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HOW THIS BOOK CAN HELP YOU

The book covers information systems in all phases of busi-
ness and in all functional areas to analyze and solve busi-
ness problems in the real world. The practical and efficient
use of computer technology, both software and hardware, is
highlighted. All types of business applications are covered.
The importance of databases, networking, and telecom-
munications is clearly presented. Popular accounting, tax,
finance, management, manufacturing, and marketing soft-
ware is explained for easy use. Software for decision sup-
port systems (DSSs), executive information systems (EISs),
and artificial intelligence (AI) (e.g., financial modeling, bud-
geting, strategic planning and control, forecasting, data
analysis, inventory planning, and optimization software) is
covered with real-life examples. What-if analysis and the
effects of changing assumptions are discussed.

The purpose of the book is to provide a wealth of current
and essential information to managers in all types of orga-
nizations so that they may make optimum decisions. It
gives the businessperson all he or she needs to know in the
computerized financial application and modeling environ-
ment. Emerging trends in information technology are antici-
pated and discussed. In other words, expected developments
in computers are presented so that managers can properly
plan ahead. The professional success of a business manager
depends on keeping abreast of the latest thinking and appli-
cations in information technology. This surely gives a com-
petitive edge.

The book is written for business professionals in a prac-
tical, reader-friendly manner including clear illustrations.
We have simplified difficult computer terminology and
usage. Important topics include management information
systems (MISs), selection of the best software and hardware
for particular applications, business application software
(e.g., accounting, finance, management, tax, marketing, and
manufacturing), databases, telecommunications and online
services (e.g., Internet, AOL, MSN, Dow Jones, Westlaw,
AICPA), and computer security and auditing. The latest
multimedia trends are covered. New developments in artifi-
cial intelligence and expert systems, decision support sys-
tems, and executive information systems are covered.
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viii How This Book Can Help You

The audience for this book includes accountants, tax pre-
parers, financial managers, general managers, marketing
executives, production/operations managers, purchasing
managers, personnel managers, business analysts, forecast-
ers, budget analysts, chief financial officers (CFOs), chief
executive officers (CEOs), chief operating officers (COOs),
chief information officers (CIOs), chief technology officers
(CTOs), project managers, consultants, systems analysts, and
computer support staff. Businesspeople in large, medium,
and small companies will benefit. Private and nonprofit enti-
ties will find the material of equal value.

The following are some representative topics, among
others discussed in the book, of vital interest to business-
people:

❍❍❍❍ Strategic uses of the information system and techno-
logy.

❍❍❍❍ The use of software in planning and control.
❍❍❍❍ The applications of telecommunication technologies

and how digitized computer signals can take advan-
tage of these technologies.

❍❍❍❍ Accounting and information systems and packages
showing how applications can be made to record keep-
ing, reporting, and financial statement presentation.

❍❍❍❍ The Sarbanes-Oxley compliance software
❍❍❍❍ An explanation of what a decision support system

(DSS) is about and how it is useful to business deci-
sion makers to improve the quality of their analysis
and evaluation. It improves problem solving.

❍❍❍❍ The use of artificial intelligence and expert systems in
making decisions.

❍❍❍❍ Computerized security (e.g., protecting files, service
contracts, backups, insurance coverage, and security
devices). It includes preventing fraud.

❍❍❍❍ Database management involving organizing and
managing information so that it can be retrieved and
utilized in an effective and efficient way.

❍❍❍❍ What a management information system (MIS) is,
and what its applications and benefits are.

❍❍❍❍ The use of online databases (e.g., World Wide Web,
Dow Jones, Westlaw, Lexis) in making business deci-
sions.

❍❍❍❍ The use of the Intranet within a company as an impor-
tant information source.

❍❍❍❍ Available accounting and financial software and how
they improve financial reporting and analysis.

❍❍❍❍ The use of networking to operate smarter and be more
efficient in a computer environment.

❍❍❍❍ The use of computer conferencing.
❍❍❍❍ Financial modeling and what-if analysis in budget-

ing, forecasting, and general decision making.
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How This Book Can Help You ix

❍❍❍❍ Manufacturing information systems packages to aid
in inventory record keeping, inventory management
and control, and production planning.

❍❍❍❍ Executive information systems (EISs).
❍❍❍❍ Marketing information systems to aid in sales plan-

ning, sales forecasting, market research, and advertis-
ing effectiveness.

❍❍❍❍ Selecting the best hardware for the particular applica-
tion needs and to enhance productivity.

❍❍❍❍ Value chain management software.

Chapter 1 discusses what management information sys-
tems are about and presents MIS techniques. The different
types of MISs are explained, including when each type
would be most appropriate. Chapter 2 covers MISs in busi-
ness decision making and explains decision models. Chapter
3 introduces basic hardware components and how to buy
the “right” hardware combination for each user’s require-
ments. Chapter 4 presents systems software and explains the
functions and terminology of different types of systems soft-
ware. Chapter 5 covers application software and how such
software can be used to improve profitability and enhance
productivity. Chapter 6 discusses the use of database soft-
ware, including query languages. Chapter 7 presents data
communications. Chapter 8 discusses the different types of
online databases and the information available on them.
State-of-the-art communication technologies and popular
network applications are also presented. Chapter 9 discusses
how to use an Intranet within the business. Chapter 10 pre-
sents accounting, audit, and tax software and their business
applications. Chapter 11 shows how MISs can be applied to
financial management to improve the management of assets
and liabilities, and to help plan the financing of debt and
equity. The role of the MIS in forecasting is also explained.
Chapter 12 discusses manufacturing information systems
and packages. It includes applications to production plan-
ning so as to improve manufacturing activity and inventory
management. Marketing information systems and packages
are presented in Chapter 13. The chapter shows how soft-
ware is used in marketing management, sales planning,
and advertising effectiveness. The use of decision support
systems (DSSs) to aid in management decision making by
making it more accurate and reliable is the subject of Chap-
ter 14. Chapter 15 deals with the use of artificial intelli-
gence software to imitate the human mind process. It aids
in managerial analysis and decision making. Chapter 16 is
directed toward computer security and auditing. It pre-
sents protective data systems and information technology
to safeguard the integrity of information. Ways to prevent
misappropriation of resources and fraudulent transactions
are enumerated.

ffirst.fm  Page ix  Thursday, August 4, 2005  5:46 PM



x How This Book Can Help You

Chapter 17 deals with wireless technology, which pro-
vides businesses with enhanced connectivity and flexibility.
Chapter 18 touches upon a strategic issue regarding the eco-
nomic feasibility study of an Information Technology (IT)
project. Finally, Chapter 19 addresses how to manage an IT
project. In a project, you usually deal with unique problems,
have a set of constraints, and often work with deadlines. 

A glossary of MIS terms is included. The presentation is
generic in nature. The reader does not need to know pro-
gramming. There are many checklists, charts, tables, and
graphs. In the index, a specific area of interest may easily be
found.

In conclusion, the book shows clearly how computers
can aid business managers in efficiently performing their
functions. Their success depends on being up-to-date in the
computer environment and having all information immedi-
ately available to make successful decisions.
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1

CHAPTER 1

WHAT ARE MANAGEMENT 
INFORMATION SYSTEMS?

WHAT ARE INFORMATION SYSTEMS?

An information system (IS) is a computerized system that
processes data (facts) and produces information. This pro-
cess is defined as an information processing cycle (IPC). The
information processing cycle consists of four operations:
input, process, output, and storage. Raw data retrieved
from the environment and delivered to the computer is
called input. After the computer receives data from the
input device, it will manipulate, refine, and process the data
to produce useful information for users. This step is called
processing. After data has been refined and manipulated into
useful information, it is displayed to the end users as output.
Finally, the information needs to be stored for future uses.
All four processes make up the information processing
cycle. Input consists of raw facts, while information is a col-
lection of facts organized or processed in such a way that it
has additional value for further usage.

Information itself has value, and commerce often involves
the exchange of information, rather than tangible goods.
Information is valuable and useful because it can help deci-
sion makers. For example, investors are using information
to make multimillion-dollar decisions, and financial institu-
tions employ information to transfer millions of dollars.
Retailers use information to control inventory and process
orders. Information technologies are constantly changing our
society, our ways of doing business, and our lives.

To fully understand what an information system is and
how it works, it is necessary to examine its components. A
complete information system should contain the following

Raw Data Process Information
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2 What Are Management Information Systems?

elements: hardware, software, data, trained personnel, and
procedures.

Computer Hardware
Computer hardware can be classified into five categories:
personal computers, servers, minicomputers, mainframe
computers, and supercomputers.

PERSONAL COMPUTERS

Personal computers are also called microcomputers. Each
contains a microprocessor and is designed for individual or
personal use. Classifications within this category include
nonportable and portable computers.

The most popular type of microcomputer, a desktop com-
puter, is designed to fit on top of a desk. With the same
options in the system, desktop models are the least expensive.

Workstations are high-end personal computers, more
powerful and expensive than the other personal computers
described here. Very often, they are used as the file servers
in a network environment. Many engineers use worksta-
tions to aid in product design and testing. Workstations are
very good in calculations and graphics.

Portable computers include laptop, notebook, subnote-
book, and penbased. Laptop computers are the largest por-
table computers in this category. They weigh between 8
and 15 pounds and have a hard drive, CD-ROM drive, and
other equipment. Notebook computers are smaller versions
of the laptop computers. They weigh between 4 and 8 pounds.
The functions available for notebooks are very similar to
those in laptop computers but with a more compact design
and smaller screen.

Subnotebook computers are even smaller than notebook
computers. They weigh less than 4 pounds and carry fewer
optional devices (e.g., CD-ROM drives and regular hard
drives). Penbased computers are the smallest computers
and use a pen-like device to enter data. This pen-like device
can be used to write directly on the screen or can be used as
a pointer to make selections from a menu displayed on the
screen. The unique feature about penbased computers is
the special software designed to allow users to write infor-
mation into the computer by hand, after several training
sessions.

SERVERS

Server computers are designed to support a computer net-
work that allows users to share files, applications, and
hardware resources. A server computer is normally used to
serve other computers in the network in terms of file storage
and resources management, data communications, printing
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What Are Information Systems? 3

management, and other computer functions. Characteristics
of a server computer include the following:

❍ It can communicate with other networks.
❍ It enhances communication speed within the network.
❍ It has high-end CPU power with a large capacity on

the hard drive.
❍ Some have more than one CPU, providing parallel

processing capabilities.
❍ It has a large memory capacity.

A server computer could be either a high-end microcom-
puter or a powerful microcomputer with minicomputer-
like functions.

MINICOMPUTERS

Minicomputers are more powerful than microcomputers in
terms of multiple user environments. In other words, a mini-
computer can be used by many operators simultaneously.
Many businesses and other organizations use minicomput-
ers for their information processing requirements. The most
powerful minicomputers are called super minicomputers.

MAINFRAME COMPUTERS

Mainframe computers are large computer systems that can
handle hundreds of users, store large amounts of data, and
process transactions at a high speed. Mainframe computers
use a very sophisticated computer operating system to
manage and control the whole system. Mainframes usually
require a specialized environment including air condition-
ing and raised flooring that allows computer cables to be
installed underneath. The price range for mainframes is
from several hundred thousand to several million dollars.

SUPERCOMPUTERS

Supercomputers are the most powerful category of comput-
ers. Typical applications are scientific calculations, engi-
neering design, space exploration, and other tasks requiring
complicated processing. Supercomputers cost several mil-
lion dollars.

Computer Software
A software program is actually a set of instructions written
in various computer languages by programmers. Software
contains sequences of operations the computer will follow.
Before a program can run or be executed, the program must
be loaded into the main memory of the computer. After that,
programs can be executed to perform certain functions
based on how they are designed. For example, the word pro-
cessing program allows users to enter their typing and edit
the contents. A graphic design program is used to perform
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4 What Are Management Information Systems?

graphic designs. Most computer programs are written by
people with special training, called computer programmers,
who write the necessary instructions in programming lan-
guages such as COBOL or BASIC.

SYSTEM SOFTWARE

System software consists of programs that are used to con-
trol and operate the computer hardware. There are three
components in system software: the operating system, util-
ity programs, and language processors. The operating sys-
tem tells the computer how to perform functions such as
how to load, store, and execute programs, how to transfer
data between input/output devices, and how to manage
resources available (CPU time). The operating system must
be loaded in the main memory before the computer can
function. Other application software can then be loaded
into the computer with the help of the operating system.
Utility programs are designed to perform functions that are
not available in application software, such as formatting a
diskette and creating a directory.

APPLICATION SOFTWARE

Application software consists of programs created to per-
form a specific user’s task. Application software allows a
user to prepare a document, design a financial worksheet,
or create a useful database. When you think of the different
programs that people use to improve the efficiency in the
workplace, they can be classified as application software.
Most users do not write their own software programs—
either system software or application software—because they
can buy ready-to-use software.

Data
The term “data” usually refers to the input of a manage-
ment information system. As the data is processed by the
MIS, information is generated. The information can then be
used for decision making. Data is normally entered into
files or tables, which are then organized into a database.
Users can retrieve input data through the application soft-
ware and produce information as output. If the data is not
accurate, the information produced will not be useful. There-
fore, the garbage in, garbage out (GIGO) syndrome should
be avoided.

Trained Personnel
People who operate an MIS should be properly trained. MIS
professionals and programmers are responsible for design-
ing and programming the system, while computer opera-
tors use it to generate information. With adequate training,
operators can achieve the desired functions designed by
MIS professionals. An experienced user can also provide
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When to Use Management Reporting (Information) Systems 5

MIS professionals with valuable suggestions or be involved
in MIS development.

Procedures
MIS procedures are designed for users to accomplish cer-
tain functions. Well-designed procedures guarantee the
quality and the security of information processing.

Information systems that are implemented on a com-
puter can be classified into five different types:

1. Transaction processing systems
2. Management reporting systems
3. Decision support systems
4. Office information systems
5. Executive information systems/executive support

systems

The following sections describe these systems.

WHEN TO USE TRANSACTION 
PROCESSING SYSTEMS (TPSs)

Transaction information systems are designed to process
the day-to-day transactions of an organization so that many
labor-intensive business activities can be replaced by auto-
mated processes. These transactions are characterized by
large numbers and routine processes. Each process involves
a very simple data transaction, and the TPS is expected to
process each one in a very short period of time. Examples
include supermarket grocery checkout (i.e., billing systems)
or bank transaction processes.

When computers were first used for processing business
applications, TPSs were the primary systems implemented
to replace the manual systems then in use. Typically, a suc-
cessful TPS can improve transaction efficiency and cus-
tomer service, and reduce transaction costs. The first TPS
was a batch system. A TPS in batch processing implies that
all transactions are collected first and processed at a later
time. The disadvantage of batch processing is that informa-
tion cannot be updated immediately. A TPS with online
processing updates information when the transaction is
entered. In a business where immediate update is required,
an online TPS is necessary. An online TPS requires higher
fees for operation than a batch TPS. Today, most TPSs use
online processing to achieve better customer satisfaction
and current information.

