch, the
computer prepares an exception and summary report (a list
of inputs accepted and rejected by the system) that includes
batch totals. The user compares the computer batch totals
to those prepared prior to entry of the documents to make

sure the data were entered correctly.
Notice the following about Figure 2.7, part (d):

* The annotation makes it clear that the computer prepares the
exception and summary report affer the user has completed

entry of the batch.

» The user’s comparison of the batch totals is depicted with a

dashed line—rather than a manual process.

» If the batch totals had been input with the batch, the
computer—rather than the user—could compare the batch

totals.

Figure 2.7, part (e), depicts entry of data to a data entry system

and might be described as follows:

A data entry clerk (perhaps clerk 1) enters documents into a

PC (client) connected to a data entry system. The system
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records the inputs on a disk and notifies the user of the
acceptance of each input. The documents are then
forwarded to a different clerk (say clerk 2) who keys the
documents again.6 Differences are resolved and the
transaction data are updated to reflect the verifications and

corrections.

The majority of data processing errors occur at the data entry stage
and the majority of those errors can be attributed to misreading or
miskeying the input. Because it is unlikely that two different
clerks will make the same reading or keying mistake, the rekeying

by a different clerk will discover the majority of these errors.
Notice the following about Figure 2.7, part (e):

* The key-to-disk unit is an offline device and should be
depicted with a square—rather than a rectangle—and in a

column separate from the computer.

* We show the data entry clerks in two columns to emphasize
that the keying and two different clerks perform verification

steps.

* Clerk 2 probably follows an established procedure to
reconcile differences found during the verification step. We
use the annotation about error routine to suggest the

existence of these procedures.
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Figure 2.7, part (f), depicts the entry and recording of an input

using a scanner and might be described as follows:

A clerk scans a document (e.g., a customer’s billing stub)
into the computer. Using the data from the scanned
document, the computer updates the data located on one or

more data stores.
Notice the following about Figure 2.7, part (f):
*  We represent the scanner with the offline process symbol.

*  We could include a display coming from the scanner,

showing the clerk the document that had just been scanned.

e To be able to read data from the document, the scanner must

have optical character recognition (OCR) capabilities.’
7 Document scanning and OCR are discussed in Chapter 4.

Figure 2.7, part (g), depicts the entry and recording of an input

using a scanner and a keyboard and might be described as follows:

A clerk scans a document into the computer. The computer
routes an image of the scanned input to a data entry clerk,
who keys data from the document’s image into the
computer. The computer records the keyed data with the

scanned document.

You should quickly become reasonably proficient in reading

flowcharts if you learn these routines. You may encounter many
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different flowcharting methods during your career, but the principles

you learn here will carry over to those techniques.
Reading Entity-Relationship Diagrams

As a professional you will likely be performing one or more of four
functions. You might be (1) a business process owner; (2) a designer
of an IS; (3) an IS user; or (4) an evaluator of an IS. To effectively
perform these roles, you must be aware of the procedures used to
develop and install an IS. Systems development procedures include
two concurrent and often inseparable processes: the development of
the system procedures and the design of the database. DFDs often
portray system procedures, and entity-relationship diagrams often

depict specifications for the database.
Review Question

Distinguish the aspects of systems depicted by DFDs from those

depicted by E-R diagrams.

As you will see in Chapter 3, a data model depicts user
requirements for data in the database. The model is expressed as a
structure of entities and relationships among those entities. Figure
2.8 (page 38) depicts a data model expressed as an entity-
relationship diagram. An entity-relationship diagram (also called
an E-R diagram) reflects the system’s key entities and the

relationships among those entities and is commonly used to represent
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a data model. The rectangles are called “entities” and the diamonds
are called “relationships.” We use the E-R diagram because it helps
us develop a logical model of the data—the entities and
relationships—in a way that is independent of the way that we will
physically implement the database.®

¥ Logical versus physical is a common theme in systems work.

Earlier we introduced logical and physical DFDs. In Chapters 3, 6,
and 7 (systems development), we emphasize the notion that to
develop good systems—including good databases—Ilogical design

must precede physical design and implementation.
Review Question
What is an E-R diagram?
[Insert Figure 2.8 here]

Let’s see how to read an E-R diagram. The diamond (i.e.,
relationship) on the left side of the diagram tells us that an order is
received from a customer. The formal notation is ORDER received
from CUSTOMER. We might be confused by the diagram and want
to say “CUSTOMER received from ORDER.” But we can usually
interpret the diagram correctly by knowing the sense of the

relationship.

In Figure 2.8, the “N” beneath the ORDER rectangle tells us that

each customer may have more than one order; the “1”” above the
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Conclusions

CUSTOMER rectangle tells us that each order is from only 1
customer. This, the first of three relationship categories, is called

“one-to-N,’’ and the notation is 1:N (or “N-to-one” and noted as

N:1).

The second relationship category is called “M-to-N,” and the
notation is M:N. In Figure 2.8, we see that each INVENTORY item
has many ORDERs, and each ORDER has many INVENTORY
items (a many-to-many relationship). Figure 2.8 also tells us that
there are many SALES (shipments) for each INVENTORY item and
that each SALE (shipment) can consist of many line items of

inventory.

Review Question

Describe the symbols used in constructing E-R diagrams.

There is a third relationship category, called “one-to-one,” and it
uses the notation /:/. If, in Figure 2.8, only one SALE (shipment)
filled an ORDER, there would be a 1:1 relationship between
ORDER and SALE. In Chapter 3, we explore how to prepare an E-R

diagram.

The diagramming tools introduced in this chapter illustrate common
techniques business professionals encounter when seeking a pictorial

representation of business processes and data relationships. Each
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technique has its own purpose, strengths, and weaknesses, which is
why you have been shown a variety of them. After all, an architect
would not use the same representation technique for house plans as a
programmer would for computer code! The chapters that follow
include many examples of each technique, to help you understand
how to read them, when to use them, and how to create them
yourself. If ever there was a good example of “practice makes
perfect,” this is one. The more you use the techniques, the better
prepared you will be to work with them later in your professional

carecr.

Appendix 2A

Preparing Data Flow Diagrams

We use DFDs in two main ways. We may draw them to document an
existing system, or we may create them from scratch when
developing a new system. Construction of DFDs for new systems
will be described in the systems development chapters (Chapters 6
and 7). In this section, we explain a process for deriving a set of

DFDs from a narrative that describes an existing system.

The Narrative

Figure 2.9 (page 40) contains a narrative describing the cash receipts
system for the Causeway Company. The first column indicates the

paragraph number; the second column contains the line number for
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the text of the narrative. We describe here an orderly method for
drawing the DFDs for the Causeway system. You will get the most
benefit from this section if you follow the instructions carefully,
perform each step as directed, and don’t read ahead. Draw your

diagrams by hand or use the software package of your choice.

[Insert Figure 2.9 here]

Table of Entities and Activities

Our first step is to create a table of entities and activities. In the long
run, this list will lead to quicker and more accurate preparation of
DFDs and a systems flowchart because it clarifies the information
contained in a narrative and helps us to document the system

correctly.

Review Question

What is a table of entities and activities?

To begin your table, go through the narrative line-by-line and
circle each activity being performed. An activity is any action being
performed by an internal entity or an external entity. Activities can
include actions related to data (originate, transform, file, or receive)
or to a business process. Business process activities might include
picking goods in the warehouse, inspecting goods at the receiving
dock, or counting cash. For each activity there must be an entity that

performs the activity. As you circle each activity, put a box around
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the entity that performs the activity.

Now you are ready to prepare your table. List each activity in the
order that it is performed, regardless of the sequence in which it
appears in the narrative. List the activity, along with the name of the
entity that performs the activity and the paragraph number indicating
the location of the activity in the narrative. After you have listed all

activities, consecutively number each activity.

Compare your table to Table 2.1 (page 41). Notice that the
narrative refers to some entities in more than one way. For example,
we have “accounts receivable” and the “clerk” on line 16. Notice
that we listed both activity 7 and activity 8. It might be that activity 7
describes activity 8 and does not need to be listed itself. However, it
is better to list doubtful activities than to miss an activity. See how
we listed activity 11, found on lines 23 and 24. We changed to the
active form of the verb “notify” so that we could show the activity
next to the entity that performs the action. Before continuing, resolve
any differences between your list of entities and activities and those

in Table 2.1.

Drawing the Context Diagram We are now ready to draw the
context diagram. Since a context diagram consists of only one circle,
we can begin our context diagram by drawing one circle in the center
of our paper. Next, we must draw the external entity boxes. To do

this, we must decide which of the entities in Table 2.1 are external
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and which are internal to the system.

[Insert Table 2.1 here]

DFD guideline 1:

Include within the system context (bubble) any entity that

performs one or more information processing activities.

Information processing activities are those activities that
retrieve data from storage, transform data, or file data. Information
processing activities include document preparation, data entry,
verification, classification, arrangement or sorting, calculation,
summarization, and filing—both manual and automated. The
sending and receiving of data between entities are not information
processing activities because they do not transform data. If we send
data to another entity, we do not process data. If, however, we file
data, we do perform an information processing activity. Likewise, if
we receive data from another entity, we do not perform an
information processing activity. But, if we retrieve data from a file or
table, we do perform an information processing activity. Operational,
or physical, business process activities are not information

processing activities.

To discover which entities perform no information processing
activities, we must inspect the table of entities and activities and

mark those activities that are not information processing activities.
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Any entities that do not perform any information processing
activities will be external entities; the remaining entities will be
internal. Go through your table of entities and activities and mark all
the activities that do not perform information processing activities.
These marked activities—mostly sends and receives—indicate data

flows.
Review Question

Which entities in a narrative are included in the context diagram as

internal and which are shown as external?

At first, you should have indicated activities 1, 5, 6, 15, and 19
because these activities only send or receive data. As we mentioned
earlier, activity 7 only describes activity 8 and can be marked.
Finally, activity 11 can be marked because of the following

guideline:
DFD guideline 2:

For now, include only normal processing routines, not
exception routines or error routines, on context diagrams,

physical DFDs, and level 0 logical DFDs.

Since activity 11 occurs only when the payment data contain an

error, we will not consider this activity for now.

Your table of entities and activities, with certain non-information

processing activities marked, should now indicate that the mailroom,
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accounts receivable, the cashier, and the computer perform
information processing activities and will be included in our
diagrams as internal entities. The customer, on the other hand, does

not perform any such activities and is an external entity.

Are there other external entities to be included in our diagrams?
To answer this question, go through the narrative one more time and
put a box around those entities not yet marked. You should find the
bank (line 30) and the general ledger office (line 40) that, in this
system, do not perform information processing activities. These
entities, along with the customer, are external entities and are
included in the context diagram as sources or destinations of data.
We now have three external entities, four internal entities, and 19
activities. No other entities or activities are to be added because of

the following guideline:

DFD guideline 3:

Include on the systems documentation all (and only)
activities and entities described in the system narrative—no

more, no less.

When we say narrative, we are talking about the narratives that
you will find as problem material in this book. You are to assume, in
those cases, that the narrative is complete and accurate. However,
when you prepare a narrative to document a real-world case, you

cannot assume that your narrative is perfect. It should be reviewed
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and revised by working with all participating internal entity
representatives. When you have verified that your narrative is
complete and that it accurately reflects reality, you must then follow

DFD guideline 3.

Review Question

When do we have a choice as to what will be included in a context

diagram?

Because there are three entities external to the Causeway cash
receipts system—the customer, the bank, and the general ledger
office—you must draw three boxes surrounding the one context
bubble. Next, draw and label the data flows that connect the external
entities with the bubble. Because logical (versus physical) labels are
usually used on a context diagram, you should do your best to derive
logical labels for the flows. The final step is to label the context
bubble. Write a descriptive label that encompasses the processing
taking place within the system. Our label in Figure 2.10 indicates the
scope of the Causeway system—namely, cash receipts from charge
customers. The Causeway system does not include cash receipts

from any other source.

Figure 2.10 is the completed Causeway context diagram.
Compare it to your context diagram, and resolve any differences.
Notice that we include a single square for many customers.

Likewise, although we may use several banks, we have a single
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Bank square. The following guideline applies:
[Insert Figure 2.10 here]
DFD guideline 4:

When multiple entities operate identically, depict only one

to represent all.

Drawing the Current Physical Data Flow Diagram To keep the
current physical DFD balanced with the context diagram, start a
current physical DFD by drawing the three external entities from the
context diagram near the edges of a piece of paper. Next, draw and
label each data flow going into the two destinations and coming out
of the single source. Leave the center of the page, into which we will
sketch the rest of the diagram, as open as possible. As this is a
physical DFD, the data flows should have labels that describe the
means by which the flow is accomplished. For example, the
“Payment” from the customer should now be labeled “Checks and
remittance advices,” and the “Deposit” should now be labeled

“Deposit slip and checks.”

Because each internal entity listed in the table of entities and
activities (Table 2.1) becomes a bubble in our physical DFD, we
know that our current physical DFD will contain four bubbles: one
each for the mailroom, the cashier, accounts receivable, and the

computer. We will start adding these four bubbles by first drawing
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the bubbles on our diagram that are connected to the sources and
destinations. During this process, you must consider all “send” and
“receive” activities and the implied reciprocal activities. (Many of
these were marked earlier to indicate that they were not data
processing activities.) For example, activity 1 indicates that the
customer “sends” the checks and remittance advices. Draw and label
a mailroom bubble, an accounts receivable bubble, and a cashier
bubble. Use a data flow to connect each of these three bubbles to its

related external entity.

To complete the physical DFD, we must go through the table of
entities and activities once again and draw all the remaining entities
and flows. Activity 5 indicates a connection between the mailroom
and accounts receivable. Activity 6 indicates a connection between
the mailroom and the cashier. Activity 8 tells us that the accounts
receivable clerk enters data into the computer. Draw the computer
bubble, label it “4.0,” and connect it to accounts receivable. To
perform activity 18, accounts receivable must receive the reports
from the computer. Draw and label one or two flows (we chose two
flows) from the computer to accounts receivable. To perform activity
14, the cashier must receive the deposit slip from the computer.
Activity 16 implies that the table of accounts receivable master data
must be read so that the open invoice record can be retrieved. Draw

the data store for the accounts receivable master table and a flow
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from the data store to the computer bubble. Notice that the label on
the data store shows that the physical storage medium is a disk. We
draw a flow only from the data store because a data request is not a
flow of data. Therefore, we do not show the request for the open
invoice record. The movement of the record out of the data store in
response to this request is a flow of data and is shown. Also, notice
that we did not show a flow from the accounts receivable data store
directly to the accounts receivable bubble. Because the accounts
receivable data store is on a computer disk, only the computer can
read from or write to that disk. This also excludes any direct
connection between computerized data stores. To update the data on
one computerized data store from another, you must go through a

computer bubble.

Because the open invoice record must be read into the computer,
updated, and then written back to the accounts receivable master
table, activity 10 requires a data flow from and to the accounts
receivable data store. But, since we drew a flow from the data store
for activity 9, we need only draw a flow back to the data store.
Activity 12 requires that we draw a data store for the cash receipts
log and that we draw a data flow from the computer into that data
store, whereas activity 13 requires that we draw a flow from the data
store. Finally, to depict the flow of data required to print the reports

indicated in activities 16 and 17, we need to draw flows from both
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data stores into the computer. You may think that all the flows into

and out of the data stores aren’t necessary. Here is a guideline:

DFD guideline 5:

For clarity, draw a data flow for each flow into and out of a
data store. You may, also for clarity and to help you
determine that you have included all necessary flows, label
each flow with the activity number that gives rise to the flow
or with a description of the flow (e.g., “retrieve accounts

receivable master data”).

Figure 2.11 is the completed Causeway current physical DFD.
Compare it to your diagram and, before continuing, resolve any
differences. You should notice that there is a data store of endorsed
checks connected to the cashier. This file, not mentioned in the
narrative, was added to show that the cashier must hold on to batches
of checks until the deposit slip is printed on the computer terminal.

This format leads to another guideline:

[Insert Figure 2.11 here]

DFD guideline 6:

If a data store is logically necessary (that is, because of a
delay between processes), include a data store in the

diagrams, whether or not it is mentioned in the narrative.

Should we draw a data store to show that the remittance advice
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batches and batch totals are retained in accounts receivable until the
computer reports are received? We could. You must use DFD
guideline 6 carefully, however, so that you don’t draw DFDs that are
cluttered with files and are therefore difficult to read. You need to
use your judgment. Does this guideline contradict DFD guideline 3?
No. DFD guideline 3 tells you to include in your diagrams only those
activities included in your narrative; while DFD guideline 6 tells you
to describe those activities completely. So, if the narrative implies an
activity or data store, include it in the diagrams. How about an
example that would violate DFD guideline 6? Because they are
outside the context of this particular system, the following activities
are not described in the narrative (Figure 2.9) and should not be

included in the diagrams:

* The actual update of the general ledger data

» Cash receipts from cash sales

* Customer billing

Drawing the Current Logical Data Flow Diagram The current
logical DFD portrays the logical activities performed within the
system. Because level 0 DFDs depict a particular grouping of the
logical activities, we start the level 0 DFD by enumerating the
activities in the system; then, we group those activities. You already
have a list of the activities to be included in the level 0 DFD. Do you

know what that list is? The activities to be included in the level 0
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DFD are the unmarked activities on the table of entities and
activities, Table 2.1. Our list includes activities 2, 3, 4, 8, 9, 10, 12,
13, 14, 16, 17, and 18. Recall that, at this time, we don’t consider
any other activities because the other activities either are actions
performed in other-than-normal situations, are actions that merely
send or receive data rather than transform data, or are business
process activities, such as picking goods off the shelf. Several

guidelines will help us to group the activities remaining in our list:

DFD guideline 7:

Group activities if they occur in the same place and at the
same time. For example, the clerk performs activities 2 and

3 in the mailroom as each payment is received.

DFD guideline 8:

Group activities if they occur at the same time but in
different places. For example, the cashier performs activity
14 “immediately” after the computer prints the deposit slip

in activity 13.

DFD guideline 9:

Group activities that seem to be logically related.

DFD guideline 10:

To make the DFD readable, use between five and seven

bubbles.’
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? For very simple systems, such as those described in the narratives

in this textbook, your solutions may have fewer than five bubbles.
Review Question

Which activities can be included in the logical processes on a logical

DFD?
Review Question

What are the guidelines for grouping logical activities for a logical

DFD?

To start preparing your logical DFD, try bracketing the activities
in Table 2.1 as you believe they should be grouped (do not consider
the marked activities). For example, if we apply DFD guideline 7
(that is, same time and same place), we could combine activities 2
and 3; activities 9, 10, and 12; and activities 16 and 17. Although
this would provide a satisfactory solution, there would be eight
bubbles, and there would be several bubbles containing only one
activity. Since we prefer not to have too many single-activity
bubbles until we get to the lowest-level DFDs, we proceed with
further groupings.

If we apply DFD guideline 8 (that is, same time but different
place) to the preceding grouping, we could combine activities 8 with

9, 10, and 12; 13 with 14; and 16 and 17 with 18. This solution is

also fine, and is a little better than our first solution because we now
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have five bubbles and we have only one single-activity bubble.

If we apply DFD guideline 9 (that is, logically related activities),
we can combine activities 2, 3, and 4. Although this leaves us with
only four bubbles, this solution is superior to the first two because

we have no single-activity bubbles.
In summary, our groups are:
*  Group 1: activities 2, 3, 4
*  Group 2: activities 8, 9, 10, 12
*  Group 3: activities 13, 14
*  QGroup 4: activities 16, 17, 18
After we choose our groupings, we must give each group a name

that describes the logical activities within the group. For Causeway,

we chose the following labels:

* Group 1 (activities 2, 3, 4) is bubble 1.0 and is labeled “Capture
cash receipts” because that bubble comprises all the activities
after the payment is sent by the customer until the payment is

keyed into the computer.

*  Group 2 (activities 8, 9, 10, 12) is bubble 2.0 and is labeled
“Record customer collections” because the activities in bubble
2.0 record the payment in the cash receipts transaction table and

the accounts receivable master table.
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*  Group 3 (activities 13 and 14) is bubble 3.0 and is labeled
“Prepare deposit” because the activities generate a deposit slip

and send the deposit to the bank.

*  Group 4 (activities 16, 17, 18) is bubble 4.0 and is labeled
“Prepare cash receipts total”” because that is the main purpose of

the reporting and comparison that takes place.

Mark these groups and labels on Table 2.1.

Table 2.2 demonstrates how you should annotate your table of
entities and activities. (Notice that we have not carried forward from
Table 2.1 the marked activities.) Now draw the current logical DFD
for Causeway. You’ll need paper and pencil (or your computer), the
Causeway context diagram (Figure 2.10), the Causeway current
physical DFD (Figure 2.11), your annotated table of entities and
activities (Table 2.2), and your original table of entities and activities
(Table 2.1). To draw the logical DFD, begin in the same manner that
you began to draw the current physical DFD. Draw the external
entities near the edges of a piece of paper. Draw and label flows to
and from the external entities, while leaving the center of the page
blank to receive the remainder of the diagram. Since this is a logical
DFD, the data flows to and from the entities must have logical
descriptions (for example, the descriptions used on the context

diagram).

[Insert Table 2.1 here]
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After we have completed the external flows, we can begin to
draw internal bubbles and flows. The “Payment” from the “Charge
customer” is the input to bubble 1.0. Activities 2, 3, and 4 happen
within the bubble. What are the outputs? The endorsed checks leave
bubble 1.0 (see activity 6 in Table 2.1). For the logical DFD, we’ll
call this flow “Monetary transfers.” The other data flow out from
bubble 1.0 was called “Annotated remittance advices and copy of
batch total” (see activity 5 on Table 2.1). For the logical DFD, let’s
call it “Batched customer receipts.” Before moving on, compare your

drawing to bubble 1.0 in Figure 2.12 (page 48).
[Insert Figure 2.12 here]

The batched customer receipts are the input to bubble 2.0. In
response to the keying action (activity 8), a record is read from the
accounts receivable master data store. Draw the data store for this
table (remember, use a logical label) and a flow from the data store
into bubble 2.0. Activity 9 occurs within the bubble. What are the
outputs? Activity 10 indicates a flow fo the accounts receivable
master data store, and activity 12 indicates a flow fo the cash receipts
events data store. Draw the data store for the event data and the
flows into that data store and into the accounts receivable data store.

Before moving on, compare your drawing to bubble 2.0, Figure 2.12.

Now draw bubble 3.0. To accomplish activity 13, bubble 3.0 must

obtain the records contained on the cash receipts events data store.
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Draw a flow from that table’s data store into bubble 3.0. To perform
activity 14, bubble 3.0 must obtain the records stored in the
monetary transfers data store. Draw a flow from that data store into
bubble 3.0. What are the outputs from bubble 3.0? Activity 15 on
Table 2.1 indicates that bubble 3.0 should be connected to the flow
“Deposit” going into the Bank. Compare your drawing to bubble 3.0

in Figure 2.12.

Finally, let’s draw bubble 4.0. To create a cash receipts listing
(activity 16), bubble 4.0 must obtain the records contained in the
cash receipts events data store. Draw a flow from that table’s data
store into bubble 4.0. To print a summary of customer accounts paid
(activity 17), bubble 4.0 must obtain the records stored in the
accounts receivable master data store. Draw a flow from that table’s
data store into bubble 4.0. To perform activity 18, bubble 4.0 must
obtain the data contained on the RAs and batch totals. Where are
those data? They are in the flow “Batched customer receipts” that
went into bubble 2.0. Since bubble 4.0 must also obtain those data,
we must split that flow and connect it to both bubble 2.0 and to

bubble 4.0.

We have finished drawing the Causeway current logical DFD.
Compare your diagram to the solution in Figure 2.12. Resolve any
discrepancies. Your diagram should look like that in Figure 2.12 if

you use the groupings we described. Many other groupings are
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possible within the guidelines. Each different grouping should lead

to a different logical DFD.

There will be times when a business operations function performs
information processing activities. For example, when the receiving
department prepares a document indicating how many widgets have
been received, the receiving department, which is primarily a
business operations unit, is performing an information processing
activity. The warehouse and the shipping department are other
business operations units that often perform information processing

activities. The following guideline applies:

DFD guideline 11:

A data flow should go to a business operations entity square
when only business operations functions (that is, work-
related functions such as storing goods, picking goods from
the shelves, packaging the customer’s order, and so on) are
to be performed by that external entity. A data flow should
enter an entity bubble if the business operations entity is to

perform an information processing activity.

For example, when the business operations entity is receiving
goods, a physical DFD could show either a “receiving” box or a
“receiving” bubble, whereas the logical DFD might show either a

receiving department box or a “Complete receiving report” bubble.
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DFD guideline 12:

On a physical DFD, reading computer data stores and
writing to computer data stores must go through a

computer bubble.

DFD guideline 13:

On a logical DFD, data flows cannot go from higher- to

lower-numbered bubbles.

Review Question

Where are error and exception routines shown on DFDs?

If, on a logical DFD, you have a data flow going back to a
previous processing point (that is, to a lower-numbered bubble), you
have a physical representation of the flow or process. Flows may,

however, flow backwards to a data store.

Aren’t there occasions when processing can’t proceed as
planned? Yes, and in such cases processes called exception routines
or error routines handle the required actions. These are processes for
out-of-the-ordinary (exceptional) or erroneous transactions.
Processing that is performed in other-than-normal situations should
be documented below the level 0 DF D with reject stubs that indicate
that exceptional processing must be performed. A reject stub is a
data flow assigned the label “Reject” that leaves a bubble but does

not go to any other bubble or data store. These reject stubs, which
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are shown only in lower-level diagrams, may be added without

bringing the set of diagrams out of balance.
Summary of Drawing DFD Diagrams

Although there are many ways to draw DFD diagrams, they all start
with a careful examination of existing systems or processes, careful
thinking about what really happens, and careful choices about how to
accurately represent what happens using the diagrams. Our diagrams
in this appendix were fairly simple, although a lot of thought went

into making decisions about them.
The basic steps of the process are these:
* Create or obtain an accurate and reliable narrative.

* From the narrative, create a complete table of entities and

activites.

» Draw a context diagram with external entity boxes by

distinguishing carefully between internal and external entities.

* Draw current physical flow diagrams by creating bubbles for
internal entities, and showing flows to and from all entities and

data stores.

« Draw current logical flow diagrams by grouping activities that
occur together, and naming the logical sub-processes each
describes. Remember to balance this diagram with the other

diagrams by matching their external entities and their data flows.
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Don’t let the rigor of the documentation get in the way of using
the diagrams to understand the system. You have seen many
guidelines, hints, and instructions to help you draw DFDs. Use your

judgment in applying this information.

Appendix 2B

Preparing Systems Flowcharts

This section describes steps for preparing a systems flowchart. The

following guidelines outline our basic flowcharting technique.

Systems flowcharting guideline 1:

Divide the flowchart into columns; one column for each
internal entity and one for each external entity. Label each

column.

Systems flowcharting guideline 2:

Flowchart columns should be laid out so that the flowchart
activities flow from left to right, but you should locate

columns so as to minimize crossed lines and connectors.

Systems flowcharting guideline 3:

Flowchart logic should flow from top to bottom and from

left to right. For clarity, put arrows on all flow lines.

Systems flowcharting guideline 4:

Keep the flowchart on one page. If you can’t, use multiple
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pages and connect the pages with off-page connectors. Do
not glue, tape, staple, or otherwise “extend” your flowchart

page to get the flowchart onto one page.

To use an off-page connector, draw the symbol shown in Figure
2.6 (page 32) at the point where you leave one page and at the
corresponding point where you begin again on the next page. If you
leave page 1 for the first time and you are going to page 2, then the
code inside the symbol should be “P. 2, A” on page 1 and “P. 1, A”
on page 2. That is, you point to page 2 from page 1 and you point
back to page 1 from page 2. If you draft your flowchart on paper,
discipline yourself to draw flowcharts on paper of limited size, as
computerized flowcharting packages will print your flowcharts only

on paper that will fit in your printer!
Systems flowcharting guideline 5:

Within each column, there must be at least one manual
process, keying operation, or data store between documents.
That is, do not directly connect documents within the same

column.

This guideline suggests that you show all processing that is taking
place. For example, if two documents are being attached, include a

manual process to show the matching and attaching activities.

Systems flowcharting guideline 6:
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When crossing organizational lines (i.e., moving from one
column to another), show a document at both ends of the
flow line unless the connection is so short that the intent is

unambiguous.

Systems flowcharting guideline 7:

Documents or reports printed in a computer facility should
be shown in that facility’s column first. You can then show

the document or report going to the destination unit.

Systems flowcharting guideline 8:

Documents or reports printed by a centralized computer
facility on equipment located in another organizational unit
(e.g., a warehouse or a shipping department) should not be

shown within the computer facility.

Systems flowcharting guideline 9:

Processing within an organizational unit on devices such as
a PC or computerized cash register should be shown within
the unit or as a separate column next to that unit—but not

in the central computer facility column.

Systems flowcharting guideline 10:

Sequential processing steps (either computerized or
manual) with no delay between them (and resulting from

the same input) can be shown as one process or as a
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sequence of processes.

Systems flowcharting guideline 11:

The only way to get data into or out of a computer data

storage unit is through a computer processing rectangle.

For example, if you key-enter data from a source document, you
must show a manual keying symbol, a rectangle or square, and then
a computer storage unit [see, for example, part (a) of Figure 2.7 on p.

34].

Systems flowcharting guideline 12:

A manual process is not needed to show the sending of a
document. The sending should be apparent from the

movement of the document itself.

Systems flowcharting guideline 13:

Do not use a manual process to file a document. Just show

the document going into the file.

Drawing Systems Flowcharts We are now ready to draw the
Causeway flowchart. The entities in our current physical DFD
(Figure 2.11, page 45) should help us to set up and label our
columns. Although we set up columns for each entity (systems
flowcharting guideline 1), we do not have to include columns for the
customer, the bank, or the general ledger office because these

entities do not perform any information processing activities. Since
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accounts receivable and the cashier both interact with the computer,
let’s locate them on either side of the “Computer” column (see
systems flowcharting guideline 2). So, from left to right, your
columns should be “Mailroom,” “Accounts receivable,”

“Computer,” and “Cashier.”

We usually start a flowchart in the top left corner with a “start”
symbol. Since we have eliminated the “Customer” column, we must
start the flowchart with a start symbol labeled “Customer,” followed
by two documents labeled “Remittance advices” (RAs) and
“Checks.” To show that they are together, we can place the RAs and
the checks on top of each other with the back document a little above
and to the right of the front document. We place all these symbols in
the “Mailroom” column because lines 3 and 4 of the narrative tell us
that the customer “sends” checks and remittance advices. This
technique makes it clear where the flowchart starts and the source of
the document that starts the process. Draw this portion of your

flowchart.

Lines 5 and 6 of the narrative tells us that the mailroom clerk
“endorses” the checks, and lines 6 and 7 tells us that the clerk
“writes” the amount paid and the check number on the RA.
“Endorse” and “write” are manual processes that, being performed
by the mailroom clerk, should be documented with a manual process

symbol (or two symbols) placed in the “Mailroom” column. Systems
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flowcharting guideline 10 tells us that sequential processes may be
documented in one or more process symbols. Because one action is
directed at the checks and the other action at the RAs (and because
our description of the actions would not fit in one process symbol),

we’ll use two processes. Draw these processes.

In lines 9 and 10, we find a process—preparing the batch total—
that is performed “periodically” by the mailroom clerk. So, still
working in the “Mailroom” column, draw another manual process
for the batch total preparation. Find the annotation symbol on Figure
2.6 (page 32) and annotate the batch total preparation process to

describe the periodic nature of the process.

Lines 11 through 15 describe the three items exiting the mailroom
and their destination. All three items should exit the batch total
preparation process. Since the RAs and the batch total are going to
the next column, they can exit from either the right side or the
bottom of the process. Systems flowcharting guideline 6 tells us that
we do not need to show the RAs and the batch total in both the
“Mailroom” and the “Accounts receivable” columns. Since you’ll
probably have more room in the “Accounts receivable” column,
draw these items at the top of that column. Your flow line will
require arrows because your logic flow has gone up, rather than

down! Did you find the symbol for batch totals on Figure 2.6?

Send the endorsed checks to the cashier using an on-page
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connector. Systems flowcharting guideline 6 dictates showing the
endorsed checks in the sending and receiving columns. In the cashier
column, the endorsed checks must be filed awaiting the receipt of the
deposit slip. We introduced this file when we described the current
physical DFD (Figure 2.11, page 45). Notice that the on-page
connector is shown where the process ends and again where the
process begins. The same letter is shown in both places. Use letters,
starting with the letter “A,” and restart with A on each page. Review
the “Mailroom” column of Figure 2.13 (page 54) and compare it to

your solution. Resolve any discrepancies.
[Insert Figure 2.13 here]

Let’s return now to drawing Figure 2.13. Narrative paragraph 2
describes the process by which the RAs are entered into the
computer by the accounts receivable clerk and are edited and posted
to the accounts receivable master table. Figure 2.7, part (a), page 34,
depicts a method for documenting such a process. Notice that the
keying symbols, the manual process symbols, and the display
symbols are located in the “Clerk” column of Figure 2.7, while the
computer files and computer process are located in the “Computer”
column. Figure 2.7, part (a), indicates a two-step process in which
input errors are displayed on the display screen and a clerk corrects
the errors and notifies the computer that the input is acceptable.

Because paragraph 2 of the Causeway narrative implies, but does not
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directly require, a two-step process such as that in Figure 2.7, part (a)
we can draw the flowchart with a one-step process. Draw the activity
included in narrative paragraph 2 using a one-step input process.
Send the RAs and the batch total out of the “bottom” of the input
process [that is, out of the bottom of the screen, as shown in Figure
2.7, part (a)]. If the computer does not accept the input, we can
assume that the accounts receivable clerk will correct and re-input
the erroneous RA. To show this, connect—with a dashed line—an
annotation symbol to the display screen. Include the phrase “Error
routine not shown” within the symbol. Lines 31 through 33
(paragraph 4) tell us that the transactions are logged as they are
input. Include a disk symbol for this data store in the computer
column of your flowchart. Connect it to the same computer process

block with which you updated the accounts receivable data store.

We have completed flowcharting the accounts receivable clerk’s
activities, for now. Review the upper portion of the “Accounts
receivable” column in Figure 2.13 and compare it to your solution.

Resolve any discrepancies.

Let’s return once again to drawing Figure 2.13. Narrative
paragraph 3, lines 25 through 28, describes the process by which the
computer prints the deposit slip in the cashier’s office. What data
must be accessed to get the information for the deposit slip? The

cash receipts log has the check number and the amount, and is the



Gelinas 2-51

only table that contains only the most recent payments—the accounts
receivable master table summarizes a// billings and payments. Read
systems flowcharting guidelines 7 and 8 and draw this section of the
flowchart. We have used an annotation to indicate that this process is
performed only periodically. If you have laid out your flowchart
well, the file of endorsed checks—previously sent from the
mailroom—and the deposit slip printed by the computer should be
near each other in the “Cashier” column. Now, to flowchart lines 27
through 30, we need only a manual process for comparing these two
items and then, coming out of the process, we have the endorsed
checks and a copy of the deposit slip going to the bank. If we had a
“Bank” column, these items would go to that column. Since we have
no such column, we send these items to a start/stop symbol labeled
“Bank.” Complete your own flowchart and then review these

sections of Figure 2.13.

To complete our flowchart, we need to chart the end-of-day
report generation described on lines 33 through 36 and the use of
these reports in accounts receivable described on lines 36 through
40. Since both reports are generated at the same time, we can depict
this with one computer process symbol. Access to both computer
data stores is required for the report generation, and the reports must
be shown in the “Computer” column and then go to accounts

receivable where they are compared to the RAs and to the batch
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total. A total of cash receipts must be sent to the general ledger
office. Figure 2.6 shows that the symbol used for batch totals can be
used for any total. However, as the narrative is not clear, you would
not be wrong in using the general-purpose input-output file symbol
(parallelogram). Since we’re not sure how the total is prepared, just
send the total to the general ledger office directly from the process
where the batch totals, RAs, and reports are compared. Again,
without a “General ledger” column we send the cash receipts total to

a stop symbol labeled “General ledger office.”

We have now completed the flowchart. Verify your work by
checking through the table of entities and activities (Table 2.1, page
41) to make sure that each activity has been diagrammed. Compare
your flowchart to the narrative (Figure 2.9, page 40) to see that the
system has been accurately documented and compare your flowchart
to the DFDs to see whether the flowchart and DFDs are consistent.
Finally, compare your flowchart to the solution in Figure 2.13.

Resolve any discrepancies.
Summary of Systems Flowcharting

As with DFDs, there may be numerous ways to create an accurate

systems flowchart. The general process is to:

* Set up and label columns, one for each internal and one for each

external entity.
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Use narratives, tables of entities and activities, and DFD physical

and logical diagrams for source information for the flowchart.

Show activities proceeding from top to bottom and left to right.
Keep a flowchart as clear and simple as possible while
representing activities fully. Keep the flowchart to a single page,

using off-page connectors when necessary.

Use appropriate flowcharting symbols to show all processing that

occurs.

Strike a balance between clarity and clutter by using annotation
judiciously and by using on-page connectors whenever flow lines

might create clutter.

Avoid crossing lines wherever possible. If you must cross lines,

use a “bridge.”

Flowchart normal routines and leave exception routines for

another page of the flowchart.

Compare the finished flowchart to narratives, activities and
entities tables, and physical and logical DFDs to make sure all

activities are accounted for fully.

Review Question

Where are error and exception routines shown on systems

flowcharts?

Drawing flowcharts requires judgment, which you can develop
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RQ2-1

RQ2-2

RQ2-3

RQ2-4

RQ2-5

RQ2-6

RQ2-7

RQ2-8

through practice. You have seen a number of guidelines to help you
as you learn how to draw flowcharts. Before you get locked into the
guidelines and the details of flowcharting, or of drawing DFDs,
remember that the purpose of creating this documentation is to
simplify and clarify a narrative. We draw these diagrams so that we
can better analyze and understand a system. We want to portray a
system’s logic and implementation accurately, and there can be
many correct solutions. With practice, you can learn to use these

techniques to create the most appropriate one.
REVIEW QUESTIONS
Why do we need to document an Information System?
What is a physical data flow diagram (DFD)?
What is a logical data flow diagram (DFD)?
Describe the symbols used in constructing data flow diagrams.

What is the difference between a context diagram, a logical DFD,

and a physical DFD?
What is a systems flowchart?

What are the similarities and differences between a systems

flowchart and a DFD?

Distinguish the aspects of systems depicted by DFDs from those

depicted by E-R diagrams.
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RQ2-9

RQ2-10

RQ2-11

RQ2-12

RQ2-13

RQ2-14

RQ2-15

RQ2-16

RQ2-17

DQ2-1

DQ2-2

DQ2-3

What is an E-R diagram?
Describe the symbols used in constructing E-R diagrams.
What is a table of entities and activities?

Which entities in a narrative are included in the context diagram as

internal and which are shown as external?

When do we have a choice as to what will be included in a context

diagram?

Which activities can be included in the logical processes on a logical

DFD?

What are the guidelines for grouping logical activities for a logical

DFD?
Where are error and exception routines shown on DFDs?

Where are error and exception routines shown on systems

flowcharts?
DISCUSSION QUESTIONS

“Data flow diagrams and flowcharts provide redundant pictures of an

Information System. We don’t need both.” Discuss.

“It is easier to learn to prepare data flow diagrams, which use only a
few symbols, than it is to learn to prepare flowcharts, which use a

number of different symbols.” Discuss.

Describe the who, what, where, and how of the following scenario: A
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DQ2-4

DQ2-5

DQ2-6

DQ2-7

DQ2-8

DQ2-9

customer gives his purchase to a sales clerk, who enters the sale in a
cash register and puts the money in the register drawer. At the end of
the day, the sales clerk gives the cash and the register tape to the

cashier.

Why are there many correct logical DFD solutions? Why is there

only one correct physical DFD solution?

Explain why a flow from a higher- to a lower-numbered bubble on a
logical DFD is a physical manifestation of the system. Give an

example.

Compare and contrast the purpose of and techniques used in drawing

physical DFDs and logical DFDs.

“If we document a system with a systems flowchart, data flow
diagrams, and E-R diagrams, we have over-documented the system.”

Discuss.

“Preparing a table of entities and activities as the first step in
documenting systems seems to be unnecessary and unduly
cumbersome. It would be a lot easier to bypass this step and get right
to the necessary business of actually drawing the diagrams.” Do you

agree? Why or why not?

“In terms of the sequence used in documenting systems, it would be
easier to prepare a systems flowchart before we prepare a data flow

diagrams.” Do you agree?



Gelinas 2-57

DQ2-10

P2-1

P2-2

P2-3

P24

“Since there are computer-based documentation products that can
draw data flow diagrams and systems flowcharts, learning to draw

them manually is a waste of time.” Do you agree? Why or why not?
PROBLEMS

Prepare a narrative to describe the system depicted in the physical

DFD in Figure 2.14.
[Insert Figure 2.14 here]

Prepare a narrative to describe the system depicted in the logical

DFD in Figure 2.15.
[Insert Figure 2.15 here]

Prepare a narrative to describe the system depicted in the flowchart

in Figure 2.16 (page 60).
[Insert Figure 2.16 here]
a. List the entities and activities in Figure 2.17 (page 61).
[Insert Figure 2.17 here]

b. Prepare a statement for each entity-relationship pair in Figure
2.17. (There are six pairs.) Each statement should explain the
relationship category (e.g., “N-to-1,” “1-to-N,” “1-to-1,” etc.). For
example, to describe the order-customer relationship in Figure 2.8
on page 38, we might say: “Orders are received from customers.

A customer may place many orders (N) but each order is from



Gelinas 2-58

only one customer (1), an N-to-1 relationship.”

APPENDICES 2A AND 2B.

P2-5 through P2-8. Problems 5 through 8 are based on the
following two narratives. Lincoln Company describes sales and
credit card billing systems. Bono Insurance describes an automobile
insurance order entry and billing system. For those who wish to test
their documentation skills beyond the problems below, there are
narratives at the end of Chapters 10 through 12. Note that for the
Lincoln case we do not discuss, and you should ignore, the handling

of cash received at the time of a sale.

Lincoln Company

The Lincoln Company operates pet supply stores at many locations
throughout New England. The company’s headquarters are in
Boston. The company accepts cash and its own Lincoln charge card
(LCC). LCC billing and the treasury functions are located at

headquarters.

At each store a customer presents the item(s) to be purchased
along with cash or a LCC. Sales clerks prepare LCC slips and then
all sales—cash and charge—are keyed into the cash register. At the
end of the shift, the clerk forwards the LCC slips to the store cashier
(again, as noted above, ignore the handling of the cash). The store

cashier batches the LCC slips and sends the batches to the cash
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receipts department in Boston at 5:00 p.m. each day.

As each sale is keyed in by the sales clerks, Lincoln’s central
computer system captures the data and stores them on a disk (“sales
data”). Each night, the computer prints a sales report summarizing
each store’s sales data. On the following morning, the sales report is
sent to the cash receipts department, where the LCC slips for each
store are reconciled to the line on the sales report that totals LCC
sales for that store. The LCC slips are then sent to Lincoln’s IT
division, where data preparation clerks scan the LCC slips to record
the charges on a disk (“credit sales data”). At 9:00 p.m. each
evening, the disk containing the credit sales data is e-mailed as an
attachment to the computer room, where it is used to update the
accounts receivable master data (also on disk). Each month, the
computer prepares customer statements that summarize the LCC

charges, and sends the statements to the customers.

Bono Insurance

The Bono Insurance Company of Needham, Massachusetts,
processes its automobile insurance policies on a batch-oriented
computer system. Customers send requests for auto insurance into
the Needham sales office where sales clerks prepare policy request
forms. These documents are forwarded to the input preparation
department where data entry clerks use networked PCs to key and

key-verify the data contained on the documents to a disk (“policy
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events”).

Each evening, the computer operations department retrieves the
policy events data from the network and edits the data on the
computer and then sorts the data in policy number sequence. Events
data that do not pass the edits are deleted from the events data disk
and printed on an error report. The error report is sent to the sales
office where sales clerks review the report, correct the errors
(contacting the customer, if necessary), and prepare another policy
request form. These forms are submitted to data preparation each day

along with other policy request forms.

In addition to the error report, the computer also prints a summary
report listing the good events data. This report is sent to the sales
office where the sales clerks compare the report to the copy of the
policy request form that they had previously filed. If everything
checks out, they notify computer operations to go ahead with
processing. When notified, computer operations processes the
correct events data against the policyholder master data to create a
new policy record. Each evening, a disk, which was created during
the processing run, is used to print premium notices that are sent to

the customer.

P2-5 a. Prepare a table of entities and activities based on either the

Lincoln Company or the Bono Insurance narrative.

b. Construct a context diagram based on the table you prepared in
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P2-6

P2-7

P2-8

P2-9

part a.

Prepare a physical DFD based on the output from Problem 5.

a. Prepare an annotated table of entities and activities based on the
output from Problem 5 and Problem 6. Indicate on this table the
groupings, bubble numbers, and bubble titles to be used in

preparing a level 0 logical DFD.

b. Prepare a logical DFD (level 0 only) based on the table you

prepared in part a.

Construct a systems flowchart based on the narrative and the output

from Problems 5 through 7.

A description of fourteen typical information processing routines is
given here, along with ten numbered excerpts from systems

flowcharts (see Figure 2.18).

[Insert Figure 2.18 here]

Match the flowcharting segments with the descriptions to which they

correspond. Four descriptions will be left blank.

a. Data on source documents are keyed to an offline disk.

b. A deposit slip and check are sent to a customer.

c. A printed output document is filed.

d. Output is sent to a computer screen at a remote location.

e. A clerk manually posts sales orders to the outstanding order
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data store.

f. A report is printed from the contents of a master data store.

g. Data stored on a disk is sorted and placed on another disk.

h. Data on a magnetic tape are printed during an offline operation.

1. Data are keyed from a terminal at a remote location.

J. A batch total is compared to the total reflected on an error and

summary report.

k. Magnetic tape input is used to update master data kept on a

disk.

1. The cash receipts summary report is sent by the accounts

receivable department to the general ledger department.

m. Input stored on two magnetic disks is merged.

n. Programmed edits are performed on key input, the data entry
clerk investigates exceptions and keys in corrections, then the

master file is updated.

APPENDIX 2A P2-10 Refer to Figure 2.12 (see page 48), the level

0 DFD of Causeway’s cash receipts system.

a. Construct a diagram 1, which “explodes” process 1.0, “Capture

cash receipts,” down to the next level.

b. Construct a diagram 2, which “explodes” process 2.0, “Record

customer collections,” down to the next level.
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c.  Construct a diagram 3, which “explodes” process 3.0, “Prepare

deposit,” down to the next level.

d. Construct a diagram 4, which “explodes” process 4.0, “Prepare

cash receipts total,” down to the next level.

TABLES

[Start Table]

Table 2.1 Table of Entities and Activities for Causeway Cash Receipts System

Entities Para | Activities

Customers 1 1. Send checks and remittance advices.

Mailroom (clerk) 1 2. Endorses checks.

Mailroom (clerk) 1 3. Writes the amount paid and the check number on the
remittance advice

Mailroom (clerk) 1 4. Prepares a batch total of the remittance advices.

Mailroom (clerk) 1 5. Sends the batch of remittance advices and the batch
total to the accounts receivable clerk

Mailroom (clerk) 1 6. Sends the batch of checks to the cashier.

Accounts receivable (clerk) 2 7. Enters the batch into the computer.

Accounts receivable (clerk) 2 8. Keys the batch total, the customer number, the invoice
number, the amount paid, and the check number.

Computer 2 9. Verifies that the invoice is open and that the correct
amount is being paid.

Computer 2 10. Updates the accounts receivable master data.

Computer 2 11. Notifies the clerk of errors.

Computer 4 12. Logs check number and amount paid.

Computer 3 13. Prints a deposit slip.

Cashier 3 14. Compares the deposit slip with the batch of checks.

Cashier 3 15. Takes the deposit to the bank.

Computer 4 16. Creates a cash receipts listing.

Computer 4 17. Prints a summary of customer accounts paid.
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Accounts receivable (clerk) 4 18. Compares the computer reports with the remittance
advices and batch totals
Accounts receivable (clerk) 4 19. Sends the total of cash receipts to the general ledger

office.

[End Table]

[Start Table]

Table 2.2 Table of Entities and Activities for Causeway Cash Receipts System

(Annotated)
Entities Para | Activities
Mailroom (clerk) 1 2. Endorses checks. 1.0 Capture
cash receipts
1 3. Writes the amount paid and the check
number on the remittance advice.
1 4. Prepares a batch total of the remittance
advices.

Accounts receivable (clerk) 2 8. Keys the batch total, the customer 2.0 Record
number, the invoice number, the customer
amount paid, and the check number. collections

Computer (online terminal) 2 9. Verifies that the invoice is open and that
the correct amount is being paid.

2 10. Updates the accounts receivable master
data.
4 | 12. Logs check number & amount paid.

Computer (online terminal) 3 13. Prints a deposit slip. 3.0 Prepare

Cashier 3 14. Compares the deposit slip with the batch deposit
of checks

Computer (online terminal) 4 16. Creates a cash receipts listing. 4.0 Prepare

cash receipts
total
4 17. Prints a summary of customer accounts
paid.
Accounts receivable (clerk) 4 | 18. Compares the computer reports with

remittance advices and batch totals.

[End Table]
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Part 11
TECHNOLOGY FOR
BUSINESS PROCESSES AND
INFORMATION SYSTEMS
3 Database Management Systems
4 E-Business
5 Business Intelligence and Knowledge Management Systems

[Insert UNF-p.65-1 here]

DATABASE MANAGEMENT SYSTEMS

The massive recall of Firestone Tires in the autumn of 2000,
particularly those on Ford Explorer SUVs, produced a major
financial impact on both Firestone (including its parent Bridgestone)
and Ford Motor Company. The sweeping recall occurred as tire
blowouts and related vehicle rollovers were reported at alarming
rates. The tread on certain brands and sizes of Firestone tires had a
tendency to separate—particularly if the tires were under-inflated,
driven at high speeds in hot climates, or carrying a heavy load. The
result has been numerous lawsuits filed against both

Bridgestone/Firestone and Ford Motor Co.

The burning question is why didn’t Ford and/or Firestone
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Synopsis

discover the problem earlier? One reason was that Ford “lack[ed] a
database it could use to determine whether incident reports on one
type or brand of tire represented a deviation from those of other tires
on Ford vehicles.”' As a result, Ford did not identify the problem
until the public relations damage was severe and then only after
organizing a team to pore over the documentation on hand in the
offices of Firestone. If a database of information related to tire
problems had been available, standard data mining techniques likely
would have detected the information much earlier. In this chapter,
we will explore the advantages of database management systems and
related analysis tools that can improve the decision support required

for timely decision making.

'R L. Simison, K. Lundegaard, N. Shirouzu and J. Heller, “How
the Tire Problem Turned Into a Crisis for Firestone and Ford—
Lack of a Database Masked the Pattern that Led To Yesterday’s
Big Recall,” The Wall Street Journal (August 10, 2000), A1 and

Al2.

This chapter introduces approaches used to process data related to
major business events that take place in an organization, such as
purchasing materials, manufacturing products, and filling customer
orders. Data from these events are recorded and processed using

differing systems designs. As these business events are processed,
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data are recorded in files, tables, databases, and so on. The
management of data comprises two distinct processes—event data
processing and data maintenance. Having laid this foundation, we
build your understanding by describing event-driven approaches and
the various uses of databases to facilitate data management.
Throughout this discussion we consider how various control
procedures can enhance accuracy and safeguarding of data. Finally,
in the appendices, we discuss the processes used in the design and

implementation of entity-relationship (E-R) models and databases.

LEARNING OBJECTIVES

» To describe and analyze the major approaches used to process data related to

business events

» To describe the major business events in merchandising, service and manufacturing

firms

* To explain the complexities and limitations of using traditional data management

approaches

» To recognize the advantages of using the database approach to data management

» To be able to perform the basic processes involved in database design and

implementation

Introduction

An organization engages in various business processes—such as

hiring employees, purchasing inventory, and collecting cash from
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customers—and the activities that occur during execution of these
business processes are referred to as events. Event data processing
is the process whereby event-related data are collected and stored.
This chapter describes event data processing, discusses the major
approaches employed to capture, process, and store event data, and
recounts the types of data collected in event data processing systems.
After introducing the major types of events, the text describes a
crucial element of the Information System—the data. You need to
know how data and databases will become an integral part of your
day-to-day work. What data do we collect? How do we collect the

data, store the data, and use the data?

Consider the importance of the groundwork laid in this chapter.
In Chapters 4 and 5, we focus on advanced techniques for managing
data and speeding the delivery of information. In Chapters 6 and 7,
we emphasize techniques for developing good Information Systems
that capture and deliver the right data. In Chapters 8 and 9, we focus
on techniques to assure the reliability and security of data. Finally, in
Chapters 10—14, we focus on how data are captured and processed
across an organization’s business processes. What’s the moral to the
story? If you can’t access good, useful data, you can’t make good

business decisions.

Event Data Processing

In Chapter 2, we studied several types of diagrams in which
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something happened (e.g., a customer order) that triggered a series of
human and automated business activities. These business activities
represent the occurrence of a business event. Every firm has a
number of business events that link together to form a business
process. The nature of a firm’s business dictates the range of
processes it can adopt to achieve its objectives. The firm’s
information system will collect, process, and store business event
data in support of its business processes. Each of these business

processes may be divided into components, or subprocesses.

Take, for instance, a merchandising firm. A merchandising firm
1s an organization (e.g., a store) that buys goods from vendors and
resells those goods to customers. On the customer side, its business

events within the Order-to-Sales process include:

» Capturing and recording of customer orders

» Shipment of goods and recording of sales

* Sending invoices for goods and recording the amount to be

received

* Receipt and recording of payments

Figure 3.1 depicts how the physical processing of these business
events is also captured in the data recorded and processed by the
merchandising firm’s information system. On the supplier end,

business events within the Purchase-to-Pay process include:
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[Insert Figure 3.1 here]

* Preparation and recording of purchase orders

* Receipt of goods into inventory and recording the receipt of

inventory

* Receipt of vendor invoices and recording of the amount owed

* Preparation and recording of payments

Review Question

What business events are typically encountered by a merchandising

firm?

There may be other business processes in a typical merchandising
business, such as payroll processing, hiring new employees, and

many more.

As another example, a service firm is an organization that sells
services, rather than merchandise, to its customers. The business
events for a service firm that parallel the Order-to-Sales process

include:

* Recording of customer services performed

+ Billing for services rendered

* Receipt and recording of payments

Because there is no physical exchange of goods in a service firm,

its Order-to-Cash process would have a slightly modified set of
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events reflected in its corresponding information system, as shown in
Figure 3.2. Service firms also must record other business events,
including the purchase of materials used in the performance of

service engagements and payroll disbursements.
[Insert Figure 3.2 here]
Review Question

How do the business events for a service firm differ from those of a

merchandising firm? How are they similar for the two firms?

A manufacturing firm acquires raw materials, converts those
materials into finished goods, and sells those goods to its customers.
Its production process includes recording activities related to the
manufacture of goods for sale. A manufacturing firm must also
receive customer orders, record sales, send invoices, and receive
customer payments. Its Order-to-Cash process is essentially the same
as that of the merchandising firm in Figure 3.1. The events that make

up these processes will be described in detail in Chapters 10—14.

As each business event occurs, a firm must record at least a
minimal set of data about the event so that it can maintain records
and produce reports that help assess how well it is meeting its
objectives. Today, virtually all of these records are maintained by a

computerized Information System.

An organization’s Information System performs event data
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processing to support an overall business process and its component
subprocesses. For example, we describe the Information System
employed to prepare and send a bill to a customer as the
“billing”’portion of the Order-to-Sales process. Similarly, we
describe the Information System that prepares and records a
purchase order as the “purchasing” portion of the Purchase-to-Pay

process.
Transaction Processing Approach

Throughout the preceding discussion of event data processing, the
focus was on events that take place within various business
processes. Once these events have been identified, data that describe
the events are collected, organized, manipulated, summarized,
stored, and made available for retrieval. Traditionally, computerized
Information Systems were designed around particular events called
transactions, those business activities that have an economic impact
on the firm. These include sales, payroll, accounts payable, and other
typical financial transactions. The data that are recorded by a
transaction processing system reflect the minimal information
needed to represent each transaction, and are stored in a file along
with the records of all of the other transactions of the same type.
This transaction orientation led to the dominance of “file-centric”
techniques for systems design, an approach discussed later in this

chapter. This traditional approach to transaction processing worked
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well when technology was expensive and record keeping was not as

sophisticated as it is today.

Event-Driven Approach

As society progresses in the information age, users’ expectations of
the information they need at their fingertips has escalated
dramatically. User information demands have highlighted several
fundamental weaknesses in the traditional approach of transaction
processing. First, in order for data to be in a format that can be easily
summarized, only data related to classification (e.g., a customer
account number or an inventory part number) and quantitative
descriptions can be captured. Thus, only a very narrow view of the
event is portrayed by the data we collect—for instance, maybe only a
financial accounting assessment or a listing of available stock in the
warehouse. Second, once transaction data have been summarized,
descriptions of individual transactions may be lost, with only

summary information available to users.

Event-driven systems capture a complete description of each
event, regardless of its economic impact on the firm, and
permanently store the individual descriptions of each event. There
are many business events that carry no economic impact, which
would not be reflected in traditional transaction-oriented systems.
Two examples are a sales representative capturing contact

information about a potential customer, and a warehouse clerk
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updating location information when inventory items are moved from
long-term storage to a place where “pickers” can get easy access to
them. Neither of these events shows up on financial reports, but both

are important for running the business.
Review Question

How are event-driven systems different from traditional transaction

processing systems?

Of equal importance, however, is the focus on capturing a wider
variety of data about each business event to meet the needs of
multiple users. Transaction processing systems have historically
been limited in the diversity of data they capture. This limitation is
due to an initial focus on automating paper-driven financial
processes. While these traditional systems may play an important
role in meeting the financial information needs of an organization,
they do not necessarily support the marketing, human resources, and
manufacturing aspects of an organization very well. The
nonfinancial aspects of business events are of great importance to
these varied users. Event-driven systems facilitate use by multiple
information users with very different needs for information about the

events that have occurred within business processes.
Review Question

What is meant by the idea of “storing data at the event level”?
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Storing data at the event level makes it much easier to retain data
related to other nonfinancial and nonquantitative aspects of an event.
Ideally, in an event-driven system, the data captured during business
processes will be sufficient for someone who was not a party to the
event to reconstruct every important aspect of what happened—
whether he or she is in marketing, human resources, financial
management, manufacturing, or any other part of the organization.
Typically, this mandates that at a minimum data be collected and

stored related to the four Ws:

*  Who relates to all individuals and/or organizations that are

involved in the event.

*  What relates to all assets that exchange hands as a result of the

event.

*  Where relates to the locations in which (1) the event takes place,
(2) exchanged assets reside before and after the event, and (3) the
parties to the event are during the event and for any future

correspondence.

e When relates to all the time periods involved in completion of the
event—including future exchanges of assets (e.g., when will we

need to pay a bill?) that result from the event.

Once the event data are collected and recorded, the data can be

aggregated and summarized in any manner that a given user chooses.
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The key is that any aggregations and summaries are temporary and
only for the user’s application, but the event data remain available to
other users in its original form. For applications such as the
generation of financial and inventory reports that are frequently
required in the same format, programmed procedures can be
developed within computerized systems to generate such reports
automatically. Thus, the same needs for financial information
fulfilled by traditional transaction processing systems are fulfilled by
event-driven systems, but with the latter systems a host of other

users’ needs can also be met more efficiently and effectively.

Let us take, for example, a series of events that might take place
during the course of capturing a customer’s order, putting through a
job order to produce the ordered goods, and delivering the goods to
the customer. When setting up our event-based system, we will want
to capture multifaceted data to track the progression of the process.
To capture the sales order event, we need to record data related to
the salesperson and customer (the who), the goods ordered (the
what), the delivery location (the where), and the date of sale and
promised delivery (the when). This information would then be linked
with information already stored that relates to a selected supplier for
goods. Based on the combined information, an order would be
placed with the supplier. A purchase order becomes a link between

the purchaser and the supplier (the who) already in the system, the
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goods (the what) that have already been entered, the location to
which the goods will be delivered (the where), and the delivery date

from the supplier to our company (the when).

Notice in our sales example that all of the traditional systems
data are readily available. The data required for the Order-to-Sales,
Purchase-to-Pay, and Business Reporting processes are all captured
and available for processing. But, now if the supplier changes the
delivery date, the salesperson can also have immediate access to the
change and notify the customer. The salesperson can pull together
the necessary data by using links between the changed order
information, the sales order, and the customer, and narrow the search
down to only the sales that he or she is handling. Very quickly, the
salesperson can have the information needed to notify the customer

immediately of any delay in shipment.

Review Question

Why is it important to capture the who, what, where, and when in

describing business events?

It is important to note that event-driven systems may appear no
different to the average user than more traditional transaction
processing systems for collecting business event data. Rather, the
underlying data storage and management (that is unobservable to
most users) differ, while at the same time new sets of users have

access to more relevant information for business decision making. In
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subsequent sections of this chapter, we will revisit these two
approaches to Information Systems and discuss the underlying

information technologies that enable their existence.

File Management Processes

File management comprises the functions that collect, organize,
store, retrieve, and manipulate data maintained in traditional file-
oriented data processing environments. We have already noted that
business event data processing systems collect, process, and store
data. So, admittedly, there is an overlap between these two
environments, for data used by the system must physically reside
somewhere! This section concentrates on file management. We see
how data are managed—particularly how data are stored and
retrieved, knowing that part of file management is undertaken by
Information Systems underlying Order-to-Cash, Purchase-to-Pay,
and other business processes. Thus, file management supports the
generation of reports associated with traditional transaction

processing systems.

Review Question

What is file management?

Managing Data Files

Let’s quickly review the hierarchy of data that may already be

familiar to you. A character is a basic unit of data such as a letter,
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number, or special character. A field is a collection of related
characters, such as a customer number or a customer name. A
record is a collection of related data fields pertaining to a particular
entity (person, place, or thing, such as a customer record) or event
(sale, hiring of a new employee, and so on). A file is a collection of
related records, such as a customer file or a payroll file. A record
layout describes the fields making up a record. These relationships

are depicted in part (a) of Figure 3.3.

[Insert Figure 3.3 here]

Chapter 1 introduced you to two types of data, master data
(entity-type files) and business event data (event-type files). A
business event data processing system may operate on one or more
files. Some of these files are used to obtain reference information,
such as the warehouse location of an item of merchandise. Other
files are used to organize and store the data being collected, such as
sales orders or inventory data. Some companies still rely on older,

legacy systems that use file structures for data storage.

A database approach is a superior data storage method. In a
database approach, tables, not files, are used to organize and store
data. For now, we want to discuss data management using well-
known terms and concepts associated with files; we’ll get to tables

later.

Let’s examine two flowcharts. Figure 3.3, part (b), depicts a
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typical data maintenance activity—the addition of a new customer
record to the customer master data. Figure 3.4 (page 74)depicts a
typical business event data processing activity—entering a
customer’s order. In this text, we use the more generic term, data
store to distinguish the conceptual file from its physical

implementation as a file or database table.

What is important about these two figures? First, the data
maintenance activity (Figure 3.3, part b) does not involve a business
transaction as such; however, the business event data processing

activity (Figure 3.4) does.
[Insert Figure 3.3 here]

Second, the existence of the customer record—including the
credit limit [see Figure 3.3, part (a)]—provides the basic
authorization required to enter the customer order. Without the
customer record, the computer would reject the customer order in
Figure 3.4. It is important to separate authorizations for data
maintenance activities from authorizations for business event data
processing activities. This separation provides an important control,

a topic explored in greater detail in Chapters 8 and 9.
[Insert Figure 3.4 here]
Limitations of File Processing

In Figure 3.5 (page 75) we compare and contrast the applications-
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based file approach found in a transaction processing system
(discussed in this section) with the database approach to data
management (discussed in the following section). Figure 3.6 (page

76) contains the record layouts for the files in Figure 3.5, part (a).
[Insert Figure 3.5 here]

Prior to the development of database concepts, companies tended
to view data as a necessary adjunct of the program or process that
used the data. As shown in part (a) of Figure 3.5, this view of data,
based on the transaction processing approach to file management,
concentrates on the process being performed; therefore, the data play
a secondary or supportive role in each application system. Under this
approach, each application collects and manages its own data,
generally in dedicated, separate, physically distinguishable files for
each application. For example, Figures 3.3, part (b) and 3.4 assumed
a “transaction-centric” approach to file management. One outgrowth
of this approach is the data redundancy that occurs among various
files. For example, notice the redundancies (indicated by double-
ended arrows) depicted in the record layouts in Figure 3.6. Data
redundancy often leads to inconsistencies among the same data in
different files and increases the storage cost associated with multiple
versions of the same data. In addition, data residing in separate files
are not shareable among applications. Now let’s examine how some

of these redundancies might come about.
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[Insert Figure 3.6 here]

The data represented in Figure 3.6 have two purposes. The data
(1) mirror and monitor the business operations (the horizontal
information flows) and (2) provide the basis for managerial decisions
(the vertical information flows).> In addition to data derived from the
horizontal flows, managers use information unrelated to event data
processing. These data would be collected and stored with the
business event related data. Let’s look at a few examples to tie this

discussion together.

2 The horizontal and vertical information flows are depicted in

Figure 1.5 (page 14).

Suppose that the sales application wished to perform sales
analysis, such as product sales by territory, by customer, or by
salesperson. To do so, the sales application would store data for sales
territory and salesperson in the sales order record shown in part (a)
of Figure 3.6. But, what if the inventory application wanted to
perform similar analyses? To do so, the inventory application would
store similar, redundant data about territory and salesperson as
depicted in part (b) of Figure 3.6. As implied by Figure 3.5, part (a),
the sales data in the inventory data file—including customer territory
and salesperson—could be updated by the sales application or
updated separately by the inventory application. As a second

example, what if the sales application wanted to know very quickly
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the amount of sales for a customer? Then, the summary data on the
customer master data file (year-to-date sales) could be stored as
shown in part (c) of Figure 3.6. Alternatively, the information could
be obtained as needed by summarizing data on the sales order or in

the inventory data.

As a final sales example, let’s assume we would like to know all
the products that a particular customer buys (perhaps so we can
promote those products the customer is not buying). Given the
record layouts depicted in Figure 3.6, we could obtain that
information by sorting the inventory or sales order data by customer
number. Alternatively, we could have collected these data in the
customer master data store! In either case, the data are difficult and
expensive to obtain. And, if the applications were not originally
designed to give us these data, this approach to file management

makes it quite difficult to add this access after the fact.