WHEN TO USE MANAGEMENT REPORTING 
(INFORMATION) SYSTEMS (MRSs)

After a TPS has been implemented, some organizations
realize that the results produced do not satisfy higher-level
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6 What Are Management Information Systems?

decision making and that the computer’s capability to per-
form rapid calculations and logical functions could be used
to produce meaningful information for management. As a
result, management reporting systems (MRSs) began to be
developed so that managerial reports and summarized data
could be produced. These reports helped managers perform
their duties and provided middle management with statisti-
cal or summarized data for tactical-level decision making.
In general, an MRS is usually used with the TPS. The TPS
processes daily transactions, updates inventory, and keeps
customer information while the MRS uses the data from the
TPS to produce daily total sales, inventory ordering lists,
and customer lists with different criteria. The output from an
MRS provides middle management with printed reports
and inquiry capabilities to help maintain operations and
management control of the enterprise.

Frequently, an MRS is integrated with a TPS and the
input source of the MRS is usually the output of the TPS.
For example, a sales transaction can be processed by using a
TPS to record the sales total and the customer’s informa-
tion. An MRS can further process this data to generate
reports on average sales daily or fast-moving items.

WHEN TO USE DECISION SUPPORT 
SYSTEMS (DSSs)

Decision support systems (DSSs) are designed to help man-
agers reach a decision by summarizing or comparing data
from different resources. They are suitable for semistruc-
tured and unstructured problems. DSSs often include query
languages, statistical analysis capabilities, spreadsheets, and
graphics to help decision makers evaluate the decision.
DSSs are a type of MIS expressly developed to support the
decision-making process. A DSS facilitates a dialogue between
the user, who is considering alternative problem solutions,
and the system, with its built-in models and accessible
database.

A typical DSS process involves retrieving a model from
the model base and allocating proper data from the data-
base. With a model, users can ask if-then questions by chang-
ing one or several input variables. The system combines the
input data and the model to generate recommendations. The
database is managed by a database management system
(DBMS), while a model base is managed by a model base
management system (MBMS). Some DSSs allow users to cre-
ate models for better evaluation. For example, the vice presi-
dent of marketing may want to know the net effect on
company profit if the advertising budget decreases. TPSs
and MRSs usually do not provide this type of information.
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Why Do You Need MISs to Solve Your Business Problems? 7

WHEN TO USE OFFICE INFORMATION 
SYSTEMS (OISs)

Office information systems (OISs) are designed to support
office tasks with information technology. Voice mail, multi-
media systems, electronic mail, video conferencing, file
transfer, and even group decisions can be achieved by an
OIS. The final goal for an OIS is to have an office environ-
ment where no paper is used (paperless environment).

WHEN TO USE EXECUTIVE INFORMATION 
SYSTEMS (EISs)

Executive information systems (EISs) are designed to gener-
ate information that is abstract enough to present the whole
company operation in a simplified version to satisfy senior
management. Characteristically, senior managers employ a
great variety of informal sources of information, so comput-
erized information systems are able to provide only limited
assistance. However, the CEO, senior and executive vice
presidents, and board of directors need to be able to track
the performance of their company and its various units to
assess the business environment and to develop strategic
directions for the company’s future.

In particular, these executives need a great diversity of
external information to compare their company’s perfor-
mance to that of its competitors and to investigate the gen-
eral trends of the economies in the many countries where
the company may be doing business. The EIS is therefore
designed to address the information needs for senior man-
agement who may not be familiar with computer systems.
EISs also provide features that make them easier for execu-
tives to use, such as graphical user interfaces that can be
mouse or touch-screen oriented. EISs rely heavily on graphic
presentation of both the menu options and the data.

WHY DO YOU NEED MISs TO SOLVE 
YOUR BUSINESS PROBLEMS?

The business environment is changing on a daily basis. The
competition is everywhere from cost cutting to marketing
strategies. To maintain competitiveness, management must
improve the efficiency of operations without sacrificing the
quality of products and services. To accomplish this task,
managers must make timely and correct decisions. These are
the keys to success. Because good decision making requires
quality data and up-to-date information, MISs are specifi-
cally designed to provide information on a timely basis.
MISs also provide different types of information, based on
users’ needs, to improve effectiveness and efficiency.
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8 What Are Management Information Systems?

WHAT COMPUTER TECHNOLOGIES ARE 
AVAILABLE FOR BUSINESS?

Information systems are used in all business domains. For
example, finance uses information to forecast revenues and
maximize investment, make selections on stocks, and even
predict bankruptcies. Accounting uses information systems
to record transactions, prepare financial statements, manage
cash flow, or predict profit or loss. In marketing, informa-
tion systems are used to develop new merchandise and ser-
vices, target customer segments, determine the locations for
production and distribution facilities (so that the cost can be
reduced and more customers will be attracted), formulate
price strategies (to maximize total profits), and even develop
the promotion policies (so that advertising will be more effi-
cient). In manufacturing, information systems are used to
process customer orders, develop production schedules,
design new products, and test the quality of products.

In addition, network technologies allow users to share
information and other resources. As a result, information
retrieval can be more efficient and available. Current Inter-
net technology provides businesses with a variety of external
business information. Multimedia information transmis-
sions (with text, graphics, image, and video) are also avail-
able on the Internet. With the impact of the Internet,
Intranet becomes another new technology popular to busi-
ness. Intranet is a small version of the Internet within one
organization. It provides almost the same services as the
Internet, but with better security and privacy. Artificial
intelligence technologies are also applied to business func-
tions. Neural networks have been used to predict the stock
and bond markets. Expert systems are used to help manag-
ers with financial decisions. In the future, more intelligent
agents will be used in the business environment to improve
the quality of services and products.

HOW WILL YOU MANAGE YOUR 
INFORMATION RESOURCES?

Managing these information resources could be a very com-
plicated task due to rapid changes in this field. Generally
speaking, there are two options available to managers: in-
house operation and outsourcing.

In-house operation requires your own data processing
facilities and personnel. This approach allows users to
receive MIS services faster and easier. However, it requires
the company to use the equipment and employ MIS person-
nel to assure the facility is fully functional.

A multitude of companies specializing in IS services
provide expertise and economies of scale that no single
organization can achieve. Outsourcing used to refer only to
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How Will You Manage Your Information Resources? 9

contracting with an IT company for the development of a
system. Currently, outsourcing often means that an organi-
zation trusts all the activities associated with its ISs, includ-
ing development of new systems, to another company. A
growing number of businesses turn to IS companies not just
for specific hardware or software purchases but for long-
term IS services: purchasing and maintaining hardware;
developing, purchasing, and maintaining software; install-
ing and maintaining communications networks; develop-
ing, maintaining, and operating Web sites; staffing help
desks; running the IS daily operation; managing customer
and supplier relations; and so on. An organization may use
a combination of in-house and outsourced services. It may
outsource the development of an IS but then put its own
employees in charge of its operation, or it may outsource
both the development and operation of the system to another
company.

In considering whether to develop systems in-house or
to outsource their development, top management should
ask the following questions:

❍ What are our core business competencies? Of the
business we conduct, what specialties should we con-
tinue to practice ourselves?

❍ What do we do outside our specialties that could be
done better for us by organizations that specialize in
that area?

❍ Which of our activities could be improved if we cre-
ated an alliance with IS organizations?

❍ Which of our activities should we work to improve
internally?

Outsourcing has come to mean two different things: (1) a
short-term contractual relationship with a service firm to
develop a specific application for an organization and (2) a
long-term contractual relationship with a service firm to
take over all or some of an organization’s IS functions (see
Exhibit 1.1).

Advantages of Outsourcing
Clients contract for IT services to offload in-house responsi-
bility and to better manage risks. When a client outsources,
management knows how much the outsourced services will

1. Application development and software maintenance
2. Telecommunications installation and maintenance
3. Hardware purchasing and hardware maintenance
4. Help desk services
5. Web site design and maintenance
6. Staff training

Exhibit 1.1 TYPICAL OUTSOURCED IT SERVICES
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10 What Are Management Information Systems?

cost; thus, the risk of miscalculation is eliminated. But there
are additional advantages that make the option attractive:

❍ Improved financial planning: Outsourcing allows a cli-
ent to know exactly what the cost of its IS functions
will be over the period of the contract, which is usu-
ally several years.

❍ Reduced license and maintenance fees: Professional IS
firms often pay discounted prices for CASE tools and
other resources based on volume purchases; they can
pass these savings on to their clients.

❍ Increased attention to core business: Letting outside
experts manage IT frees executives from managing it.

❍ Shorter implementation cycles: IT vendors can usually
complete a new application project in less time than
an in-house development team can, thanks to their
experience with development projects of similar sys-
tems for other clients.

❍ Reduction of personnel and fixed costs: In-house IS sala-
ries and benefits and expensive capital expenditures
for items such as CASE tools are paid whether or not
the IS staff is productive.

❍ Increased access to highly qualified know-how: Outsourc-
ing allows clients to tap into one of the greatest assets
of an IT vendor: experience gained through work
with many clients in different environments.

❍ Availability of ongoing consulting as part of standard sup-
port: Most outsourcing contracts allow client compa-
nies to consult the vendor for all types of IT advice,
which would otherwise be unavailable (or only avail-
able from a highly paid consultant).

❍ Increased security: An experienced IS vendor is more
qualified to implement control and security measures
than a client company.

Risks of Outsourcing
Despite its popularity, outsourcing is not a panacea and
should be considered carefully before it is adopted. There
are conditions under which organizations should avoid
outsourcing. The major risks are as follows:

❍ Loss of control: A company that outsources a major
part of its IS operations will probably be unable to
regain control for a long time.

❍ High price: Despite careful precontract calculations,
some companies find out that outsourcing costs them
significantly more than they would have spent had
they taken care of their own ISs or related services.

❍ Risks of losing a competitive advantage: Innovative ISs,
especially those intended to give their owners a com-
petitive advantage, should not be outsourced.
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❍ Loss of experienced employees: Outsourcing often involves
transferring hundreds or even thousands of the orga-
nization’s employees to the IS vendor.

Different MISs are designed for different management
functions. To understand which MIS will serve specific
management needs, we categorize management into three
levels (see Exhibit 1.2).

WHAT IS THE ROLE OF THE INFORMATION 
SYSTEMS IN THE DEVELOPMENT OF THE 
STRATEGIC PLAN?

Strategic planning is the process of selecting the organiza-
tion’s long-term objectives and of setting the strategies for
achieving those objectives. This planning process is the
responsibility of strategic management and is concerned
with the overriding issues facing the organization, such as
product lines and profitability. Given the international,
competitive, and dynamic environment confronted by an

❍ First level: Strategic management is the highest level
of management. This level contains fewer decision
makers but controls much power over the whole
organization. Therefore, the EIS is the most appro-
priate system available at this level.

❍ Second level: Tactical management is the middle level
of management. Managers at this level very often
use MRSs for summarized information and generate
management reports for decision making.

❍ Third level: Operational management is the lowest
level of management. Foremen and supervisors are
at this level. TPSs with large routine processing capa-
bility are usually used for this management level.

DSSs and OISs are not specifically designed for any
management level. They are appropriate for all three lev-
els of management.

Exhibit 1.2 MANAGEMENT TASK HIERARCHY

Management Levels
Strategic

Management

Tactical Management

Operational Management

Number of Inquiries

TPS, DSS, OIS

MRS, DSS, OIS

EIS, DSS, OIS
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12 What Are Management Information Systems?

organization, strategic planning is crucial to the survival of
that organization.

The IS can play an important role in the development of
the strategic plan and in monitoring ongoing operations to
measure attainment of the plan. During the strategic plan-
ning process, data from the entity-wide database can be
compared to data about the competition to determine an
organization’s relative strengths and weaknesses. For
example, this data might include sales trends, gross margin
on sales, age of capital assets, skills of existing personnel,
debt/equity ratio, and so on. This data can be presented in
reports from the existing information systems applications,
such as sales/marketing, human resources management,
fixed assets, finance and inventory, or via the models incor-
porated in the DSS and EIS. Note that data from the envi-
ronment can also be incorporated into the DSS and EIS
output. Strategic planners can combine the environmental
data with the data obtained internally to assess the organi-
zation’s competitive position. The demand for such infor-
mation has been a major driver in the move to enterprise
resource planning (ERP) systems, which bring all of the
organization’s information together into a single entity-
wide database and generally provide the associated tools
for strategic analysis and decision support.

In addition to assisting in the planning phase, the IS can
be used to follow up by reporting certain performance indi-
cators that illustrate the status of processes and critical suc-
cess factors. For example, the number of franchises along
with the level of sales and number of customer complaints
for each should indicate the status of an organization’s fran-
chise network. Other performance indicators might be the
number of new products, the cost to manufacture the prod-
ucts, and their selling price. If the entity-wide database is
developed in light of the strategic plan, many of the data for
the performance indicators should be readily available.

In addition to an organizational strategic planning pro-
cess, there must be a strategic planning process for the IS
function. That process must be coordinated with the organi-
zation’s strategic planning process to ensure that the orga-
nization’s strategic plan is supported and that IT is used to
the best advantage of the organization. For example, during
the strategic planning process, organizations should seek to
achieve strategic advantage over their competitors by utiliz-
ing available information technology. This is particularly
observable as companies ponder how to deal with the rap-
idly evolving world of e-business.
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CHAPTER 2

MANAGEMENT INFORMATION SYSTEMS 
AND DECISION-MAKING MODELS

WHAT IS THE MANAGEMENT 
INFORMATION SYSTEM (MIS)?

A management information system (MIS) is comprised of
computer-based processing and/or manual procedures that
provide useful, complete, and timely information. This infor-
mation must support management decision making in a
rapidly changing business environment. The MIS must sup-
ply managers with information quickly, accurately, and
completely. Information systems are not new; only comput-
erization of them is new. Before computers, information sys-
tem techniques existed to supply information for functional
purposes. But what are management information systems?
The scope and purpose of the MIS are better understood if
each part of the term is defined. See Exhibit 2.1.
 

Making decisions 
regarding:
� Planning
� Organizing
� Coordinating
� Controlling

Information 
consists of:
orderly selected
data used 
for making 
decisions

Systems for
integration 
of all activities 
through 
exchange of 
information

Exhibit 2.1 THE MEANING OF A MANAGEMENT INFORMATION 
SYSTEM (MIS)

MIS

InformationManagement Systems
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Management
Management has been defined in a variety of ways, but for
our purposes it comprises the processes or activities that
managers do in the running of their organization: plan,
organize, coordinate, and control operations. Managers
plan by setting strategies and goals and selecting the best
course of action to achieve the plan. They organize the tasks
necessary for the operational plan, set these tasks up into
homogeneous groups, and assign authority delegation.
They control the performance of the work by setting perfor-
mance standards and avoiding deviations from standard.