We could provide several more examples from inventory, but by
now we trust that we have made our point. All of these examples
consist of business event data related to the selling of merchandise.
The transaction processing approach leaves us with similar problems
for standing data. Note in Figure 3.6 the redundancies among the
three data files with respect to standing data such as customer
number, territory, and salesperson. Could these redundant fields

become inconsistent? Again, we would have to say yes. The
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database approach to data management solves many of these
problems. We will return to Figure 3.6 and describe what these data

might look like with a database, rather than separate application

files.

Database Management Systems

A database management system is a set of integrated programs
designed to simplify the tasks of creating, accessing, and managing
data. Database management systems integrate a collection of files or
data fables that are independent of application programs and are
available to satisfy a number of different processing needs. A
database management system is really the means by which an
organization coordinates the disparate activities of its many
functional areas. The database management system, containing data
related to all of an organization’s applications, supports normal event
data processing needs and enhances the organization’s management
activities by providing data useful to managers. While in its strictest
sense a database is a collection of files, we will use the term
database synonymously with database management system since
this has evolved as the normal meaning intended by the vast majority

of computer users and developers.
Logical vs. Physical Database Models

The concept underlying the database approach to data

management is to decouple the data from the system applications
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(i.e., to make the data independent of the application or other users).

Therefore, as reflected in part (b) of Figure 3.5 (page 75), the data

become the focus of attention. Several other aspects of part (b) are

noteworthy:

The database is now shared by multiple system applications that
support related business processes, as shown at the left of Figure

3.5, part (b).

In addition to being used by application programs, the data can
also be accessed through two other user interfaces: (1) report
generation, as shown in the upper-right portion of part (b), and
(2) ad hoc user inquiries, i.e., queries handled through query
language software, depicted in the lower-right portion of part
(b).”

A “layer” of software called the database management system
(DBMY) is needed to translate a user’s logical view of the data
into instructions for retrieving the data from physical storage.
Some of the more technical design issues of database

management systems are described in Technology Insight 3.1

(page 78).

’ In many database management systems, report generation and

queries may not be distinct functions.

Figure 3.7 (page 79) depicts how a database might look to us if
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the data were stored using a relational data structure. The data from
our three files are now stored in four relational tables:
CUSTOMERS (instead of customer master data),

INVENTORY ITEMS (inventory master data), SALES ORDERS,
and SALES LINES (i.e., the last two tables store the data from the
sales order master data). These tables are logical views of data that
are physically stored in a database. The logical database view is
how the data appear to the user to be stored. This view represents the
structure that the user must interface with in order to extract data
from the database. The physical database storage is how the data
are actually physically stored on the storage medium used in the
database management system. It has little relationship to how the
data appear to be stored (e.g., the logical view). The user can access
the data in the tables (e.g., the logical view in a relational database)

by:

1. Formulating a query, or

2. Preparing a report using a report writer, or

3. Including a request for data within an application program.

These three methods are depicted in the flowchart in Figure 3.5, part
(b) (page 75).

[Insert TECHNOLOGY INSIGHT 3.1 box here]

Now let’s see how easily data can be obtained from the relational
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tables in Figure 3.7 using the database query language SQOL

(structured query language).

[Insert Figure 3.7 here]

1. We can perform a query (the SELECT command) to find the

customers assigned to salesperson Garcia.

SELECT CUST_CODE CUST_NAME CUST_CITY

FROM CUSTOMERS

WHERE SALESPERSON = 'Garcia'

[Insert UNF-p.80-3 here]

We see that there are two customers, STANS and WHEEL.

2. We can also create a listing using the SELECT command.

SELECT SO_Number INVENTORY_ITEMS Item_Number Sales

Price Unit_Price

FROM SALES_LINES INVENTORY_ITEMS

WHERE Sales_Price ® Unit_Price AND INVENTORY_

ITEMS Item_Number = SALES_LINES Item_Number

[Insert UNF-p.80-4 here]

The SELECT command combines the SALES LINES and
INVENTORY _ITEMS tables over the list of items (Item Number)

and finds those items in the combined table that were sold at a price
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(Sales_Price) other than the price contained on the
INVENTORY ITEMS table (Unit Price). We see that there are six

instances.

Review Question

How are the applications-based file and database approaches to data

management the same? How are they different?

Neither the user nor the application programs have any idea that
these mappings are taking place. In preparing the query, a user might
formulate the SELECT command (i.e., choose the selection criteria).
Alternatively, rather than being visible to the users, the SQL
commands might be part of an underlying application or database
structure. Finally, the user might execute these commands using
drop-down menus and a mouse. In these latter two alternatives, the
commands would be embedded within the application programs.
Relational data structures are discussed in greater detail later in this

chapter.

Overcoming the Limitations of File Processing

We discussed earlier some of the limitations of applications that rely
on traditional file management. What are the advantages of the

database approach?

*  Eliminating data redundancy. With the database approach to data

management, data need only be stored once. Applications that
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need data can access the data from the central database. For
example, in Figure 3.5 (page 75), part (a), there are multiple
versions of the inventory master data, while in part (b) of that
figure there is but one. Further, Figure 3.6 (page 76) depicts the
same data elements on more than one file, whereas Figure 3.7
(page 79) shows each data element only once. An organization
using the applications-based file approach to data management
must incur the costs and risks of storing and maintaining these

duplicate files and data elements.

* Ease of maintenance. Because each data element is stored only
once, any additions, deletions, or changes to the database are
accomplished easily. Contrast this to the illustration in Figure
3.6, where a change in a salesperson, territory, or customer
combination, for instance, would require a change in three

different files.

*  Reduced storage costs. By eliminating redundant data, storage
space is reduced, resulting in associated cost savings. However,
in most database installations, this savings is more than offset by

the additional costs of DBMS software.

* Data integrity. This advantage, like several others, results from
eliminating data redundancy. As mentioned earlier, storing
multiple versions of the same data element is bound to produce

inconsistencies among the versions. For instance, the salesperson
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and sales territory data might differ among their many versions,
not only because of clerical errors but because of timing
differences in making data maintenance changes. We could make
similar comments about inconsistent data resulting from the
timing differences that might occur during event data processing
of the inventory master data by the sales and inventory
applications. With only one version of each data element stored

in the database, such inconsistencies disappear.

Data independence. As illustrated in part (b) of Figure 3.5, the
database approach allows multiple application programs to use
the data concurrently. In addition, the data can be accessed in
several different ways (e.g., through applications processing,
online query, and report writing programs). And, the access can
be quickly changed by modifying the definition of the tables or
views. With the traditional applications-based file approach, the
programs would have to be revised to provide access to more or

less data.

Privacy. The security modules available through DBMS software
can contain powerful features to protect the database against
unauthorized disclosure, alteration, or destruction. Control over
data access can typically be exercised down to the data element
level. Users can be granted access to data for reading or updating

(add, revise, delete) data. Other ways to implement security
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include data classification (i.e., data objects are given
classification levels and users are assigned clearance levels) and

data encryption (discussed in Chapter 9).
Review Question
What are the relative advantages of the database approach?

These advantages add greatly to the incentive for firms relying on

legacy systems to move to database-supported applications.
Enabling Event-Driven Systems

Earlier we noted that file management approaches are often
sufficient to support traditional transaction processing. Without
question, database management systems can improve the efficiency
of processing data by eliminating data redundancies, improving data
integrity, and so forth. However, the big change that database
management systems have enabled is the realization of event-driven
data processing systems. As noted earlier, event-driven systems are
oriented toward the concept that complete data describing business
events should be kept in its original form, where multiple users from
throughout the organization can view and aggregate event data

according to their needs.

At the heart of this movement toward event-driven systems is a
fundamental shift in the view of information processing in business

organizations. Traditionally, organizational Information Systems
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have been focused first on capturing data for the purpose of
generating reports, and using the reporting function to support
decision making. Increasingly, management is shifting to viewing
the primary purpose of organizational Information Systems as
decision support while reporting is secondary. This perspective leads
to a focus on aggregating and maintaining data in an original form
from which reports can be derived, but users can also access and
manipulate data using their own models and their own data
aggregations. In Chapter 5, we will discuss Information Systems
such as business intelligence and expert systems that are designed to
improve decision making. If you look ahead to the figures in
Technology Insights 5.2 (page 149) and 5.3 (page 152) you will
notice that both types of support systems generally require access to

detailed data stored in databases.

The strategic shift toward event-driven systems is further
embodied in two contemporary concepts that are driving new
database management systems implementations: data warehousing
and data mining. Data warehousing is the use of Information
Systems facilities to focus on the collection, organization,
integration, and long-term storage of entity-wide data. Data
warehousing’s purpose is to provide users with easy access to large
quantities of varied data from across the organization for the sole

purpose of improving decision-making capabilities. Data mining is
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the complementary action to data warehousing. Data mining refers to
the exploration, aggregation, and analysis of large quantities of
varied data from across the organization to better understand an
organization’s business processes, trends within these processes, and
potential opportunities to improve the effectiveness and/or efficiency
of the organization. The “warehouses of data” analogy makes sense
as the software to support data storage is akin to physical
warehousing approaches used to store and retrieve inventory—when
an item needs to be restocked on the store shelf, there must be some
system whereby the item can be located in the warehouse and

retrieved.

Data warehousing and data mining opportunities are enabled and
enriched through the use of event-driven systems focused on
capturing data that provide comprehensive views of business events.
However, neither effective event-driven systems nor data
warehouses are possible without effective implementation of
database management systems. Both objectives are dependent on the
massive data integration and data independence made possible
through database technology. Both warehousing and data mining
may also be limited if well-designed database models that provide
for future information needs are not effectively implemented. This
process starts with the information requirements analysis and

successful attainment of an understanding of all users’ potential data
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and information needs.

Review Question

What do the concepts of data warehousing and data mining mean?
Entity-Relationship (E-R) Modeling

Chapter 2 described E-R diagrams and showed you how to read
them. Before moving on to developing E-R diagrams (in Appendix
A), you should expand upon your knowledge of E-R diagrams to
ensure a solid understanding of entities and attributes. This
knowledge aids in the development of solid data models that lead to
effective database structures. Although the diagrams can appear
complex at first, they provide a very useful high-level tool for
understanding the complicated relationships that exist among data in
typical firms. E-R diagrams permit users and/or developers to
communicate with a common understanding of how different types
of data relate, including data about entities and business events. This
understanding also permits a decision maker to interpret reports and

analyses correctly based on extracts from a database.
Entities and Attributes

An entity is an object, event, or agent about which data are
collected. As examples, objects could include such things as orders,
sales, and purchases. Agents include people such as customers,

employees, and vendors. Basically, an entity is anything that
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independently exists.
Review Question
What is an entity?

In order to understand which entity we are capturing in our
database and, likewise, to be able to identify that unique entity when
we retrieve the data, we need to describe the entity in detail. In a data
model, we describe entities by recording the essential characteristics
of that entity that fully describe it. In other words, we record its
attributes. An attribute is an item of data that characterizes an entity
or relationship. Figure 3.8 displays an attribute hierarchy for an
entity CLIENT. Notice that to describe fully a CLIENT we need to
record several attributes such as Name, Address, Contact Person,
and Phone Number. Sometimes, attributes are a combination of
parts that have unique meanings of their own. For instance, in Figure
3.8, Address might consist of several independent subattributes such
as the Street Address, City, State, and Zip_Code. Attributes that
consist of multiple sub-attributes are referred to as composite

attributes.

[Insert Figure 3.8 here]
Review Question
What is an attribute?

Note that an inherent assumption we have made in specifying the
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attributes for the entity, CLIENT, is that there is a common set of
attributes for each entity of interest in our database.* That is, for
every client we need to know the client’s name, address, contact
person, and phone number. To design an effective data model, you
must learn to identify the complete set of entities and the common
attributes that fully describe each entity. It is very important that the
attributes are also sufficient to allow the user of a database to

identify uniquely each entity in the database.

* Technically, CLIENT would be an “entity type” in that it
describes a collective group of entities (e.g., different clients).
However, most database developers use the term entity rather than
“entity type,” as it is understood that all entities of interest will fall
into some category of similar-type entities. We will use this

common terminology throughout the remainder of our discussion.

To achieve the objective of uniquely identifying each entity to be
stored in our database, it is necessary that one or more attributes be
identified that will always allow the user to access the entity that he
or she is seeking. A key attribute is the attribute whose value is
unique (i.e., different) for every entity that will ever appear in the
database and is the most meaningful way of identifying each entity.
This key attribute becomes the primary key. For our CLIENT entity,
we might be able to use the Name for the key attribute; but

alphabetic-based attributes like names are tricky because computers
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are sometimes sensitive to the use (or non-use) of capital letters.
Further, spellings and full names can be tricky in that one user might
view the company name as “Arnold Consultants” while another user
might use the full name, “Arnold Consultants, LLP.” If possible, it is
preferable to use a numeric-valued or a non-naming alphabetic
attribute. For instance, we could use a client number that would
typically be assigned to each CLIENT. A numeric form using a
sequential coding scheme might assign a number such as “12345.” A
non-naming alphabetic form using block coding to categorize
companies by the first letter of a company’s name might assign an

alphanumeric such as “A1234” for the client number.
Review Questions

What is a relationship?

What is a key attribute?

Review Question

Why is it preferable to use a numeric-based attribute as the key

attribute?

Figure 3.9 part (a), displays the symbols that are used to represent
entities and attributes, as seen earlier in the E-R diagrams in Chapter
2. In Figure 3.9, part (b), the rectangle is accordingly used to
represent the CLIENT entity. In order to map the attributes of an

entity, we add oval connectors [as shown in part (a)] for each
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attribute. Notice in part (b) that we have added an oval for each of
the attributes shown in Figure 3.8. For the composite attribute
Address, we use the same oval connectors for each of the
subattributes of the main attribute. Note that we have added an
attribute beyond those shown in Figure 3.8—Client Number. We
have added this attribute as a key attribute, and have used an
underline on the attribute name to document its selection as the key

attribute.

[Insert Figure 3.9 here]

Relationships

Relationships are associations between entities. As we have
discussed in the previous section, a database consists of several (or
many) different types of entities. However, in order to make the data
stored in these entities effective for users to reconstruct descriptions
of various business events, the various entities must be logically
linked to represent the relationships that exist during such business
events. The ease with which a user can ultimately extract related data
from a database is heavily dependent on the quality of the database’s
logical design—that is, effective identification of the relationships
between different entities. These relationships map and define the
way in which data can be extracted from the database in the future.
The mapping of the relationships between entities (i.e., development

of the E-R diagram) provides a roadmap for getting from one piece
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of data in the database to another related piece of data.

A three-step strategy is generally most effective in identifying all
of the relationships that should be included in a model. First,
consider the existing and desired information requirements of users
to determine if relationships can be established within the data model
to fulfill these requirements. Second, evaluate each of the entities in
pairs to determine if any entity provides an improvement in the
describing of an attribute contained in the other entity. Third,
evaluate each entity to determine if there would be any need for two
occurrences of the same entity type to be linked—e.g., identify
recursive relationships. Appendix A describes the development of an

E-R model in greater detail.
Review Question

Why is it important that you identify all of the important

relationships when developing an entity-relationship (E-R) diagram?

A major thrust in many organizations has been a move toward
completely integrating all data across an organization. These
completely integrated enterprise models are the foundations for
implementing enterprise systems, which are discussed in Technology
Insight 3.2. Integration allows many users to share entity-level data

by linking business events within related business processes.

[Insert TECHNOLOGY INSIGHT 3.2 box here]
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Relational Databases

The relational database model is a logical model for a database in
which data are logically organized in two-dimensional tables
referred to as relations. We focus on the relational database model at
this point because of its dominance in contemporary systems. (An
alternative, the object-oriented model, is discussed in Technology
Insight 3.3.) While there is a growing push toward object-oriented
databases, the prevalence of large numbers of relational database-
driven legacy systems makes such a switchover rather costly for
most organizations. Many of these legacy systems (i.e., old systems
that were developed using an organization’s previous computer
hardware and software platforms) have been functioning reliably for
decades. As an alternative to making costly switchovers to object-
oriented databases, relational database vendors provide modified
versions of their software that support objects within the relational
structure. We anticipate that relational-based systems will remain

dominant for the foreseeable future.

[Insert TECHNOLOGY INSIGHT 3.3 box here]

Review Question

What are the relative advantages of the relational and object-oriented

database models?

Basic Relational Concepts
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Relational databases are often perceived to be a collection of tables.
This is a reasonable perception in that the logical view of the data is
a tabular type format referred to as a relation. A relation is defined
as a collection of data representing multiple occurrences of an object,
event, or agent. Similar to an entity, objects include such things as
inventory, equipment, and cash. Events may include orders, sales,
and purchases. Agents could include customers, employees, and

vendors.
Review Question
What is a relation?

Figure 3.10 displays an example relation along with labels for
each of its components. Consistent with a tabular representation, a
relation consists of rows and columns. Rows are referred to as tuples
and columns are referred to as attributes. Tuples are sets of data that
describe an instance of the entity represented by a relation (e.g., one
employee in the EMPLOYEE relation). We may think of a tuple as
being akin to a record in a traditional file structure. While technically
they are different, logically they are similar. Attributes, as they do in
an E-R diagram, represent an item of data that characterizes an
object, event, or agent. In terms of traditional file structures, we

would parallel attributes (i.e., the columns in a relation) to fields.

[Insert Figure 3.10 here]
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Review Questions
What is a tuple?
What is an attribute in a relational data model?

In viewing the relation in Figure 3.10, note that the data contained
in the table do not appear to be in any particular order. In a relational
database model there is no ordering of tuples contained within a
relation. This is different from the traditional file structures you
studied earlier in this chapter, where sequence or keyed location was
usually critical. Rather, ordering of the tuples is unimportant since
the tuples are recalled by the database through matching an
attribute’s value with some prescribed value, or through a query by
which ordering could be established if desired (e.g., by sorting on

one of the attributes—such as by Pay Rate or Billing Rate).
Review Question

Compare and contrast the data structures for data stored in a file and

data stored in a relational table.

In order to uniquely identify a tuple, it is critical that each be
distinct. This means that each tuple in a relation can be uniquely
identified by a single attribute or some combination of multiple
attributes. Similar to the rules used for constructing an E-R diagram,
a primary key (which is equivalent to a key attribute in an E-R

diagram) is specified to uniquely identify each tuple in the relation.
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Notice in Figure 3.10 that Employee Number is the primary key (the
attribute name is underlined) and that it is unique for every tuple.
There may be other attributes in the relation that also have the ability
to serve as a key attribute, and in a relation these additional attributes
can form secondary keys referred to as candidate keys. For any
attribute specified as a key attribute, that attribute must have a
unique and “non-null” value (i.e., there has to be some value
assigned to the attribute for each tuple). Notice that Soc_Sec No
would also be unique and could possibly be used as a candidate key,
but constraints would have to be put in place to ensure every tuple
has a value since it is possible that an employee could, at least

temporarily, not have a social security number.

Additionally, constraints should be put in place to assure that the
referential integrity of the database is maintained. Referential
integrity requires that for every attribute value in one relation that
has been specified in order to allow reference to another relation, the
tuple being referenced must remain intact. In other words, as you
look at the relation, EMPLOYEE, in Figure 3.10, notice that
EMPLOYEE is party to a recursive relation [also modeled in
Appendix A in Figure 3.11, part (b), page 90]. In this recursive
relation, Supervisor No is used to reference the Employee Number
of the supervising employee. If the tuple for Greg Kinman were

deleted from the database, note that four other employees would no
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Conclusions

longer have a valid Supervisor No (e.g., the Supervisor No would
be referencing a tuple [A632] that no longer exists). Hence, a
referential integrity constraint would require the user to reassign the
four employees to a new supervisor before the tuple for Greg

Kinman could be deleted.
Review Question

What is referential integrity?

As information needs and wants of users escalate, integrated
databases have become the norm rather than the exception. The
focus is no longer on the question, “Where can we implement
databases?” But rather the focus has shifted to, “How do we
integrate as much of our data as possible into a single logical
database?” To retain flexibility, some organizations pursue self-
developed and self-designed integrated database systems. For many
organizations, the packaged solution of an enterprise system is the
desired approach for data integration. Either way, the expertise of
information specialists is key to successfully overcoming the

challenges of implementing such integrated database systems.

With these opportunities and challenges also come huge
responsibilities. The very lifeblood of an organization becomes

wrapped up in a database that contains all of the organization’s
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information. If the database is destroyed and cannot be recovered,
the organization will probably not survive in today’s business
environment. Likewise, if competitors or others gain access to the
data, the organization’s ability to compete can also be seriously

jeopardized.

Safeguarding data, while at the same time getting the information
to users who need the information, is not a simple task. In Chapters 8
and 9, our discussion will shift to the issues surrounding data
reliability, access, and security. You will learn about procedures that
organizations implement to assure the reliability of information that
is updated or added to the database. You will also learn about
safeguarding data and maintaining backups of data so that if
something should happen to the database, it can be recovered in a
timely manner. These are truly challenging but exciting times for
managers and other professionals who are prepared to operate in an

information systems environment.

Appendix 3A

E-R Model Development

As we mentioned earlier, there is a three-step strategy to identify the
relationships that should be included in a data model. First, it is very
important that you study business events, and understand users’
information requirements, in order to identify all of the ways in

which different entities are related. This information will provide the
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foundation level of relationships required in the database model. The
remaining two steps (i.e., evaluating each of the entities in pairs to
determine if any entity provides an improvement in describing an
attribute contained in the other entity, and evaluating each entity to
determine if there would be any need for two occurrences of the
same entity to be linked) enable you to refine and improve this

foundation-level model.

The focus for our E-R model development will be on the client
billing process generally used by service firms such as architecture,
consulting, and legal firms. The nature of the process is that each
employee in the firm keeps track of time spent working on each
client’s service, generally filling out a time sheet each week. The
hours spent on a client are then multiplied by that employee’s
billable rate for each hour worked. The cumulative fees for all
employees’ work are used to generate the bill for the client. This
way, the client only pays for the services it actually receives. The
challenge here is capturing all of the information necessary to track

employees’ work hours and client billing information.

Examine Figure 3.11, part (a). Desirable linkages between entities
will often be fairly easy to recognize when the relationship appears
to define an attribute more clearly. If our billing system requires that
we know for which client an employee has worked, the entity

representing work completed needs to include a client number. This
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client number would link the WORK COMPLETED entity to the
CLIENT entity that provides us with a full description of the
attribute denoted by client number in WORK COMPLETED.
Obviously, as shown in Figure 3.11, part (a), CLIENT is a separate
entity and not an attribute. At the same time, CLIENT does improve
the description of an attribute for the work completed—the client for
whom the work was performed. This descriptive value makes it
apparent there should be a relationship between the CLIENT entity
and the entity capturing the completed work. Hence, we can often
identify the need for defining relationships (such as Works For) by
also looking at the prescribed entities as pairs (in this case, we jointly
examined the pair CLIENT and WORK COMPLETED) to identify
logical linkages that would improve the description of an entity’s

attributes.

[Insert Figure 3.11 here]

Let’s look at another type of relationship that is displayed in
Figure 3.11, part (b). The relationship Supervises is referred to as a
recursive relationship. A recursive relationship is a relationship
between two different entities of the same entity type. For instance,
there usually are relationships between two employees, such as one
employee who supervises another employee. This relationship may
be important in some decision-making contexts and, therefore,

should be represented in our database. We represent this relationship



Gelinas 3-44

using the technique demonstrated in Figure 3.11, part (b). Consider
the alternative: If we try to represent supervisors and their supervised
employees as separate entities in our model, we end up with data
redundancies when the supervisor is in fact supervised by a third
employee. It is easier simply to create a recursive relationship to the
entity, EMPLOYEE, whereby a link is created between one
employee who is being supervised and another employee who is the
supervisor. As shown in our sample diagram, the diamond is still
used to represent the recursive relationship, Supervises, just as would

be used to show any relationship (e.g., Works For in part a).
Review Question

What is different about a recursive relationship in comparison to

other relationships in a data model?
Model Constraints

In this section we explore the various types of relationships that can
occur and discuss the constraints that are used to specify such
relationships. In Chapter 2, we briefly explored three different
relationship types: 1:N (one-to-many), M:N (many-to-many), and
1:1 (one-to-one). The connotations of these three relationships are
what we refer to as cardinality. The cardinality constraint of a
relationship relates to the specification of how many occurrences of
an entity can participate in the given relationship with any one

occurrence of the other entity in the relationship.
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In Figure 3.12 (page 92), part (a), we demonstrate the
specification of cardinality constraints for the one-to-many
relationship Works. Note that the specification is done by placing the
“1”” above the left line of the relationship, specifying one employee
performs an employee work day; and the “N” above the right line,
specifying that many client work days may be performed by an
employee. To determine the cardinality of a relationship, you have to
ask yourself the question, “How many items (records) in this entity
could be related to any one item (record) in the other entity—one or
multiple?” The answer determines that half of the cardinality ratio,
and then the same question is asked in the reverse direction of the
relationship in order to determine the other half of the cardinality
ratio. In our example, we take the relationship in Figure 3.12, part (a)
and ask the question, “How many work days can an employee have
on a client service engagement?” The answer is many (based on the
attributes specified for WORK COMPLETED in Figure 3.12, part
(a), which indicates that a given occurrence in the
WORK COMPLETED entity relates to one employee’s time spent
on a given client in a single day—based on time being captured by
the Date attribute). The question is then reversed and we ask, “How
many employees can provide a specific employee work day?” The
maximum number will be one. Hence, the cardinality of the

relationship is specified as one-to-many and notated on the diagram
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with the “1” and “N.” For the database to maintain this relationship,
a constraint must be enforced to ensure that data are never entered
indicating that more than one employee is responsible for a given

client work day.

[Insert Figure 3.12 here]

Cardinality is the most common constraint specified in E-R
diagrams. The other meaningful constraint that may be specified is
participation. The participation constraint is used to specify both
the minimum and maximum participation of one entity in the
relationship with the other entity. In Figure 3.12, part (b), the
participation constraints are reflected in the partial E-R diagram. In
our Works relationship we just discussed, not every employee will
have worked on specific client service projects, but rather may have
non-client service responsibilities, such as training, that he or she
spends time on. The “many” in the cardinality ratio only specifies
the maximum participation in the relationship, not the minimum. In
specifying the participation in the relationship, the maximum is still
many, but the minimum may be zero. The line on the right reflects
the range of zero to many occurrences of work being completed on
client projects with the notation (0,N), where the numbers reflect
(minimum, maximum). On the other hand, for any given occurrence
of a client workday, the maximum of one employee providing the

specific service still holds. At the same time, the minimum is also
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one as there must be an employee who performs a particular
occurrence of the completed work. Note the required participation of
one, and only one, employee is shown on the left line of the

relationship as (1,1).

While the participation constraint may provide more information,
it is still used much less frequently than the cardinality constraint. As
such, we will tend to present the diagrams in this text using
cardinality constraints. It is important, however, that you are familiar
with both types of constraints and the notation applied, since as a
member of a team developing or using an E-R diagram, you need to
be able to communicate using the methods selected by a given

organization.

Review Question

What is different about the information provided through cardinality

constraints versus participation constraints?

Entity Relationship (E-R) Diagrams

We have now worked our way through all the pieces necessary to
develop effective E-R diagrams. If you have successfully gotten a
handle on each of the concepts explored so far in this chapter, you
should be ready to start developing an integrated database model.
Each of the data model segments that has been displayed in Figures

3.8 through 3.12 represents part of the evolution toward our diagram.
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Review Question

What is the importance of an E-R diagram in facilitating event-
driven systems and the integration of data between business

processes?

At this point, it may be worth recalling our discussion earlier in
this chapter on event-driven systems. One of the fundamental
requirements for moving toward an event-driven model was the
complete integration of data related to an organization’s various
business events. We will use our data modeling techniques to
demonstrate the integration of just two business processes: client

billing and human resources.

The objective in the development of an E-R diagram is to
integrate the data in a manner that allows business processes access
to the data necessary for effective performance. Figure 3.13 presents
the integrated data model for two business processes (i.e., the billing

and human resources functions).
[Insert Figure 3.13 here]

In a service organization such as a consultancy firm, billing of
clients is heavily dependent on tracking the actual person-hours put
into providing service to a client. To effectively execute the client
billing process, our database needs to capture data related to all

employees who contributed time to client service and, at the same
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time, be able to tie these employees’ efforts to a specific client. To
further complicate matters, each employee may have a different
billing rate for his or her time. To meet the needs of the billing
process, we must be able to aggregate specific employees’ time put
into providing service to a client, each employee’s billing rate, and
sufficient information about the client to deliver the billing
statement. Three entities are involved in the billing process: (1)
EMPLOYEE, (2) CLIENT, and (3) WORK _COMPLETED. Note in
Figure 3.13 that the three entities for the billing process are linked
together on the right half of the diagram. The linkages allow us to
pull together information related to the employees’ hours worked on
a specific client, their billing rates, and the contact address for

sending the billing statement.

Service organizations are also interested in tracking employee
work activities through the human resources process. The human
resources process includes (among other activities) both payroll
activities and employee education and development. To complete the
payroll process, information is needed regarding work hours
completed, pay rate, vacation time, sick days, and training time.
Payroll activity information can be drawn from four entities (i.e.,
RELEASE TIME, TRAINING COMPLETED, EMPLOYEE, and
WORK_ COMPLETED) in order to aggregate the information

necessary to determine the employee’s pay rate, hours worked, hours
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in training, and hours used of allocated sick and vacation time.

Regarding employee education and development, the human
resources department monitors training activities to assure the
employee is receiving enough continuing education. At the same
time, human resources also monitors the percentage of billable hours
the employee has accumulated as a measure of job performance. To
handle all of these activities, human resources needs to be able to
link data related to completed work activities and training programs.
This information can be drawn from three entities (i.e.,
EMPLOYEE, TRAINING_COMPLETED, and WORK _
COMPLETED) to determine a given employee’s training coverage

and percentage of billable hours.

Again, it is important to recognize that Figure 3.13 demonstrates
only a small part of the overall enterprise model that would be
required to integrate all information across an organization. The E-R
diagram does effectively integrate the data required for the
prescribed business processes. As other business processes are
selected and integrated, the model will continue to expand through

an explosion of entities and relationships.

Appendix 3B

Mapping an E-R Diagram to a Relational DBMS

In this chapter, we have discussed the development of E-R diagrams
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and the foundations for implementing well-constrained relational
database models. It is now time to put these two concepts together.
This process is referred to as mapping an E-R diagram into a logical

database model—in this case a relational data model.

We introduce here a five-step process for specifying relations
based on an E-R diagram. Based on the constraints we have
discussed in this chapter, we will use this five-step process to
develop a well-constrained relational database implementation.
Follow along as we map the E-R diagram in Figure 3.13 (page 93) to

the relational database schema in Figure 3.14.
1. Create a separate relational table for each entity.

This a logical starting point when mapping an E-R diagram into a
relational database model. It is generally useful first to specify the
database schema before proceeding to expansion of the relations to
account for specific tuples. Notice that each of the entities in Figure
3.13 has become a relation in Figure 3.14. To complete the schema,

however, steps 2 and 3 must also be completed.
[Insert Figure 3.14 here]

2. Determine the primary key for each of the relations. The

primary key must uniquely identify any row within the table.
3. Determine the attributes for each of the entities.

Note in Figure 3.13 that a complete E-R diagram includes
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specification of all attributes, including the key attribute. This
eliminates the need to expend energy on this function during
development of the relations. Rather, the focus is on step 2 and now
becomes simply a manner of determining how to implement the
prescribed key attribute within a relation. With a single attribute
specified as the key, this is a very straightforward matching between
the key attribute specified in the E-R diagram and the corresponding
attribute in the relation (e.g., Employee Number in the EMPLOYEE
entity of Figure 3.13 and the EMPLOYEE relation in Figure 3.14).
For a composite key, this is a little trickier—but not much. For a
composite key, we can simply break it down into its component
subattributes. For instance, in the implementation of the

WORK COMPLETED relation, Employee No, Date, and
Client_No would be three distinct attributes in the relation, but
would also be defined as the key via a combination of the three. The
completed schema is presented in Figure 3.14. Note the direct
mapping between the entities and attributes in the E-R diagram and

the relations and attributes respectively in the relational schema.
Review Question
How is a composite key implemented in a relational database model?

4. Implement the relationships among the entities. This is
accomplished by ensuring that the primary key in one table also

exists as an attribute in every table (entity) for which there is a



Gelinas 3-53

relationship specified in the entity-relationship diagram.

With the availability of the full E-R diagram, the mapping of the
relationships in the diagram with the relationships embedded in the
relational schema is again fairly straightforward. References to the
key attributes in one entity are captured through the inclusion of a
corresponding attribute in the other entity participating in the
relationship. However, the dominance of 1:N relationships in our
model simplifies this process. Let’s take a quick look at how the
different categories of relationships (i.e., cardinality constraints)

affect the mapping to a relational schema.

*  One-to-many (1:N or N:1) relationships are implemented by
including the primary key of the “one” relationship as an
attribute in the “many” relationship. This is the situation we have
for all of the relationships in Figure 3.13. The linking between
these relations in the schema are drawn in Figure 3.15. Note that
Client_No in CLIENT and Employee Number in EMPLOYEE
provide the links to WORK_ COMPLETED. Similarly,
Employee Number in EMPLOYEE provides links to
TRAINING COMPLETED and RELEASE TIME. The
recursive relationship with EMPLOYEE is linked using
Supervisor No to identify the correct EMPLOYEE as the

supervisor.

[Insert Figure 3.15 here]
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One-to-one (1:1) relationships are treated as a one-to-many
relationship. But, to implement the one-to-one relationship, we
must decide which of the entities is to be the “many” and which
is to be the “one.” To do this we might predict which of the
“ones” might become a “many” in the future and make that the
“many.” If we can’t decide, then either will do. For example, if at
present one employee workday was sufficient to complete any
client project, then a 1:1 relationship would exist between
WORK COMPLETED and CLIENT. Even in this situation we
would still select the Client No in CLIENT to establish the
primary key (see Figure 3.15) in anticipation that in the future a
client engagement might require more than one day to complete
and more than one employee to complete (i.e., the formation of
the many dimension shown in the relationship of Figure 3.13,

page 93).

Many-to-many (M:N) relationships are implemented by creating
a new relation whose primary key is a composite of the primary
keys of the relations to be linked. In our model we do not have
any M:N relationships, but if we had not needed to record the
Date and Hours in the WORK COMPLETED entity, that entity
would not have existed. Still, we would then need a relationship
between the EMPLOYEE and CLIENT entities which would

then be a M:N relationship. This creates problems because our
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relations cannot store multiple client numbers in a single
EMPLOYEE tuple for all clients in which an employee provides
services. Similarly, a single CLIENT tuple cannot store multiple
employee numbers to record all employees working on an
engagement. In that situation, we would have needed to develop
a relation to link the EMPLOYEE and CLIENT relations (see
Figure 3.16). This new relation would have a composite key
consisting of Employee Number from EMPLOYEE and
Client No from CLIENT—essentially the same as what we
currently have with the composite key in the existing relation,
WORK COMPLETED (see Figure 3.15). Note that we wouldn’t
combine the columns, but rather just as we have done in the
WORK_ COMPLETED, TRAINING _COMPLETED, and
RELEASE TIME relations, the individual attributes making up
the composite key remain independent in the corresponding

relation.

Review Question

What is the difference in implementation of a one-to-many and a

one-to-one relationship in a relational database model?
[Insert Figure 3.16 here]

Beyond concerns over meeting the constraint requirements for
primary keys, we must also assure adherence to the referential

integrity constraints. We identify the referential integrity constraints
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by locating the corresponding attribute in each relation that is linked
via a relationship. We then determine which of the relations contain
the tuple that if the reference attribute were deleted or changed
would jeopardize the integrity of the database. In Figure 3.15 the
referential integrity constraints are represented by arrows, with the
destination of the arrow being the attribute requiring control for
referential integrity. In other words, the attribute that is pointed to, if
changed or deleted, could cause an attribute to have a nonmatching
value at the source of the arrow. To ensure referential integrity,
constraints should be put in place to assure Employee Number is not
altered or deleted for any EMPLOYEE until the referencing attribute
values for the Employee No attributes in WORK COMPLETED,
TRAINING _COMPLETED, and RELEASE TIME have first been
corrected. Likewise, a similar constraint should be placed on
Client No in CLIENT until Client No has been corrected in

WORK COMPLETED.

5. Determine the attributes, if any, for each of the relationship

tables.

Again, in the extended version of the E-R diagram, the attributes
map directly over to the relations. The implementation of the schema

is shown in Figure 3.17.
[Insert Figure 3.17 here]

REVIEW QUESTIONS
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RQ3-1 What business events are typically encountered by a merchandising

firm?

RQ3-2 How do the business events for a service firm differ from those of a

merchandising firm? How are they similar for the two firms?

RQ3-3 How are event-driven systems different from traditional transaction

processing systems?
RQ3-4 What is meant by the idea of “storing data at the event level”?

RQ3-5 Why is it important to capture the who, what, where, and when in

describing business events?
RQ3-6 a. Whatis file management?

b. How are the applications-based file and database approaches to

data management the same? How are they different?
c.  What are the relative advantages of the database approach?
RQ3-7 What do the concepts of data warehousing and data mining mean?
RQ3-8 a. Whatis an entity?
b.  What is an attribute?
c.  What is a relationship?
d. What is a key attribute?

RQ3-9 Why is it preferable to use a numeric-based attribute as the key

attribute?
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RQ3-10 Why is it important that you identify all of the important

relationships when developing an entity-relationship (E-R) diagram?

RQ3-11 What are the relative advantages of the relational and object-oriented

database models (Technical Insight 3.3)?
RQ3-12 a. Whatis a relation?
b. What is a tuple?
c.  What is an attribute in a relational data model?
d. What is referential integrity?

RQ3-13 Compare and contrast the data structures for data stored in a file and

data stored in a relational table.

RQ3-14 (Appendix A) What is different about a recursive relationship in

comparison to other relationships in a data model?

RQ3-15 (Appendix A) What is different about the information provided

through cardinality constraints versus participation constraints?

RQ3-16 What is the importance of an E-R diagram in facilitating event-
driven systems and the integration of data between business

processes?

RQ3-17 (Appendix B) How is a composite key implemented in a relational

database model?

RQ3-18 (Appendix B) What is the difference in implementation of a one-to-

many and a one-to-one relationship in a relational database model?
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DQ3-1

DQ3-2

DQ3-3

DQ3-4

DQ3-5

DQ3-6

DISCUSSION QUESTIONS

Using the descriptions provided in Figure 3.4 (page 74), identify the
key event data you would want to capture based on the 4 W’s (who,

what, where, and when).

“The database approach to data management is the only approach
that makes sense for most organizations in today’s economic and

technical environment.” Do you agree? Discuss fully.

“Our company’s database contains some very sensitive information
about our customers. Shouldn’t we keep that in a separate file so that
those who shouldn’t have access to it (like the payroll supervisor and

the receptionist) can’t look through it?” Discuss.

Examine Figures 3.18 (page 101) and 3.19 (page 102). Using the
combination of the E-R diagram and the schema, identify each of the
referential integrity constraints that should be considered. Explain

why each is necessary.
[Insert Figure 3.18 here]
[Insert Figure 3.19 here]

(Appendix A) Examine Figure 3.18 and the five relationships.
Determine the cardinality constraints for each of the relationships.

Be prepared to defend the rationale for your selection.

(Appendix A) Examine Figure 3.18 and the five relationships.

Determine the participation constraints for each of the relationships.
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P3-1

Be prepared to defend the rationale for your selection.

PROBLEMS

Notes regarding Problems 1 through S: These problems should be
completed with a database software package, such as Microsoft
Access. For Problems 1 through 3, you may use data that you (or
your instructor) downloaded from a database. Problem 4 provides
an alternative to Problems 1 through 3 by using the database
structure and sample data from Figure 3.19 (page 102). This

problem may also be completed using the software of your choosing.

Before starting this problem, you should consult the customer master

file record layout in Figure 3.6 (page 76).

REQUIRED: Using the database software indicated by your

instructor:

a. Create the “structure” for the records in the customer file. Use
Figure 3.6 as a general guide to the data elements to be included
in the customer records. However, observe the following

specific requirements:

(1) Devise your own coding scheme for the “customer

number.”

(2) For the customer address, provide three separate fields, one

each for street address, state, and ZIP code.

(3) Provide for two additional data elements that are not shown
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in Figure 3.6 (because they normally would be accessed from

other files}—open sales orders and accounts receivable balance.

If the software package supports a function to design input
screens, create the screen format to be used for entering

customer data.

Create hypothetical customer records and key the data into the
database. The only design constraint is to use a variety of
names, street addresses, states/ZIP codes, open sales order
amounts, accounts receivable balances, and credit limits. (The

number of records will be indicated by your instructor.)

Obtain a printout of the database records.

P3-2 NOTE: This problem is a continuation of Problem 1.

REQUIRED:

a.

“Search” the database for all customers with a ZIP code of
77777 (choose a code that is common to at least two, but not
to all, of your customers). Obtain a printout of your search
algorithm and a list of customers whose records met the search

parameter.

“Sort” the database in the descending order of credit limit
amounts. Obtain both a printout of your sort algorithm and the

sorted list of customers.

Create a “Customer Status Report” (the report title). Observe
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the following specific requirements:

(1) Provide column headings, in left-to-right order, for
customer name, credit limit, accounts receivable balance, and

open orders.

(2) For each state, print subtotals of the accounts receivable

balance and open orders columns.

P3-3 NOTE: This problem is a continuation of Problem 1.

REQUIRED:

a.

Write a “program” to enter customer order amounts into the
system and to have the system either warn the user if the new
order places the customer over his or her credit limit or advise
the user if the credit limit is not exceeded. Store the program in

the system, and obtain a hardcopy printout of the program.

Test the program developed in (a) by entering the amounts of
customer order transactions (use a variety of order amounts and
different customers, such that you test all possible combinations
of variables involved in the credit-checking algorithm). (The
number of order transactions will be indicated by your
instructor.) Obtain hardcopy evidence of the results of your

testing.

P3-4 Using the database structure and sample data in Figure 3.19 as a

starting point (rather than Figure 3.6), complete the requirements of
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P3-5

P3-6

Problems 1 through 3 (or whatever portions of those problems your

instructor may indicate).

Use the database structure and sample data in Figure 3.19 to:

a.

Combine the tables to obtain a complete record of the order and
shipment. Obtain both a printout of the algorithm(s) used to

combine the tables and the list of these records.

Select the inventory items for which there is no order. Obtain
both a printout of the algorithm(s) used to select the items and

the list of the selected records.

Select those orders that have not yet been shipped (i.e., open
orders). Obtain both a printout of the algorithm(s) used to select

the open orders and the list of the selected records.

Calculate the total value (price) of the inventory items that are
on hand. Sort the items in descending order of value. Obtain
both a printout of the algorithm(s) used to perform the
calculations and to sort the records, and a list of the sorted

records.

This problem asks you to research the literature for controls that

apply to database management software.

REQUIRED: Develop a paper that discusses control plans for single

user PC database management systems (Microsoft Access or another

of your choosing). Your paper should explain how each plan
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P3-7

P3-8

operates (with illustrations where appropriate) and how the plan
helps to achieve the information process control goals discussed in
Chapter 8 (see Table 8.1 on page 250). (The number of pages will be
indicated by your instructor.) Note: Limit yourself to controls that
apply only to database application software. Do not discuss PC

pervasive control plans.

Write a short paper describing the database underlying a small
company enterprise system (e.g., Quickbooks”, Peachtree®,

MYOB?®, or another you have access to).

a. Does it appear to be integrated? When you change an item of
data in one application, does it carry through to others? (For
example, if a customer’s billing address is changed, do all

existing invoices reflect the change?)
b. How easy is it to set up the data relationships for the database?
c. Can you view the schema? Are subschemas supported?

d. Are there any controls in place to ensure that data relationships

make sense? (For example, is referential integrity supported?)

REQUIRED: Develop an entity-relationship diagram of the
Information System that supports the purchasing process of Proware

Company described below. Include the cardinality constraints.

The individual departments of Proware Company refer to various

vendor catalogs when they need to purchase items. They then
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complete a purchase request form over the company intranet for each
vendor. Once completed, the form is forwarded to the Purchasing
department, where it is validated and checked against the
department’s budget to ensure there are still funds available in its
supply budget. Each form is assigned a unique serial number,
referred to as the PO number. Purchasing transmits the validated

form to the vendor, or faxes it if the vendor is not online.

When the vendor fills the order, it sends an invoice to purchasing
and enclose a copy of the invoice with the shipment when it is
delivered to the department. The department verifies that the
contents match the PO, attaches a note approving payment, and
forwards the approved invoice to purchasing. An invoice may only
be partially approved, if an item was missing or incorrect. A second
payment authorization may be submitted at a later time when the

correct item is received.

Each week purchasing generates vendor checks based on the
approved authorizations from departments, and maintains a copy of
the check in the computer file. Vendors may be paid for multiple

orders (e.g. for several departments) in any given week.

Each month, purchasing generates a budget report for each
department, which itemizes the amount paid for each invoice, the
amount allocated for outstanding purchase orders, and the remaining

available funds for the department.



Gelinas 3-66

P3-9 REQUIRED: Develop an entity-relationship diagram of the

information ssystem that supports the hiring process of Proware
Company described below. Include cardinality and participation

constraints.

When a manager needs to hire an employee, he or she first
completes an Employee Requistion form over the company intranet,
which indicates the position open, the rate of pay, hours, skills
needed, and whether the requisition is for a replacement or additional

employee.

Once submitted, Human Resources recruits as needed to fill the
position. When applications arrive, Human Resources is responsible
for prescreening the applicants. Anyone who appears suitable is
scheduled for an interview with the hiring manager. The interview
date and time is noted on the application, and forwarded to the hiring

manager.

The hiring manager completes an interview form after each
interview and attaches it to the application. When all of the
interviews are complete, the hiring manager gives the name of the
top candidate to Human Resources, who prepares an offer letter to be
sent to the applicant. The applicant signs the letter to indicate
acceptance and returns it to Human Resources. An employee file for
the newest member of Proware is created, and the original

application, the interview form, and the offer letter are included in it.
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BOXES

[Start TECHNOLOGY INSIGHT 3.1 box here]
TECHNOLOGY INSIGHT 3.1

Database Management Systems (DBMS)

A database management system (DBMS) is a set of integrated programs designed to
simplify the tasks of creating, accessing, and managing a database. The DBMS performs

several functions, such as:
defining the data.

defining the relationships among data (e.g., whether the data structure is relational or

object-oriented).
mapping each user’s view of the data (through subschema — schema).

In the language of DBMS, a schema is a complete description of the configuration of
record types and data items and the relationships among them. The schema defines the
logical structure of the database. The schema, therefore, defines the organizational view

of the data.

A subschema is a description of a portion of a schema. The DBMS maps each user’s
view of the data from subschemas to the schema. In this way the DBMS provides
flexibility in identifying and selecting records. Each of the many database users may want
to access records in his or her own way. For example, the accounts receivable manager
may want to access customer records by invoice number, whereas a marketing manager

may want to access the customer records by geographic location. The figure below
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portrays the schema-subschema relationship.

[Insert UNF-p.78-2 here]

A chief advantage of a DBMS is that it contains a query language, which is a
language much like ordinary language. A query language is used to access a database and
to produce inquiry reports. These languages allow a nontechnical user to bypass the
programmer and to access the database directly. Deriving data from the database using a
query does not replace applications programs, which are still required to perform routine
data processing tasks. However, when information is needed quickly, or when a manager
wishes to “browse” through the database, combining data in unique ways, the query
facility of a DBMS is a vast improvement over the traditional method of requesting that a

program be written to generate a report.

A DBMS normally contains a number of security controls to protect the data from
access by unauthorized users as well as from accidental or deliberate alteration or
destruction. A DBMS also contains routines for ensuring that the data can be

simultaneously shared by multiple users.

[End TECHNOLOGY INSIGHT 3.1 box here]

[Start TECHNOLOGY INSIGHT 3.2 box here]

TECHNOLOGY INSIGHT 3.2

Enterprise Systems

Enterprise systems are integrated software packages designed to provide complete
integration of an organization’s business information processing systems and all related

data. These systems are based on event-driven systems concepts, which include the
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capturing of business data for supporting decision making, as well as integration of the

underlying data to facilitate access and ad hoc analysis.

A number of enterprise systems are commercially available. The dominant player is
System Application Products (SAP) R/3, which commands the largest percentage of the
Fortune 500 market. Several other products are available and have established large
customer bases—often through establishing excellence in certain market niches. These
other vendors include JD Edwards, PeopleSoft, and Oracle. While these products are
designed to offer integration of everything from accounting and human resources to
manufacturing and sales staff logistics, products designed to focus on specific industries
are also appearing in the marketplace. These systems are capable of extracting data from
both enterprise systems’ data sources and legacy systems that may still exist within an
organization (or subsidiary of the organization). They can also support a Web interface to

allow business partners to initiate business events directly.

Originally, the implementation of enterprise systems was predominantly targeted at
large multinational manufacturers such as General Motors, IBM, and General Mills. This
strategy aimed where benefits would be expected to be the greatest, in that large
multilocation and multidivision companies often present the greatest challenges to
managers who mine data from corporate databases to improve overall organizational
decision making. Enterprise systems allow companies to standardize systems across
multiple locations and multiple divisions in order to link data in a consistent fashion and

provide organization-wide accessibility.

Large enterprises were the predominant implementers of enterprise systems, but

largely due to the costs of implementation. These systems typically took a year or more to
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implement at a cost of up to hundreds of millions of dollars, necessitating a similarly
significant return in benefits. As advances in technology underlying these systems has
evolved, small and medium sized enterprises (SMEs) have driven the new
implementation base. This shift has happened primarily due to two drivers: (1) the move
towards web-browser driven systems that reduce the expense of both the technology and
training; and (2) the emergence of application service providers (ASPs) that implement
enterprise systems and then lease out use of the enterprise system to several other
companies. In other words, the ASP runs the hardware and software for the company that
wants its data integrated via an enterprise system, and the company saves money by
essentially sharing the costs of the enterprise system implementation and maintenance
with several other companies that also use the same ASP. ASPs are discussed in greater

detail in Chapter 7 of the text.

[End TECHNOLOGY INSIGHT 3.2 box here]
[Start TECHNOLOGY INSIGHT 3.3 box here]
TECHNOLOGY INSIGHT 3.3
Object-Oriented Database Model

In an object-oriented database model, both simple and complex objects can be stored
through use of abstract data types, inheritance, and encapsulation. Let’s explain each of
these concepts. The relational model focuses on the storage of text-based data. In object-
oriented data models, these simple text-based data can be supplanted by non-text objects.
For instance, storage of video clips or pictures could become attribute values in an object-

oriented database. The use of abstract data types allows the user to define the data that
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will be stored in the database rather than having limitations placed during the database
development process. Inheritance allows object subclasses of an object superclass (the
equivalent to an entity in a relational database) to assume the same properties or attributes
(attribute means the same in object-oriented terminology as it does in relational) as the
object superclass, or in other words to inherit the attributes. The following figure
demonstrates such an inheritance hierarchy with the superclass EMPLOYEE providing
the same set of attributes to both subclasses—MANAGER and ADMIN_STAFF. In other
words, every MANAGER would have a Name, Address, and Employee No (as would
every ADMIN_ STAFF). Note that an object is drawn using a rectangle with rounded
corners and is divided into three parts: the object name, the attributes, and any

encapsulated methods (from top to bottom, respectively).
[Insert UNF-p.87-5 here]

Encapsulation is the biggest difference in object-oriented database models.
Encapsulation refers to the ability to build into the database model, as part of an object’s
definition, programmed procedures that change that object’s value (i.e., any of the
attribute values). At the same time, no other object can change the value of a given
object, as this is controlled within each object. On the other hand, part of the
encapsulation may be the querying of information from another object in order to have

sufficient data by which to perform encapsulated operations.

Users usually don’t see much difference. Other than encapsulation, other
characteristics of object-oriented models could be integrated into relational data models
and are increasingly being integrated in commercial packages. The most successful

integration tends to occur within relational models where attributes can be redefined to
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handle more complex object data.

[End TECHNOLOGY INSIGHT 3.3 box here]
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E-BUSINESS

When speaking about innovative electronic business (e-business)
organizations, we normally think of web pioneers such as
Amazon.com, E*TRADE, and eBay.' Yet, e-business is radically
changing the way many so-called brick-and-mortar companies (i.e.,
traditional organizations with extensive sales staffs and internally
controlled business processes) conduct operations in the current
business environment. Caterpillar Incorporated is typical of such
evolving organizations. The 75-year-old manufacturer of
construction and farming equipment is radically changing its supply-
chain operations through a Web-based makeover. This initiative will
allow Caterpillar’s customers to order and configure heavy
machinery and related products through an Internet connection. In
order to facilitate timely fulfillment of the many combinations of
equipment that may be ordered, Caterpillar is also opening up access
to key sales and business data for use by its suppliers. These
suppliers work closely with Caterpillar to ensure parts and materials
are available on an as-needed basis without interruptions on

assembly lines.

! A primary source for this vignette was Marc L. Songini,
“Caterpillar Moves to Revamp Supply-Chain Operations via the

Web,” Computerworld Online (October 11, 2000).
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Synopsis

Why would Caterpillar make such a radical change? Well, for
starters, there is the anticipated savings of $100 million in costs
during the first year the system is fully in place. Second, there is the
newly created ability to allow customers actually to customize
products and to provide them with build-to-order models not

previously available.

This chapter introduces the concept of e-business and explores how
communications technology is revolutionizing the way individuals
and organizations conduct business. As organizations venture down
this path, driving their business processes with electronic
communications, the trail of paper including invoices, check
payments, and so forth quickly disappears. E-business captures
business event data at the connection with a customer or supplier.
Enterprise systems store data and make it readily accessible to all
who need it. The evolution to e-business had been a rather slow
process before the advent of the Internet, which has switched the
evolution into high gear. As you study this chapter, you will learn
about the underlying technologies that facilitate e-business, the
complexities of displacing paper records with electronic ones, the
challenges faced in overcoming differences in technology usage and
Information Systems design in order to link two companies’

computer systems together, and finally the actions that must be taken
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to ensure that e-business conducted over the Internet is secure. All of
these technologies, along with the flexible processes they allow to
exist, are fundamental to providing companies like Caterpillar with
the capability to implement new streamlined processes and to create

build-to-order service for its customers.
LEARNING OBJECTIVES

* To describe and analyze the major approaches used to transfer electronic data during

business event data processing

» To explain the complexities that are introduced as electronic document management

moves us steadily toward the paperless office

» To evaluate the complexities surrounding electronic data interchange that are
introduced when linking two different organizations’ computer systems for joint

business event data processing

» To explain the challenges faced by organizations when they pursue direct business

links with customers via the Internet

» To be able to use business advantages gained through effective facilitation of e-

business
Introduction

The power of computers in transforming society is perhaps most
obvious today in the way communications have changed. Our
society has evolved from one that relied on face-to-face

communication, to one in which phones became the primary
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medium, to today’s society that is increasingly dependent on e-mail
and instant messages. In essence, the richness of older media has
been sacrificed for efficiency and effectiveness. In other words, the
phone took away the ability to detect emotions through an
individualappearance, and e-mail took away the ability to detect

emotions through voice inflection.

The Internet expanded the impact on society since it can
substitute for such a wide range of personal and commercial
interaction. The power of the Internet to support the sales and
marketing of products efficiently has led to incredible levels of Web
activity to support electronic commerce (e-commerce). E-commerce
i1s a commonly used term that describes the business events
associated with the Order-to-Cash and Purchase-to-Pay business
processes, which encompass electronically ordering goods and
services, and often the associated electronic payments. Although
frequently used interchangeably with e-business, e-commerce is
really only one part of what e-business encompasses. As noted in
Chapter 1, e-business is the involvement of two (or more)
individuals and/or organizations in the completion of electronically
based business events (i.e., the partial or complete elimination of
paper documentation and human intervention during business
processes in favor of more efficient electronically based

communication). These electronically based business events entail
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the interconnection of the underlying back-office processes of both
organizations. Pricewaterhouse Coopers was one of the first firms to
use the term e-business to broaden the narrower view of e-commerce
as support of the sales process. In 1999, the firm’s Web site included
a statement in its discussion of e-business that recommended looking
beyond the marketing aspects of a firm to see that e-business
involves “optimizing business processes, enhancing human capital,
harnessing technology, and managing risk and compliance.” We use
the term ““e-business” to refer to any interorganizational business
activities conducted by electronic means, including e-commerce. We
will sometimes use the term e-commerce when specifically

discussing Internet-enabled sales support.
Review Question
Briefly define e-business and e-commerce. How are they related?

A by-product of e-business is often the elimination of the staff
that would normally serve as the intermediary between the two
parties to the business event. In e-commerce, bypassing the sales
staff speeds up the business event by eliminating the interaction with
a salesperson, establishing a direct and therefore immediate linkage
to the vendor’s own Information System (which for many
organizations participating in e-business today would be their
enterprise system), and facilitating the electronic transfer of funds

for immediate payment. The business event is completed more
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quickly. Additionally, the purchaser may electronically solicit
pricing and quickly determine the best priceprice efficiency as well.
Often, the computer, eliminating any waste of a purchaser’s time on

such activities, does the price checking automatically.

It is not just big organizations that are using such technologies to
speed up a process. For instance, your favorite pizza joint or
sandwich shop may very well accept e-mail or fax ordering—
basically allowing you to avoid being put on hold when you place
your order and avoid the risk of the phone answerer getting the
wrong ingredients on your pizza or sandwich. The Domino’s Pizza
chain allows Internet ordering in some markets. You simply enter the
order yourself—reducing the business’s need for people to answer

the phones and take orders.

With the Internet, many more organizations now have the
opportunity to reach customers directly through electronic
communication. The potential of this distribution channel has led to
the explosion of e-business over the Internet. In this chapter, we will
explore a variety of technologies that enable e-business. We will also
learn about the various forms of e-business that are used by

organizations in today’s business environment.

One final note before we proceed. Throughout this text we
highlight the discussion of e-business as it relates to various business

processes, controls, and systems development issues. Since this
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chapter is specifically on e-business, we will reserve use of the e-
business icon to those places in the chapter where a particularly

critical e-business technology or concept is discussed.
The Changing World of Business Processing

For centuries, the basic manner in which commerce transpired
changed very little. In the past, a merchant would meet with a
customer or another merchant and form an agreement to provide
goods to customers in exchange for cash or other goods and services.
The merchant would then record these exchanges in books of
accounts, and periodically consolidate the entries recorded in the
books to determine how much various individuals owed the
merchant, how much the merchant owed other people, and the

excess cash and assets that the merchant owned.

Over the past three decades, the relative change in business
practice has been exponential. We have seen cottage industries
springing up on the Internet where there are no personal contacts and
face-to-face negotiations. We also see online catalogs that can be
viewed through an Internet browser and where orders can
immediately be placed and paid for over the Internet. Of course, the
bookkeeping functions may be done much the same as the ancient
merchant did them, but more likely the system will automatically
trigger collection from the credit card company, automatically record

the business event in the electronic database, and automatically
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update all of the related accounts. Indeed, many companies are using
web development tools from their enterprise system vendors to build
Web sites that from day one are linked into the enterprise system’s

processing and database.

While it may sometimes appear that we have switched from an
old way of doing commerce to a brand new way, both methods are
actually used by many organizations. The evolution of information
technology has simply provided for alternative channels supporting
business processes and business event data processing that enable
some organizations to become more efficient and effective by
altering the traditional means by which they have done business. To
understand fully how technology can enable an organization to
reengineer its business processes and more effectively enter into
commerce activities, you first must have a solid understanding of
how business event data processing can be completed. Once you
understand how processing is done, then the exploration of the
technologies that enable improved efficiencies in business event data

processing will be more meaningful.

In this chapter, we first examine the evolution of business event
data processing. Doing so will help you to understand how we got
where we are and to appreciate different stages of the e-business
evolution—including many organizations that still operate using

essentially the same processes used three or four decades ago! We
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might well view this latter method as a pre—e-business stage.

Automating Manual Systems

Ever since the earliest days of business, when fairly primitive
manual approaches were the only available information systems, the
cheapest and most efficient way to do data processing on large
volumes of similar business event data was to aggregate (i.e., batch)
several events together and then periodically complete the
processing on all of the event data at once. The periodic mode is the
processing mode in which there is a delay between the various data
processing steps. Although technically not the same, the periodic
mode is heavily dependent on the use of batch processing, and the
two terms are often used interchangeably. Batch processing is the
aggregation of several business events over some period of time with
the subsequent processing of these data as a group by the

information system.

Review Question

Explain the relationship between the periodic mode and batch

processing.

Almost all manual systems use the periodic mode. In a
computerized environment, the easiest approach to automating some
business processes has been to simply mirror analogous manual

batch processing systems.
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Batch processing systems typically require four basic
subprocesses to be completed before event data is converted into
informational reports that can be used by decision makers. Follow
along with Figure 4.1 (page 110)as we explain how each of these

four subprocesses are typically completed.
[Insert Figure 4.1 here]

* Business event occurs: At the point of occurrence for the
business event, the information for the event is recorded on a
source document (the activities of the sales department in Figure
4.1). For example, if you think of one of the small businesses you
might frequent, such as a used books and CDs shop, they may
often have you bring the books and CDs you wish to purchase to
a clerk at the front of the store. The clerk then writes down a
description of the items purchased on a sales slip (prepared in
duplicate) and totals the sale. He or she returns one copy to you
(often a white copy) and stuffs the other copy (generally a yellow

or pink copy) into a drawer of sales receipts.

*  Record business event data: A batch of source documents is
transferred to a data entry clerk (in the data processing
department in Figure 4.1) who takes the information from the
source documents and enters the data in a computerized format.
The business event data are usually entered using an offline

device (i.e., one that is not directly connected to the processing
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computer). The resulting computerized format becomes the event
data store. In our used books and CDs store, the owner-manager
or the employee closing up at the end of the day may take
responsibility for keying all of the sales slips into a personal
computer for storage on a disk. The personal computer becomes
simply a data-entry device for keying in the sales data. Upon
completing the entry, the copies of the sales receipts are clipped

together and stored in a file for possible future reference.

Update master data: After all of the data have been entered into
the system, the data are then processed, and any calculations and
summarizations completed (represented by the sales processing
update symbol in Figure 4.1). This information is used to update
the master data. In the sales example, this might include taking
prior inventory totals and subtracting the items sold to derive the
new inventory levels. The new inventory levels are accordingly
written as the newly updated master data. The sales event data
would also be stored in a more permanent data store. It would not
be uncommon for the owner-manager of our used books and CDs
store to either take the data stores home and process it on a
computer at home, or perhaps take the information to a public

accountant for processing.

Generate outputs: After all of the calculations have been

completed and the data have been updated, the system
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periodically generates the applicable reports (the report generator
program in Figure 4.1). For our used books and CDs store, this
might include such documents as a sales report and an inventory
update report. For our small store, both reports would probably

go to the owner-manager.
Review Question

List and describe the four basic subprocesses completed in

processing business event data using batch processing.

Note that between each step there is a time delay before the next
step occurs. We might think of this form of automated system as a
pure periodic system in that the entire process uses a periodic mode
for processing. For instance, in our used books and CDs store, the
sales documents are collected for the day before being passed on for
keying. After keying, the sales data are held until the data can be
transferred to the location and person where the data can be used to
update the master data. After the data are updated each day, the
reports may still not be generated until later—perhaps on a weekly or

monthly basis.

A disadvantage of periodic mode systems is that the only time the
master data are up to date is right after the processing has been
completed. As soon as the next business event occurs, the master
data are no longer up to date. As a result, there is little reason to

provide a query capability (as discussed in Chapter 3) for data that
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are used in a periodic mode system. Usually, systems users will
simply get a copy of the reports generated at the end of a processing
run and use this information to make their decisions until the next
processing run and a new set of reports is available. Only in rare
situations will a query capability be provided, and then only to
eliminate the needless printing of reports for occasional users of the

information generated by the system.

Online Transaction Entry (OLTE)

Information technology improvements have provided a low-cost
means for improving the efficiency of these traditional automated
equivalents to manual systems. The most prevalent change has been
the increasing use of online transaction entry to reduce redundancies
in pure periodic mode processing (see Figure 4.2). In an online
transaction entry (OLTE) system, use of data entry devices allows
business event data to be entered directly into the Information
System at the time and place that the business event occurs. These
systems merge the traditional subprocesses of business event occurs
(which includes completion of the source document) and record
business event data into a single operation. At the point of the
business event, a computer input device is used to enter the event
data into the data entry system rather than onto a source document.
Generally, the system automatically generates prices as the computer

retrieves data from the system data stores. Such a system is
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considered online because the data entry device is connected to the
processing computer. The input system usually also services a
printer that then prints document copies to fill the still-needed role of
source documents. As business events occur, the related data are

usually accumulated on disk.
[Insert Figure 4.2 here]

If we go back to our used books and CDs store scenario, it may
be that you prefer to buy your books and CDs at one of the chain
stores such as those found in shopping malls. When you take your
books and CDs to the clerk at the counter in these types of stores, the
clerk generally keys the purchase straight into the cash register. As
noted in Figure 4.2, what is occurring at this point is that the sales
items are being entered into a computer that is recording a log of the
sales event, retrieving price list information, and generating
duplicate copies of the sales receipt. One copy of the sales receipt is
given to you (the customer), and the other is placed in the cash
register drawer (for filing in the audit file). Note the differences
between Figures 4.1 and 4.2. The manual recording process (in
Figure 4.1) by the sales clerk becomes a computer entry process (in
Figure 4.2), and the record input process in Figure 4.1 becomes part
of process sales in Figure 4.2. Other than these changes, the two

flowcharts are the same.

The use of OLTE eliminates the need to have one person enter
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business event data on a source document and then have a second
person perform the data entry to convert the business event data to a
computer-ready form. In an OLTE system, one person performs both
operations. In many systems, this data entry will be completed using
bar code readers or scanners. The use of such technologies
eliminates the human error that can result from entering data
manually. Thus, in many OLTE systems the only human impact on
the accuracy of the input data is the necessity to scan items properly
into the system. Various control procedures that assure data accuracy

are discussed in detail in Chapter 9.

It should be noted that the processing of the data in Figure 4.2 is
still completed on a batch of event data at a later point in time. In the
case of many systems in use by businesses today, sales event data is
aggregated by cash register terminals for the entire day; and then,
after the store has closed, the data is electronically transferred to the
computer system where the business event data is processed. This
process is reflected in Figure 4.2 by the communications line
connecting the sales log in the sales department with the program
procedures in data processing. The processing is completed
overnight (note the reference to third shift in the column heading for
data processing) while all stores in a region are closed, and updated
reports are periodically generated to reflect the sales event updates to

the master data.
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Note here that the use of electronic communication technology
does not change the traditional periodic approach, but rather makes
the approach much more efficient. Thus, we encounter one of the

first steps in the evolution toward e-business systems.