PLANNING

The planning function of management involves the selection
of long- and short-term objectives and the drawing up of
strategic plans to achieve those objectives. For example, the
vice president of marketing must consider numerous factors
when planning short-term ad campaigns and promotional
activities aimed at opening up new long-term markets.

ORGANIZING AND COORDINATING

In performing the organization and coordination function,
management must decide how best to put together the
firm’s resources to carry out established plans. For example,
senior management must decide on the type and number of
divisions and departments in the company and evaluate the
effectiveness of the organizational structure. In addition,
managers must identify the personnel needs of the company,
select the personnel, and ensure proper training of the staff.

CONTROLLING

Controlling entails the implementation of a decision method
and the use of feedback so that the firm’s goals and specific
strategic plans are optimally obtained. This includes super-
vising, guiding, and counseling employees to keep them
motivated and working productively toward the accom-
plishment of organizational objectives.

DECISION MAKING

Decision making is the purposeful selection from a set of
alternatives in light of a given objective. Each primary man-
agement function involves making decisions, and informa-
tion is required to make sound decisions. Decisions may be
classified as short term or long term. Depending on the
level of management, decisions can be operational, tactical,
or strategic.

Information
Data must be distinguished from information, and this dis-
tinction is clear and important for our purposes. Data con-
sists of facts and figures that are not currently being used in
a decision process. It usually takes the form of historical
records that are filed without immediate intent to retrieve
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Classifying Management Information Systems 15

them for decision making. An example would be the led-
gers and other supporting documents that comprise the
source material for profit and loss statements. Such material
would only be of historical interest to an external auditor.

Information consists of data that has been retrieved, pro-
cessed, or otherwise used for informative or inference pur-
poses, or as a basis for forecasting or decision making. An
example would be any of the supporting documents men-
tioned above, but in this case the data is used by an internal
auditor, the management services department of an exter-
nal auditor, or by internal management for profit planning
and control, or for other decision-making purposes.

Systems
A system can be described simply as a set of elements
joined together for a common objective. A subsystem is part
of a larger system. All systems are parts of larger systems.
For our purposes the organization is the system, and the
parts (divisions, departments, functions, units, etc.) are the
subsystems. Although we have achieved a very high degree
of automation and joining together of subsystems in scien-
tific, mechanical, and factory operations, we have barely
begun to apply systems principles to organizational or busi-
ness systems. The concept of synergism has not generally
been applied to business organizations, particularly as it
applies to the integration of the subsystems through infor-
mation interchange. Marketing, production/operations,
and finance are frequently on diverse paths and working at
cross-purposes. The systems concept of an MIS is therefore
one of optimizing the output of the organization by con-
necting the operating subsystems through the medium of
information exchange.

CLASSIFYING MANAGEMENT 
INFORMATION SYSTEMS IN TERMS 
OF THE TYPE OF OUTPUT PROVIDED

Another way of classifying MISs depends on the format of
the output desired by the users of the system. Three distinc-
tions are made:

1. MISs that generate reports: These reports can be
income statements, balance sheets, cash flow reports,
accounts receivable statements, inventory status reports,
production efficiency reports, or any report on the
status of a situation of interest to the decision maker.
The reports can be historical or refer to the current
status of the situation.

2. MISs that answer what-if kinds of questions asked
by management: These information systems take the
information stored in the database and reply to ques-
tions asked by management. These questions are in
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16 MIS/Decision-Making Models

the form of, “What would happen if this or that hap-
pened?” The information system uses its stored infor-
mation, its comparison and calculation capabilities,
and a set of programs especially written for this situ-
ation to provide management with the consequences
of an action under consideration.

It works like this: The vice president for human
resources of an airline wonders what pilot recruiting
levels would be necessary if the company changed its
retirement age from 65 to 62 at the same time that the
Civil Aeronautics Board (CAB) reduced the maxi-
mum number of hours a pilot can fly monthly from 80
to 75. The vice president uses a what-if information
system approach to answer her question. The com-
puter indicates that monthly recruiting levels would
have to be increased from 110 to 185 pilots to meet
these two conditions. She realizes this is not feasible
and now asks the system the what-if question with
the retirement age changed to 63. The reply is now
142 pilots a month need to be recruited. The vice
president feels this is an attainable recruiting target.
Some what-if systems print out entire financial state-
ments reflecting the financial consequences of actions
that are being contemplated. Exhibit 2.2 depicts a
what-if scheme.

What-if management information systems com-
bine models (to be discussed later), software, and
report-generating capability. The software allows the
decision maker to make various inputs to the models

Exhibit 2.2 WHAT-IF MIS

Database

Computer processing
of data and what-if queries

Outputs in the form of
projected consequences

reports
(what will happen if)

Outputs in the form of
historical and current status

reports

Decision Maker
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and receive outputs. These MISs are generally run on
a real-time system that can be online and that can also
run on a time-sharing basis.

3. MISs that support decision making (DSSs): These
advanced systems attempt to integrate the decision
maker, the database, and the models being used. A
DSS requires a very comprehensive database and the
ability to manage that database to provide outputs to
the decision maker and to update whatever perma-
nent models are stored in the system. It requires exten-
sive hardware and software. Two features distinguish
DSS from other information systems: (1) They actually
make a recommended decision instead of merely sup-
plying additional information to the decision maker.
(2) They build in the decision maker as an integral part
of the system (the software accommodates the person
as part of the decision process). Exhibit 2.3 illustrates a
DSS management information system.

MISs AND ORGANIZATIONAL LEVELS

A management information system should produce useful,
accurate, and timely information to management on three
levels: low (operational), middle (tactical), and top (strate-
gic). Lower-level managers make day-to-day operational

Exhibit 2.3 DECISION MAKER’S WHAT-IF QUESTIONS

Database

Computer
processing
of data and

what-if
queries

Outputs in the
form of

recommended
courses
of action

Outputs in the
form of projected
consequences

reports (what will
happen if)

Outputs in the
form of historical

and current
status reports

Decision Maker
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18 MIS/Decision-Making Models

decisions that affect a relatively narrow time frame and that
involve details. These decisions are structured. Middle
managers are involved with more tactical decisions that
cover a broader range of time and involve more experience.
Middle managers use summary reports, exception reports,
periodic reports, on-demand reports, and event-initiated
reports to make semistructured decisions. Top management
deals with decisions that are strategic and long term in nature.

The primary objective of the MIS is to satisfy the needs at
the various levels. Generally, the information needs to be
more summarized and relevant to the specific decisions that
need to be made than the information normally produced in
an organization. It also has to be available quickly enough to
be of value in the decision-making process. The information
flows up and down through the three levels of management
and is made available in various types of reports.

LEVELS OF MANAGEMENT: WHAT KINDS 
OF DECISIONS ARE MADE?

Each level of management can be differentiated by the
types of decisions it faces, the time frame considered in the
decisions, and the types of reports needed to make deci-
sions (see Exhibit 2.4).

Lower Management
The largest level of management, lower (operational) manage-
ment, deals mostly with decisions that cover a relatively nar-
row time frame. Lower management, also called supervisory
management, actualizes the plans of middle management and

Characteristic Operational Tactical Strategic

Frequency Regular, 
repetitive

Mostly regular Often ad hoc 
(as needed)

Dependability 
of results

Expected 
results

Some surprises 
may occur

Results often 
contain surprises

Time period 
covered

Past Comparative Future

Level of data Very detailed Summaries 
of data

Summaries 
of data

Source 
of data

Internal Internal and 
external

Internal and 
external

Nature 
of data

Highly 
structured

Some 
unstructured 
data

Highly 
unstructured 
(semistructured)

Accuracy Highly accu-
rate data

Some subjective 
data

Highly subjective 
data

Typical user First-line 
supervisors

Middle 
managers

Top management

Level of 
decision

Task-oriented Control and 
resource allo-
cation oriented

Goal-oriented

Exhibit 2.4 COMPARISON OF THE MIS AT THE OPERATIONAL, 
TACTICAL, AND STRATEGIC LEVELS
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Levels of Management: What Kinds of Decisions Are Made? 19

controls daily operations—the day-to-day activities that keep
the organization humming. Examples of lower-level manag-
ers are the warehouse manager in charge of inventory restock-
ing and the materials manager responsible for seeing that all
necessary materials are on hand in manufacturing to meet
production needs.

Most decisions at this level require easily defined infor-
mation about current status and activities within the basic
business functions—for example, the information needed to
decide whether to restock inventory. This information is
generally given in detailed reports that contain specific infor-
mation about routine activities. These reports are struc-
tured, so their form can usually be predetermined. Daily
business operations data is readily available, and its pro-
cessing can be easily computerized. Managers at this level
typically make structured decisions. A structured decision
is a predictable decision that can be made by following a
well-defined set of predetermined, routine procedures. For
example, a clothing store floor manager’s decision to accept
your credit card to pay for some new clothes is a structured
decision based on several well-defined criteria:

1. Does the customer have satisfactory identification?
2. Is the card current or expired?
3. Is the card number 011 on the store’s list of stolen or

lost cards?
4. Is the amount of purchase under the cardholder’s

credit limit?

Middle Management
The middle level of management deals with decisions that
cover a somewhat broader range of time and require more
experience. Some common titles of middle managers are
plant manager, division manager, sales manager, branch
manager, and director of personnel. The information that
middle managers need involves review, summarization,
and analysis of historical data to help plan and control
operations and implement policy that has been formulated
by upper management. This information is usually given to
middle managers in two forms: summary reports, which
show totals and trends—for example, total sales by office,
by product, by salesperson, and total overall sales—and
exception reports, which show out-of-the-ordinary data—
for example, inventory reports that list only those items that
number fewer than 10 in stock. These reports may be regu-
larly scheduled (periodic reports), requested on a case-by-
case basis (on-demand reports), or generated only when
certain conditions exist (event-initiated reports).

Periodic reports are produced at predetermined times—
daily, weekly, monthly, quarterly, or annually. These reports
commonly include payroll reports, inventory status reports,
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20 MIS/Decision-Making Models

sales reports, income statements, and balance sheets. A man-
ager usually requests on-demand reports when information
is needed for a particular problem. For example, if a cus-
tomer wants to establish a large charge account, a manager
might request a special report on the customer’s payment
and order history. Event-initiated reports indicate a change
in conditions that requires immediate attention, such as an
out-of-stock report or a report on an equipment breakdown.

Managers at the middle level of management are often
referred to as tactical decision makers who generally deal
with semistructured decisions. A semistructured decision
includes some structured procedures and some procedures
that do not follow a predetermined set of criteria. In most
cases, a semistructured decision is complex, requiring detailed
analysis and extensive computations. Examples of semi-
structured decisions include deciding how many units of a
specific product should be kept in inventory, whether to
purchase a larger computer system, from what source to
purchase personal computers, and whether to purchase a
multiuser minicomputer system. At least some of the infor-
mation requirements at this level can be met through com-
puter-based data processing.

Top Management
The top level of management deals with decisions that are
the broadest in scope and cover the widest time frame. Typ-
ical titles of managers at this level are chief executive officer
(CEO), chief operating officer (COO), chief financial officer
(CFO), treasurer, controller, chief information officer (CIO),
executive vice president, and senior partner. Top managers
include only a few powerful people who are in charge of
the four basic functions of a business: marketing, account-
ing and finance, production, and research and develop-
ment. Decisions made at this level are unpredictable, long
range, and related to the future, not just past and/or cur-
rent activities. Therefore, they demand the most experience
and judgment.

A company’s MIS must be able to supply information
to top management as needed in periodic reports, event-
initiated reports, and on-demand reports. The information
must show how all the company’s operations and depart-
ments are related to and affected by one another. The major
decisions made at this level tend to be directed toward (1) stra-
tegic planning—for example, how growth should be financed
and which new markets should be tackled first; (2) alloca-
tion of resources, such as deciding whether to build or
lease office space and whether to spend more money on
advertising or the hiring of new staff members; and (3) pol-
icy formulation, such as determining the company’s policy
on hiring minorities and providing employee incentives.
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Modeling a Real-Life System 21

Managers at this level are often called strategic decision
makers. Examples of unstructured decisions include decid-
ing five-year goals for the company, evaluating future finan-
cial resources, and deciding how to react to the actions of
competitors.

At the higher levels of management, much of the data
required to make decisions comes from outside the organi-
zation (e.g., financial information about other competitors).
Exhibit 2.5 shows the decision areas that the three levels of
management would deal with in a consumer product busi-
ness and a bank.

MODELING A REAL-LIFE SYSTEM

Many MISs are model based. The real world is complex,
dynamic, and expensive to deal with. For this reason, we
use models instead of real-life systems. A model is an
abstraction of a real-life system that is used to simulate real-
ity. Especially in the computing environment we live in,
managers and decision makers find it easy to use models to

(a) Consumer product business

Strategic Planning Competitive

Industry statistics

Tactical Sales analysis by customer

Reorder analysis of new products

Sales analysis by product line

Production planning

Operational Bill of materials

Manufacturing specifications

Product specifications

Order processing

Online order inquiry

Finished goods inventory

Accounts receivable

General ledger

(b) Bank

Strategic Planning Market forecast

New product development

Financial forecast

Tactical Branch profitability

Product profitability

Operational Loan billing

Accounting systems

Policy issuance and maintenance

Exhibit 2.5 THREE MANAGEMENT LEVELS AND THEIR 
INFORMATION NEEDS
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22 MIS/Decision-Making Models

understand what is happening and to make better decisions.
There are many different types of models. They include nar-
rative, physical, graphical, and mathematical.

Narrative Models
A narrative model is either written or oral. The narrative
represents a topic or subject. In an organization, reports,
documents, and conversations concerning a system are all
important narratives. Examples include a salesperson ver-
bally describing a product’s competition to a sales manager
and a written report describing the function of a new piece
of manufacturing equipment.

Physical Models
The fashion model is an example of a physical model, as are
dolls and model airplanes. Many physical models are com-
puter designed or constructed. An aerospace engineer may
develop a physical model of a shuttle to gain important
information about how a large-scale shuttle might perform
in space. A marketing department may develop a prototype
of a new product.

Graphical Models
A graphical model is a pictorial representation of reality.
Lines, charts, figures, diagrams, illustrations, and pictures
are all types of graphical models. These are used often in
developing computer programs. Flowcharts show how
computer programs are to be developed. A graph that
shows budget and financial projections and a break-even
chart are good examples of graphical models. The break-
even chart depicts the point at which sales revenues and
costs are equal, as shown in Exhibit 2.6.