Periodic mode systems had long been the most common method
for completing business event data processing, but in the last decade,
they have become much less common for most activities. However,
for some applications, periodic mode processing is almost always the
preferred approach. For instance, payroll systems are a natural match
with the batching of business event data, since all employees are
generally paid on a periodic basis and all at the same time. It is
almost unrealistic to think that such an application will eventually be

processed using systems other than periodic mode.

Review Question

Explain how the use of online transaction entry (OLTE) can increase

efficiency when using batch processing.

Online Real-Time (OLRT) Processing

Among the many clichés that one hears in today’s harried business
environment is the phrase “time is money.” While a cliché by its
nature is worn out, this one is quite descriptive of the current
demands on Information Systems. Traditional periodic mode

systems that provide information primarily through periodic reports
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that are hours, days, or weeks out of date can put an organization’s
decision makers at a disadvantage if its competitors are using up-to-
date information to make the same decisions (e.g., recall the
importance placed on timeliness and relevance in Chapter 1). The
pressures for timely information flows coupled with significant
advances in available information technologies led to a rapid
migration towards online real-time systems. Online real-time
(OLRT) systems gather business event data at the time of
occurrence, update the master data almost instantaneously, and
provide the results arising from the business event within a very
short time—i.e., in real-time. OLRT systems complete all stages of
business event data processing in immediate mode. Immediate
mode is the data processing mode in which there is little or no delay
between any two data processing steps (as opposed to periodic mode,
in which there is a significant delay between two or more data

processing steps).

Review Question

Explain the relationship between online real-time (OLRT) and

immediate mode processing.

OLRT systems typically require three basic subprocesses to be
completed before an event is converted into information that can be
used by decision makers. Figure 4.3 illustrates each of these

subprocesses.
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[Insert Figure 4.3 here]

* Business event occurrence and recording of event data: At the
time of the business event, related data are entered directly into
the system. Source documents are almost never used, as they
significantly slow the process and remove some of the
advantages of nonredundant data entry. Notice that the data entry
process where the sale is entered into the system is the same as in
Figure 4.2 (other than the absence of an audit file). This process
is consistent with the use of online transaction entry (OLTE) for

OLRT systems.

*  Update master data: Each business event entered into the system
is processed individually and any calculations and
summarizations completed. This information is then used to
update the master data. Note in Figure 4.3 that the processing is
now being done on-site where the sales event data are entered.”
Because each business event is processed independently and
immediately, the master data at any given time will be within
seconds of being up to date. When your books and CDs store is
entering your information into the computer, it may be using an
OLRT system if it is important to the store to know whether a
given book or CD title is in stock at a given time—perhaps to

answer a customer’s question.

»  Generate reports and support queries: It is neither practical nor
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desirable that reports be generated after each business event is
recorded and master data have been updated. Typically,
applicable reports are generated by the system on a periodic
basis. At the same time, however, these reports are usually
instantaneously available through access to the system on an as-
needed basis, as demonstrated in Figure 4.3 with the
communications links to the sales and inventory managers. One
of the main advantages provided by many OLRT systems is an
ability to check the current status of master data items at any
given time. In the books and CDs store, it would allow the sales
staff to check quickly whether a given book or CD is in stock. In
many cases, rather than using pre-specified reports that may not
necessarily provide information that decision makers need, these
Information Systems users use a query language (as discussed in
Chapter 3) to create unique reports dynamically that provide the
one-time information they need to make key decisions. For
instance, the store manager may want to run a report on the

inventory stock for the top-ten selling CDs and books.

% This is one method of accomplishing OLRT that uses expensive,

continuous direct communications to a remotely located central
computer. Many organizations use a distributed processing mode
that places the computer locally to avoid the costs associated with

the continuous communications line; however, as in the case
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shown here, the need to process information centrally for multiple
locations may warrant the communications line costs of

continuous direct communication.
Review Question

List and describe the three basic subprocesses completed in

processing business event data using online real-time processing.

It was noted previously that OLTE systems are also increasingly
used with systems that primarily use the periodic mode. While the
data entry performed in all OLTE systems is essentially the same,
the mode of processing may vary. While a pure periodic mode
system still processes business event data in batches, an OLRT
system using OLTE processes each recorded business event in real
time. In a real-time system, business event data cannot be aggregated
on a local computer to be transferred later to the data processing
center. Rather, each business event must be communicated for
processing at the time the event occurs. This results in a more
expensive approach to OLTE. In essence, rather than creating a
temporary electronic communications connection to download data
to the data processing center, an OLRT system generally requires a
continuous electronic communication connection, usually
necessitating the use of some form of network. This arrangement will

be addressed later in this chapter.

It should be noted here that automated systems that model manual
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systems and OLRT systems are the two extremes in business event
data processing. The systems that mimic manual systems are what
we might term pure periodic mode systems in that there is a delay
between every step of the processing. On the other hand, OLRT
systems represent pure immediate mode systems in that there is little
or no delay between any steps in the processing. We note these as
the extremes because many systems lie somewhere between these
two extremes, exhibiting a mix of periodic and immediate mode
processes at various stages. For example, OLTE used with batch
processing results in an immediate mode approach for combining the
business event occurrence and record event data steps, while
periodic mode processing might be used for the remainder of the

steps.
Online Transaction Processing (OLTP)

In an effort to reduce both the expense and delay of communicating
business event data over what are sometimes great distances to
complete business event data processing in real time, many entities
are turning to online transaction processing (OLTP) systems. An
OLTP system is a real-time system that performs all or part of the
processing activities at the user’s location. These systems use
business event data processing machines that have the capability to
manage data, run applications, and control communications with the

central computer and data stores. By performing most of the
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processing at the user’s location, delays caused from electronic
communications between the user and the central computer are
reduced or eliminated (see Figure 4.4), as is the cost associated with
communicating to the central location during the processing of the
business event. Only the results need be communicated. Two
common applications for these systems have been automatic teller
machines (ATMs) and computerized reservation systems. Note in
Figure 4.4 that the electronic communication network in an OLTP
system becomes even more complex as processing occurs at the
user’s end, but then data must be updated at all computers. For
instance, in the case of an ATM, once an individual has withdrawn
money from his or her account, the system needs to update the

balance at all ATMs before additional withdrawals may be made.
[Insert Figure 4.4 here]

Many banks have only recently converted to OLTP technology.
Note that in an OLTP system, the immediate updating of balances at
the central location and the user locations is done with shadow data
(e.g., copies of the master data used for real-time processing) which
are duplicated at each site, but for control purposes, the actual master

data are usually updated once a day using batch processing.

While immediate mode-dominated systems are becoming the
most prevalent method for new business event data processing

applications, they are not necessarily the end-all solution for all
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applications. Both periodic mode and immediate mode approaches
have distinctive characteristics that make each a preferable option for
certain types of applications. If periodic processing were used for
ATM processing, for example, a person might withdraw the entire
balance from his or her account multiple times before the system
processed the event data and updated the accounts—a significant
losing proposition for a bank. Clearly, any given application should

be matched with the best or most applicable processing method.
Review Question

How does the use of online transaction processing (OLTP) improve

the timeliness of online real-time processing?
Advances in Electronic Processing and Communication

The key enabler of the transition from primarily periodic mode
systems to primarily immediate mode systems has been
communications technology. Similarly, communications technology
has enhanced many of the remaining periodic mode systems through
enabled approaches such as online transaction entry (OLTE). Many
important recent advances have relied on image-based technologies.
These technologies are discussed in this section as a precursor to

exploring their application in early stage e-business systems.

Communications-based systems that facilitate the processing,

storage, and management of image-based data require the use of
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several related technologies. First are technologies that facilitate the
effective capturing of data to support business information
processing through the use of imaging technology. Second are
communications-based systems that facilitate the storage and
distribution of image-based data used in business processing and
managerial decision making. Third, data communications networks
are necessary for effective transmission and routing of data from the
point of recording and storage to the processes or users needing the
data. In this part of the chapter we take a brief look at these key

communications technologies.

Automated Data Entry

While there are a variety of methods for electronic data capturing,
the interest here is in image-based technologies. Increasingly,
optical-based technologies eliminate the need to key in data (a major
source of data entry error) as well as voluminous files of paper

documents by maintaining electronic copies.

[Insert UNF-p.117-1 here]

One commonly used technology is bar coding. Bar code readers
are devices that use light reflection to read differences in bar code
patterns in order to identify a labeled item. While the most common
place consumers see bar code readers is in grocery and department
stores, bar coding systems are also used extensively by warehouses

for inventory tracking. Similarly, delivery and courier companies
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frequently use such coding systems to track inventory items and
packages during shipping transfers. The next time you receive a
delivery from Federal Express or United Parcel Services, notice the

bar codes on the package that were used to track its delivery to you.

Utility and credit card companies frequently ask customers to
handwrite the amount of the payment on the remittance slip. In such
cases, optical character recognition (OCR) is used—similar to the
way bar code readers work—for pattern recognition of handwritten
or printed characters. Both bar code readers and OCR are
technologies designed to eliminate the need to key in data and reduce

the accompanying risk of error.

A third optical input technology is the scanner. Scanners are
input devices that capture printed images or documents and convert
them into electronic digital signals (i.e., into binary representations
of the printed image or document) that can be stored and
manipulated on computer media. Scanners are key to the increased
use of electronic digital imaging to drive business processes and

facilitate management decision making.
Review Question
a. Explain how bar code readers work.

b. Explain how optical character recognition works and how it

differs from bar code technology.
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c.Explain how scanners are used to capture data.
Digital Image Processing

Digital image processing systems are computer-based systems for
storage, retrieval, and presentation of images of real or simulated
objects. In the typical business application, the images are usually

documents.

After a document has been input, additional processing may take
place. The user may enter additional data related to the document or
that acts on data contained in, or associated with, the document.
Recall that in Chapter 3 we discussed the move toward object-
oriented databases that are capable of handling object data—such as
images—and that we noted the move toward enabling object storage
within relational databases. A major part of the demand for object-
capable databases is the management of a vast array of document
images. Linkages of these images into the enterprise system can
make accessibility much easier as information can readily be
distributed throughout the organization. In many advanced digital
imaging systems, the content of the digital image may subsequently
be manipulated as if it were directly entered into an application or
retrieved from a database. For example, a scanned word processing
document could be edited directly, or a purchase order changed to
reflect the receipt of a backordered item. This is not always a

desirable feature, as some business documents (e.g., contracts)
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should not be manipulable once they are digitally recorded.

Review Question

How is digital image processing used to support the keying in of

data?

Communication Networks

The key component for electronic communication systems is the
network that provides the pathways for transfer of electronic data.
Communication networks come in several different levels: from
those designed to link a few computers together to the Internet,

which links all publicly networked computers in the world together.

Within organizations, a major focus of network computing has
been on client-server technology. Client-server technology is the
physical and logical division between user-oriented application
programs that run at the client level (i.e., user level) and the shared
data that must be available through the server (i.e., a separate
computer that handles centrally shared activities—such as databases
and printing queues—between multiple users). The enabling
networks underlying client-server technologies are local area
networks (LANs) and wide area networks (WANs). LANs are
communication networks that link together several different local
user machines with printers, databases, and other shared devices.

WANSs are communication networks that link distributed users and
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local networks into an integrated communications network. Such
systems have traditionally been the backbone of enterprise system
technology, but recent advances in communications technology are
rapidly changing the underlying infrastructure models to rely more

on the Internet.

Review Question

Explain the difference between wide area networks and local area

networks.

Network technologies are driving the evolution of e-business.
These technologies allow for more simplified user interactions, and
empower users to access broad arrays of data for supplementing
management decision making as well as opening new avenues for
direct commerce. The leading technology in this arena is the
Internet, the massive interconnection of computer networks
worldwide that enables communication between dissimilar
technology platforms. The Internet is the network that connects all of

the WANSs to which organizations choose to have access.

To simplify access to the vast arrays of data that have suddenly
become available via the Internet, Web browsers were developed by
several vendors. Web browsers are software programs designed
specifically to allow users to search through the various sites and
data sources available on the Internet. The advent of this easy-to-use

software has rippled back through organizations and caused a
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rethinking of how companies can set up their own networks. The
result has been the development of intranets, which are essentially
mini internal equivalents of the Internet that link an organization’s
internal documents and databases into a system that is accessible
through Web browsers or, increasingly, through internally developed
software. For instance, the use of an intranet by
PricewaterhouseCoopers’ TeamMate system to support teams of

auditors will be discussed in Technology Application 5.1 (page 147).

Extranets serve the same purpose as a WAN, in that they link
together a set of users (usually from the supply chain of a single
company, or a professional organization), but use the Internet instead
of a private communication network. Access to the extranet is
restricted, so that private activities using internal data can be

securely supported as part of the organization’s business processes.

The by-product of the expansion in intranets, extranets, and the
Internet is a rich media for e-business. These networks provide the
foundation for what has been exponential growth in e-business—

both at the resale level and in supplier-buyer relationships.
Stages of E-Business

To this point the discussion has focused on the modes of business
event data processing and related communication technologies that
underlie the ability of organizations to enter into e-business. Now the

discussion moves to specific methods for conducting e-business and
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how these methods use alternative modes of business event data

processing and available communication technologies.

The three stages of e-business discussed here are fairly diverse.
First is electronic document management (EDM). Some might not
consider EDM part of e-business because the majority of such
applications support non-e-business events, but it has an integral role
in supporting the last two stages. Electronic data interchange (EDI)
is the second area discussed. It currently represents the predominant
form of e-business in transactions between two businesses. The third
stage is e-commerce, which comprises the fastest-growing segments

of e-business, and where EDI is slowly being replaced by XML.

Electronic Document Management

Electronic document management (EDM) is the capture, storage,
management, and control of electronic document images for the
purposes of supporting management decision making and facilitating
business event data processing. Capturing and storing document
images typically relies on the digital image processing approaches
discussed earlier in the chapter. The added dimensions of
management and control are critical to maintaining the physical
security of the documents while at the same time assuring timely
distribution to users requiring the information. Technology

Application 4.1 discusses some general uses of EDM.

[Insert Technology Application 4.1 box here]
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In general, business applications of EDM fall into two categories:

1.  Document storage and retrieval. For example, mortgages,
deeds, and liens are archived and made available to the public

for such uses as title searches.

2. Business event data processing. For example, loan and
insurance applications must pass through several stages, such as
origination, underwriting, and closing. The EDM system can
manage the workflow and route the documents to the
appropriate people—even if these people are geographically

dispersed.

EDM systems provide a relatively inexpensive alternative to
paper documentation. The ability to access and manipulate real
images of business documents offers great opportunities for
improving the efficiency and effectiveness of many business
applications and can create significant competitive advantages for an
organization. For instance, fast access to imaged documents often
can translate into faster and better customer service and result in
increased customer loyalty—themes we explore in some depth in

Chapter 10. The typical benefits include:
* Reduced cost of handling and storing paper.
» Improved staff productivity.

*  Wider use of geographically distributed virtual teams.
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* Superior customer service.

* Enhanced management of operational workflow.
* Faster processing.

Review Question

Explain the advantages of using electronic document management

rather than traditional paper-based document systems.
Electronic Data Interchange

Computer and communications technology have been successfully
applied by organizations to improve accuracy and control and to
eliminate paper within their Information Systems applications.
However, direct, paperless business communication between
organizations had been slowed by a lack of transmission and
presentation standards. What this often meant was that an
organization used its computer technology to prepare a purchase
order (PO), for example, completely without paper and human
intervention—an efficient, fast, and accurate process. But, the PO
had to be printed and mailed or faxed to the vendor. Then, at the
vendor, the PO had to be sorted from other mail in the mailroom,
routed to the appropriate clerk, and entered into the vendor’s
computer. The efficiency, timeliness, and accuracy gained by the
automated purchasing process at the originating organization were

lost through the mailing and reentry of the data at the vendor.
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One technology that permits streamlining data communication
among organizations is that of electronic data interchange (EDI).
Electronic data interchange (EDI) is the computer-to-computer
exchange of business data (i.e., documents) in standardized formats
that allow direct processing of those electronic documents by the
receiving computer system. Technology Application 4.2 describes
some general uses of EDI, and Figure 4.5 (page 123) depicts typical
EDI components. The numbers in circles are cross-references to

corresponding locations in the narrative description.

[Insert Technology Application 4.2 box here]

[Insert Figure 4.5 here]

Application Software (circles 1 and 7) An originating application
prepares an electronic business document, such as a purchase order
(PO). At the destination organization, an application processes the
business data. For example, the originating application’s PO would
be processed as a customer order in the destination organization’s

Order-to-Cash process.

Translation Software (circles 2 and 6) An application’s electronic
business document must be translated to the structured EDI format
that will be recognized by the receiving computer. Figure 4.6 (page
124) depicts the translation process. The figure shows a specimen
PO as it might appear as a conventional paper document and then

illustrates how the PO is transformed into an EDI transaction
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standard, referred to as transaction set 850. Translation sets are the
generally accepted representation standard for EDI and are described

in Appendix A.

[Insert Figure 4.6 here]

Communications Network (circles 3 and 5) One method for
communicating electronic messages between business partners
would be to establish a direct computer-to-computer link between
the origination computer and one or more destination computers.
This kind of interface could be accomplished through a leased or
dedicated communication line with each trading partner, or through a
communications network in which one of the partners—Ilet’s say a
large manufacturer—serves as the “hub” of the network, and its
suppliers and other trading partners are the network “spokes.”
However, communications system incompatibilities may require that
one partner or the other purchase communications hardware or
software, making this a costly option. Further, agreeing on such
details as what time of day to send and receive data from trading

partners makes this option difficult to manage.

An alternative is to use an EDI service bureau—an organization
that acts as an intermediary between a large hub company and its
suppliers. The EDI service bureau generally works with smaller
suppliers reluctant to acquire in-house translation and

communications software. In such a case, the translation software
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and communications software reside on the service bureau’s
computer system. For a fee, the service bureau takes EDI messages
from the hub, translates the messages into formats that are usable by
the suppliers’ computer applications, and forwards them to the
suppliers. In the other direction, the bureau translates suppliers’
paper documents—such as shipping notices or invoices—into EDI
format and sends the electronic documents to the hub. Service
bureaus are declining in use due to easily accessed and relatively

inexpensive Internet-based options.

Review Question

Explain how electronic data interchange is used to link two

companies’ business processes together.

Value-Added Network (VAN) Service (circle 4) Rather than
connecting to each trading partner, an organization can connect to a
value-added network (VAN) service. A VAN service acts as the
EDI “postman.” An organization can connect to the VAN when it
wants, leave its outgoing messages and at the same time, pick up
incoming messages from its “mailbox.” A VAN is a network service
that provides communications capabilities for organizations not
wishing to obtain their own communications links. VANSs are also

dropping in popularity due to Internet-based options for EDI.

Review Question
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Explain how value-added networks (VANSs) are used to simplify

electronic data interchange between two or more companies.

As shown in Figure 4.5, one of the several functions that the
VAN will perform is to translate the message from one

communications protocol to another, if necessary.

EDI and Business Event Data Processing If we consider the
implications of EDI for business event data processing, one of the
main advantages is the significant reduction in need for interaction
between purchasers and salespeople, coupled with the standard
implementation of online transaction entry (OLTE). With EDI, both
source document capture of business event data and subsequent
keying in of the source document are eliminated for the selling
organization as OLTE activities are initiated and completed by the
linking purchaser. This eliminates any risk of erroneous data entry
from within the selling organization. Keep in mind that EDI may be
completed through traditional modes using dedicated

communications lines, but are increasingly moving to the Internet.

You should be careful, however, not to make assumptions as to
the mode of business event data processing. You will recall from our
earlier discussion that OLTE can be used with both periodic and
immediate modes of processing. The same holds true for the core
business processing activities in an EDI environment. The business

event data are frequently processed using an online real-time system,
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but many organizations also choose to do the bulk of the processing
steps using periodic mode as well—particularly with batching of
business event data for more efficient processing. It is worth noting
also that particularly when batch processing is being used, there may
be the need for online transaction processing (OLTP) approaches to
handle order and payment confirmation activities during acceptance
of the externally generated OLTE transmission—in other words, the
customer may need an immediate confirmation that the order has
been accepted and the business event will be completed by the

vendor.

When trading partners communicate with each other
electronically, they also discover that they have to communicate
internally in new ways to achieve the full benefit of EDI. That is,
EDI forces an organization to assume that all information flows, both
internally and externally, are instantaneous. Accordingly, for many,
EDI—along with other enabling technologies such as electronic
document management—has been the catalyst for change in a firm’s

basic business processes.

Technical Insight 4.1 (page 126) presents some management,

operational, and control issues associated with EDI.

[Insert TECHNOLOGY INSIGHT 4.1 box here]

Internet Commerce
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A mere decade or so ago, e-business basically meant EDI. The
Internet has radically changed the nature of e-business so that it has
become the dominant platform for not only e-business, but EDI as
well. Does this mean EDI is dying? Well, not exactly. Many experts
believe EDI is here to stay and currently EDI volume continues to
grow at a rate of about 15% per year. Still, the Internet shows far
more potential growth—primarily from the potential seen in the
emerging replacement language for EDI on the web, XML
(eXtensible Markup Language).” XML is described in Technology

Insight 4.2 (page 128).

3 Carol Sliwa, “Firms Wait on XML, Increase Use of EDI,”

Computerworld Online (May 1, 2000).
[Insert TECHNOLOGY INSIGHT 4.2 box here]
Review Question
Compare EDI and XMLtechnologies.

Today, e-business enables the computer-to-computer exchange of
business event data in structured (e.g., EDI or XML) or partially
structured formats, usually via the Internet, that allows the initiation
and consummation of business events. In many cases, the goods or
services that are contracted for through the Internet are immediately
(or soon thereafter) forwarded back to the consumer via the Internet

as well (i.e., when the goods or services can be provided in
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electronic format, such as the case with software). The Internet
radically simplifies business processes by allowing the organization
that is receiving and processing business event data to project
template formats to business partners for easy data entry and data
transmission. For instance, if you connect across the Internet with
Lands’ End (a direct merchandiser of clothing—particularly warm
stuff!) you see an “intelligent order form.” You are provided an entry
box to type in the product number for the item you want to order.
The Web page automatically takes the number and identifies what
additional information is needed (e.g., for most clothing, it will be
size, color, and quantity). The additional information appears in
menu form for you to select from the options available (e.g., for
color, the menu might show red, navy, black, white, and green). As
you enter responses on your computer, the data are automatically
captured and recorded on the Lands’ End computer. Technology
Insight 4.3 (page 129) provides some management, operational, and
control issues associated with the use of the Internet for e-business,
while Technology Application 4.3 (page 130)provides some

examples of ventures into Internet commerce.

Review Question

How does the Internet simplify the world of e-business?
[Insert TECHNOLOGY INSIGHT 4.3 box here]

[Insert Technology Application 4.3 box here]
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There are two primary categories of e-business over the Web: (1)
business-to-consumer, or B2C (e.g., Lands’ End), and (2) business-
to-business, or B2B. Figure 4.7 depicts a typical type of secure B2B
arrangement. Note that the numbers in the circles are cross-

references to corresponding locations in the narrative description.

[Insert Figure 4.7 here]

Client-Server Relationship (circles 1 and 7) The connection
created between the customer and the vendor is a Web-enabled
extended form of client-server applications. The customer (circle 1)
is the client node—dictating that during connection, the customer
computer environment should be secure and essentially inaccessible
via the network. The vendor (circle 7) is the server node and
therefore must have the capability to receive the customer’s
transmission and translate that transmission into processable data for
use in the vendor’s application programs. This translation is made
through common gateway interface (CGI) software. The vendor,
acting as the server part of the relationship, then provides the
necessary correspondence back to the customer (client) in an
understandable format (i.e., an Internet-based language such as Java
or XML). To use the Lands’ End example again, when you place
your order, your computer should be inaccessible (i.e., secure) over
the Internet, and the type of computer and software you are using

will be unknown on the system. The Lands’ End computer receives
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your order and uses CGI to translate your message into a form their
program can understand and process. Similar to EDI environments,
once the business event data have been collected by the vendor,
applications can be completed through any of the modes of business
event data processing. For instance, Lands’ End used a periodic

mode approach to process batches of sales several times an hour.*

* Lands’ End, “Security on the Lands’ End Web Site,”

http://www.landsend.com, December 2000.

Network Providers (circles 2 and 5) As with EDI, to participate in
the business event, both parties must have the capability to
communicate over the Internet. For many companies and
organizations (as well as some individuals), this access comes
through a direct connection between the entity’s computer networks
(or a single server) and the Internet. For other companies and
organizations, as well as the vast majority of individuals, it will be

more desirable to gain access through a network provider.

Network providers are companies that provide a link into the
Internet by making their directly connected networks available to
fee-paying customers. Most network providers bring a host of other
benefits along with Internet access. Common benefits include e-mail
access, electronic mail boxes, space allocation for personal Web
pages, and remote connection to other computer sites (e.g., telnet and

FTP connection). Many organizations will also use network
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providers to run their servers when assuming that role in the client-
server relationship. In Figure 4.7, circle 5 denotes a network provider
who would be providing server management services for the CPA or
CA firm denoted by circle 6. Hence, when the business event is
being completed between the customer and the vendor, information
from the accounting firm would be acquired from a server operated

by the firm’s network provider.
Review Question

What role do network providers play in the e-commerce

environment?

Assurance Providers (circles 4 and 6) A major concern for most
organizations and individuals participating in e-commerce has been
Internet security. Security 1s the most critical factor that has
hampered the growth of e-commerce. One early survey showed that
90% of Internet users felt increased security was necessary before
they would transmit personal information (e.g., credit card
information) across the Internet.” Many stories have circulated about
the risk of credit or debit card information being pirated off the
network, with large sums of money being expended by unauthorized
users. Additionally, the Internet has spawned a whole array of
cottage industries that have no physical storefronts, but rather are
operated completely from Internet server-supported Web pages.

Many Internet users are rightfully concerned about the possibility
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that a company may be fictitious, with the electronic storefront
merely being a means by which to gather credit card and debit card

information for illicit use.

3 J. Walker Smith, “Who Are the New, Interactive Consumers?”

Commerce in Cyberspace: A Conference Report (The Conference

Board, New York, 1996): 13—15.

These concerns over security have spurred the development of a
new line of business—Internet assurance services. Internet
assurance is a service provided for a fee to vendors in order to
provide limited assurance to users of the vendor’s Web site that a
site is in fact reliable and data security is reasonable. Technology
Application 4.4 provides a more detailed discussion of Internet

certification programs and assurance services.
[Insert Technology Application 4.4 box here]
Review Question

What types of assurances are provided by Internet assurance

services?

Figure 4.7 demonstrates how one common type of assurance
provider operates using the WebTrust program as discussed in
Technology Application 4.4. The vendor (circle 7) displays the
WebTrust certification seal and a reference to the assurance provider

on its server Web page. When the customer accesses the vendor’s
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Web page, he or she can click on the WebTrust symbol to assure it
continues to be applicable. Clicking on the WebTrust symbol
executes a link to the VeriSign server (circle 4) for verification of the
authorized use of the symbol. VeriSign verifies the symbol’s
appropriate use by sending a message to the customer (circle 1). The
customer can also get a report on the level of assurance provided
with the certification by clicking on the Web link (contained on the
vendor’s web page) for the accounting firm. Clicking this link
connects to the accounting firm’s (circle 6) server—provided by its
network provider in this case (circle 5)—and the auditor’s Internet
assurance report for the vendor displays on the customer’s computer

(circle 1).

Internet Connection (circle 3) To obtain an Internet connection you
must have a link to one of the networks that connect to the Internet
and indicate the Internet site with which the client wants to connect.
A connection is then made between the client and the desired site—

the server.

A couple of other issues related to the organization of the Internet
and its impact on e-commerce should be noted. First, the nature of
the Internet as a public network-based infrastructure has greatly
leveled the field in e-business. Only fairly large businesses could
afford EDI’s communications hardware and software. The creation

of a public network and the subsequent creation of XML and
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relatively inexpensive (or even free) software for using the network
have brought the costs of e-business within the ranges of economic
feasibility for most small- and medium-sized entities. This change in
cost structure and ease of use are the two forces driving the strong

growth in e-commerce.
Review Question
Why is EDI moving to the Internet?

Other Internet Uses for E-Business While we have focused in this
chapter on the most common forms of e-commerce and the direct
linkages between customer and vendor, a number of intermediaries
are evolving that promise to bring costs down even further for
organizations. Two forms that seem most likely to have long-term
success are auction markets and market exchanges. These are

explained in greater detail in Technology Insights 4.4 and 4.5.
[Insert TECHNOLOGY INSIGHT 4.4 box here]
[Insert TECHNOLOGY INSIGHT 4.5 box here]

The Internet is not only a place for completing sales, but is also
an environment for improving customer support for non-Internet-
based commerce. A Web page may simply be one more channel in
which to advertise and market an organization’s goods and services.
At the next level, it may be an arena for providing ongoing customer

support. For instance, Symantec is one of many companies that
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Conclusions

provides free software upgrades over the Internet—in this case,
providing monthly updates for its Anti Virus software. In another
example, many courier companies (such as Federal Express) use the
Internet to allow customers to access information to track their
packages at any given point and to know when they have reached
their destination. Such examples of customer support have become a
huge new market for major software vendors. These systems fall
under the broader category of customer relationship management
(CRM) systems. CRM systems provide customer self-service
capabilities (i.e., let the customer inspect an account or get product
help through a Web interface rather than through interaction with a
support person), electronic catalogues, shipment update information,
and aid the salesperson by storing an analyzable history of the
customer and the customer’s past business interactions. One of the
bigger challenges has been to get the CRM systems to interact with
enterprise systems to share data. In an effort to improve integration,
all of the major software firms are involved in initiatives to further

empower CRM extensions to their enterprise systems.

The future of e-business will see an increasing merge of technologies
as the lines between EDI and Internet commerce become less
defined. The major impediment to most organizations (and

individuals) conducting business over the Internet is the concern
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about security. Yet the advances in Internet security have been
significant in the past few years, with the potential major
beneficiaries of e-commerce leading the charge. For instance,
software companies like Microsoft and Netscape, along with
financial providers Mastercard and Visa, have been in the forefront
of development efforts to assure safe use of the Internet in

commerce.

The evolution of EDI practices toward the Internet and XML will
initially involve increased use of corporate intranets. Moving EDI
applications to an intranet environment can help simplify processing
while maintaining high levels of control and security. These intranets
will be opened to business partners using programs, referred to as
tunneling software (or VPN, virtual private networks) that limit
intranet access to selected business partners. As security increases,
the Internet will increasingly become a viable alternative as the

communications infrastructure of choice.

These increases in security will help to fuel the growth of Internet
commerce. As the Internet becomes an increasingly acceptable
channel for doing business, companies will experience newfound
opportunities for reaching customers; and for many companies, will
bring globalization of their customer bases. On the other hand, there
will also be new competition from distant companies who have

access to the same customers.
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Entering the e-business domain is not simply a matter of
switching on the connection, however. E-business is nothing less
than a fundamental change in the way organizations do business and
as such, is a driver of organizational change. To succeed in an e-
business environment, an organization must recognize the need to

embrace change and must effectively plan and manage change.

It is thought to be an ancient curse to wish upon someone “may
you live in interesting times.” We are certainly not wishing a curse
upon you, but the reality is that we are all living in interesting times.
E-business success will rely heavily on understanding how to
manage and control change at a fast pace. While these are interesting

times, they are also exciting times.
Appendix 4A
EDI Standards

Presently, there are two major, nonproprietary, public, translation

standards:

1. In the United States and Canada, the American National

Standards Institute (ANSI) X12 standard has been used.

2. EDIFACT (EDI for Administration, Commerce, and Transport)

is the predominant standard for international EDI transactions.

In addition, there are several standards that are specific to

particular industries, such as the Automotive Industry Action Group
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(ATAG), Transportation Data Coordinating Committee (TDCC), and
Chemical Industry Data eXchange (CIDX). Some of these industry
standards are compatible with the public, interindustry standards

(e.g., ANSI X12), while some are not compatible.

Translation standards include formats and codes for each
transmission type, called a transaction set, as well as standards for
combining several transaction sets for transmission. For example,
under the ANSI X12 standard, a purchase order (PO) is a transaction
set “850,” a shipping notice is a transaction set “856,” an invoice is a
transaction set “810,” and so forth. The ANSI data dictionary for
transaction set 850 defines the length, type, and acceptable coding
for each data element in an EDI purchase order. For example, ANSI
X12 describes the format and location within the message of the
customer name and address, the part numbers and quantities ordered,
the unit of measure of the items ordered (e.g., each, dozen, ton), and

SO on.

Besides purchase orders, other typical EDI transaction sets
include (the ANSI X12 transaction set number appears in

parentheses):

* Purchase order acknowledgment (855).

* Advance shipping notice (ASN) (856). From supplier to

customer, advising that the goods are on the way.
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* Receiving advice (861). From customer to supplier to report late,

incomplete, or incorrect shipments.
* Invoice (810).

* Payment order/remittance advice (820). From customer to

supplier for payment.

* Functional acknowledgment (FA) (997). A message is sent from
receiver to sender to acknowledge receipt of each and every one
of the above transaction sets. For instance, when the seller
receives a purchase order (850) from the buyer, the seller sends
back an FA (997) to indicate the message was received. Then,
when the buyer receives a purchase order acknowledgment
(855), the buyer acknowledges that the message was received by

sending the seller an FA (997).