Mathematical Models
A mathematical model is a quantitative representation of
reality. These models are popular for decision making in all
areas of business. Any mathematical formula or equation is a
model that can be used for simulation or for what-if analysis.
Once the models are properly constructed, managers can
experiment with them just as physical scientists do a con-
trolled experiment in the laboratory. In a sense, mathematical

Exhibit 2.6 BREAK-EVEN CHART

1000 2000 3000 600050004000
$-

$200,000
$400,000
$600,000
$800,000

$1,000,000
$1,200,000
$1,400,000
$1,600,000

Revenue
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The Model Base 23

models are the managers’ laboratory. For example, the break-
even formula used to compute the break-even point in
Exhibit 2.6 is simply

where Xbe = break-even point, P = price or average revenue
per unit, V = unit variable cost, and FC = total fixed costs.

THE MODEL BASE

The purpose of the model base in an MIS is to give deci-
sion makers access to a variety of models and to assist
them in the decision-making process. The model base can
include model management software (MMS) that coordi-
nates the use of models in an MIS. Depending on the needs
of the decision maker, one or more of these models can be
used.

Financial Models
Financial models provide cash flow, internal rate of return,
and other investment analysis. Spreadsheet programs such
as Excel are often used for this purpose. In addition, more
sophisticated financial planning and modeling programs
such as Budget Express can be employed. Some organiza-
tions develop customized financial models to handle their
own unique situations and problems. However, as spread-
sheet packages continue to increase in power, the need for
sophisticated financial modeling packages may decrease.

Statistical Models
Statistical models can provide summary statistics, trend pro-
jections, hypothesis testing, and more. Many software pack-
ages, including Statistical Packages for Social Scientists
(SPSS), Statistical Analysis System (SAS), and MINITAB, pro-
vide outstanding statistical analysis for organizations of all
sizes. These statistical programs can calculate means, vari-
ances, correlation coefficients, regression analysis, and can do
hypotheses testing. Many packages also have graphics out-
put capability. The following example illustrates the use of
SPSS for regression analysis and shows the sample output.

be
FC

X
(P V)

=
−

EXAMPLE 2.1 REGRESSION ANALYSIS

Cypress Consumer Products Corporation wishes to develop a
forecasting model for its dryer sales by using multiple regression
analysis. The marketing department prepared the following
sample data:
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24 MIS/Decision-Making Models

Optimization Models
Optimization models refer to techniques for establishing
complex sets of mathematical equations and inequalities

Month

Sales of 
Washers

(x1)

Disposable 
Income

(x2)
Savings

(x3)

Sales of 
Dryers

(y)

January $45,000 $16,000 $71,000 $29,000
February 42,000 14,000 70,000 24,000
March 44,000 15,000 72,000 27,000
April 45,000 13,000 71,000 25,000
May 43,000 13,000 75,000 26,000
June 46,000 14,000 74,000 28,000
July 44,000 16,000 76,000 30,000
August 45,000 16,000 69,000 28,000
September 44,000 15,000 74,000 28,000
October 43,000 15,000 73,000 27,000

SPSS was employed to develop the regression model. Exhibit 2.7
presents the regression output results using three explanatory
variables.

* * * * Multiple Regression * * * *

Listwise Deletion of Missing Data

Equation Number 1 Dependent Variable.. SALESDRY

Block Number 1. Method: Enter SALESWAS INCOME

SAVINGS

Variable(s) Entered on Step Number

1.. SAVINGS

2.. SALESWAS

3.. INCOME

Multiple R .99167

R Square .98340

Adjusted R Square .97511

Standard Error .28613

Analysis of Variance

DF Sum of Squares Mean Square

Regression 3 29.10878 9.70293

Residual 6 .49122 .08187

F = 118.51727 Signif F = .0000

______________ Variables in the Equation ______________

Variable B SE B Beta Tolerance VIF T

SALESWAS .596972 .081124 .394097 .964339 1.037 7.359

INCOME 1.176838 .084074 .752425 .957217 1.045 13.998

SAVINGS .405109 .042234 .507753 .987080 1.013 9.592

(Constant) −45.796348 4.877651 −9.389

Durbin-Watson Test = 2.09377

Exhibit 2.7 REGRESSION OUTPUT RESULTS

EXAMPLE 2.1 REGRESSION ANALYSIS  (continued)
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that represent objectives and constraints. These models are
prescriptive in that they try to provide the best possible
solution to the problem at hand. They include mathematical
programming such as linear programming (LP) and goal
programming (GP) models.

Linear programming (LP) is a mathematical technique
designed to determine an optimal decision (or an optimal
plan) chosen from a large number of possible decisions. The
optimal decision is the one that meets the specified objec-
tive of the company, subject to various restrictions or con-
straints. It concerns itself with the problem of allocating
scarce resources among competing activities. The optimal
decision yields the highest profit, contribution margin (CM),
or revenue, or the lowest cost. A linear programming model
consists of two important ingredients:

1. Objective function: The company must define the spe-
cific objective to be achieved.

2. Constraints: Constraints are in the form of restrictions
on availability of resources or meeting minimum
requirements.

As the name “linear programming” indicates, both the
objective function and constraints must be in linear form. If
a firm wished to find an optimal product mix, it could use
LP techniques. The optimal mix would be the one that max-
imizes its total CM within the allowed budget and produc-
tion capacity. Or the firm may want to determine a least-cost
combination of input materials while meeting production
requirements, employing production capacities, and using
available employees.

Applications of LP are numerous. They include:

❍ Selecting least-cost mix of ingredients for manufac-
tured products

❍ Developing an optimal budget
❍ Determining an optimal investment portfolio (or asset

allocation)
❍ Allocating an advertising budget to a variety of media
❍ Scheduling jobs to machines
❍ Determining a least-cost shipping pattern
❍ Scheduling flights
❍ Gasoline blending
❍ Optimal manpower allocation
❍ Selecting the best warehouse location to minimize

shipping costs

Formulation of LP
To formulate an LP problem, certain steps are followed. You
must define the decision variables that you are trying to
solve for, then express the objective function and constraints
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26 MIS/Decision-Making Models

in terms of these decision variables. All the expressions
must be in linear form. In the following example, we will
use this technique to find the optimal product mix.

EXAMPLE 2.2 LP PROBLEM

The JKS Furniture Manufacturing Company produces
two products: desks and tables. Both products require
time in two processing departments: an assembly depart-
ment and a finishing department. Production time and
costs of the two products are as follows:

Products Available

Processing Desk Table Hours
Assembly 2 4 100 hours
Finishing 3 2 90
Contribution Margin Per Unit $25 $40

The company wants to find the most profitable mix
of these two products.

Step 1. Define the decision variables as follows:

A = Number of units of desk to be produced

B = Number of units of table to be produced

Step 2. The objective function to maximize total con-
tribution margin (CM) is expressed as:

Total CM = 25A + 40B

Then formulate the constraints as inequalities:

2A + 4B ≤ 100 (Assembly constraint)

3A + 2B 90 ≤ (Finishing constraint)

In addition, implicit in any LP formulation are the con-
straints that restrict A and B to be nonnegative, i.e.,

A, B ≥ 0

Our LP model is:

Maximize: Total CM = 25A + 40B

Subject to: 2A + 4B ≤ 100

3A + 2B ≤ 90

A, B ≥ 0

USE OF COMPUTER LP SOFTWARE

We can use a computer LP software package, such as
LINDO (Linear Interactive and Discrete Optimization)
and What’s Best!, to quickly solve an LP problem.
Exhibit 2.8 shows a LINDO output by an LP program
for the LP model set up in Example 2.2.
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Note: The printout shows the following optimal solution:

A = 20 units

B = 15 units

CM = $1,100

Shadow prices are:

Assembly capacity = $8.75

Finishing capacity = $2.50

COMPUTER PRINTOUT FOR LP

**INFORMATION ENTERED**

NUMBER OF CONSTRAINTS 2

NUMBER OF VARIABLES 2

NUMBER OF <= CONSTRAINTS 2

NUMBER OF = CONSTRAINTS 0

NUMBER OF >= CONSTRAINTS 0

MAXIMIZATION PROBLEM

25 A + 40 B

SUBJECT TO

2A + 4B <= 100

3A + 2B <= 90

**RESULTS**

VARIABLE VALUE ORIGINAL
COEFF.

COEFF.
SENS.

SOLUTION:

A = 20

A 20 25 0 B = 15

B 15 40 0

CONSTRAINT
NUMBER

ORIGINAL
RHS

SLACK OR 
SURPLUS

SHADOW
PRICE

1 100 0 8.75<—
(shadow 
price of the 
assembly 
capacity)

OBJECTIVE FUNCTION VALUE : 1100 = CM

SENSITIVITY ANALYSIS

OBJECTIVE FUNCTION COEFFICIENTS

VARIABLE LOWER 
LIMIT

ORIGINAL
COEFFICIENT

UPPER LIMIT

A 20 25 60

B 16.67 40 50

Exhibit 2.8 LINDO OUTPUT BY AN LP PROGRAM 

EXAMPLE 2.2 LP PROBLEM  (continued)
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Decision Analysis Models
Decisions are made under certainty or under uncertainty.
Decision making under certainty means that for each deci-
sion there is only one event and therefore only one outcome
for each action. Decision making under uncertainty, which
is more common in reality, involves several events for each
action with its probability of occurrence. When decisions
are made in a world of uncertainty, it is often helpful to
make the computations of (1) expected value, (2) standard
deviation, and (3) coefficient of variation.

STANDARD DEVIATION

The standard deviation measures the tendency of data to be
spread out. Cost analysts and managerial accountants can
make important inferences from past data with this mea-
sure. The standard deviation, denoted with the Greek letter
Σ, read as sigma, is defined as follows:

where x is the mean (arithmetic average).
The standard deviation can be used to measure the varia-

tion of such items as the expected contribution margin (CM)
or expected variable manufacturing costs. It can also be
used to assess the risk associated with investment projects.

RIGHT HAND SIDE

CONSTRAINT
NUMBER

LOWER 
LIMIT

ORIGINAL 
VALUE

UPPER LIMIT

1 60 100 180

2 50 90 150

Exhibit 2.8 LINDO OUTPUT BY AN LP PROGRAM  (continued)

EXAMPLE 2.3

One and one-half years of quarterly returns are listed
below for United Motors stock.
Time Period x

1 10% 0 0

2 15 5 25

3 20 10 100

4 5 −5 25

5 −10 −20 400

6 20 10 100

60 650

2(x x)
n 1

σ Σ −=
−

−(x x)(x x)(x x)(x x) − 2222(x x)(x x)(x x)(x x)
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Although statistics such as expected value and standard
deviation are essential for choosing the best course of
action under uncertainty, the decision problem can best be
approached using decision theory. Decision theory is a sys-
tematic approach to making decisions, especially under
uncertainty. Decision theory utilizes an organized approach
such as a decision matrix (or payoff table).

DECISION MATRIX

A decision matrix is characterized by the row representing a
set of alternative courses of action available to the decision
maker; the column representing the state of nature or condi-
tions that are likely to occur and that the decision maker has
no control over; and the entries in the body of the table rep-
resenting the outcome of the decision, known as payoffs,
which may be in the form of costs, revenues, profits, or cash
flows. By computing expected value of each action, we will
be able to pick the best one.

From the above table, note that

The United Motors stock has returned on the average
10% over the last six quarters and the variability about
its average return was 11.40%. The high standard devia-
tion (11.40%) relative to the average return of 10% indi-
cates that the stock is very risky.

EXAMPLE 2.4 DECISION MATRIX EXAMPLE

Assume the following probability distribution of daily
demand for a product:

Daily demand 0.0 1.0 2.0 3.0
Probability 0.2 0.3 0.3 0.2

Also assume that unit cost = $3, selling price = $5 (i.e.,
profit on sold unit = $2), and salvage value on unsold
units = $2 (i.e., loss on unsold unit = $1). We can stock 0,
1, 2, or 3 units. The question is:

How many units should be stocked each day?
Assume that units from one day cannot be sold the next
day. Then the payoff table can be constructed as follows:

EXAMPLE 2.3  (continued)

2

x 60/6 10%

(x x) 650
130 11.40%

n 1 (6 1)
σ

= =

Σ −= = = =
− −
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DECISION TREE

Decision tree is another approach used in discussions of
decision making under uncertainty. It is a pictorial repre-
sentation of a decision situation. As in the case of the deci-
sion matrix approach just discussed, it shows decision
alternatives, states of nature, probabilities attached to the
state of nature, and conditional benefits and losses. The
decision tree approach is most useful in a sequential deci-
sion situation.

EXAMPLE 2.4 DECISION MATRIX EXAMPLE
(continued)

State of Nature

Demand 0 1 2 3 Expected value
Stock
(probability) (.2) (.3) (.3) (.2)

0 $0 0 0 0 $0
Actions

1 −1 2 2 2 1.40
2 −2 1* 4 4 1.90**
3 −3 0 3 6 1.50

*Profit for (stock 2, demand 1) equals (no. of units sold)(profit
per unit) − (no. of units unsold)(loss per unit) = (1)($5 − 3) − (1)
($3 − 2) = $1

**Expected value for (stock 2) is: −2(.2) + 1(.3) + 4(.3) + 4(.2) =
$1.90

The optimal stock action is the one with the highest
expected monetary value. The optimal decision in this
case would be to stock 2 units.

EXAMPLE 2.5 DECISION TREE EXAMPLE

Assume XYZ Corporation wishes to introduce one of
two products to the market this year. The probabilities
and present values (PVs) of projected cash inflows are
given below:

Product
Initial 

Investment
PV of Cash 

Inflows Probabilities

A $225,000 1.00
$450,000 0.40

200,000 0.50
−100,000 0.10

B 80,000 1.00
320,000 0.20
100,000 0.60

−150,000 0.20

A decision tree analyzing the two products is depicted in
Exhibit 2.9.
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Graphical Models
Graphical modeling programs are software packages that
assist decision makers in designing, developing, and using
graphic displays of data and information. Numerous per-
sonal computer programs that can perform this type of
analysis are on the market. In addition, sophisticated graphic
design and analysis such as computer-assisted design (CAD)
is widely available.

Project Planning and Management 
Models

Project planning and management models are used to navi-
gate and coordinate large projects, and to discover critical
paths that could delay or jeopardize an entire project if they
are not completed in a timely and cost-effective fashion.
Some of these programs can determine the best way to
speed up a project by effectively using additional resources,
including cash, labor, and equipment. Project management
allows decision makers to keep tight control over projects of
all sizes and types.