Translation software translates outgoing messages so that they are
in the standard message format (e.g., ANSI X12) and translates the
incoming messages from the standard message format into the form
understood by the application system. This intermediate translation
to/from the EDI format precludes the need for an organization to
reprogram its application so that it can communicate with each

trading partner’s application.

The translation software also performs administrative, audit, and

control functions. For example, the software inserts identification
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and control information in front of (header) and after (trailer):

* Each transaction set, such as one purchase order.

* Each functional group (e.g., a group of purchase orders, a group
of receiving advices, and so forth) so that several groups may be

sent in one transmission.

* All components comprising one transmission.

In EDI lingo, the data sets and the headers/trailers are called
“envelopes.” In addition to assembling and disassembling the EDI
envelopes, the translation software may log incoming and outgoing

messages and route the messages from and to the proper application.

REVIEW QUESTIONS

RQ4-1 Briefly define e-business and e-commerce. How are they related?

RQ4-2 Explain the relationship between the periodic mode and batch

processing.

RQ4-3 List and describe the four basic subprocesses completed in

processing business event data using batch processing.

RQ4-4 Explain how the use of online transaction entry (OLTE) can increase

efficiency when using batch processing.

RQ4-5 Explain the relationship between online real-time (OLRT) and

immediate mode processing.

RQ4-6 List and describe the three basic subprocesses completed in
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RQ4-7

RQ4-8

RQ4-9

RQ4-10

RQ4-11

RQ4-12

RQ4-13

RQ4-14

RQ4-15

RQ4-16

processing business event data using online real-time processing.

How does the use of online transaction processing (OLTP) improve

the timeliness of online real-time processing?
a. Explain how bar code readers work.

b. Explain how optical character recognition works and how it

differs from bar code technology.
c. Explain how scanners are used to capture data.

How is digital image processing used to support the keying in of

data?

Explain the difference between wide area networks and local area

networks.

Explain the advantages of using electronic document management

rather than traditional paper-based document systems.

Explain how electronic data interchange is used to link two

companies’ business processes together.

Explain how value-added networks (VANSs) are used to simplify

electronic data interchange between two or more companies.
Compare EDI and XML technologies.
How does the Internet simplify the world of e-business?

What role do network providers play in the e-commerce

environment?
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RQ4-17

RQ4-18

DQ4-1

DQ4-2

DQ4-3

DQ4-4

DQ4-5

DQ4-6

What types of assurances are provided by Internet assurance

services?

Why is EDI moving to the Internet?

DISCUSSION QUESTIONS

The business environment is increasingly demanding the use of
online real-time systems for more up-to-date information. Identify
one business application, and the environment in which it would be
used, as an example of why immediate mode processing is so

critical. Be prepared to explain your answer to the class.

Take as an example your favorite fast food chain restaurant. How do
you think this restaurant might use online transaction entry to

improve its business event data processing activities? Explain.

We noted during the chapter discussion that banks were one of the
earliest adopters of online transaction processing systems. Discuss

why OLTP would be so desirable for use in ATM systems.

How does your university use the Internet to improve

communication between students, faculty, and staff?

What would you perceive to be the advantages and disadvantages of
conducting business on the Internet? Be prepared to explain your

answer.

Why has the Internet caused such an explosion in e-business when

electronic data interchange has been available for decades?
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DQ4-7 Consider again the example of Lands’ End and its use of Internet
commerce as discussed in the text. In a business where customers
want to know fairly definitive delivery dates, what are the risks of
using periodic processing on orders? Does the processing of orders
several times each hour negate the disadvantages of periodic

processing?

DQ4-8 How can e-mail be adapted to a more structured form to aid in

capturing business event data?
PROBLEMS

P4-1 Find a merchandising business on the Internet (other than the Lands’
End example used in this chapter). Explore its Web page and how

the order processing system works.

a. Isthere any information provided on how secure the Web page

is? What level of comfort do you feel with its security? Explain.

b. Does the business provide information regarding delivery

time/stock-outs on purchases?
c.  What methods of payment does it accept?

d. Analyze the design of the Web page in terms of usability and
completeness of information content. Write a brief critique of

your company’s page.

P4-2 Identify a business venture that you believe could be successful

solely using the Internet. Explain how you would design your Web



Gelinas 4-55

page, how you would capture business event data, and the mode of
processing you would use. Provide a report detailing support for
your design decisions. (Your professor will tell you how long the

report should be.)

P4-3 Develop a research paper on the growing use of the Internet to
support electronic data interchange (EDI) between companies. Your
paper should consider how companies set up communications over
the Internet to maintain the same security and standardization that
are achieved using value-added networks for non-Internet EDI (Y our

professor will tell you how long the paper should be.)

P4-4 Explain how electronic document management is or could be used in
your Information Systems class to eliminate all paper flow between
the students and professor. Include in your explanation what
technologies would be necessary to facilitate your plan. (Your

professor will tell you how long the paper should be.)

P4-5 Write a research paper on the issues involved in developing an
XML-based alternative to EDI for use in a specific industry of your
choosing. Consult the Internet to see if a standard has been proposed

for that industry, and if so, evaluate its use.
BOXES
[Start Technology Application 4.1 box here]

Technology Application 4.1
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General Uses of Electronic Document Management Systems
Case 1

The push to improve crime investigation time and accuracy, in an effort to let fewer
criminals escape from the vicinity of the crime, has led to one of the biggest EDM
networks to date. In August 1999, the FBI unveiled a $640 million fingerprint system that
allows fingerprint scans to be compared from the cars of police officers through
connection to the central EDM repository. Prior to the implementation of the new system,
law enforcement agencies, security firms, child-care organizations, and other entities
requiring background checks would mail more than 50,000 fingerprints to the FBI each
day. Specialists would then spend months trying to match the submitted fingerprints to
some 34 million cards with an average of 10 fingerprint images each. The new system
digitizes the fingerprint images to make them available for electronic comparison. The
rapid access to fingerprint images coupled with the ability to do electronic comparisons
should vastly reduce the number of arrested individuals who are released before their

fingerprints have been reviewed and tied to past criminal activities.
Case 2

European companies use EDM to cut the cost of filing regulatory documents, a
practice expected to grow 42% per year over a five-year period. Certainly driving this
growth has been the integration of Internet capabilities for distribution of electronic
images along with recent developments that enable integrated storage of voice and video
clips as well. The European trend also includes increased use of laser disk storage for
faster retrieval of document images coupled with high levels of storage capacity. Finally,

EDM is being perceived as a key enabler for evolving knowledge management endeavors
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(see Chapter 5), as much of the knowledge captured in such systems is document based.

Sources: Gary Fields, “FBI Digitizes Fingerprint System Today,” US4 Today (August
10, 1999): 1A; Jana Sanchez-Klein, “Europeans Tap Document Management to

Compete,” Computerworld Online (December 23, 1998).

[End Technology Application 4.1 box here]

[Start Technology Application 4.2 box here]

Technology Application 4.2

General Uses of Electronic Data Interchange

Case 1

Total Home Entertainment (THE) viewed the Internet as a new opportunity to expand
their EDI services to the 12,000 retail outlets in the U.K., as well as some 2,000 outlets
outside the U.K., that the company services. THE is a supplier of over 200,000 home
entertainment products such as videos, CDs, and books. Most of the retail outlets that
THE provided its products to were small, independent stores that were ill prepared to deal
with the complexities of EDI. Further, these small stores also represented the biggest
growth area for THE. The Web Factory, a London-based solution provider for custom
EDI Internet solutions helped THE construct an Internet interface that simplified the EDI
communication process for its customers (the retail stores) and became a vehicle for
locking in customers to its product. The results have helped keep THE at the forefront of

the retail industry in the U.K.

Case 2

Perhaps the biggest change in EDI in recent years is being driven by the Internet.
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Several companies are racing toward the development of Internet services to provide
links from Internet sites to EDI sites. One of the leaders in the development of such an
approach has been a consortium of Netscape Communications Corp. and GE Information
Services, which has launched Actra. The system uses business document gateway
software (BDG) to translate EDI forms to Internet formats. The Actra system is designed
to run off Netscape servers. A major challenge in building such an EDI to Internet
connection is business event data security. The BDG software employs Secure
Multipurpose Internet Mail Extension (S/MIME) and Secure Sockets Layer (SSL)

standards to ensure adequate security is achieved.

Sources: David Baum, “Entertaining with EDI,” Byte (August 1997); Michael Moeller,

“Partners Get Actra Together,” PC Week (January 13, 1997).
[End Technology Application 4.2 box here]

[Start TECHNOLOGY INSIGHT 4.1 box here]
TECHNOLOGY INSIGHT 4.1

From Private EDI Networks to the Internet: Management, Operational, and

Control Considerations in Computer-to-Computer Business Linkages

We use EDI in our examples but the benefits, costs, and control risks described below
may apply to EDI using a VAN, when the Internet is the vehicle for EDI communication,

or when XML is the standard at the heart of B2B transactions.
Benefits may include the following:

* Survival. Many organizations have been “forced” to implement EDI if they wished

to continue doing business with certain customers. For instance, in the early days of



Gelinas 4-59

EDI, Wal-Mart Stores and Kmart Corporation told all of their suppliers to establish
EDI capability by a specified deadline if they wished to continue doing business

with these retail giants.

» Improved responsiveness to customers’ needs. In some cases, EDI has lead to what
are known as “quick response” replenishment systems, also known as vendor-
managed inventory. In such systems, a large customer—Sears Roebuck, for
instance—gives its suppliers access (through EDI communication links) to real-time,
point of sale (POS) information. With that information available, the suppliers can
forecast customer demand more accurately, fine-tune their production schedules

accordingly, and meet that demand in a highly responsive manner.

» Elimination of data re-entry at the receiving organization reduces processing costs
and accuracy is improved. To better appreciate the potential impact of this benefit,
consider the fact that, according to one estimate, 70 percent of the data processed by

a typical company’s computer system had been output by another computer system.

* Mailroom and other document preparation and handling costs are eliminated. For
example, in the automobile industry, it is estimated that $200 of the cost of each car

is incurred because of the amount of paper shuffling that has to be done.
Costs may include:
* Buying or leasing hardware and software.

* Establishing relationships with VANs or other electronic marketplaces and

negotiating contracts.

 Training employees.
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» Reengineering affected applications.
» Implementing security, audit, and control procedures.
Control considerations:

* Because signatures will no longer evidence authorizations, controls must ensure
proper authorization. And, at some point during the process, we must authenticate
that the message is sent to—and received from—the party intended and is authorized

by someone having the proper authority.

» Without external, visual review, some business event data can be significantly in
error. For example, a payment could be off by one decimal point! Therefore,

controls must prevent rather than detect such errors.

* Given that the computer will initiate and authenticate messages, controls over the
computer programs and data—program change controls and physical security (see

Chapter 8)—become even more important than with traditional systems.

* Security procedures and other controls must prevent compromise of sensitive data

and controls must ensure correct translation and routing of all messages.

Therefore, there must be controls to ensure that all messages are accurate, authorized, and

complete.

To attain these control goals, organizations have implemented the following control

plans, among others:

* Artificial Intelligence applications (see Chapter 5) may be used to determine that
incoming messages are reasonable—consistent with normal message patterns—to

authenticate the source and authorization for the message.
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» Access to EDI applications may require a biometric security system, a smartcard, or

a physical key as well as a password (see Chapter 8).

* Data encryption (see Chapter 9) may be employed to protect data during

transmission.

 Digital signatures (see Chapter 9) may be used. Much like a password or other
access code, the digital signature uniquely identifies who approved a business event

and also helps to ensure that the EDI message was not altered during transmission.
[End TECHNOLOGY INSIGHT 4.1 box here]
[Start TECHNOLOGY INSIGHT 4.2 box here]
TECHNOLOGY INSIGHT 4.2
XML

Extensible Markup Language (XML) is a Web-based data format that enables
information to be shared over the Web. XML provides a framework within which data
from any type of source can be communicated and understood by any business partner’s

system, independent of technology platform.

XML supports a tree structure in which labeled data items are hierarchically related.
A simple example is an XML item in which a phrase labeled as a greeting might hail the

world with the following XML code:
<?xml version="1.0" encoding="UTF-8" 7>
<IDOCTYPE greeting [

<IELEMENT greeting (#PCDATA)>
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>

<greeting>Hello, world!</greeting>

Most XML standards are being established to permit common transaction processing
among like-minded industries or corporate functions (e.g., buying or selling computer
hardware components, or exchanging human resources data). XML-enabled transaction
processing will simplify Web transaction exchanges, and may completely replace EDI as
the standard of choice as soon as reliability and security problems have been adequately
addressed. XML parsers (programs that can read XML) have been integrated into many
Web browsers, Web-enabled enterprise systems (e.g., Oracle Applications and Great

Plains), and other business applications.

In a recent Zona Research Market Report, almost half of surveyed companies
reported that they plan to convert some or all of their EDI applications to XML within the
near future. Of the rest, half don’t use EDI presently, and the other half will stay with
EDI or convert EDI dynamically to XML. XML’s usage is expected to rise from 0.5% of
e-commerce transactions in early 2000 to 40% by the end of 2003. The key reasons these

companies see for using XML are that XML
» Makes it easier to search for business partners or products
* Lets the company use event data for other purposes once it’s in XML form
 Shortens application development time
» Enables business processes to take less time from start to finish
» Makes it easier to convert business data to a more usable form

* Ties together multiple internal applications within the company
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» Allows links with customers’ systems
» Supports links with suppliers’ and trading partners’ systems
» Allows the company to join an electronic marketplace that uses XML

Although many vendors are working diligently to release XML-based products, there
remain many issues and questions to be answered before the language reaches its
potential. These include security, agreement on standard formats, and senior
management’s lack of understanding about its challenges and potential. XML encryption

standards are in development and a draft was released in 2001.

Sources: Martin Marshall, “XML—Like the Air that We Breathe,” Informationweek,

March 5, 2001, pp. 47-53; http://www.w3.org/TR/REC-xml, April 2001.
[End TECHNOLOGY INSIGHT 4.2 box here]
[Start TECHNOLOGY INSIGHT 4.3 box here]
TECHNOLOGY INSIGHT 4.3
E-Business Management and Operations Considerations
Benefits of Internet commerce include the following:

 Survival. Many organizations have been “forced” to implement e-business to
compete in the changing nature of their industries. If they wish to remain
competitive with other companies taking advantage of the Internet for commerce,

they will need to venture to the Web.

* Improved responsiveness to customers’ needs. Customers expect immediate

feedback and easy availability of information and help. The Internet is a useful tool
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for servicing customer and client needs—forming the communications medium for

distributing information and support services.

* Global penetration. The Internet is generally the easiest and least expensive way to
reach customers worldwide that an organization may never have been able to reach

previously.

» Reduced processing costs and improved accuracy result when data are not reentered
at the receiving organization. Customers now provide most of the data entry
themselves, removing the need for the selling organization to key in most of the

business event data.

* Mailroom and other document preparation and handling costs are eliminated. The
business event data processing side of a business can operate with virtually no

human intervention until it is time to prepare and deliver goods.

* The opportunity to rethink and redesign existing business processes and controls in

the course of implementing e-business.
Costs of using the Internet include:
» Organizational change to a completely different way of doing business.

* Buying equipment and maintaining connection to the Internet (or leasing through a

network provider).
+ Establishing connections with a new set of customers.
+ Staffing and training employees to work in a technology-driven environment.

» Reengineering application systems to process data acquired through the Internet.
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» Maintaining security of the Internet site.

Risks of Internet commerce include:

» Hackers attempting to access sensitive information such as customer lists or

customer credit card information.

» Denial of service attacks. Denial of service attacks are expected to escalate over the
next few years as individuals or organizations attempt to knock out Web sites by
overloading them with site visits and preventing customers or other users from
gaining access. These attacks may occur simply for the challenge or frequently due
to a political or other difference with the organization that hosts the site. See

Technology Insight 8.3, on page 267, for a fuller description.

 Trust. Increasingly, the success of B2B relationships necessitates the identification
of business partners who are allowed access to sensitive internal information. A
breakdown of that trust can have grave consequences to the organization making its

information available.

[End TECHNOLOGY INSIGHT 4.3 box here]

[Start Technology Application 4.3 box here]

Technology Application 4.3

General Uses of E-Business

Case 1

Office Depot is a major player in the business to consumer (B2C) space. Its Web-

based sales reached $350 million in 1999, and were estimated at $800 million for 2000,
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or approximately 9 percent of its revenue. It is a leader in the move from “bricks and
mortar” (a traditional company structure) to “bricks-and-clicks,” an organization that
views the Internet as an alternative marketing channel to traditional interactions with
customers. The company has garnered significant e-commerce sales agreements with
many large companies such as General Electric and Procter & Gamble. In addition to
permitting online sales, Office Depot also helps customers by supplying online business
tools, forms, human resource handbooks, and other useful Internet links. Much of the
success of the site is attributable to the integration between its distribution channels and
its Order-to-Cash process (e.g., order processing and billing) in its enterprise system. The
system has also formed the basis of an extranet with vendors that feeds into the Purchase-
to-Pay business process. Vendors are able to set up product information in Office Depot’s
enterprise system and check inventory levels at each location without human

intervention, speeding replenishment and reducing stockouts.

Case 2

One type of business that is particularly compatible with e-business is one in which
the goods or services can be delivered across the Internet instantaneously, much the same
as payment is provided by the customer. TheStreet.com is one company that has
implemented such a business plan. TheStreet.com is in the business of providing financial
information that is valuable, unique, and timely. The company philosophy is that if it fails
in any of these three attributes for the information it delivers, customers will stop coming.
Despite the many business publications on the market, TheStreet.com has quickly risen as
a leading provider of financial information by being both cheaper and timelier. It is one

of the few information providers able to provide subscription service solely through the
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Internet. This is one form of the so-called Internet cottage industry whereby new small

businesses spring up on the net to provide unique services.

Case 3

Wal-Mart is one of many retailers who are setting up electronic storefronts on the
Internet to sell its goods directly to customers. Wal-Mart takes the customer’s order and
credit card number over the Internet, electronically processes the order, and sends the
order directly to the manufacturer, who ships the product to the customer. The company’s
Web site becomes little more than a for-fee electronic interface between the customer and

the manufacturer.

Sources: Eric Berkman, “Clicklayer,” CIO Magazine, Volume 14, issue 8, (February 1,
2001): 92—100; Eric Hall, “Information Wants To Be Free? Not at TheStreet.com,”
Infoworld (December 8, 1997): 94-96; Linda Rosencrance, “TheStreet.com Looks for
Road to Profitability,” Computerworld Online (November 16, 2000); Todd R. Weiss,
“Walmart.com Site Back Online After 28-day Overhaul,” Computerworld Online

(October 31, 2000).

[End Technology Application 4.3 box here]

[Start Technology Application 4.4 box here]

Technology Application 4.4

Internet Security Certification

Case 1: Webtrust Certification

Like many vendors of high technology products, Westek Presentation Systems made a

decision to pursue opportunities for e-commerce by taking its product lines to the Web.
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However, a major problem was many customers’ reluctance to purchase products over
the Internet because of security issues. These security issues included concerns over
whether the company really existed (or was simply a front to collect credit card numbers
for fraudulent use) and over the safety of transmitting credit card information over the
Internet. Westek’s CPA proposed a solution recommending that Westek have the CPA
provide assurance services that would attest to the validation of the company and the
safety of its Web site for potential customers. In late 1997, Westek became the first

certification client for this new type of security service.

The WebTrust Seal of Assurance is the product of a joint venture between the
American Institute of Certified Public Accountants (AICPA) and the Canadian Institute
of Chartered Accountants (CICA). It is designed to provide comfort and assurance that a
Web site is reasonably safe for users participating in B2C e-commerce. Once a site
receives WebTrust certification, it should be reviewed at least every 90 days by the
CPA/CA to assure adequate standards have remained in place and the site remains

reasonably secure. Basically, the Web site must meet three standards:

* Business practices disclosure: The client company must disclose its business

practices for conducting e-commerce to users accessing its Web page.

» Transaction integrity: The client company must have proper control procedures in
place to assure that customers’ business events data are completed and billed

correctly.

* [Information protection: The client company must have proper controls in place to

ensure customer information is protected from unauthorized use.
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Recently, WebTrust certification was made available in separate components rather than
requiring certification on all three of the above areas. For instance, one of the available

seals now covers only business practices and transaction integrity.

Case 2: ICSA Certification

An alternative to WebTrust is provided by the International Computer Security
Association (ICSA) Labs—a subsidiary of TruSecure. ICSA Labs provides reduced risk
to both the customer and the vendor by providing, verifying, and improving the use of
appropriate security standards across a range of critical dimensions. The Anti-Virus
certification helps product developers address threats from malicious programs. The
Firewalls certification is based on testing of commercially available firewall packages.
Crytography certification helps users identify products that effectively use cryptography
to provide security services. Intrusion Detection tests the functionality and compliance of
intrusion detection products. Additionally, a new product related to Public Key

Infrastructure (PKI) product certification is due out around the beginning of 2003.

Case 3: TRUSTe

Another product, TRUSTe, focuses solely on privacy issues. The TRUSTe certificate
is awarded only to sites that adhere to established privacy principles of disclosure, choice,
access, and security. Webstites carrying the seal also agree to TRUSTe’s prescribed
dispute resolution processes for customers. The focus on privacy creates a nice market
niche for TRUSTe as privacy concerns have been in the forefront of Internet legislation
for many countries. TRUSTe has recently added services for compliance with the
guidelines of the Children’s Online Privacy Protection Act (COPPA). The Children’s

Privacy Seal Program assures Web sites are safe harbors for children to visit.
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Case 4: BBB Online

The most popular certification program is the Better Business Bureau’s BBB OnLine
program with 10,482 active Web sites. The program confirms a company is a member of
the Better Business Bureau and that there has been a review for truth in advertisement
guidelines and good customer service practices. The program is likely so popular because
of the broad recognition of the Better Business Bureau and the low cost of attaining

certification.

Sources: Richard J. Koreto, “In CPAs We Trust,” Journal of Accountancy (December
1997): 62—64; AICPA/CICA, “CPA/CA WebTrust™ Version 2.0” http://www.cica.ca
(August 2000); ICSA, “ICSA Certified Secure Web Certification Program,”

http://www.icsalabs.com (January 2002).

[End Technology Application 4.4 box here]
[Start TECHNOLOGY INSIGHT 4.4 box here]
TECHNOLOGY INSIGHT 4.4

Internet Auction Markets

Internet auction markets provide an Internet base for companies to either place
products up for bid or for buyers to put proposed purchases up for bid. In the first case, a
market participant puts an item up for bid, sets a minimum bid price, and awaits
completion of the bidding process, as happens on eBay. While this market works fairly
well for B2C e-commerce, it is not as effective for business-to-business commerce. For
B2B e-commerce, a company may put specifications for a product out on the marketplace

as a request for proposals (RFPs). Participating organizations in the market can then bid
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on the sales by providing a proposal that includes details on product specifications, costs,
availability (i.e., timing of delivery), and logistics. The buying organization can then
select the proposal that seems most desirable for meeting the organization’s needs at a

minimal cost and risk.

[End TECHNOLOGY INSIGHT 4.4 box here]
[Start TECHNOLOGY INSIGHT 4.5 box here]
TECHNOLOGY INSIGHT 4.5

Internet Market Exchanges

Internet market exchanges bring together a variety of suppliers in a given industry and
one or more buyers in the same industry. Suppliers can put their products online,
generally feeding into electronic catalogs that allow the buyer(s) to sort through
alternatives from different suppliers and electronically place an order. Even if only one
supplier carries a certain item, efficiencies are still gained by avoiding the purchase order
process (described in detail in Chapter 12) and executing an order through selection from
a Web catalog. In some cases, the buyer will make its needs known on the marketplace
and suppliers will review the needs and determine whether to fill the orders. The key is to
make sure the market is efficient enough to assure that the buyer will get the product
purchased on a timely basis for when it is needed, for example getting purchased goods to
an assembly line within an hour of when needed for production. This part can get tricky

and the exchange must be set up carefully.

Internet market exchanges can be either private or public. Private exchanges limit the

buyers and suppliers who can participate in the market. Public exchanges bring together
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suppliers and buyers and allow essentially any organization to participate, subject
sometimes to credit approval and background checks. Private exchanges that have been
planned or are currently operating outnumber such public exchanges 30,000 to 600.
However, private exchanges have drawn the watchful eye of the Federal Trade
Commission (FTC), which oversees fair trade practices and potential anti-competitive

practices that may result from restricting participation in the market exchange.

Source: Steve Ulfelder, “Members Only Exchanges,” Computerworld Online (October

23, 2000).

[End TECHNOLOGY INSIGHT 4.5 box here]
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BUSINESS INTELLIGENCE AND KNOWLEDGE MANAGEMENT SYSTEMS

There is a popular saying that the amount of information in the world
doubles every ten years. That’s a lot of information! How can the
average manager or decision maker expect to keep up with the flood
of data that is so easily accessible? How can this decision maker
determine what data is useful, which is believable, and how much of
it is even relevant to a current problem or opportunity? Information
technology turns out to be both the enabler of this flood of data and a
tool for sorting through and analyzing it all. When used creatively,
information technology can tease out trends and opportunities from

data collected for entirely different purposes.

Take, for example, Amazon.com. Amazon.com is known for
being the most successful “dot-com” company doing business solely
over the Internet. It is heralded for its competitive pricing, efficient
transactions, and speedy delivery. What it is less well known for is
its ability to collect, analyze, and reuse marketing data. Amazon.com
keeps a database of every sale it makes to a customer. The company
knows when and what you order, and will send you an e-mail
coupon to prod you to order again if it has been a while since you
last ordered anything. The coupon may be for an entirely different
product line. If you bought a computer book, you might get a coupon

to order some computer equipment. Buy Harry Potter, and get a
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discount on toys or video games.

When you look at a book on the site, you will also see a list of
other books bought by customers who bought the book you are
considering, which may entice you to expand your purchase.
Amazon.com had been publishing a list of books bought by
customers at different large employers but stopped when companies
objected on the grounds of privacy. (Of course, this change doesn’t
mean Amazon.com can’t follow trends internally to help its
marketing staff.) Amazon.com can also analyze pricing, occasionally
experimenting with varying purchase prices to different customers to

increase revenues on its current volume of sales.

How does Amazon.com accomplish all of this? It relies on high-
quality data in its database and uses business intelligence tools to
analyze the data in support of business decisions. This chapter
introduces several types of business intelligence tools to give you an
idea of how a company combines the data that it collects with
publicly available data to support decision making throughout the

layers of management.

LEARNING OBJECTIVES

» To recognize how information is used for different types of decisions at various

levels in the organization

* To become familiar with the support that management receives from decision aids
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such as Business Intelligence systems, OLAP, groupware, expert systems, and

intelligent agents

* To understand the importance and challenges of formally managing organizational

knowledge, and to recognize the technologies that enable successful knowledge

management

Introduction

In Chapter 1 we defined the Information System as a system . ..
established to facilitate an organization’s operational functions and
to support management decision making by providing information
that managers can use to plan and control the activities of the firm.”
Let’s pursue the meaning and importance of one of the key concepts
within that definition. Very simply, decision making is the process
of making choices. It is the central activity of all management.
Managers make decisions or choices, such as what products to sell,
in which markets to sell those products, what organizational
structure to use, and how to direct and motivate employees. Herbert
A. Simon, a Nobel-prize-winning economist, described decision
making as a three-step process. His three stages have been adopted

over the years as the “classic” view of decision making:

1. Intelligence: Searching the environment for conditions calling

for a decision.

2. Design: Inventing, developing, and analyzing possible courses
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of action.

3. Choice: Selecting a course of action.’

' Herbert A. Simon, The New Science of Management Decision

(New York: Harper & Row, 1960): 2.
Review Question
What are the three steps in decision making?

Figure 5.1 depicts these three steps. Analyze the figure to see
what information is required for each step. Information from and
about the environment and the organization is needed to recognize
situations or problems requiring decisions. For example, information
about economic trends, marketing intelligence, and likely competitor
actions help management recognize opportunities for new markets
and products. Information about inefficient or overworked processes
in the organization focus management’s attention on problems in the
organization. Managers use information from within and from
outside the organization to design courses of action. For example,
information about human resources, production capacity, and
available distribution channels help management to develop
alternative methods for producing and distributing a new product.
Finally, a manager requires information about possible outcomes
from alternative courses of action. For example, to choose from

among alternative production options, a manager needs information
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about the costs and benefits of the alternatives and about the

probability of success of each option.
[Insert Figure 5.1 here]

Once a course of action is in place, the decision needs to be
implemented and the results communicated. Many people find that
the most important step in the decision making process is how well it
is implemented. Effective communication is a key component of this
success. Technology Insight 5.1 describes the effective presentation

of information in technical communications.
[Insert TECHNOLOGY INSIGHT 5.1 box here]
Management Decision Making

The nature of the information required by managers varies by
management level.” Strategic level managers require information
that allows them to assess the environment and to project future
events and conditions. Much of the information comes from outside
the organization and is used infrequently. Tactical management
requires information that is focused on relevant operational units.
Some external information is required, as well as information that is
more detailed and accurate than is the information used at the
strategic level. Operational management needs information that is
narrower in scope, more detailed, more accurate, and that comes

largely from within the organization.
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2 The levels of management are depicted in Figure 1.4 on page 13.
Review Question

What factors distinguish the types of information required by
strategic level managers, by tactical level managers, and by

operational level managers?

The kind of information required to make a decision is also
heavily influenced by the decision’s structure or lack thereof.
Structure is the degree of repetition and routine in the decision.
Structure implies that we have seen this very decision before and
have developed procedures for making the decision. We can use the
degree of structure inherent in each decision-making step to
categorize the decisions as structured or unstructured. We define
structured decisions as those for which all three decision phases
(intelligence, design, and choice) are relatively routine or repetitive.
In fact, many decisions are so routine that a computer can be
programmed to make them. For example, many organizations have
automated the decision of when and how much credit to grant a
customer when an order is received. At the time the customer’s order
is entered, the computer compares the amount of the order to the
customer’s credit limit, credit history, and outstanding balances.
Using this information, the computer may grant credit, deny credit,
or suggest a review by the credit department. We cover this

procedure in more detail in Chapter 10.
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Review Question

In your own words, explain structure as it relates to decisions.

Consider, on the other hand, the decision-making process that
managers undertake in choosing what research and development
projects to pursue in the next year. This is only one example of what
we classify as an unstructured decision, one for which none of the
decision phases (intelligence, design, or choice) are routine or

repetitive.

Figure 5.2 (page 146)summarizes several concepts introduced in
this section and also helps us to understand the nature of the
characteristics associated with information used by the three levels
of management for decision making. Further, this figure indicates the
proportion of structured and unstructured decisions handled by the

three management levels.

[Insert Figure 5.2 here]

Information Qualities and Decision-Making Level The level of
the decision maker and the type of decision to be made determines
the preeminence of certain information qualities. For example,
strategic management may require information high in predictive
value. Information used for strategic planning should help managers
“see” the future and assist them in formulating long-term plans. The

strategic level manager may not be as concerned with timeliness or
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accuracy and would therefore prefer a quarterly sales report to a
daily report containing several quarters of information so that trends
could be detected more easily. Operations management must make
frequent decisions, with shorter lead times, and may therefore
require a daily sales report to be able to react in a timely manner to
recent changes in sales patterns. Operations management may
require more timely and accurate information and may not be
concerned about the predictive value of the information. Without a
certain level of accuracy, however, even the largest data warehouse
will not be useful for forecasting or analysis of historical data.
Technology Application 5.1 gives examples of the importance of

high-quality data.
[Insert Technology Application 5.1 box here]

Conclusions About Management Decision Making From Figures
5.1 and 5.2 and their related discussions, we can reach the following
conclusions. Information needed for decision making can differ in
degree of aggregation and detail, in source, and in fundamental
character. We have also seen that the required qualities of

information differ by decision type and level of management.

Within the organization, managers can secure inputs to their
decisions directly: from the environment or from direct observation
of operations. Managers can also receive information indirectly

through the IS, which retrieves and presents operational and
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environmental information. Environmental information is now
widely available, given the ease of searching for and sharing
information over the Internet. As we understand more about the
decisions to be made and can better anticipate the data needed to
make those decisions, the IS can be designed to provide more of the

required information.

Because data requirements for structured decisions are well
defined, we strive to improve our understanding of decisions so that
we can make more decisions more structured, anticipate the data
needed for those decisions, and regularly provide those data through

the IS.
Systems For Aiding Decision Makers

As mentioned above, the IS supporting a firm’s business processes
focuses on information requirements that can be identified in
advance: information for well-structured decision situations in which
the typical information requirements can be anticipated. Perhaps we
make this sound simple. However, providing information to help
managers make decisions is a rather daunting task. Figure 5.3 (page
148) gives you some idea of the roadblocks facing managers when
they must make decisions. This section discusses some of the
information tools designed to help decision makers: Business
Intelligence systems, Online Analytical Processing systems (OLAP),

group support systems, expert systems, and intelligent agents.
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[Insert Figure 5.3 here]

As we discussed in the preceding section, many decisions—
particularly important decisions made by high-level management—
are predominantly unstructured. There are four levels of expertise

that can be applied to these decision situations:

* A manager can make the decision without assistance, using his or

her own expertise.

* The decision maker can be assisted by problem-solving aids such

as models, manuals, and checklists.

* The decision aid (e.g., models, checklists, and manuals) might be

automated.

* The system itself can replace the decision maker, as when an
expert system monitors the activity in a production line and

adjusts the machinery as required.

Business Intelligence Systems, OLAP, and Group Support
Systems Automated tools can assist or replace the decision maker.
Technology Insight 5.2 describes Business Intelligence systems (BI)
and Online Analytical Processing (OLAP) systems. BI assists the
decision maker by combining current and historical facts, numerical
data, and statistics—from inside and from outside the organization—
and by converting these data into information useful in making the

decision. Bl is a broadly defined approach to supporting decision
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makers, and many software products provide this capability in
conjunction with data warehouses and other large-scale database
products. OLAP tools are software products that focus on the
analytical needs of decision makers. Frequently software vendors
sell OLAP tools to provide business intelligence within the client
firm. We will use these terms almost interchangeably in this chapter,

as they are so closely related.

[Insert TECHNOLOGY INSIGHT 5.2 box here]

Let’s see how a manager uses BI. A decision maker might create
a spreadsheet to identify changes in sales for several product lines
and to compare them to similar figures from a previous period. This
information might help the manager to determine if sales quotas
have been attained for this period and if current performance is
consistent with past experience. With the spreadsheet, the decision
maker prepares a report in a format that is suitable for this decision

at this point in time.

With a more complex BI system, screen reports could have been
programmed in advance. For example, when an executive turns to
her computer each morning, a screen appears containing a
“dashboard”—a visual display of the company’s key performance
indicators. Imagine that the executive wants to examine sales trends.
She might click on a “sales trends” graph. To determine what to do

about a potential problem observed in the graph, the manager might
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successively request more detailed information, a process known as
“drilling down.” This sales trend information might alert the
manager to some problem, i.e., the intelligence step in a decision.
OLAP tools could then be used to analyze the trends to determine if
the problem resulted from a manufacturing problem, a salesforce

issue, or improvements in a competitor’s product.

Figure 5.4 shows a sales analysis screen shot in which data
displayed in a table can be easily converted to a graphical
representation by clicking an icon. The sales data can be analyzed
over a number of dimensions by drilling down by region, product,

time period, and a number of other displayed fields.
[Insert Figure 5.4 here]

Examine again the figure that accompanies Technology Insight
5.2 and notice the four items entering the system: the data
warehouse, external databases, World Wide Web information, and
OLAP models. When the BI system is originally designed, the
organization identifies the data and models that allow the managers
to monitor issues of interest. By agreeing on these issues of interest,
the organization develops a consensus on the key factors that will

indicate success, i.c., achievement of organizational goals.’

3 See the discussion of strategic planning in Chapter 6 for a
discussion of developing organizational objectives and key

success factors.
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Once the data have been identified, the users must ensure that the
data provided are relevant, timely, accurate, valid, and complete.
Managers unable to identify and provide such data risk irrelevance

and obsolescence in their organizations.

BI systems do not suggest to the decision maker what to do; they
simply provide views for interpreting information. With BI, the
knowledge and experience required to analyze information, to make
judgments, and to take required actions reside with the decision

maker.

BI systems help managers, who are typically working alone, to
make decisions. Group support systems (GSS), commonly called
groupware, are computer-based systems that support collaborative
intellectual work such as idea generation, elaboration, analysis,
synthesis, information sharing, and decision making. GSS use
technology to solve the time and place problems associated with
group work. That is, a GSS creates a “virtual meeting” for a group.
While “attending” this meeting, members of the group work toward

completion of their task and achievement of the group’s objective(s).

Groupware focuses on such functions as e-mail, group
scheduling, and document sharing. Technology Application 5.2
describes PricewaterhouseCoopers’ use of distributed database

technology to facilitate audit team work.

[Insert Technology Application 5.2 box here]
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Artificial Intelligence Many decision-making situations require a
high level of expertise in a deep or complicated problem area.
Artificial Intelligence (Al) facilitates the capture of expertise in
many ways. In this section, we discuss three Al techniques, expert

systems, neural networks and intelligent agents.

Expert systems (ES), described in Technology Insight 5.3, may
help decision makers overcome many of the roadblocks depicted in

Figure 5.3 (page 148). Expert systems may be appropriate where:
[Insert TECHNOLOGY INSIGHT 5.3 box here]

* Decisions are extremely complex.

* Consistency of decision making is desirable.

* The decision maker wishes to optimize the decision. That is, the
decision maker wants to minimize time spent making the

decision while maximizing the quality of the decision.

» There is an expert decision maker, and his or her knowledge can
be efficiently captured and effectively modeled via computer

software.
Review Question
Describe the components of an expert system.

Technology Application 5.3 provides a real-world example of
how expert systems can be used. You will find additional examples

of the use of expert systems in several remaining chapters.
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[Insert Technology Application 5.3 box here]

To increase competitiveness, businesses are increasingly using
Al Three trends are indicative of this increased use. First, in the
process of downsizing a large percentage of an organization’s
experience is lost. The targets of early retirement programs are the
people with the most seniority and the highest pay. These are the
same people who have accumulated knowledge about the business
and whose expertise will be greatly missed. The second trend is the
increasing complexity of business organizations and operations. The
third trend is the decentralization of business. All three explain the
need for Al systems to help maintain expertise and increase a

company’s ability to share it among many employees.

Technology Insight 5.4 describes one of the most common
contemporary development approaches in Al, called neural networks
(NN), and Technology Application 5.4 (page 156) provides real-
world examples of neural networks. The ability of NN to discover
patterns in large quantities of data makes them useful in decision
making, performing well in areas that can’t be reached by ES or BIL.
Picture a neural network poring through reams of internal and
external data and notifying an executive that there may be something
that requires attention. For example, the NN might predict that,
because ratios A, B, and C are down, there will be a decline in

income next year. It might go on to tell the executive what to do to
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prevent the decline. An expert system could perform a similar
function, but only if an expert had found the relationship between
ratios A, B, C, and income and someone had entered that

relationship into the knowledge base.

[Insert TECHNOLOGY INSIGHT 5.4 box here]

[Insert Technology Application 5.4 box here]

What stops us from using Al in every decision-making
situation—what’s the downside? If we do use Al, what does a good
manager need to consider? The benefits derived in terms of
increased productivity, improved decision making, competitive
advantage, and so on, must exceed the costs of development and
maintenance of the system. And, for ES in particular, we must be
able to identify and extract the expertise required and to enter that
expertise into our knowledge base. Therefore, we must carefully

choose the areas in which we will apply Al technology.

Perhaps the area of greatest recent growth in decision-aiding
systems is the development and application of intelligent agents. An
intelligent agent is a software component integrated into a BI
system, Web search engine, or software productivity tool (such as
word-processing, spreadsheet, or database packages) that provides
assistance and/or advice to the user on use of the software, decision-
making attributes, or supplying of common responses by other users.

Most intelligent agents are designed to learn from the actions of the
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system’s user and to respond based on the user’s responses or usage
patterns. Technology Application 5.5 discusses the use of intelligent

agents in a tax preparation software package—TurboTax.
[Insert Technology Application 5.5 box here]

Much of the demand for intelligent agents has arisen from two
realities in the workplace. First, as productivity software (i.e., word-
processing, spreadsheets, and presentation software) and data
warehousing continue to increase in power—and therefore
complexity—these agents become critical to explaining to many
users how to use certain features. For instance, Microsoft Word
analyzes your text input, recognizes if you are trying to write a letter,
and offers to help format the letter. The program can analyze
grammar and automatically flag errors, providing recommended
corrections as well. Agents are increasingly being embedded in BI
software for a host of things such as facilitation of data mining

approaches with use of data warehouses.

The second driver is the sudden information explosion coming
from the use of the Internet. The vast volumes of information have
made it difficult for users to find information germane to their given
interest. The result has been extensive work in embedding intelligent
agents into browsers to recognize users’ search patterns and to
provide advice on searches. Many of these tools, by learning the

user’s behavioral patterns, facilitate the rapid access and filtering of
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information to provide precise searches on applicable information.
Such use of intelligent agents holds the greatest promise for the

future of Al-based systems.

Let’s summarize what we have learned regarding systems that
provide intelligence-based assistance to the management decision

maker.

* To overcome the roadblocks to quality decision making,
managers use Business Intelligence systems (BI), group support
systems (GSS), expert systems (ES), neural networks, (NN) and

intelligent agents.

* A Bl system structures available data to provide information
about alternative courses of action without offering a solution. BI
works well with unstructured (or semi-structured, i.e., having
only some structured components) problems that have a

quantifiable dimension.
* A GSS facilitates group interaction and group consensus-
building.

* An ES applies expertise—modeled after that acquired from an
expert—to provide specific recommendations on problem

resolution.

* Both Bl and ES can assist a user in problem solving, but in

different ways. A BI system is a passive tool; it depends on the
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human user’s knowledge and ability to provide the right data to
the system’s decision model. OLAP tools expect the user to
know when and how to apply analytical expertise. An ES, on the
other hand, is an active teacher or partner that can guide the user
in deciding what data to enter, and in providing hints about

further actions that are indicated by the analysis to date.

Neural networks supplement the expert system in areas where
expertise has not yet been captured. By examining the data, the

NN can identify and replicate the patterns that exist.

Expert systems can automate portions of decision making. They
can function independently and actually make the decision.
Alternatively, an ES can merely assist the decision maker and
recommend a course of action. One final comment: We are not
talking about replacing people with ES. These systems make it
possible for valuable expertise to be available in multiple
locations. The systems supplement managers in a timely manner
to facilitate important decisions for maintaining an organization’s

competitive edge.

Intelligent agents can provide smart assistants that simplify
and/or improve effective use of software systems. Intelligent
agents can adapt to the user’s specific situation and provide

guidance on potential errors and suggest alternatives.

Review Question
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What factors distinguish a Bl system from an ES? What factors

distinguish ES from NN?
Knowledge Management

In a recent interview, Susan O’Neill, deputy chief knowledge officer
of PricewaterhouseCoopers, noted, “Knowledge is what we’re all
about. All of our profitability and viability is about how good we are
at leveraging the intellectual assets of our people and making that
available to our clients.” Indeed, a survey of 200 IT managers by
InformationWeek shows that 94 percent of companies consider
knowledge management strategic to their business or IT processes
and that these companies are in the early stages of their knowledge-
management efforts. Additional results reveal that on average
companies are capturing only 45 percent of their intellectual capital.*
A manager at Ernst & Young referred to knowledge management as
the biggest problem faced by the firm in trying to maintain the
quality of service expected by its customers.’

* “Knowledge Management: A Concept Worth Pursuing,”

Information Week (April 5, 1999).

Chris Nagle, “Research Opportunities in Knowledge
Management” Mid-Year Meeting of the Auditing Section of the

American Accounting Association (January 14, 1999).

Knowledge management is the process of capturing, storing,
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retrieving and distributing the knowledge of the individuals in an
organization for use by others in the organization to improve the
quality and/or efficiency of decision making across the firm. The
primary enabler of knowledge management efforts is the power of

contemporary information technologies.
Review Question
Describe the purpose of a knowledge management system.

Effective knowledge management means that an organization
must be able to connect the knowledge of one individual (e.g.,
capturing) with other individuals in the firm (e.g., distributing) who
need the same knowledge. Distribution dictates the use of electronic
communications technology—namely groupware systems.
Advanced database management systems and Al systems
technologies for orderly storage and retrieval of the captured

knowledge are also critical.
Gathering Knowledge with Groupware

All of the capabilities of groupware, as discussed earlier in this
chapter, are key to supporting knowledge management for
organizations of virtually any size. Even the simplest components
such as e-mail and document sharing are vital components. Add to
these the capability of Electronic Document Management systems,

and the information content of the electronically distributed
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messages vastly increases. Indeed, many people consider the roots of
knowledge management to be in the development of Lotus Notes, a
widely used groupware system specifically designed to facilitate
sharing of documents, e-mail, and group communication.
Technology Insight 5.5 (page 160) describes a new approach to
groupware that provides Notes-like capabilities anywhere on the

Internet.
[Insert TECHNOLOGY INSIGHT 5.5 box here]

In many organizations, when an individual is faced with a
problem and is unsure of the solution, he or she will post the
problem to an electronic blackboard maintained by the groupware
system. Other individuals in the organization who have the
knowledge to resolve the issue will note the query on the blackboard
and e-mail their suggested solution approach to the original

individual posting the issue—hence, sharing their knowledge.

The document component becomes a means of making the
process even more efficient by having individuals within the
organization transfer documents detailing their resolution to a given
problem to a central repository. As shown in Figure 5.5 (page 161),
the document is transmitted by the user through the groupware
system and is transferred to the knowledge management system for

storage.

Storing Knowledge in Data Warehouses
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At the heart of most knowledge management systems is a series of
interconnected data management systems. As shown in Figure 5.5
(page 161), these databases of information and knowledge are
generally best managed by using contemporary data warehousing
technologies. Data warehousing technology enables the information
needed for effective support of decision making to be integrated into
a searchable warehouse of knowledge (often via the use of data

mining techniques).
[Insert Figure 5.5 here]

The need for data warehousing technology is driven by the vast
amounts of information typically required for effective knowledge
management. Not all of this so-called “knowledge” is that
sophisticated. Much of the “knowledge” in such systems is what is
frequently referred to as “three-ring binder knowledge” consisting of
items such as standard operating procedures manuals, employee
resumes, troubleshooting guides, regulatory guidelines (such as tax
laws), and corporate codes (such as codes of conduct or ethics).
Other documentation might include memoranda and letters written
by various people within the organization. These memoranda and
letters are often the best documentation of problem resolution

provided customers or clients.

Given the volume of document-driven knowledge included in

such systems, it should be apparent that electronic document



Gelinas 5-24

management technologies can greatly enhance the efficiency and
usability of most knowledge management systems. The most
prevalent problem with such systems, however, is finding the
document that has the answer to your problem. Intelligent systems

are increasingly being used to help with this dilemma.
Intelligent Agents for Knowledge Retrieval

Intelligent agents (as discussed earlier in this chapter) have greatly
improved the usability and efficiency of knowledge management
systems. Many organizations have found electronic blackboards
embedded in groupware to be somewhat inefficient because experts
in their organizations end up spending unproductive time reviewing
questions on blackboards placed by other employees. A more
efficient approach has long been thought to be the centralized
storage of documents such as memoranda and letters that explain
problem resolutions and may be reusable with other customers and
clients. The problem is how to find the right document for your

problem.

Intelligent agents come to the rescue by providing software
agents that learn about an individual’s work tasks and search
behavior to better understand the information the user is likely to be
seeking. The intelligent agent is then able to better refine the search
and filter out much extraneous information that may be retrieved.

The intelligence in these agents generally decreases search time, and
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so knowledge management systems end up getting used more
frequently, as information is identified easily and quickly and with

reduced frustration over mounds of unrelated information.

While intelligent agents tend to be the dominant form of Al used
for knowledge management, you should certainly recognize that
other Al components are used in knowledge management systems.
Neural networks can be very helpful in recognizing patterns within
the information stored in the vast knowledge warehouses. Further,
such technologies can help pull together associated documents to
recognize the common threads of information between different
documents and pieces of information that have been stored.
Additionally, expert systems and business intelligence systems are
increasingly finding a home as integrated components of the

knowledge management system.

Creating A Knowledge Culture

A major challenge faced in developing effective knowledge
management systems is a cultural issue. Knowledge enters the
knowledge management system only if individuals within an
organization develop the necessary habit of entering information into
the system. There are two primary reasons that knowledge is often
slow to enter such systems: (1) a reluctance to give up the power
associated with being the keeper of some knowledge or expertise and

(2) the failure to remember to enter information into the system
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when key problems have been resolved.

In many organizations, the key to success is to know more about
the nature of the organization, its work, or its clients than anyone
else. For some who were promoted based upon what they know and
whom they know, sharing information freely is a relinquishment of
power. Entering information into a knowledge management system
is a formal extension to sharing—and far more of an individual’s
peers will have access to the information. The organization must
adjust its criteria for rewarding and promoting employees to reflect
the change to a shared knowledge environment. This change in
compensation criteria encourages individuals within their

organization to participate.

The other problem is getting employees into the habit of entering
information into the knowledge management system. Some
organizations have moved to the practice of recording participation
in the knowledge management system and making participation a
part of employees’ annual personnel review. This practice provides
an extrinsic reward that encourages participation, generally
successfully, but also may formalize the knowledge management
culture, which can actually inhibit the free flow of information

among an entity’s employees.

Informal organizations are frequently the most effective at

knowledge management, but creating a culture of knowledge sharing
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Conclusions

remains the difficult part of making such structures work. Perhaps
the greatest factor in the failure of organizations to achieve effective
knowledge management is the concurrent failure to have addressed
behavioral issues surrounding implementation of knowledge
management systems. The company in Technology Application 5.6
tackled this problem head on and succeeded in getting its employees

to participate.

[Insert Technology Application 5.6 box here]

As organizations continue to struggle with knowledge
management issues, one thing that is clear is that organizations
cannot afford to ignore cultural issues. Knowledge management is
but one of many choices faced by organizations as they attempt to
implement information technologies that support their strategic
mission. The challenge is in determining a logical plan for the
development of intelligent technologies that provide maximum

support for the strategic mission of the organization.

Business organizations must be successful in increasingly
competitive international markets. Not-for-profit organizations—
such as those in health care, education, and government—must
deliver high-quality services at a cost that is acceptable to their
customers and constituents. Effectively analyzing internal data and

business trends gives each organization the understanding it needs to
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RQ5-1

RQ5-2

RQ5-3

RQ5-4

RQS5-5

plan for its success in the future.

As we study IS, we find that the Information System and the
effective use of information by all members of the organization are
central issues for organizations. Advanced information technologies
and intelligent systems—such as groupware and intelligent agents—
must be successfully integrated with existing Information Systems.
Investigation of business intelligence systems, knowledge
management systems, and other methods of assisting the
management decision maker can lead to Information Systems that
drive the long-term success of an organization. Developing your
knowledge of decision making, information processing, and
advanced technology will allow you to play an important role in the
effective application of advanced technologies in your own

company.

REVIEW QUESTIONS

What are the three steps in decision making?

What factors distinguish the types of information required by
strategic level managers, by tactical level managers, and by

operational level managers?

In your own words, explain structure as it relates to decisions.

Describe the components of an expert system.

What factors distinguish a Bl system from an ES? What factors
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RQ5-6

DQ5-1

DQ5-2

DQ5-3

DQ5-4

DQS-5

DQ5-6

DQS-7

distinguish ES from NN?
Describe the purpose of a knowledge management system.
DISCUSSION QUESTIONS

Describe a few structured decisions and a few unstructured

decisions. Discuss the relative amount of structure in each decision.

“To be of any value, an Information System must assist all levels of

management.” Discuss.

“All managers should be willing to invest the time to learn to use the

organization’s BI system.” Discuss.

Describe an example of an organization changing in reaction to
pressures in the environment. Compare your example to another
example of an organization changing in anticipation of
environmental opportunities. Discuss the Information System

implications of these two examples.

Describe how an expert system might have helped you to choose

which colleges and universities might be best suited for you.

Explain how a Business Intelligence system (BI), an expert system
(ES), and a neural network (NN) can assist a decision maker in
performing the three steps in decision making. Can these systems
perform any of these steps independent of the human decision

maker? Discuss your answer.

Use two different Web search engines (such as Yahoo, Altavista,
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P5-1

PS-2

PSs-3

Lycos, AskJeeves, Google, or others) to look up a term you learned
in this chapter. Why do you think each search engine produces a

different list of links? Shouldn’t they be the same?
PROBLEMS

Select a software package to which you have access that incorporates
an intelligent agent. Describe the actions of the intelligent agent and

how these actions assist in the use of this package.

Assume that you are the owner of a small local business of your
choosing. Assume further that you are trying to decide if you want to
extend your business by adding an e-business component. For each
of the decision-making steps—intelligence, design, and choice—
describe the information that you will need and the source of that

information.

For their maintenance and repair division, Otis Elevator had a goal
of not being noticed. That is, the company wanted its elevators to
work all the time. They wanted to anticipate when any elevator
would need repair and to get the right person, with the right parts and
knowledge, to fix any elevator that is having, or may have, a
problem. Describe how the company could accomplish this objective
by applying the technology introduced in this chapter. For each
technology application, describe how it will be used to help achieve

the objective.
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P5-4

PS-5

While studying for your open-book final exam in biology, you
daydream about having access to an expert system during the exam
that would help you get all the correct answers. Based on the ES
components described in Technology Insight 5.3 (page 152),
describe the contents of the ES. Describe where each of the

following would be found:

a) Contents of the textbook

b) Your lecture notes

¢) Problem background provided on the exam

d) Your personal experience with nature

e) Your common sense

f)  Answers to questions you have about the objective of a problem

Which kinds of questions (e.g., multiple choice, true/false, short
essay, problem solving) would the expert system best help you to

answer? For which kinds would a neural net be better?

Many full-time students aim to complete their college education in a
four-year period. Often, students join clubs, fraternities or sororities,
or other campus organizations while in school. Since membership in
these organizations changes radically each year, it would be very
useful for the membership to create and use a knowledge
management system to record the “organizational memory” of its

prior officers, members, and event planners. Describe the contents of
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such a knowledge management system for an organization to which
you belong. Discuss how your organization might design, create, use

and control access to the system.

P5-6 Search the Web to locate the home page of an OLAP or business
intelligence software vendor. Download a demo version of the
software and try it. Is it easy to use? Does it provide a good level of

flexibility? Overall, how would you evaluate the software?
BOXES
[Start TECHNOLOGY INSIGHT 5.1 box here]
TECHNOLOGY INSIGHT 5.1
Lessons About Information Effectiveness from Technical Communication Experts

To be successful providers and consumers of information, to support management
decision making, and to add value to their organizations, business professionals must
understand specific needs for information so that they can determine the information that
best meets those needs. Experts in technical communication (TC) provide some
terminology and ideas that we can use to enhance the effectiveness of information. This
technology insight reinforces the discussion in this chapter as well as provides

background for the systems development discussions in Chapters 6 and 7.
First, let’s define some terms:

At the heart of a business situation is a problem that needs to be solved, creating a
need for information, services, products, or decisions. For example, the situation

might be an insufficient quantity of raw materials to continue production of widgets.
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Our problem is to decide what to do about it.

* An activity is a solution to the situational problem and can vary by management
level. For example, a lower-level manager’s activity might be to place an emergency
order for raw materials; a middle manager could temporarily shift production to
another product; and an upper-level manager might choose to stop making widgets

altogether.

» The scenario defines the actions that enable the information, services, or products to
be transferred or the decision to be made. In choosing the appropriate scenario, we
answer such questions as: Who will be involved? When? In what way? What roles
will people play? What are the types of documents, meetings, or presentations that
are part of the situation? What are the values, preferences, rules of etiquette,
technological considerations, and criteria that are pertinent to this interaction? For
example, when we go to a restaurant we expect certain things to happen: A waiter or
waitress will take our order and bring our food. And, we typically won’t receive the
check until after we get our food. We do not expect to give our order to another
patron, or to cook our own food, or to get the check before we order! That is, there is

a scenario appropriate for a restaurant.

To provide effective communication, we must pick the scenario that is appropriate for
the situation. We must be able to say, “This is one of these situations where . . .” and
know what actions this situation requires. For example, when we have run out of raw
material for making widgets, the scenario for the lower-level manager might include: data
about raw materials on order and due in from vendors, names of vendors who can provide

the raw materials, cost of an emergency order, whether this decision may be made by a
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lower-level manager, etc.

* The communication includes documents, presentations, meetings, and electronic
interaction that initiate, conduct, or interpret the activity or decision.

Communication assists in solving the problem by:

1. Defining the problem by analyzing the need for communication and the
audience that must be addressed. This parallels the intelligence step in decision

making.

2. Generating alternative courses of action by summarizing and analyzing

information. This parallels the design step in decision making.

3. Making choices, negotiating the evaluation of these alternatives, and
developing support for any solution. This parallels the choice step in decision

making.
Let’s summarize what we can learn from these technical communication ideas:

1. The context for problem solving (or decision making) is important. As we said when
we described relevance, information, to be useful, must reduce uncertainty for this

decision maker for this decision.

2. A communication’s effectiveness (or information’s effectiveness) is situational and
rule-governed. For our information to be understood by the recipient, and for the
communication to have its intended effect, we must have knowledge of the attitudes

and expectations of the audience of the communication.

3. Information’s relevance, usability, and understandability, indeed its value, depend

on the audience of the communication, not on the subject being communicated.
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4. The relationship of communication and problem solving is not: “(1) [ have a
problem, (2) I solve the problem, and (3) I communicate the results.” Rather, the
required communication—the required output—determines your problem-solving
activities. In Technical Communications terms, we would say, “We have a business
situation (a problem) that requires a solution (an activity), and the communication

(the output) determines the scenario (the problem-solving actions to be taken).”
[End TECHNOLOGY INSIGHT 5.1 box here]
[Start Technology Application 5.1 box here]
TECHNOLOGY APPLICATION 5.1
Data Quality
Case 1

The information systems of the state of Montana’s Department of Corrections were
relying on very poor-quality data as the basis of state and federal reports. Poor data
quality caused the state to lose a $1 million grant because they couldn’t predict how
many of a certain type of offender would be jailed over the next few years. As a result, a
major overhaul of the database coupled with the hiring of a data validity officer was
undertaken. By 2000, anyone responsible for entering data—from attorneys to guards—
was held responsible for the quality of the data entered, and the problem has been

reversed.
Case 2

The Prudential Insurance Company of America started a data warehouse project in

1996 to consolidate data from its eight separate lines of business. The goal of the project
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was to enable data mining to improve customer relationships. In the process, Prudential
discovered that different parts of the company collected different data on each customer
who might hold several types of policies. Each line of business had its own standards for
encoding policy numbers, customer names, and other critical items of data. All told, the
company had to define and equate 3,000 different terms describing its customer data. The
result of this long data-scrubbing process is a six terabyte data warehouse with common

data definitions across the eight lines of business.

Source: Beth Stackpole, “Wash Me,” CIO Magazine, Vol. 14, Issue 9, February 15,

2001, pp. 100-114.

[End Technology Application 5.1 box here]

[Start TECHNOLOGY INSIGHT 5.2 box here]

TECHNOLOGY INSIGHT 5.2

Business Intelligence Systems

Business Intelligence (BI) systems are Information Systems that assist managers with
unstructured decisions by retrieving and analyzing data in order to identify, generate and
interpret useful information. A BI system possesses interactive capabilities, aids in
answering ad hoc queries, and provides data and modeling facilities, generally through
the use of Online Analytical Processing (OLAP) tools, to support nonrecurring, relatively
unstructured decision making. OLAP tools could be as simple as a spreadsheet add-on, or
provide extended capabilities including what-if analysis, forecasting, allocations,
statistical data mining, market basket analysis, business modeling, and real-time data

filters.* The main components of a BI system are diagrammed in the accompanying
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figure. Notice that the data made available to the decision maker include both internal
data from an entitywide database or a data warehouse, and data obtained from outside the

organization, such as Dow Jones financial information.
[Insert UNF-p.149-1 here]

* Allocations of funds or other assets must be made to regulate the use of scarce or
expensive resources. Statistical data mining employs sophisticated statistical techniques
to search for patterns in large quantities of data. Market basket analysis examines a
portfolio of products, and allows them to be studied as a collection instead of as
individual goods. Real-time filters support the sorting of individual data records into

groups as each is encountered.

[End TECHNOLOGY INSIGHT 5.2 box here]
[Start Technology Application 5.2 box here]
TECHNOLOGY APPLICATION 5.2
Group Support at PricewaterhouseCoopers

At the heart of PricewaterhouseCoopers TeamMate software is relational database
technology that permits sorting and filtering of information by individual audit team
members. The system captures, shares, and organizes information for the firm’s auditors.
In addition to the underlying database technology, TeamMate includes spreadsheet and
word-processing programs, as well as software modules developed at

PricewaterhouseCoopers (PwC).

At the start of an audit engagement, team members are set up with access rights to an

intranet server that contains a master copy of the audit workpapers. These files include
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the audit programs—a listing of the work to be performed during the audit engagement.
As each auditor completes portions of the audit program, he or she updates the shared set
of audit workpapers, documenting the audit work performed, the conclusions reached,
and any issues discovered. Once the workpapers are updated, the system automatically
records electronic information related to when and by whom the workpapers were
updated. Through the intranet server—regardless of their location in the world—all audit
team members have virtually instant access to the updated versions of the audit
workpapers on their laptops. These updated versions reflect changes made to the
workpapers by all members of the audit engagement team. PwC reports that TeamMate
has enhanced the efficiency and effectiveness of its audit engagements. Additionally, PwC
believes that TeamMate dramatically improves technical proficiency and accelerates

career development of new staff.

Source: TeamMate98 (PricewaterhouseCoopers, www.pricewaterhousecoopers.com,

June 1999).

[End Technology Application 5.2 box here]

[Start TECHNOLOGY INSIGHT 5.3 box here]

TECHNOLOGY INSIGHT 5.3

Expert Systems

An expert system (ES) is an Information System that emulates the problem-solving
techniques of human experts. The components of an expert system are included in the

figure that follows and are described as follows:

[Insert UNF-p.152-2 here]
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* A human expert possesses relevant knowledge—including both facts and rules—

accumulated through years of experience.

* The knowledge engineer is a person possessing both the skill to extract relevant
knowledge from a human expert and the ability to capture this knowledge in the

knowledge base.

* The knowledge base contains all the relevant expertise—often in the form of rules—
that can be obtained from one or more human experts about a particular subject.
This expertise is stored in the knowledge base in the form of decision rules-of-
thumb (heuristics), typically as if-then-else statements that are linked in a decision

tree structure.

» The knowledge acquisition facility furnishes a computer interface in the form of
dialogue and input screens to expedite creation and maintenance of the knowledge
base. The human expert may use the knowledge acquisition facility, thus assuming

the role of the knowledge engineer.

* The inference engine executes the line of reasoning by acting on the rules and facts
stored in the knowledge base and the inputs from the system user. The inference
engine may also have access to other data (described on the expert systems diagram
as optional inputs) useful in arriving at a conclusion. For example, data related to the
particular decision may be obtained from the entitywide database or a separate data

warehouse, thus obviating the need for the user to enter such data.

* The ES’s user interface provides a user-friendly interface for entering data and for

asking and answering questions. It facilitates user input and contains the explanation
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facility that traces progress through the reasoning process and provides the user, on

request, a description of the logic supporting a decision.

How do we use an expert system? As we said before, we consult an expert system as
we would any other expert, to diagnose the source of a problem, to determine how to
solve a problem, or to make a decision. For example, in a typical help desk application,
an ES might provide an automated troubleshooting guide for computers. In this case, an
expert system would start by asking you questions to extract from you information about

the problem that you are having with your computer. Expert systems can be used:

» To perform complex analysis. When the amount of data and the number of rules are
more than the human expert can comprehend, an ES can perform the analysis and
either recommend a course of action to a human user, or the ES can be designed to
take the appropriate action without human intervention. For example, expert systems

are used to monitor chemical production processes.

* To distribute and preserve the expertise of an expert. When only one (or only a few)
person(s) know how to perform a certain task, an expert system can be “taught” to
mimic the actions of the expert. Then the system can assist others in performing the
action. For example, one of the “Big Three” U.S. automobile manufacturers
developed an expert system to assist a mechanic in diagnosing problems in
automobile engines. The knowledge base was extracted from a retiring expert in
engine diagnosis. The computer troubleshooting system is another example of this
type of expert system. In this case, the expertise of computer repair specialists is

being preserved and distributed.

» To teach. As you use an expert system, the system’s user interface and explanation
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facility can help you—a nonexpert—Iearn the relevant facts and rules. For example,
insurance reimbursement specialists can use an ES to learn the detailed rules for
determining the amount of medical payments. The computer troubleshooting system

can be used to teach personnel how to repair computers.
[End TECHNOLOGY INSIGHT 5.3 box here]
[Start Technology Application 5.3 box here]
TECHNOLOGY APPLICATION 5.3
Using Expert Systems Technology to Support Field Technicians

Picker International has had a long reputation as a quality support company for medical
diagnostics systems. However, in the mid-90s, it faced a crisis in shrinking health-care
product sales due to tightening expenditures under cost-containment pressures and
regulatory questions. The bulk of the company’s revenue was coming from field support,
and the more information that could be provided to the field technicians, the greater the
revenue and profitability forecast. Yet, the technicians headed out to the field with

pagers, three-ring binders, schematic diagrams, parts catalogs, and related documentation.

Picker needed to find a way to improve efficiencies. In the current system, the
technician was paged, phoned back for instructions, went to a job with a few clues as to
the problem, fixed the equipment, and then called back in to report the work that had
been completed, the labor hours expended, and the parts used. All of the information was
subsequently entered into customer and service databases. The databases provided key

information on worker productivity and systems reliability.

New systems were developed with the recognition that if problems could be
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diagnosed remotely before service calls, technicians would be better prepared to deal
with the problems when they arrived. Additionally, access by the technicians to the
histories in the databases on product reliability and past customer problems could

improve the efficiency of problem diagnosis.

The solution included equipping each technician with a laptop and a new software
package, Questor, an expert system for diagnostic support. Questor would both perform
diagnostic testing on the equipment to scan the machine’s memory for patterns leading to
failures and at the same time automatically retrieve histories from the database as to
product and customer service call patterns. Based on the retrieved information, the
technician then answers a series of questions posed by Questor as it attempts to narrow

down the problem possibilities.

The interaction between Questor, users, and the data stores provides identification of
product weaknesses and subsequent improvements in design. In aggregate, the
observations from multiple service calls develops a pattern of diagnostic tests and repair
processes and procedures. These observations can be used to both improve design and to

formulate improvements in service repair processes.