Program evaluation and review technique (PERT) is a
useful management tool for planning, scheduling, costing,
coordinating, and controlling complex projects such as the
following:

❍ Formulation of a master budget
❍ Construction of buildings

Initial 
Investment

(1)

Proba-
bility
(2)

PV of Cash 
Inflows

(3)

PV of Cash 
Inflows 

(2) ×××× (3) ==== (4)

 0.40 $450,000 $180,000

$225,000 0.50 $200,000 100,000

Product A 0.10 −$100,000 −10,000

Expected PV of Cash Inflows $270,000

Choice 
A or B

Product B 0.20 $320,000 $64,000

$80,000 0.60 $100,000 60,000

0.20 −$150,000 −30,000

Expected PV of Cash Inflows $94,000

For product A:

Expected NPV = expected PV − I = $270,000 − $255,000 = $45,000

For product B:

Expected NPV = $94,000 − $80,000 = $14,000

Based on the expected NPV, choose product A over product B,
however, this analysis fails to recognize the risk factor in project
analysis.

Exhibit 2.9 DECISION TREE
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❍ Installation of computers
❍ Scheduling the closing of books
❍ Assembly of a machine
❍ Research and development activities

Questions to be answered by PERT include:

❍ When will the project be finished?
❍ What is the probability that the project will be com-

pleted by a given time?

Simulation Models
The primary use of a simulation model is to respond to
what-if questions. These descriptive models can produce
large amounts of detailed output because they work by
mimicking many parts of the real-world system. One major
weakness is that no automatic searching or optimizing is
done by the model. (Any such features must be built on top
of the simulation model and must be used as a submodel.)
In such cases, the simulation may have to be performed
many, many times while a search for the best decision
parameters is under way. This can be quite expensive if the
simulation is complex.

Two major issues in simulation modeling are how long a
simulation run must proceed to achieve steady state (typi-
cal behavior) and how many different runs must be per-
formed to achieve statistical significance. Inside most
simulation models is a pseudo-random number generator.
This is a mathematical subroutine that produces numbers
that appear to be random. These random numbers are
manipulated further to represent parts of the model that are
not deterministic. Examples might include the arrival of
customers at a ticket counter or the time of failure of an
electronic circuit component. These random number gener-
ators can be “seeded” with special input parameters to
make them produce different streams of random values.
Repeating runs with different seed values provides a set of
outputs that has a statistical distribution to be analyzed.

Many commercial software packages are available that
can be used to build simulation models. Some of these are
general-purpose simulation languages that have general
but powerful features such as waiting lines and resource
pools that ease the modeling task. At the other extreme are
tailored simulation models (such as oil refinery models)
that are already built but afford the user the ability to spec-
ify input parameters to describe the precise configuration
under study. In between these extremes are simulation lan-
guages that are suited for a large class of models such as
networks that are a formalism in which many problems can
be represented.
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Exhibit 2.10 would serve as a tool for establishing optimal
staffing levels for a fast-food restaurant.

EXAMPLE 2.6
SLAM II SIMULATION MODEL

During a lunch hour, customers arrive at a fast-food res-
taurant at a rate of three per minute. They require 1.5
minutes to place an order and pay the bill before going
to pick up the food. How many cash register stations are
needed to ensure that the number of customers waiting
in line does not exceed six and that this waiting time
does not occur more than 30% of the time during the
lunch hour rush?

A simulation language such as the SLAM II can be
used to simulate the sequence of the operation in this
problem. The language consists of symbols that can be
composed on a computer terminal screen into a diagram
like the one shown. The first circle represents customer
arrivals. The second circle represents the queue, or wait-
ing line. The last circle represents departures from the
system.

A random normal probability distribution was cho-
sen to model the customer arrivals. The mean, or aver-
age, time between arrivals is set at 20 seconds, and the
standard deviation is set to 5 seconds. The simulation
model was run for 3,600 seconds for each experiment.
The number of servers was changed between runs. The
service time was represented by an exponential distri-
bution with a mean of 90 seconds.

The simulation software generates random numbers
using mathematical formulas, then computes when cus-
tomers arrive, how long they require service, and so
forth. A clock is simulated to keep track of what should
happen next. These performance statistics are collected
and reported.

Statistics describing the queue are produced auto-
matically by the simulation software package. Exhibit
2.10 shows that five servers are needed to ensure that
the queue will be no longer than six people for 70% of
the time. A thorough analysis would involve making
more runs to confirm that the above statistics still hold
true with different random numbers and longer periods
of simulation.
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Number of Servers

0 1 2 3 4 5 6 7 8

4 14 20 24 27 27 28 31 36

5 46 55 60 63 64 68 73 76

Exhibit 2.10 PERCENT OF TIME THAT QUEUE LENGTH IS NO 
MORE THAN 6
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CHAPTER 3

HOW TO SELECT THE BEST 
MICROCOMPUTER SYSTEM

MICROCOMPUTERS, LARGE-SYSTEM 
COMPUTING, AND NETWORK 
COMPUTING

Generally speaking, computers can be classified into five
categories: microcomputers, network servers, minicomput-
ers, mainframe computers, and supercomputers.

Microcomputers
Microcomputers are designed for a single-user environment
and small business applications. However, more and more
businesspeople are using microcomputers for both mul-
tiuser networks and business applications. For example, a
businessperson can use a microcomputer to organize finan-
cial transactions, prepare the corporate tax return (Form
1120 or 1120S), or update the inventory of several super-
markets on a network. Today’s microcomputers can be so
powerful that they provide solutions for most business
applications.

A microcomputer uses a microprocessor as the central
processing unit. A microprocessor can be very powerful
despite its small size. Currently, there are two major micro-
computer systems available on the market. They are the IBM-
compatible system and the Apple system. These two systems
use different platforms (operating systems) to control the
hardware. The IBM-compatible system uses a Windows
operating system developed by Microsoft. The Windows
operating system provides a graphical user interface (GUI)
and a multitasking environment. The Windows operating
system—including Windows 98, Windows 2000, and Win-
dows XP workstation—dominates most of the microcom-
puter market. Apple Macintosh uses a totally different
operating system developed by Apple Computer. Newer
Apple operating systems are able to run Windows-based
applications. However, due to poor market strategy, the
Apple system is losing its market share. It is suggested that
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the businessperson use the IBM system because of greater
compatibility, more program availability, and a more opened
platform.

COMPUTERS ON THE GO

In today’s mobile society, computers are increasingly used
outside the office. Notebook or handheld computers are
used to record and retrieve data for people on the go.

❍❍❍❍ Notebook computer (laptop): A compact, light, personal
computer powered by a rechargeable battery.

❍❍❍❍ Personal digital assistant (PDA): A handheld computer
that is small enough to fit in the palm of a hand. Typi-
cally a stylus (a penlike pointing and drawing device)
is used to enter data through a touch screen, although
some handhelds also have a small keyboard or can
plug into a folding portable keyboard.

❍❍❍❍ Tablet computer (tablet PC): A full-power PC in the
form of a thick writing tablet. It looks like a notebook
computer without a keyboard, although it can be con-
nected to a keyboard and a mouse.

INTERNET APPLIANCES

An increasing number of handheld computers and other
electronic devices are manufactured with a capability to
link to the Internet. Collectively, such devices are called
internet appliances. Many of the devices are equipped with
circuitry and software that enables them to link wirelessly
to the Internet.

Large-System Computing
Large systems consist of mainframe computers, minicom-
puters, and supercomputers. They are typically multiuser
computer systems in which many users share the same com-
puting resources at the same time (time sharing). The com-
puting power of minicomputers or mainframe computers is
usually more than microcomputers and so the greater the
cost. Mainframe computers and supercomputers are so
expensive to purchase and maintain that only large corpora-
tions can afford them. The computing power of mainframe
computers is usually shared by many users. That means the
operating system of a mainframe computer allows many
users to participate simultaneously via separate, intercon-
nected terminals. Mainframe computers are typically used
for business applications where a large number of transac-
tions are processed. They are fast in processing speed and
have large storage capacity.

Supercomputers have the most processing power of all
the computers available. They are primarily designed for
high-speed computation, especially for scientific research or
the defense industry, but their use is growing rapidly in busi-
ness as prices decrease. Supercomputers are also valuable for
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large-model simulation and complex mathematical calcula-
tions. Weather forecasting agents use supercomputers to
model the world’s weather system to improve weather pre-
dictions in a very short period of time. The computer perfor-
mance and speed required to achieve that goal needs
enormous processing power. To increase the speed of super-
computers, some companies are linking together individual
or serial processors into multiple processors or parallel pro-
cessing systems.

Network Servers
Network servers are used to manage and control computer
networks. A network server needs to have larger storage
capacity to store network programs and a high-performance
CPU to provide timely network functions. Computer net-
works can be localized or on a worldwide scale. Therefore,
computer servers can be designed to manage only several
microcomputers in a local area network (LAN) or several
hundred computers in a wide area network (WAN).

COMPUTER SYSTEM UNIT

The system unit has components such as the system board
(mother board), central processing unit (CPU), main mem-
ory (including registers, cache memory, RAM, and ROM),
system clock, power supply, expansion slots, ports, and bus
lines.

System Board
The system board (or mother board) consists of a flat board
that contains the CPU, memory chips, and other devices. A
chip has many tiny circuit boards etched on a small square
of sandlike material called silicon. Chips are mounted on
carrier packages, which then plug into sockets on the sys-
tem board.

CPU
The central processing unit (CPU) is the center of all com-
puter processing activities. It is here that all processing is
controlled, all data is manipulated, and arithmetic/logic
computations are performed. The CPU takes data from an
input device (keyboard, scanner, or floppy disk) and pro-
cesses it to generate information so that output devices
(the monitor or printer) can display it. Inside the CPU are
the arithmetic/logic unit (ALU) and the control unit (CU). The
ALU is used to perform the four basic arithmetic operations:
addition, subtraction, multiplication, and division. Logic func-
tions are used to compare values. They are >=, <=, =, <, >, and
<>. All computer applications—from typing a document to
supercomputer simulation—are achieved through these sim-
ple operations. The control unit is responsible for managing
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the traffic of the CPU. It interprets and carries out com-
puter operations contained in computer programs. It
moves instructions from the memory to the registers in the
control unit. The control unit executes only one instruction
at a time and executes it so quickly that the control unit
appears to do many different things simultaneously. The
CPU capacity is often described in word sizes. A word is
the number of bits (such as 16, 32, or 64) that can be pro-
cessed at one time by the CPU. Therefore, the more bits of
the word size, the more powerful is the CPU.

Main Memory
The main memory (or primary storage) consists of registers,
cache memory, random access memory (RAM), and read
only memory (ROM). Registers are located in the control
unit and ALU of a CPU. Registers are special high-speed
staging areas that hold data and instructions temporarily
during processing. Because the registers are located inside
the CPU, their contents can be handled much faster than
other main memory.

Cache Memory
Cache, pronounced “cash,” memory, is located between RAM
and CPU for faster access. It is a special high-speed mem-
ory area that the CPU can access quickly. Most frequently
used routines are stored in the cache memory to improve
performance.

RAM
RAM is the memory used to store temporary data or pro-
grams when the computer power is on.

ROM
ROM usually stores very essential information permanently.

System Clock
Part of the computer performance is determined by the
speed of system clocks. The system clock controls how often
the operation will take place within a computer. The system
clock uses fixed vibrations from a quartz crystal to deliver a
steady stream of digital pulses to the CPU. The faster the
clock, measured in megahertz (MHz), or gigahertz (GHz),
the faster the processing. For example, the most recent Intel
Pentium IV chip runs at speeds up to 3.8 GHz. (For up-to-
date information, visit www.webopedia.com/quick_ref/
processor.html.) In February 2005, IBM and partners Sony
and Toshiba unveiled a “supercomputer on a chip” that
aims to dramatically increase the computing power in
video-game systems, TVs, and other computer electronics.
This chip is said to run at clock speeds greater than 4 GHz.
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Note: Intel® Centrino™ mobile technology is Intel’s new
technology designed specifically for mobile computing with
integrated wireless LAN capability and breakthrough mobile
performance. It also enables extended battery life and sleek,
easy-to-carry notebook PCs. With Intel Centrino mobile tech-
nology, three components work together to enable outstand-
ing mobile performance, extended battery life, and integrated
wireless LAN capability in thinner and lighter notebooks.
These components are the Intel® Pentium® M processor, the
Intel® 855 Chipset Family, and the Intel® PRO/Wireless
2100 network connection. AMD Athlon XP-M is a major
competition.

Power Supply
A computer runs on direct current (DC), but the available
electricity from a standard outlet is alternating current
(AC). The power supply is a device that converts AC to DC
to run the computer. Because the power supply can gener-
ate lots of heat, a fan in the computer is necessary to keep
other devices from becoming too hot. In addition, electrical
power drawn from a standard AC outlet can be quite
uneven. For example, a sudden electrical surge could burn
out the DC circuitry in your computer. Instead of plugging
your computer directly into the wall electrical outlet, it is
better to plug it into a power protection device. The two
principal types are surge protectors and uninterrupted
power source (UPS) units. The surge protector is the less
expensive device and protects a computer from being dam-
aged by most instances of high voltage. A computer can be
plugged into a surge protector, which in turn is plugged
into a standard electrical outlet.

Expansion Slots and Boards
Most microcomputers are expandable. Expandability refers
to a computer’s capacity to add more functions such as
more memory or a fax/modem. In other words, when you
buy a PC, you can add devices later to enhance its comput-
ing power. Expansion slots are sockets on the motherboard
into which you can plug expansion cards. Expansion cards
(add-on boards) are circuit boards that provide more mem-
ory or control peripheral devices. The following are exam-
ples of expansion cards:

❍❍❍❍ Controller cards: Controller cards allow your PC to
work with the computer’s various peripheral devices
such as a floppy drive or a hard drive.

❍❍❍❍ Graphics cards: These cards allow you to use different
kinds of color monitors with your computer, such as
super VGA cards.

Bus Lines
A bus line is an electrical pathway through which bits are
transmitted between the CPU and other devices. There are
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different types of buses. The bus between the CPU and the
expansion slots is called a local bus. The bus between RAM
and the expansion slots is called an expansion bus. The old
8-bit bus can only transfer 8 bits at a time, while a 32-bit bus
can transmit 32 bits at one time.

Ports
A port is a socket on the outside of the system unit that is
connected to an expansion board on the inside of the system
unit. A port allows you to plug in a cable to connect other
devices such as a monitor, a keyboard, or a printer. In gen-
eral, ports are categorized into three types:

1. Parallel ports: A parallel port allows a line to be con-
nected so that many bits can be transmitted at one
time. Since many bits can be transmitted, the trans-
mission speed is higher. Printers, monitors, and key-
boards use parallel ports.

2. Serial ports: A serial (or RS-232) port enables a line to
be connected that will send 1 bit at a time. The serial
port is usually used for data communication purposes.

3. USB: Short for Universal serial bus, a USB is an exter-
nal bus standard that supports data transfer rates of
12 Mbps. A single USB port can be used to connect up
to 127 peripheral devices, such as mice, modems, and
keyboards. USB also supports Plug-and-Play installa-
tion and hot plugging. It is expected to completely
replace serial and parallel ports.

HOW TO SELECT LAPTOPS

Selecting a laptop computer is trickier than buying a desk-
top PC because laptops are more diverse and more per-
sonal. Here are some basics to consider.

1. Get Intel’s latest Centrino-brand chip platform, code-
named Sonoma, which is faster speeds.

2. Get at least 512 megabytes of memory. Don’t worry
much about processor speed.

3. Buy as much hard-drive capacity as you can afford.
4. Make sure your computer has multiple USB 2.0 ports,

and slots for the memory cards used in cameras.
5. On Windows laptops, security is crucial. Make sure

that you get the more secure SP2 version of Windows
XP and that you immediately install anti-virus, anti-
spam, anti-spyware, anti-popup and firewall soft-
ware. If you plan to use your laptop in public wireless
hot spots, take the time to enable its wireless security
features.
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Specifically, the following dimensions must be weighed.

❍❍❍❍ Size and weight: There are several classes of laptops. At
the light end are machines weighing just 2 pounds to
4 pounds. These models are designed for mobility and
are meant to complement a desktop PC. They are very
thin and have screens of 12 inches or less. In the mid-
dle are laptops weighing from 4 pounds to 7 pounds.
These models can serve as desktop replacements but
can also be toted on trips. They typically have 14-inch
or 15-inch screens.

❍❍❍❍ Windows or Mac: Most laptop buyers will go for Win-
dows machines and Apple’s iBooks.

❍❍❍❍ Processor: If you want the best combination of power
and battery life from your Windows laptop, get one
that uses Intel’s power-saving Pentium M processor.
These chips are included in models bearing the Cen-
trino label, offered by many manufacturers. But they
are also available in some non-Centrino models that
use different wireless chips. Don’t pay extra for faster
processor speeds. Even the slowest laptop processors
can handily perform the most common computing
tasks.

❍❍❍❍ Battery life: Insist on a laptop that can run for at least
three hours on its standard battery. Some models can
do much better.

❍❍❍❍ Screen and keyboard: Try to test laptops in stores to
ensure you like their screens and keyboards. You
don’t need a huge screen if you can get one with high
resolution.

❍❍❍❍ Wireless Networking: Built-in Wi-Fi networking is a
must. Buy a laptop with the newer “g” version. Wire-
less reception capabilities vary in laptops because of
different antenna and case designs. If you plan to use
your cell phone as a modem or to synchronize data
with a cell phone or PDA, make sure your laptop has
another type of wireless networking, called Bluetooth.

HOW DO CPUs AFFECT YOUR 
COMPUTING POWER?

The CPU is the brain of a computer system. It contains the
control unit (CU) and the arithmetic/logic unit (ALU). The
power of the CPU can very much determine the perfor-
mance of the whole system. The CPU is measured by its
processing capacity, speed in terms of MHz, word size, and
million instructions per second (MIPS). Megahertz (million
times per second) is the measurement for computer execu-
tion frequency. This frequency is controlled by the system
clock. Word size is the number of bits the CPU can process
at a time. The larger the word size, the faster the computer
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can process data. MIPS is used to measure how many mil-
lions of instructions can be processed within a second. For
microcomputers, CPU can be classified into two categories:
Apple/Macintosh system (developed by Motorola) and
IBM-compatible system (manufactured by Intel). Exhibit 3.1
illustrates the comparison of popular Microcomputer CPUs.

INPUT TECHNOLOGIES

Input devices are used to collect data (raw facts) from the
environment. The data source could be a document, picture,
speech, movie, or even the temperature of a certain location.
Most current input technologies are designed to capture
data and send it to the computer system. The following are
some of the input technologies available:

Transistors 
CPU 

Speed L2 Cache 
Front-Side 
Bus Speed

Celeron 7,500,000 1.06 GHz - 
2 GHz 

256 KB, full 
speed 

133 MHz and 
400 MHz

Pentium II 7,500,000 233 MHz - 
450 MHz 

512 KB, half 
speed 

100 MHz

Pentium III 9,500,000 450 MHz - 
1 GHz 

256 KB, full 
speed 

133 MHz

Pentium III 
Xeon 

28,100,000 500 MHz - 
1 GHz 

256 KB - 2 MB, 
full speed 

100 MHz

Pentium 4 55,000,000 1.4 GHz - 
3.8 GHz 

256 KB, full 
speed 

800 MHz

K6-II 9,300,000 500 MHz - 
550 MHz 

N/A 100 MHz

K6-III 21,300,000 400 MHz - 
450 MHz 

256 KB, full 
speed 

100 MHz

Athlon (K7) 22,000,000 850 MHz - 
1.2 GHz 

256 KB, full 
speed 

200 MHz and 
266 MHz

Athlon XP 37,500,000 1.67 GHz 384 KB, full 
speed 

266 MHz

Duron N/A 700-800 
MHz 

64 KB, full 
speed 

200 MHz

PowerPC 
G3 

6,500,000 233 MHz - 
333 MHz 

512 KB, 1 MB, 
half speed 

100 MHz

PowerPC 
G4 

10,500,000 400 MHz - 
800 MHz 

1 MB, half 
speed 

100 MHz

Athlon 64 105,900,000 800 MHz 1 MB, half 
speed 

1.6 GHz

G5 58,000,000 2.5GHz 512 KB 900MHz - 
1.25GHz

Exhibit 3.1 COMPARISON OF POPULAR MICROCOMPUTER CPUS

Source: An update on this chart can be found at www.
webopedia.com/quick_ref/processor.asp. For more in-depth
technical specifications on these chips, visit www.SandPile.org.
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Keyboard
Keyboards are conventional input devices. Microcomputer
keyboards have all the keys that typewriter keyboards have
plus others unique to computers. People who always thought
typing was an overrated skill will find themselves slightly
behind in the Digital Age, since learning to use a keyboard
is still probably the most important way of interacting with
a computer. Users who have to use the hunt-and-peck
method waste a lot of time. Fortunately, there are software
programs available that can help you learn to type or improve
your typing skills.

You are probably already familiar with a computer key-
board. As the use of computer keyboards has become wide-
spread, so has the incidence of various hand and wrist
injuries. Accordingly, keyboard manufacturers have been giv-
ing a lot of attention to ergonomics, which is the study of the
physical relationships between people and their work envi-
ronment. Various attempts are being made to make keyboards
more ergonomically sound in order to prevent injuries.

Mouse
A mouse is a device that is rolled about on a desktop pad
and directs a pointer on the computer’s display screen. The
pointer may sometimes be, but is not necessarily, the same
as the cursor. It may be an arrow, a rectangle, or even a rep-
resentation of a person’s pointing finger. The pointer may
change to the shape of an I-beam to indicate that it is a cur-
sor showing the place where text may be entered. The
mouse has a cable that is connected to the microcomputer’s
system unit by being plugged into a special port. The taillike
cable and the rounded “head” of the instrument are what
suggested the name “mouse.” On the bottom side of the
mouse is a ball (trackball) that translates the mouse move-
ment into digital signals. On the top side are one, two, or
three buttons. Depending on the software, these buttons are
used for such functions as clicking, dropping, and dragging.
Gently holding the mouse with one hand, you can move it
in all directions on the desktop (or on a mouse pad, which
may provide additional traction). This will produce a corre-
sponding movement of the mouse pointer on the screen.

Trackball
Another form of pointing device, the trackball, is a variant
of the mouse. A trackball is a movable ball on top of a sta-
tionary device that is rotated with the fingers or palm of the
hand. In fact, the trackball looks like the mouse turned
upside down. Instead of moving the mouse around on the
desktop, you move the trackball with the tips of your fin-
gers. Trackballs are especially suited to portable computers,
which are often used in confined places, such as on airline
tray tables. Trackballs may appear on the keyboard centered
below the space bar, as on the Apple powerboat, or may be
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built into the right side of the screen. On some portables
they are a separate device that is clipped to the side of the
keyboard.

Bar Code Readers
Bar code readers are designed to read Universal Product
Code (UPC) or similar bar codes. You can find this type of
device in the supermarket or in the library when you check
out a book.

Penbased Input
This type of device uses handwriting as the input. People’s
handwriting can be converted into typed letters for further
processing. This technology makes the keyboard an optional
device and reduces the computer size a great deal.

Image Scanner
This device allows users to store a picture as a computer
file. Images can be modified by the computer software after
they are digitized and saved as a file.

Voice Recognition Device
Users can issue a command or text by speaking into a micro-
phone, making typing or mouse input optional. A training
session may be required to let the computer understand and
recognize your voice and accent.

Magnetic Ink Character Recognition 
(MICR)

MICR is used by banks to read the magnetic ink on checks
and deposit slips. MICR is a form of data entry device.

Video Capture
A video can be digitized as a computer file. This file can be
further modified or edited for special effects.

Touch Screens
A touch screen is a video display screen that has been sensi-
tized to receive input from the touch of a finger. Because
touch screens are easy to use, they can convey information
quickly. You’ll find touch screens in automated teller
machines and tourist directories in airports. Touch screens
are also available for personal computers, consisting of an
overlay that mounts with adhesive to the front of a monitor.

WHAT INPUT DEVICES DO YOU NEED?

A keyboard and a mouse are the most useful input devices
for most software. However, if you need to use multimedia
software or have a variety of information sources stored in
different media, you might need devices such as image
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scanners, the microphone for your voice input, or a digital
camera. Digitized files require lots of disk space for storage.
Before you upgrade your system with advanced input
devices such as video and audio input, ample secondary
storage devices will be needed.

OUTPUT TECHNOLOGIES

The types of output generated from the computer depend
on the needs of users and on the hardware and software
equipment. In general, output can be classified into two cat-
egories based on how output is displayed:

1. Hard copy: Printed output by printers or plotters.
2. Soft copy: Displayed output by monitors or other

devices.

Output can also be classified based on the way output is
presented: text, graphical, video, or audio formats.

Text Format
Text format was the original output when computers were
first created. Text output can be numbers, alphabetic, and
other symbols found on the keyboard. It has a great limita-
tion in terms of presenting charts and images. Today, very
few computer systems use text format as the only output
display.

Graphical Format
Graphical format allows users to view output by the images
it contains. By using a graphical format, computer-user
interfaces can be dramatically improved.

Video Format
Video output is designed to display movies that have been
digitized. This type of output provides a movielike image to
the user. However, digitized movies require lots of capacity
to store and transmit digital signals. This limitation keeps
video format from being widely used.

Audio Format
Voice can also be digitized into computer files. This audio
file can be stored or transferred just like a regular computer
data file. With a sound card, speakers, and a microphone,
users can use an audio format to communicate with another
party by voice.

WHAT OUTPUT TECHNOLOGIES 
DO YOU NEED?

Depending on the task you would like to achieve, the out-
put devices you need vary.
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Regular Computer Users
A computer with a multimedia system can provide you with
many ways of presenting information. This system should
contain speakers, the video capture board, the digital cam-
era, and a microphone. With the necessary software, the user
is able to create a picture, a movie, or a voice message.

Retailers
A retailer requires inventory update and pricing display
when merchandise is checked out. A bar code reader allows
cashiers to scan the Universal Product Code (UPC) and
retrieve current price as well as update the inventory.

Cartoon/Movie Makers
To be able to modify videos or animation, special software
for graphics is needed. This type of software allows users to
create special effects and modify videos, as desired.

Information Help Center
The information center is designed to provide users with a
self-guided information resource. For example, a state wel-
come center usually has information terminals with touch-
screen monitors that allow visitors to touch the screen for
menu selection and receive information.

Publishers
Desktop publishing software allows users to edit magazines,
newspapers, or other publications on a computer. This can
dramatically improve the efficiency of publication.

Video Conferences
A meeting can be held without all participants attending
the meeting physically. Users can use the video conference
technology to conduct a meeting from remote locations and
still see the other participants.

Architect
By using computer-aided design (CAD) software, users are
able to generate architectural drawings more efficiently. Some
CAD software allows users to create a three-dimensional
image.

SECONDARY STORAGE

Compared with the primary storage devices, secondary stor-
age is a type of storage device that is generally less expensive
and slower in terms of data retrieval speed. Information on
secondary storage devices is also permanent. We classify sec-
ondary storage devices into three categories: magnetic tape,
magnetic disk, and optical disk. Exhibit 3.2 summarizes
characteristics of storage media for business consideration.
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Magnetic Tape
Magnetic tape is thin plastic tape that has been coated with
a substance that can be magnetized; data is represented by
the magnetized or nonmagnetized spots. Magnetic tapes
are the original secondary storage device of computer sys-
tems. Since the sequential access method is used, magnetic
tape devices are slow in data retrieval but are the least
expensive secondary device. For large storage and low per-
formance requirements such as backup or duplicate storage,
magnetic tapes are the ideal choice. The two principal forms
of tape storage of interest to us are magnetic-tape units used
with mainframes and minicomputers and cartridge tape
units used on microcomputers.

Magnetic Disk
There are two types of magnetic disk devices: floppy disk
and hard disk. They both are random access devices. There-
fore, they are faster and more expensive than magnetic tape.

FLOPPY DISK

A floppy disk drive is a device that holds a diskette, which
spins inside. The drive reads data from and writes data to
the diskette. A diskette is inserted into a slot, called the
drive gate or drive door, in the front of the disk drive. On a
diskette, data is recorded in rings called tracks. Each track is
divided into eight or nine sectors. Sectors are invisible
wedge-shaped sections used for storage reference purposes.
Unformatted disks are manufactured without tracks and
sectors in place. The operating system writes tracks and sec-
tors onto the diskette to make formatted disks.

HARD DISK

A hard disk is a disk made out of metal and covered with a
magnetic recording surface. Hard disk drives read and write
in much the same way that diskette drives do. However,
hard drives can handle thousands of times more data than
diskettes. In addition, they are faster than floppy disk drives
in terms of reading and writing data. Hard disks are one or
more platters sealed inside a hard disk drive that is built
into the system unit and cannot be removed. The operation

Medium 
Storage 

Capacity 
Transfer 

Rate 
Cost 

(per 1 MB)

Magnetic Hard disk High Fast Moderate

Magnetic tape Moderate Slow Very low

Optical tape Very high Very slow Low

CD High Very slow Low

DVD Very high Moderate High

Flash memory High Moderate Very high

Exhibit 3.2 CHARACTERISTICS OF STORAGE MEDIA
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speed and the capacity of a hard drive are much more than a
floppy disk because a hard disk can store data 30 to 2,000
times and spins several times faster than a diskette. For
example, a 2.1-gigabyte hard disk will spin at 7,800 revolu-
tions per minute compared to 360 rpm for a diskette drive.
The disadvantage of a hard drive is that the read/write
head rides on a cushion of air about 0.000001 inch thick over
the disk surface. A head crash happens when the surface of
the read/write head, or particles on its surface, come into
contact with the disk surface, causing the loss of some or all
of the data on the disk.