Source: Scott Wallace, “Experts in the Field,” Byte (October 1994): 86-96.
[End Technology Application 5.3 box here]

[Start TECHNOLOGY INSIGHT 5.4 box here]

TECHNOLOGY INSIGHT 5.4

Neural Networks

Neural networks (NN) are computer-based systems that mimic the human brain’s ability
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to recognize patterns or predict outcomes using less than complete information. For
example, NN are used to recognize faces, voices, and handwritten characters. NN are also
used to sort good apples from bad, to detect fraudulent users of credit cards, and to

manage investment funds.

Given a volume of data, an expert system makes a decision by using the knowledge it
has acquired from outside experts. Neural networks, on the other hand, derive their
knowledge from the data. As an example, let’s compare how an expert system and a
neural network might predict whether a firm would go bankrupt. For the expert system,
the knowledge base would include the rules that experts have used to predict bankruptcy.
A rule might be: “If the current ratio is less than X and interest has not been paid on long-
term debt, then bankruptcy is likely.” The neural network, on the other hand, would be
given data on firms that have gone bankrupt and firms that have not. (An expert must
decide what data would be relevant.) The neural network “sifts” through the data and
decides how to determine whether a firm will go bankrupt, thus developing its own
knowledge base. This knowledge base includes an understanding of the patterns
underlying the data and the logic necessary to reconstruct the patterns to solve future

problems. There are four types of NN:

1. Prediction networks predict the value of an item given the value of other items and

can, for example, forecast earnings and future stock prices.

2. Classification networks classify items as members of a specific group; for example,

a firm that will go bankrupt or one that will not.

3. Data filtering networks filter imperfect data, such as those associated with language

and writing, and decide what has been said or written.
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4. Optimization networks find optimal solutions to complex problems. These networks
deal with problems that have traditionally been solved with operations research

tools.

Sources: Gene Bylinsky, “Computers that Learn by Doing,” Fortune (September 6,
1993): 96-102; Kenneth O. Cogger, “A Primer on Neural Networks,” 4I/ES Update (Vol.
6, No. 2, 1997): 3—6; Harlan L. Etheridge and Richard C. Brooks, “Neural Networks: A

New Technology,” The CPA Journal (March 1994): 36-39, 52-55.
[End TECHNOLOGY INSIGHT 5.4 box here]

[Start Technology Application 5.4 box here]

TECHNOLOGY APPLICATION 5.4

Uses of Neural Networks

Here are some examples of neural networks (NN), showing how they operate and how

useful they can be:

At Signet Bank, neural networks read and automatically process student loan

applications and canceled checks.

» Foster Ousley Conley uses a neural network-based system for residential real estate
appraisal. The system performs better than humans because it can review data from

hundreds of houses and analyze the data in many different ways.

» At Mellon Bank’s Visa and MasterCard operations, NN outperform expert
systems—and the experts themselves—in detecting credit card fraud. Since the
neural network can learn by experience, it can find incidences of fraud not

anticipated by an expert.
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* The IRS in Taiwan is using a neural network to determine the likelihood of tax

evasion and the necessity of further investigation.

In fact, neural networks have become so common that they are emerging as the tool of
choice for fraud detection and order checking. Future applications will likely move

increasingly toward more intelligent versions that will require even less user intervention.

Sources: “An Interview with Industry: Marge Sherauld, Vice President, Ward Systems
Group, Inc.” AI/ES Update (Vol. 6, No. 2, 1997): 2; Gene Bylinsky, “Computers that
Learn by Doing,” Fortune (September 6, 1993): 96-102; Kenneth O. Cogger, “A Primer
on Neural Networks,” AI/ES Update (Vol. 6, No. 2, 1997): 3—6; Harlan L. Etheridge and
Richard C. Brooks, “Neural Networks: A New Technology,” The CPA Journal (March
1994): 36-39, 52-55; Rebecca Chung-Fern Wu, “Integrating Neurocomputing and

Auditing Expertise,” Managerial Auditing Journal (Vol 9, Issue 3, 1994): 20-26.

[End Technology Application 5.4 box here]

[Start Technology Application 5.5 box here]

TECHNOLOGY APPLICATION 5.5

Use of Intelligent Agents in TurboTax

One of the most common areas for the use of intelligent agents is as software agents that
help novice decision makers use specialized software packages. A prime example of such
use is with tax return preparation software. The intelligent agents embedded in one of the
more popular such packages, TurboTax, have three primary focus points: (1) support
completing the entry of personal tax information, (2) use available information to identify

additional possible tax deductions, and (3) identify potential red flags that may trigger an
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audit from the Internal Revenue Service (IRS).

Support for Information Entry: Two agents are used to support the information entry
process. The first agent monitors information entered into the individual’s tax return
to control which questions are asked of the user. This helps avoid having the user
answer lots of questions that are not relevant to the individual’s particular return.
Additionally, as the user answers questions and enters information, “frequently asked
questions” are displayed on the margin along with explanations and answers. This

saves the user time by anticipating questions the user may have.

Missing Tax Deductions: The agent for tax deductions monitors the individual’s
return and watches for patterns in the return that suggest legitimate tax deductions
may not have been identified by the user. These patterns are based on historical
information about tax returns and the relationships that have been identified between
different revenue-generating activities and the expenses that are normally associated
with them. When the user is finished entering information, the system then alerts the

user to potential missing deductions.

Audit Flags: When the user is finished entering information into the tax return, the
audit flag agent looks for patterns in the information that appear suspicious and/or
may exceed normal tolerable levels, and identifies these areas to the user as possible
areas that may trigger an audit by the IRS. The user can review the information

flagged to ensure the reliability of the information.

Together, the intelligent agents embedded in the software help the user develop a
more accurate and less risky return. The benefit of reduced frustration that comes from

the helpful hints is likely to bring the customer back.



Gelinas 5-47

Source: User’s Guide TurboTax. Tax Year 1998 (Intuit Inc., Tucson, AZ, 1998).
[End Technology Application 5.5 box here]

[Start TECHNOLOGY INSIGHT 5.5 box here]

TECHNOLOGY INSIGHT 5.5

Peer-to-Peer Groupware

An alternative to groupware that relies on a server to store centralized data and programs
is peer-to-peer computing, in which any computer can directly connect to any other
computer over the World Wide Web. The popular music sharing software Napster was
the first to exploit peer-to-peer networking (before it ran into legal trouble). Another
popular application for peer-to-peer is instant messaging, which allows a direct network
connection between any two or more computers to communicate instantaneously without

going through an e-mail server.

Peer-to-peer can also be used for business applications such as groupware. One
company, GrooveNetworks, has a test version of a peer-to-peer platform intended to
support individual and small group interaction. In addition to individual communication
and file sharing, there are several business applications that might be improved when
built on this platform. The Groove Web site suggests that the product would fit within

many business processes, including:
* Purchasing
* Inventory control

» Distribution
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* Exchanges and auctions
» Channel and partner relationship management
* Customer care and support

For example, the computer of a firm needing to order a product could poll various
vendors’ systems and check inventory availability, select a vendor based on specified
criteria (i.e., those with favored credit status, or inexpensive goods, or local access), and
update internal records to indicate when the items are expected to arrive. Clearly, these
systems need to be very reliable and highly secure to prevent malicious destruction or
significant errors such as ordering more goods than are needed, or goods with less than

desirable cost or quality.

Source: www.groove.net, April 2001.

[End TECHNOLOGY INSIGHT 5.5 box here]
[Start Technology Application 5.6 box here]
TECHNOLOGY APPLICATION 5.6
Enforcing Knowledge Management

An international consulting firm from Spain has succeeded in convincing its consultants
that sharing their knowledge online is key to the company’s survival. Cluster
Competitiveness of Barcelona recently instituted a policy whereby all paper left on desks
each evening was collected and destroyed. The policy underscored the company’s belief
that all consultants’ work should be shared through their online knowledge management
system. Within four months after paper was banned from the office, the collection

process was no longer needed.
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Because the company can’t afford to hire highly experienced staff, or train bright new
hires, it has set up this central repository of company knowledge so that even brand new
hires get instant access to all of the company’s files and intellectual capital. As a result,

new hires can get to work quickly and productively.

The company is very pleased with the system and offsets its use with regular
meetings at which war stories are traded and client relationships are analyzed. Staff
members don’t need elaborate offices, nor do they store large amounts of data on their
own computers. Instead, they have access to everything they might need on the
company’s intranet, which is accessible any time and any place they might be working.
The company is a model of the paperless office. The strategy must be working, as the

company is growing and its clients are very satisfied with their products.

Source: Gary Abramson, “Operation Brain-Trap” CIO Enterprise Magazine (Vol. 13,

Issue 4, November 15, 1999), p. 78-82.

[End Technology Application 5.6 box here]
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Part 111
DEVELOPMENT OF
INFORMATION SYSTEMS
6 Systems Analysis
7 Systems Design and Implementation

[Insert UNF-p.167-1 here]

SYSTEMS ANALYSIS

Oxford Health Plans, Inc. developed a new billing and claims
processing system for its health maintenance organization intended
to put the company on the IT cutting edge and secure its place in the
leadership of its industry. It was not successful. The system was in
development for more than 5 years, had 100 outside contractors, and
cost more than $20 million per year to develop. When implemented,

the system:

*  Was three to four months behind in getting premium bills to

customers.

» Left claims unpaid for six or more months. Medical providers

were advanced $275 million against these claims.

* Could not handle the volume of transactions. For example, new

member signup was to take 6 seconds but, instead, took 15 minutes.
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Synopsis

These problems resulted in:

* Customers canceling their memberships, leaving customer rolls

inflated by 30,000 and revenues overstated by $111 million.

* Unprocessed claims that led to higher-than-expected losses and

refusal of some providers to service Oxford clients.

* Erroneous data being generated that caused Oxford to write off
$94.1 million of uncorrectable accounts receivable leading to a loss

in one quarter of $78.2 million ($0.99/share).

How did this disaster happen? Oxford did not have a clear
definition of the project and was not prepared to manage it to
successful completion. The high turnover of programmers led to a
lack of development continuity. The work was poorly done and new

systems inadequately tested.

Organizations exist in a dynamic environment. Driven by demands
for IT services, competitive business pressures, and opportunities
provided by availability of information technology, the Information
Services Function (ISF) of the modern organization must adapt its
services quickly and continuously. Examples of these demands

include:

* Demand for increased customer service measured by flexibility,

speed, quality, and 24-hour-a-day, seven-day-a-week (called
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“24/7”) availability.

* Demand for added functionality by users of an organization’s IT
infrastructure. For example, internal users need access to services
away from the office and may want to employ new wireless

technologies to do so.

* Implementation of enterprise systems (ES) to connect business
processes and better manage the organization. These
implementations often require reengineering of the business

processes to match them with the processes in the ES.

* Change in processes and relationships along the supply chain to
reduce costs and provide better customer service. These require
changes to business processes, IT infrastructure, and IS

Processes.

» Use of the Internet and related technologies to collaborate with

business partners in ways never before seen.

Thus, the ISF must align its strategy and objectives to the
business’ strategy and objectives and deliver new or modified quality
IT solutions in a timely manner. This and the next chapter describe
the processes (i.e., management practices, controls) typically

employed to develop and modify these IT solutions.
LEARNING OBJECTIVES

» To name the systems development process and its major phases and steps
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* To describe how Information Systems are planned, developed, and acquired or
modified, so that those systems can be directed at achieving an organization’s

objectives

* To explain the importance of managing the systems development process to ensure

attainment of development objectives

» To describe the nature and importance of your future involvement in systems

development

» To name the goals, plans, tasks, tools, and results of the first two steps in systems

development, the systems survey and systems analysis

» To explain the costs of developing, maintaining, and operating an Information

System
» To list typical Information Systems benefits
Introduction

This chapter introduces the systems development process, which
comprises four distinct phases: systems analysis, design,
implementation, and operation. Because your involvement in the
systems development life cycle (SDLC) typically will be that of a user
or manager, discussions in this and the next chapter emphasize

participating in, rather than conducting, systems development.

Our introduction to the systems development process begins with
a definition of systems development and an assessment of how well

organizations achieve their systems development objectives. Then
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we consider management processes (i.e., controls) that can advance
the achievement of systems development objectives. Third, we
discuss business process engineering, a phenomena that has been the
source of many systems development initiatives. We conclude with a
brief discussion of change management, a process to increase

acceptance of new systems by an organization’s personnel.

After this introduction, we examine the first phase in systems
development: systems analysis. Organizations conduct the first step
in systems analysis, the systems survey (often called a feasibility
study) to decide what, if any, systems development efforts will be
undertaken to solve an Information Systems problem. Organizations
conduct the second step in the systems analysis phase, called
structured systems analysis, to define the systems development
problem and develop specifications for an Information System that

will solve the problem.

Definition and Objectives of Systems Development

Organizations exist in a dynamic environment, and thus, they

regularly experience changes in their

* Legal requirements, such as government reporting.

* Level and kinds of competition.

» Technologies, such as data entry devices, bar codes, and radio

frequency identification (RFID) tags used to record and process
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information.
* Lines of business or kinds of business activities.

* Management desire for better access to information and

improved management reporting.

All of these challenges at varying times necessitate changes to
organizations’ Information Systems. These changes may either
require the creation of new Information Systems or significant
modifications to existing Information Systems. Systems
development comprises the steps undertaken to create, modify, or
maintain an organization’s Information System. These steps, along
with the project management concepts discussed below, guide the in-
house development of Information Systems (i.e., make), as well as
the acquisition of systems solutions (i.e., buy). A term often used
synonymously with systems development is systems development life
cycle or SDLC. The term systems development life cycle (SDLC) is

used in several ways. It can mean:
Review Question
What is systems development?

1. A formal set of activities, or a process, used to develop and
implement a new or modified Information System (referred to

below as a systems development methodology.)

2. The documentation that specifies the systems development
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process referred to as the systems development standards

manual.

3. The progression of Information Systems through the systems
development process, from birth through implementation to

ongoing use.
Review Question

What is the difference between systems development and the

systems development life cycle (SDLC)?

The “life cycle” idea comes from this last view and is the
definition that we use in this text. Systems development is also an
important—sometimes dominant—component of more
comprehensive organizational change via business process
reengineering. These terms as well as “systems life cycle” and
“systems analysis and design” are also used to refer to the systems

development process.
Review Question
What are the systems development objectives?
We propose the following systems development objectives:

* To develop information systems that satisfy an organization’s
informational, operational, and management requirements. Note

that this objective relates to the system being developed.

* To develop information systems in an efficient and effective
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manner.

Note that this objective relates more to the development process

than to its outcome.
Review Question

What benefits are derived from using a systems development

methodology?

Systems Development Methodology A systems development
methodology is a formalized, standardized, documented set of
activities used to manage a systems development project. It should
be used when information systems are developed, acquired, or
maintained. Exhibit 6.1 describes the characteristics of an SDLC.
Following such a methodology helps ensure that development efforts
are efficient and consistently leads to Information Systems that meet

organizational needs.
[Insert Exhibit 6.1 here]

Systems Development Phases, Steps, Purposes, and Tasks Figure
6.1 (page 172) presents the systems development life cycle. The
right side of the figure depicts the four development phases: systems
analysis, systems design, systems implementation, and systems
operation. The bubbles in Figure 6.1 identify the seven development
steps undertaken to complete the four phases of development.

Arrows flowing into each bubble represent the inputs needed to
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perform that step, whereas outward-flowing arrows represent the

product of a step.
[Insert Figure 6.1 here]

Table 6.1 lists the key purposes and tasks associated with the
seven development steps (bubbles) shown in Figure 6.1. You should

take some time now to review both the table and the figure.
[Insert Table 6.1 here]
Review Question

What are the systems development phases, steps, purposes, and

tasks?

In the past it often took a new system years to move through the
initial steps (i.e., bubbles 1 through 5 in Figure 6.1) in the life cycle.
Now business moves at “Internet speed”” and must develop B2B
(business-to-business) and other business infrastructure systems in
90 to 180 days. If they don’t, they may be put out of business or

absorbed by organizations that can.'

Systems development does not always proceed in the orderly,
sequential course suggested by Figure 6.1. Some subset of steps may
be repeated over and over until a satisfactory result is achieved. Or,
we may undertake certain steps out of sequence. Finally, systems
development may be outsourced to consultants or vendors, and

personnel from within the organization will be part of the
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development team to serve as business process experts. The
presentation in Chapters 6 and 7 assumes that systems development
will be performed by an organization’s own systems development
personnel, proceeding as depicted in Figure 6.1. In Technology
Insight 6.1 (page 174), we briefly describe some alternative
approaches that may be used. The alternatives discussed there
include who will develop the system and #ow the SDLC (Figure 6.1)
might be altered. We also discuss alternative focuses for analysis and

design—namely, data, functions, and objects.

' Peter G. W. Keen, “Six months—Or Else” Computerworld (April

10, 2000): 48.

[Insert TECHNOLOGY INSIGHT 6.1 box here]

Controlling the Systems Development Process

Would it surprise you to learn that many organizations are not
successful at developing information systems? Unfortunately, this is
true. Indeed, one report said one in four enterprise systems projects
went over budget, 20 percent were terminated before completion,
and 40 percent fail to achieve business objectives one year after
completion.” Exhibit 6.2 (page 176)summarizes a few reasons why

organizations fail to achieve their systems development objectives.

? Mitch Betts, “Why ERP Projects Cause Panic Attacks,”

Computerworld (September 24, 2001): 8.
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[Insert Exhibit 6.2 here]

To overcome these and other problems, organizations must
execute the systems development process efficiently and effectively.
The key to achieving these objectives is to control the development
process. Apparently, that is not an easy chore, or more organizations
would be successful at it. We can understand the complexity of the
systems development process by comparing it to a construction
project. Assume you are in charge of the construction of an industrial
park. What problems and questions might you encounter? First, you
might want to know how much of the project is your responsibility.
Are you to handle legal and financial matters? Who obtains the
building permits? Are you to contact the tenants/buyers to determine
special needs? The project’s size and duration cause another set of
problems. How will you coordinate the work of the carpenters,
masons, electricians, and plumbers? Or, how will you see that a
tenant’s special needs are incorporated into the specifications and

then into the actual construction?

Information Systems developers encounter similar problems.
Given such problems, they have concluded that systems
development must be carefully controlled and managed by following
good project management principles and the organization’s quality
assurance framework embodied in its systems development life cycle

methodology. These are described in the following subsections.
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Project Management

A recent survey of IS audit and control professionals found the

following project management items associated with failed projects:
* Underestimation of the time to complete the project

* Lack of monitoring by senior management

» Underestimation of necessary resources

* Underestimation of size and scope of the project

» Inadequate project control mechanism

* Changing systems specifications

« Inadequate planning.’

Mark Keil and Joan Mann, “Results from a Survey of IS Audit
and Control Professionals,” IS Audit & Control Journal (Volume

I1, 1997): 66.

To manage projects well, organizations should adopt a framework
for project management that includes the elements enumerated in
Exhibit 6.3. The project work plan, including phases, work to be
accomplished in each, times, and cost, are often documented using a
project management tool such as Microsoft Project. Project
management—particularly the planning process and establishing the
project schedule—ultimately can determine the success of the

project.
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Review Question

What are the essential elements of good project management?
[Insert Exhibit 6.3 here]

Quality Assurance

Project management frameworks apply to any project. To ensure that
Information Systems will meet the needs of customers, projects
involving the creation or modification of Information Systems must
include elements that specifically address the quality of the system
being developed. Quality assurance (QA) addresses the prevention
and detection of errors, especially defects in software that may occur
during the system development process. By focusing on the
procedures employed during the systems development process, QA
activities are directed at preventing errors that may occur. QA
activities are also directed at testing developed systems to eliminate
defects—to ensure that they meet the users’ requirements—before
systems are implemented. Two prominent sources of guidance for
QA are ISO 9000-3 and the Capability Maturity Model (CMM)
developed by the Software Engineering Institute (SEI) at Carnegie

Mellon University.

ISO 9000-3 ISO 9000-3 is a set of standards developed by The
International Organization for Standards (ISO), that describe what an

organization must do to manage their software development
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processes. The assumption, as with all ISO standards, is that if the
ISO 9000-3 standards are followed, the development process will
produce a “quality” software “product.” ISO defines a quality
product as one that conforms to customer requirements. Notice that
the ISO concepts of quality “products” and “processes” parallel our
two systems development objectives. Exhibit 6.4 contains examples
of the ISO 9000-3 standards. Review those examples and identify the
elements that are common among project management, a systems

development methodology, and the ISO standards.

[Insert Exhibit 6.4 here]

Capability Maturity Model The Capability Maturity Model® for
Software (SW-CMM) is a model that helps organizations evaluate
the effectiveness of their software development processes and
identifies the key practices that are required to increase the maturity
of those processes. Exhibit 6.5 describes the five SW-CMM maturity
levels and the key principles and practices for each. Notice, for
example, that project management is a key indicator that an
organization has attained level 2. The Software Engineering Institute
believes that predictability, effectiveness, and control of an
organization’s software processes improve as the organization moves
up the five levels. However, moving from level 1 to level 2 may take
an organization 2 years or more. Moving from level 2 to 3 may take

another 2 years.
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Review Question

What are the five maturity levels of the Capability Maturity Model

(CMM)?
[Insert Exhibit 6.5 here]

A recent study found that achievement of a Level 3 SW-CMM
maturity by an organization, along with the implementation of a
structured systems development methodology, contributes to the
quality and cost-effectiveness of the software development process.
In fact, there was significant improvement on 11 of 14 measures
after Level 3 was attained. Improvements included communication
and teamwork, lower maintenance costs, and lower levels of system

defects.*

4 Kay M. Nelson, Martha M. Eining, and David Plumlee, ‘“Potential
Expansion of Assurance Services: An Examination of the Bluejay

Organization,” Unpublished manuscript, August 2000.
Involvement in Systems Development

Table 6.2 indicates the ways managers and other Information
Systems users can become involved in systems development. You
should keep these categories in mind because in this and the next

chapter, your participation is discussed in terms of these categories.
Review Question

Describe the ways that a manager or system user might be involved
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in systems development.

[Insert Table 6.2 here]

Business Process Reengineering

So far we have introduced systems development, systems
development objectives, and means for controlling the systems
development process to ensure achievement of systems development
objectives. Now we turn to discussion of an activity that has driven
much of the systems development activities undertaken in
organizations. Business process reengineering is an activity larger in
scope than systems development, as it addresses all of the processes
in the organization, including the information systems processes.
Rapid developments in the capabilities and applications of IT, such
as e-business, present organizations with increasingly difficult
business opportunities/challenges. They are being asked—sometimes
being forced in order to ensure their very survival—to abandon long-
held business beliefs and assumptions and to rethink what they are
attempting to accomplish and how they are trying to accomplish it.
Business process reengineering has been likened to presenting an
organization’s management with a blank piece of paper and asking
them to reinvent the organization from scratch. Why would
management ever be motivated to engage in such an undertaking? In
many cases, they have no alternative. Experiencing the harsh

realities of an increasingly competitive environment, they recognize
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that their companies must make mega-changes in how they operate,

or face extinction.

Business process reengineering (BPR) (or simply
reengineering) is “the fundamental rethinking and radical redesign
of business processes to achieve dramatic improvements in critical
contemporary measures of performance, such as cost, quality,
service, and speed.” The emphasis on four words in this definition

focuses on those four key components of BPR.

> “Fortune Book Excerpt: The Promise of Reengineering,” Fortune

(May 3, 1993): 95.

1.  Fundamental rethinking of business processes requires
management to challenge the basic assumptions under which it
operates and to ask such rudimentary questions as “Why do we
do what we do?” and “Why do we do it the way we do it?”
Without fundamental rethinking, technology often merely
automates old ways of doing business. The result is that what
was a lousy way of doing a job became simply a speeded-up,

lousy way of doing the job.

2. Radical redesign relies on a fresh-start, clean-slate approach to
examining an organization’s business processes. This approach
focuses on answers to the question, “If we were a brand-new
business, how would we operate our company?” The goal is to

reinvent what is done and how it is done rather than to “tinker”
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with the present system by making marginal, incremental,
superficial improvements to what’s already being done.
Achieving the goal requires forward-looking, creative thinkers

who are unconstrained by what now exists.

3. Achieving dramatic improvements in performance
measurements is related to the preceding two elements. The
fundamental rethinking and radical redesign of business
processes are aimed toward making quantum leaps in
performance, however measured. We are not talking about
improvement in quality, speed, and the like that is on the order
of 10%. Improvement of that order of magnitude often can be
accomplished with marginal, incremental changes to existing
processes. Reengineering, on the other hand, has much loftier
objectives. For example, the Ford Motor Company reengineered
their procurement process and reduced the number of persons

employed in the process by 75%.°

% Michael Hammer, “Reengineering Work: Don’t Automate,
Obliterate,” Harvard Business Review (July—August 1990): 105—

107.

4. Reengineering focuses on end-to-end business processes rather
than on the individual activities that comprise the processes.
BPR takes a holistic view of a business process as comprising a

string of activities that cut across traditional departmental or
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functional lines. BPR is concerned with the results of the

process (i.e., with those activities that add value to the process).
Review Question

What are the key elements and principles of business process

reengineering (BPR)?

As an example, let’s look at the discrete activities that may be
involved in completing a sale to a customer. These activities might
include receiving and recording a customer’s order, checking the
customer’s credit, verifying inventory availability, accepting the
order, picking the goods in the warehouse, packing and shipping the
goods, and preparing and sending the bill. Reengineering would
change our emphasis by breaking down the walls among the separate
functions and departments that might be performing these activities.
Instead of order taking, picking, shipping, and so forth, we would
examine the entire process of “order fulfillment” and would
concentrate on those activities that add value for the customer.
Instead of assigning responsibility for these activities to multiple
individuals and organizational units, we might assign one individual
to oversee them all. And, just as important, we might change
measurement of performance from the number of orders processed
by each individual to an assessment of customer service indicators
such as delivering the right goods, in the proper quantities, in

satisfactory condition, and at the agreed upon time and price.
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Having reviewed the core elements of BPR, let’s look at how
these elements were applied in a real-world implementation. The late
1990s saw the rapid growth (and decline) of many Web-enabled e-
business ventures. One of the more visible ones was Peapod, Inc., an
online grocery superstore. “Peapod is America’s largest Internet
shopping and delivery service with about 100,000 customers. We
have fulfilled over 1,000,000 orders and sold over 45,000,000
products to our customers in Chicago, IL; Boston, MA; Columbus,
OH; San Francisco, CA; Long Island, NY; and Houston, Dallas, and
Austin, TX.”” Exhibit 6.6 (page 182)summarizes how the Peapod
model for grocery delivery differs from that of a traditional grocery
store. Notice, for example, the number of times the box of cereal is

handled and moved in the two models.
7 http://www.peapod.com/peaweb/pi/faq.html. July 18, 2001.
[Insert Exhibit 6.6 here]

Peapod’s business model is built on the following propositions.
First, Peapod uses a distribution model with two formats. In large
metropolitan areas, Peapod uses a freestanding distribution center
while in their smaller areas, they use fast-pick centers in the
supermarkets owned by Ahold. The relationship with Ahold, the
“bricks” element of their business model, combined with distribution
centers used just for online orders, the “clicks” element of their

business model, gives Peapod a lower cost of entry and stronger



Gelinas 6-21

buying power, allowing Peapod to cut merchandise costs between 5
and 7 percent. The second element of Peapod’s success is their
process for picking, packing, and delivering customer orders. Orders
pulled off the Web site go immediately into Peapod’s routing
system, customized software that uses maps and travel time to
determine how many stops each vehicle can make. Meanwhile, a
professionally trained Peapod Personal Shopper handpicks and packs
the orders. Peapod makes use of zone and batch picking. Some
employees pick perishables while others pick dry goods. If the
customer orders produce, a Produce Specialist makes sure that the
freshest produce available is chosen for the order, and the Quality
Control Specialist ensures that the order is complete and that the

groceries are expertly packed.

The Peapod inventory and delivery model was a fundamental
rethinking and radical redesign of the traditional grocery store
model. Peapod’s business model is predicated on dramatic
performance improvements for personnel and infrastructure. The
Peapod model focuses on the end-to-end business process, getting
the groceries to the customer and improving the customer’s
experience! For example, Peapod’s prices are tied to the current off-
line prices of their partnering retail stores, giving their customers the
weekly advertised sale prices. Peapod’s customers also get

personalized and online coupons, the ability to create and save
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personal shopping lists, browse aisles, search for specific items,
brands or flavors, and the ability to view nutrition labels. Finally,
Peapod customers get a choice of delivery times and formats,
minimal (and decreasing) time between ordering and delivery, and
up-to-the minute information on order status. Peapod is a good

example of a successfully reengineered business model.

When asked to identify the critical success factors for
reengineering projects, a group of Chief Information Officers (CIOs)
cited strong project management, a visible and involved executive
sponsor, and a compelling case for change.® Organizational
resistance to change, inadequate executive sponsorship and
involvement, inadequate project management, and the lack of an
effective change management program were described as significant
barriers to change by this same group of CIOs. The following section

describes methods that can overcome resistance to change.

¥ Leading Trends in Information Services (Kansas City, MO:

Deloitte & Touche Consulting Group, 1996): 19.
Change Management

The modern business organization lives or dies by its ability to

respond to change. It must embody a spirit of adaptation. However,
most humans resist change. The introduction or modification of an
Information System is one of the most far-reaching changes that an

organization can undergo, especially when these changes are
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accompanied by, or driven by, business process changes. To reap the
full benefits of a new system, management must find ways to
overcome dysfunctional behaviors brought on by the implementation
of a new Information System. Experience has shown that resistance
to change can be the foremost obstacle facing successful system

implementation.

People’s concerns regarding IT and business process changes
center on actual and perceived changes in work procedures and
relationships, corporate culture, and organizational hierarchy that
these changes bring. To address these fears, systems professionals
and users must collaborate on the design and implementation of the
new system. This collaboration must include the system itself and
the process that will be followed during its development and
installation. The change must be managed, but not directed. Rather,

users must participate in the development and change processes.

Research and practice provide guidance to help us achieve
successful change. A recent research study found that users who
effectively participated in a systems change process were able to
affect outcomes, and had a more positive attitude and a higher
involvement with the new system. And, the system was more
successful.” In practice, we find that successful, large IT change
projects—especially those involving enterprise systems—must be

driven by the business processes and managed by the business
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process owners. In these cases, IT assists with, but does not drive,

the change process.

? James E. Hunton and Jesse D. Beeler, “Effects of User

participation in Systems Development: A Longitudinal Field

Experiment,” MIS Quarterly (December 1997): 359—383.

Technological change is not welcomed if it comes as a surprise.
Users at all levels must be brought into the process early in the
SDLC to encourage suggestions and discussion about the change.
Users involved from the start and given a say in redesigning their
jobs tend to identify with the system. As problems arise, their
attitude is more likely to be, “We have a problem,” rather than, “The

system makes too many mistakes.”

In engineering a systems change, it is crucial to consider the
human element. Resistance should be anticipated and its underlying
causes addressed. User commitment can be enlisted by encouraging
participation during development and by using achievement of
business objectives, rather than IT change, to drive the process.
Potential users must be sold on the benefits of a system and made to
believe that they are capable of working with that system. A policy

of coercion will lead to substandard performance.
Systems Survey

This section discusses the systems survey, the first step in the



Gelinas 6-25

development of a system. The systems survey is conducted to
investigate Information Systems problems and to decide on a course
of action. One course of action will be to proceed with development.
However, initial investigation may find that there is no problem and
broader analysis is not warranted. We must be careful in reaching
conclusions, because problems may be ill defined and not

appropriately identified by users.
Triggering Systems Development

A systems survey is initiated when the organization’s IT strategic
plan prescribes the development or when a user requests the
development or modification of a new system. In planned reviews,
systems analysts may not be aware of any particular problems (other
than those identified in preparing the strategic plan). In such cases,
they conduct the systems survey to see whether information
processing problems exist or if they can improve an Information

System. Planned systems development determines whether:
* A system still satisfies users’ information needs.
» New design ideas can be incorporated.

* Evolving environmental changes, such as competition, require

system changes.
« New types of business by a firm require system changes.

Review Question
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What events or conditions may cause a systems survey to be

Initiated?

The user requests systems development when a system no longer
efficiently and effectively meets their goals. User-requested systems

development may occur when:

* Government regulations require new or modified reports.

*  Current reports do not meet decision-making needs.

» Erroneous system outputs occur.

» Escalating customer or vendor complaints are received.

* The information system causes delays that slow a business

Process.

Notice that many of those reasons are rooted in a desire to leverage

new technology for competitive advantage.

The organization should have a formal process for selecting
projects to ensure that they are consistent with the organizational
goals and strategies identified in the strategic plan for IT. Potential
projects should be prioritized and approved by the /7T steering

committee to ensure that:

» Efficient and effective use is made of existing IT resources.

» IT resources are directed at achieving organizational objectives.

» Information services are used consistently throughout the
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organization.
Definition and Goals

The systems survey, often called a feasibility study or preliminary
feasibility study, is a set of procedures conducted to determine the
feasibility of a potential systems development project and to prepare
a systems development plan for projects considered feasible. Refer
to Figure 6.1 (page 172) to see the system survey’s place in the
SDLC (first), its inputs (request for systems development and
miscellaneous environmental information), and its outputs (approved

feasibility document).

Each step in the SDLC has goals that support the systems
development objectives (to develop Information Systems that satisfy
the organization’s needs and to develop Information Systems
efficiently and effectively). An organization conducts a systems
survey to determine whether it is worthwhile to proceed with
subsequent development steps. The systems survey goals are as

follows:

» Identify the nature and the extent of systems development by
determining