Optical Disk
Optical disks are removable disks on which data is written
and read through the use of laser beams. A single optical
disk of the type called CD-ROM can hold up to 700 mega-
bytes of data. This is equivalent to about 270,000 pages of
text. Other optical devices are write once read many (WORM)
and erasable optical disks.

CD-ROM
Compact disk read only memory (CD-ROM) is an optical
disk format that is used to read prerecorded text, graphics,
and sound. Since CD-ROM is a read-only disk, CD-ROM
cannot be written on or erased by the user.

CD-RW
Short for CD-rewritable disk, CD-RW is a type of CD disk
that enables you to write onto it in multiple sessions.

DVD-R, DVD-RW
DVD media can accommodate an astonishing 9.4 GB of data.

USB Keychain Hard Drives
Also called pen drives, thumb drives, jump drives, or flash
drives, USB keychain hard drives are changing the way we
store and transport data. The days of small and inconvenient
media are gone. Capacities range from 128 MB to 2 GB.
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CHAPTER 4

WHAT IS SYSTEMS SOFTWARE?

THE OPERATING SYSTEM, UTILITY 
PROGRAMS, AND LANGUAGE 
TRANSLATORS

Systems software is used to control the computer hard-
ware so that all computer devices can interact with applica-
tion software smoothly. It creates a layer of insulation
between the computer hardware and application software,
which can greatly help simplify the design of application
software. Generally speaking, systems software consists of
three components: operating systems, utility programs, and
programming language processors (language translators).

The Operating System (OS)
The operating system (OS) consists of the master system of
programs that manage the basic operations of the computer.
These programs provide the control and use of hardware
resources, including disk space, memory, CPU time alloca-
tion, and peripheral devices. They are also the interface
between computer hardware and application programs so
that end users can concentrate on their own tasks or appli-
cations rather than on the complexities of managing the
computer. To be more specific, the operating system is used
to control the hardware memory, schedule the execution of
programs, and schedule input/output traffic between the
CPU and other devices.

A good operating system can dramatically improve the
effectiveness and the efficiency of program execution per-
formance. Many different operating systems are available
for computers. For example, Cray supercomputers use UNI-
COS and COS, IBM mainframes use MVS and VM, Data
General minicomputers use AOS and DG, and DEC mini-
computers use VAX/VMS.

Some operating systems are designed for a microcom-
puter single-user environment and others for multiple users.
The complexity is much higher in a multiple-user OS due to
the management of computer memory and CPU time shared

c04.fm  Page 49  Tuesday, July 19, 2005  4:32 PM



50 What Is Systems Software?

by many users. Today, many computers use an operating
environment that provides end users with a user-friendly
interface. Some operating systems have a graphical user
interface (GUI) that provides visual clues such as icons and
objects to help the users. Each icon represents a folder, an
application package, or a file. By clicking icons, users can
open a folder or use an application package.

Windows XP is the latest version of the IBM-compatible
operating system, which is widely used by most IBM-
compatible microcomputers. Common features of Windows
operating systems include support for the use of a mouse,
icons, pull-down menus, and the capability to open several
applications at the same time.

BOOTING

Booting refers to the process of loading an operating system
into a computer’s main memory from the hard disk. This
loading is accomplished by a program that is stored perma-
nently in ROM.

HOUSEKEEPING TASKS

Housekeeping tasks provide end users with functions that
don’t require application programs. One example is the For-
mat command.

USER INTERFACE

This function allows users to communicate or interact with
the OS. Three types of user interfaces are common: com-
mand, menu driven, and graphical user interface (GUI).

MANAGING COMPUTER RESOURCES

Computer resources include the CPU, main memory, the
printer, the monitor, and other peripheral devices. This
activity manages and controls the resources available to the
user so that each user’s task can be accomplished.

MANAGING FILES

This function allows users to find, copy, erase, and manipu-
late computer files from the hard disk and the floppy disk.
For example, you can copy files from one disk to another,
make a duplicate copy of a disk for backup, or erase a file
from a disk.

MANAGING TASKS

Operating systems are designed to run user tasks more effi-
ciently. They can be classified into three types: multitasking,
multiprogramming (time sharing), and multiprocessing.

❍ Multitasking is the execution of two or more pro-
grams by one user concurrently on the same com-
puter with one CPU.

❍ Multiprogramming is the execution of two or more
programs on a multiuser operating system. The CPU
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time is shared by many users in the management of
the OS.

❍ Multiprocessing uses multiple CPUs to perform work
simultaneously. In other words, tasks can be broken
down into several subtasks, and each subtask is
assigned to a CPU for processing.

Utility Programs
Utility programs are used to help end users with a “tool
box” to fine-tune hardware components or modify system
software functions, and they are normally associated with
the operating system. The utility programs for large com-
puter systems (e.g., mainframe computers and supercom-
puters) are designed for professional system programmers
to either modify or repair the system software. However, the
utility programs for microcomputers are very often used by
end users. They are user-friendly and designed for end users
to format a diskette, change the monitor’s background pat-
tern, or install computer hardware. Some vendors provide
utility programs that can enhance the performance of the
computer (such as a RAM disk), install virtual memory, or
check for viruses. Some of the principal utility programs
include the following:

❍ Data recovery: A data recovery utility is used to
“undelete” a file or information that has been acci-
dentally deleted. By this function, users are able to
undo the last delete operation that has taken place.

❍ Screen saver: A screen saver prevents a monitor’s dis-
play screen from being etched by an unchanging
image (burn-in).

❍ Backup: The backup utility allows users to make a
backup, or duplicate, copy of the information on the
hard disk.

❍ Data compression: Data compression removes redun-
dant elements, gaps, and unnecessary data from a
computer’s storage space so that less space is required
to store or transmit data.

❍ Virus protection: A virus consists of hidden program-
ming instructions that are buried within an application
or system program. Viruses can reproduce themselves
and cause damage to computer programs.

Programming Language Processors
A program language processor can be either a compiler or
an interpreter. A compiler translates programming codes
into machine code all at once so that an executable file will
be created. An interpreter translates a program line by line
for each execution. Interpreters are usually used by busi-
ness researchers or software developers who frequently
modify their software and make lots of changes. It is easier
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to diagnose the programming errors line by line after the
execution. An example is the BASIC interpreter.

A compiler has the advantage of being able to generate
an executable file for later execution. This file, called the
object code, is represented in binary code (machine code).
The original program is called the source code. Users only
need the object code to execute the program. Therefore, they
do not have to compile the program every time they need to
run it. The drawback is that if there are any programming
errors, it is very hard for the program designers to tell what
went wrong. Therefore, compilers are best used for pro-
grams that are fully developed and ready for the user.

IBM-COMPATIBLE OPERATING SYSTEMS

IBM-compatible operating systems are listed in Exhibit 4.1.
The latest version of Windows, Windows XP, is described
below.

Windows XP
Windows XP is an operating system introduced in 2001 from
the Microsoft Windows family of operating systems, the pre-
vious version of Windows being Windows Me. Microsoft
called the release its most important product since Windows
95. Along with a redesigned look and feel to the user interface,
the new operating system is built on the Windows 2000 ker-
nel, giving the user a more stable and reliable environment

Name OS Developer Runs on

OS390 (formerly MVS) IBM IBM mainframes

OS400 IBM IBM AS/400 
computers

MS-DOS Microsoft PCs

Windows 95, 98, Me, 
NT, 2000, XP

Microsoft PCs

MacOS X Apple Computer Macintosh PCs

Solaris SunSoft, Inc. Sun computers

UNIX AT&T (originally) and 
other software 
companies

Various versions for 
IBM, Macintosh, 
Sun, and other 
computers

Linux Linus Torvalds and 
other software 
companies

PCs, mainly servers

NetWare Novell Usually network 
servers

PalmOS Palm Handheld 
computers (PDA)

Windows CE Microsoft Handheld 
computers (PDA)

Exhibit 4.1 POPULAR OPERATING SYSTEMS
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than previous versions of Windows. Windows XP comes in
two version: Home and Professional. Where as the Profes-
sional edition focuses on reliability and security, the Home
edition includes extensive digital photography, digital music,
digital video, home networking, and communications fea-
tures. The company has also focused on mobility for both edi-
tions, including plug and play features for connecting to
wireless networks. The operating system utilizes the 802.1x
wireless security standard.

MACINTOSH OPERATING SYSTEMS

Although IBM system platforms traditionally use micropro-
cessors made by Intel and use DOS or Windows in terms of
OS, Apple computers typically use Motorola processors and
a proprietary Apple operating system such as System 7.
Macintosh had a very successful experience in designing
graphical user interfaces in the 1980s. A multitasking envi-
ronment was also available in the 1980s. However, at the
time, IBM-compatible computers only used DOS operating
systems, which have very poor user interfaces. However,
this advantage was eliminated after Microsoft launched a
Windows serial operating system that has a graphic user
interface and multitasking environment similar to the Mac-
intosh version.

Earlier versions of the Macintosh operating system, Mac
OS for short, were called System x.x, where x.x were the ver-
sion numbers. With the release of Mac OS 8, however, Apple
dropped the System moniker. The newest version, Mac OS X
Tiger, features breakthrough search technology known as
Spotlight, outstanding graphics and media, unparalleled con-
nectivity, an intuitive user interface and a virtual toolbox
chock full of cleverly integrated features—all atop a rock-
solid UNIX foundation—and gives you the most innovative,
stable, and compatible desktop operating system. Note:
Microsoft’s next-generation operating system for Windows,
code-named Longhorn, is Windows’ answer to Mac OS X
Tiger. However, its graphics capabilities make the Macintosh
a popular choice for people working in commercial art, desk-
top publishing, multimedia, and CAD/CAM applications.

OTHER OPERATING SYSTEMS

Other operating systems, including UNIX, are designed for
minicomputers or mainframe computers.

Unix
UNIX is a powerful operating system developed by AT&T
for minicomputers. At the time of UNIX development in the

c04.fm  Page 53  Tuesday, July 19, 2005  4:32 PM



54 What Is Systems Software?

1970s, AT&T was not permitted to market the operating
system due to federal regulations that prohibited the com-
pany from competing in the computer marketplace. In the
1970s, when AT&T was divided into many small compa-
nies, many federal regulations were removed. Since then,
UNIX has increased in popularity. Today, UNIX is the lead-
ing portable OS. It can be used on many computer system
types and performs on personal computers to mainframe
systems, because it is compatible with different types of
hardware. Users have to learn only one system.

Netware
NetWare is a local-area network (LAN) operating system
developed by Novell Corporation. NetWare is a software
product that runs on a variety of different types of LANs,
from Ethernets to IBM token-ring networks. It provides users
and programmers with a consistent interface that is indepen-
dent of the actual hardware used to transmit messages.

Linux and the Open-Source Revolution
The great majority of business and individual software is
proprietary—that is, software that is developed and sold for
profit. The developer retains the rights to the software. In
most cases you do not actually own the copies of applica-
tions that you “purchase”; you only purchase licenses to use
those applications. In contrast to proprietary software, there
are growing numbers of computer programs that have been
developed by many unrelated programmers not for profit.
The advantages of open-source software over proprietary
software are clear: the software has fewer bugs because
thousands of independent programmers review the code,
and it can offer more innovative features by incorporating
ideas from a diverse set of experts from different countries
and cultures who collaborate. However, the concept of open
source is probably best known for its application in the
development of Linux, a popular variant of UNIX.

Linus Torvalds developed it for his own use, but he has
never claimed rights to the software. So far, more than 200
programmers have contributed code to Linux. Linux has
become the OS of choice of many Internet service providers to
run their Internet servers. While many versions of Linux can
be downloaded free of charge from the Web, most firms prefer
to purchase a packaged version. Companies such as Red Hat,
Ximian, SCO, and VA Software sell the software and promise
technical support. Usually, contracts also include updates.

SINGLE-USER VERSUS MULTIUSER 
SYSTEMS

Single-user operating systems can allow only one user to
work at a time. This kind of OS has a relatively simple
design and usually has fewer graphic user interfaces. Most
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microcomputers have a single-user OS. (DOS and Windows
are good examples.) A multiuser OS allows many users to
share the same computer. It is normally a mini or a main-
frame computer. A multiuser OS has a more complicated
design, since many users have to access the same resources
at the same time. This could create tremendous traffic and
management problems among different users. UNIX is a
good example of a multiuser system.

SINGLE-TASKING SYSTEMS VERSUS 
MULTITASKING SYSTEMS

Single Tasking
Single tasking implies that only one job or task can be exe-
cuted at one time. DOS is a typical example of a single-
tasking system, since only one job can be executed. How-
ever, a multitasking system allows more than one job (task)
to be executed at the same time. With multitasking, you can
work on your word processing program while your printer
manager software is running the functions that control the
printer. This is usually conducted by opening several win-
dows. Microsoft Windows and Macintosh OS are good
examples.

Multitasking
The multitasking environment allows users to perform sev-
eral computer tasks at one time. Each task occupies a win-
dow. By swapping between windows, users are able to use
different software packages as they wish.

EVOLUTION OF PROGRAMMING 
LANGUAGES

Programming languages can be classified into five genera-
tions in terms of the history of development.

First-Generation Programming Language
Machine code is represented as binary data. All program-
ming is represented by 1s and 0s, since inside the computer
only 1 or 0 (on or off) had any meaning within the circuits.
To see how hard this is to understand, imagine having to
read this:

00010101001110111100111000001111101000001111

Machine languages also vary according to the make of the
computer, another characteristic that makes for difficulty.
However, machine codes are very efficient from a hardware
point of view because no additional processing procedures
are required.
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Second-Generation Programming 
Language

Assembly language is designed to simplify the coding pro-
cess of machine codes. Instead of binary code, all addresses
are coded in a hexadecimal system and all operators are
represented in English abbreviations. For example,

ADD 43(9, 2), B4(10, A)

is a piece of assembly code, which is still pretty obscure.
Therefore, assembly language is also considered a low-level
language. Both first- and second-generation programming
languages are hardware dependent, which means program-
mers must know the hardware structure and configuration
in order to write codes properly.

Third-Generation Programming 
Language

Third-generation programming languages are designed to
let programmers develop codes without the knowledge of
computer memory configuration. Examples include COBOL,
PASCAL, FORTRAN, and many popular languages. One
drawback of a third-generation language is that it could be
too complicated to code. A good programmer usually requires
a couple of years of training and experience.

BASIC

Short for Beginner’s All-purpose Symbolic Instruction Code,
BASIC is a popular microcomputer language. It is widely
used on microcomputers and easy to learn. It is suited to
both beginning and experienced programmers. It is also
interactive—users and computers communicate with each
other directly during the waiting and running of programs.

Another version created by the Microsoft Corporation is
Visual BASIC, which has been hailed as a programming
breakthrough. Visual BASIC makes it easier for novice pro-
grammers, as well as professionals, to develop customized
applications for Windows.

PASCAL

Another language that is widely used on microcomputers
and easy to learn is PASCAL. It is named after Blaise Pascal,
a seventeenth-century French mathematician. Pascal has
become quite popular in computer science programs. One
advantage is that it encourages programmers to follow struc-
tured coding procedures. It also works well for graphics.

C/C++
C is a general-purpose language that also works well with
microcomputers. It is useful for writing operating systems,
spreadsheet programs, database programs, and some scien-
tific applications. Programs are portable: They can be run
without change on a variety of computers. C++ is a version
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of C that incorporates object-oriented technologies. It is
popular with some software developers and promises to
increase programmer productivity.

COBOL
COBOL—which stands for Common Business-Oriented
Language—is one of the most frequently used program-
ming languages in business. Though harder to learn than
BASIC, its logic is easier for a person who is not a trained
programmer to understand. Writing a COBOL program is
sort of like writing the outline for a business research analy-
sis. The program has four divisions, which in turn are
divided into sections, which are divided into paragraphs,
then into statements.

FORTRAN
Short for FORmula TRANslation, FORTRAN is a widely
used scientific and mathematical language. It is very useful
for processing complex formulas. Thus, many scientific and
engineering programs have been written in this language.

ADA

Ada is named after Augusta Ada, the English Countess of
Lovelace, who is regarded as the first programmer. Ada was
developed under the sponsorship of the U.S. Department of
Defense. Originally designed for weapons systems, it has
commercial uses as well. Because of its structured design,
modules (sections) of a large program can be written, com-
piled, and tested separately before the entire program is put
together.

Fourth-Generation Programming 
Language

Fourth-generation programming language is designed for
people who need a simplified and powerful tool to conduct
programming processes. Tens of third-generation language
codes can usually be compacted into several lines. How-
ever, this language requires a lot of hardware power to
translate into machine code and perform the execution.

QUERY LANGUAGES

Query languages enable nonprogrammers to use certain eas-
ily understood commands to search and generate reports
from a database.

APPLICATION GENERATORS

An application generator contains a number of modules—
logically related program statements—that have been pre-
programmed to accomplish various tasks. An example
would be a module that calculates overtime pay. The pro-
grammer can simply state which task is needed for a partic-
ular application. The application generator creates the
program code by selecting the appropriate modules.
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Fifth-Generation Programming Language 
(Natural Language)

Natural languages are designed to give people a more
human connection with computers. The language used to
communicate is basically the language we use on a daily
basis such as English, Chinese, and French. This kind of lan-
guage allows users to speak or type in human language
command to execute the function. This language provides a
computer novice with a handy tool.

WHAT ARE OBJECT-ORIENTED 
LANGUAGES (OOLs) AND COMPUTER-
AIDED SOFTWARE ENGINEERING (CASE) 
TOOLS?

Object-oriented languages have a different way to code.
They allow the interaction of programming objects. This
approach to programming is called object-oriented pro-
gramming (OOP). In OOP, data, instructions, and other pro-
gramming procedures are grouped together. The items in a
group are called an object. The process of grouping items
into an object is called encapsulation. Encapsulation means
that functions or tasks are captured into each object, which
keeps them safer from changes because access is protected.
Objects often have properties of polymorphism and inheri-
tance. Polymorphism allows the programmer to develop
one routing that will operate or work with multiple objects.
Inheritance means that objects in a group can take on or
inherit characteristics of other objects in the same group or
class of objects. This helps programmers select objects with
certain characteristics for other programming tasks or
projects. Professional MIS programmers are consistently
looking for ways to make the programming development
process easier, faster, and more reliable. CASE tools provide
some automation and assistance in program design, coding,
and testing. Some CASE tools can even convert your design
into real codes.

Generation Sample Statement

First 1000011101110011

Second ADD 32(4, B), 8AB(5, 9)

Third Counter: = 20

Fourth Select name FROM Executive

Fifth Update the inventory file by transaction file
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CHAPTER 5

PRACTICAL GUIDE TO APPLICATION 
SOFTWARE

FINDING OUT WHAT IS AVAILABLE

Before you decide to buy a piece of software, you should
decide what functions are to be achieved. For example, if
you just want to have a simple word processing system for
your resume preparation, a simple word processing pack-
age would be enough. However, if you need to edit maga-
zines for publication, professional desktop publication
software would be required. If the computer functions are
common, packaged software is suitable. If, however, your
requested function is rare or in a large scale so that no exist-
ing packaged software is available, you may have to
develop your own software from scratch. This is called cus-
tomized software. In general, customized software is more
time-consuming and costs more money to develop, but it is
more efficient in operation due to the special design of func-
tions. You can buy packaged software from many computer
software stores or through mail order. However, if you
decide to design from scratch, you then have to choose a
programming language to do the coding. This designing
process is known as systems analysis and design cycle.

Versions
A version is a major upgrade in a software product. Ver-
sions are usually represented by numbers such as 1.0, 2.0,
3.0, and so forth. The higher the number, the more recent
the version.

Release
A release is a minor upgrade. The number after the deci-
mal point indicates releases: for example, 3.1, 3.12, 3.121,
and so on.

Yearly Version
Microsoft used “Windows 95” instead of “Windows 4.0” for
its new operating system, since it was launched in 1995.
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Most software is upward compatible (forward compatible).
That means the document created under an earlier version
or release can be processed on a later version or release.
Downward compatible means that the document created
under a later version can be run on older versions or
releases. Software can be classified into three categories in
terms of software copyright.

Proprietary Software
Proprietary software is the software whose rights are
owned by an individual or business. Therefore, the owner-
ship of the software is protected by the copyright. There are
two types of licenses of the ownership:

1. Single-user licenses: Users can buy one copy of the
software license and use this software in a single
machine.

2. Site licenses: Users can buy multiple usage in a certain
area such as a company.

Public Domain Software
Public domain software is software that is not protected by
copyright law and may be duplicated by anyone. Examples
are government-developed programs for the general public
and programs donated by the original creator. Public
domain software can normally be downloaded from the
Internet or from the bulletin board of network service pro-
viders such as America Online, CompuServe, Prodigy, and
so on.

Freeware
Freeware is software that is available free of charge through
the Internet or computer user groups. Sometimes software
developers promote their product by giving away free soft-
ware for a trial period, usually a 30-day trial. To create a
standard for software on which managers are apt to agree,
the developers want to see how users respond so that they
can make improvements in a later version. This is one of the
reasons why there is no need to pay for it. The software dis-
tributed is free of charge but usually with limited functions.
Freeware developers often retain all rights to their pro-
grams, so technically you are not supposed to duplicate and
distribute it. An example of freeware is Mosaic.

SEVEN MAIN TYPES OF SOFTWARE 
AND HOW THEY OPERATE

There are seven major types of application software on the
market. They are presentation software, word processing
software, spreadsheet software, database software, communi-
cation software, desktop publishing, and graphics software.
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Presentation Software
Presentation software is designed to generate graphical pre-
sentation slides for communicating or making a presenta-
tion of data to others. Good presentation software provides
managers with graphical user interface and lots of utilities
to make transparencies. Some presentation graphics pack-
ages provide artwork, drawing function, and even multi-
media utilities to make the presentation more attractive.

Word Processing Software
Word processing software allows users to create, edit, for-
mat, save, and print documents such as letters, memos,
reports, and manuscripts. Some word processing software
also includes artwork, drawing functions, spreadsheet utili-
ties, and graphics. Others provide users with spelling
checkers, grammar checkers, and thesaurus functions.

Spreadsheet Software
A spreadsheet allows managers to create tables and finan-
cial schedules with mathematical functions by entering data
in prepared tables; spreadsheets can calculate entered data
and provide solutions. The major spreadsheets are Microsoft
Excel, Lotus 1-2-3, and Quattro Pro.

A spreadsheet contains many cells, each of which can be
used to store a number (such as 34), a formula (such as = A4
+ B4), or a label (1996 Sales Report). A cell is where a row
and a column intersect. For example, C4 is the address of
the cell where column C and row 4 intersect. A cell pointer
indicates where data is to be entered. The cell pointer can be
moved around like a cursor in a word processing program.
The cell pointer moves to activate that cell and allows the
user to input or update the content of that cell.

Because a cell contains numbers, labels, and formulas,
users can design a template with formulas and labels so that
other users will type in collected data and receive the
answer. Today’s spreadsheets are more sophisticated. They
very often have drawing facilities, artwork library, database
interface, and a good graphics generator. Spreadsheets have
become the most popular program for business.

Database Software
Database software is a program that controls the structure
of a database and access to the data. A database is any elec-
tronically stored collection of data in a computer system.
These computer-based files are organized according to their
common elements so that data can be retrieved easily. The
following is a description of database elements:

❍ File. A collection of related records
❍ Record. A collection of related fields
❍ Field. A unit of data consisting of one or more

characters
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A database management system (DBMS) is software that
controls and manipulates the structure of a database. Popu-
lar database software includes Oracle, Paradox, and Access.
Principal uses of database software are as follows:

1. Create a database. Managers can create a database by
creating files (or tables). Each table has several fields,
which is a type of attribute consisting of one or more
characters. A field can have the attribute of text, data,
numbers, or even objects. After the format of a table
is created, managers can input records into the data-
base. A record is a collection of related fields. An
example is an employee’s name, address, and phone
number.

2. Select and display a database file or a report. After a
database (consisting of several files) is created, users
can manipulate this database through queries. The
function of a query is to screen all records by defined
criteria.

3. Update a database. Users can also delete, add, or
change a record in a data file.

4. Calculate and format a database. Some DBMSs contain
built-in mathematical formulas. This feature can be
used to find the average number of a selected group.
An example is to find the average age of all custom-
ers who live in California.

Major database manipulation languages are Structured
Query Language (SQL) and Query By Examples (QBE).
Generally speaking, SQL is more powerful than QBE. Most
professional database administrators are required to know
SQL. Generally speaking, database software is much better
than the old file managers because it can access several files
at one time (also known as flat-file management systems).

Communication Software
Computers are often networked so that information can be
shared. In order to transfer information between different
computers, communication software is required. Communi-
cation software allows computers to exchange data over a
private network such as a local area network (LAN) or over
a public network such as a wide area network (WAN).
When communication software exists in both sending and
receiving units, computers are able to establish and relin-
quish electronic links, code and decode data transmissions,
verify transmission errors, compress data streams for more
efficient transmission, and manage the transmission of doc-
uments. Communications software provides functionality
far beyond numeric computation, textual editing, and graph-
ics. It provides access to a virtually unlimited amount of
information from anywhere in the world.
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Desktop Publishing
Desktop publishing involves using a microcomputer and
peripherals to mix text and graphics to produce high-qual-
ity printed output. Magazines or newspapers usually use
the final product of desktop publishing. Major desktop
publishing programs are Aldus PageMaker, QuarkXpress,
and Ventura Publisher.

Graphics Software
This presents pictorial descriptions including diagrams and
charts to understand business relationships and trends.

PACKAGED, CUSTOMIZED, OR 
SEMICUSTOMIZED SOFTWARE

There are three approaches to acquire software depending
on the purpose of usage, the cost, and the duration of
development.

Packaged Software
Large software corporations (such as Microsoft) target for a
large number of end users and for general purposes, so they
usually design packaged software. In other words, the soft-
ware functions available are common and popular to the
general public. This enables a large population to share the
development cost and pay much lower prices for well-
designed software. However, they may not fit into every
user’s particular needs. Since software packages are devel-
oped to satisfy most end users, the user interface and soft-
ware documentation are very well prepared.

Customized Software
Customized software requires intensive development efforts.
It usually takes a longer time and costs more money to
develop. Typically, only large corporations can afford the
development cost. The major reason for customized soft-
ware is that similar software is not available on the market
or the user group is so small that it would not be worth-
while for any software company to develop it. Customized
software requires more time and effort to develop a system
that is tailored to customers’ needs. In other words, the
functions available in customized software are more flexible
and powerful. Two system development methodologies
are available: (1) system analysis and design life cycle and
(2) prototyping.

SYSTEM ANALYSIS AND DESIGN LIFE CYCLE

The system development life cycle consists of seven steps:

1. Identify problems and opportunities.
2. Analyze and document existing systems.
3. Determine information requirements.
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4. Design technology and personnel requirements.
5. Develop, test, and validate the system.
6. Implement the system.
7. Evaluate and maintain the system.

PROTOTYPING

This method involves building a working model and modi-
fying it to fit the manager’s requirements. A working
model (system) may only cover a subset of the whole sys-
tem or only some functions. A complete system can then be
built by including more functions or expanding to other
subsystems.

Semicustomized Software
The trade-off between customized software and packaged
software is to have software that provides a general struc-
ture. Customers can modify this software by customizing
the functions. For example, lots of database software pro-
vides a general database structure. Based on different indi-
vidual needs, users can develop different applications for
different environments.

WHERE TO GET SOFTWARE ASSISTANCE

There are several places where you can receive software
assistance, including the following:

❍ Software vendors: Software producers usually provide
buyers with telephone assistance. Managers can call
the technology support department helpline.

❍ Software online help: Most software programs come
with online help. Online help contains instructions or
explanations that can be retrieved right from the pro-
gram. Users can get immediate responses from the
help menu. One drawback for online help is that
users may not be able to get the answers they are
looking for.

❍ Network: On the Internet (or other networks), there
are many software users’ bulletin boards. Many ideas
and problems are posted on the bulletin board. Users
can certainly exchange ideas or find answers through
these resources.

❍ Professional consulting firms: Most software consulting
firms provide software assistance for a fee. Services
provided by consulting firms can be very expensive.

❍ Software training facilities: Schools or training insti-
tutes give seminars or courses for different types of
software.

❍ Vendors’ seminar: Most vendors provide seminars for
new software releases. Users (or buyers) can attend
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these seminars for more information and help. Most
seminars are free to users.

PRESENTATION SOFTWARE

Presentation software offers users a wide choice of presen-
tation effects. These include three-dimensional displays,
background patterns, multiple text fonts, and image librar-
ies that contain illustrations of objects such as people and
cars. Using graphics software as a presentation tool allows
you to effectively create professional quality graphics that
can help you communicate information more effectively.
Persuasion, Harvard Graphics, and PowerPoint are popular
presentation graphics packages. Multimedia has significant
business applications.

WORD PROCESSING SOFTWARE

Word processing is the most widely used general applica-
tion. If you need to create documents such as letters or
memos, you can make the process much easier with a word
processing tool. Some of the most popular software pro-
grams are Microsoft Word and Word Perfect. Word process-
ing software allows you to enter text on the computer
keyboard in the same manner as you create documents on a
typewriter. As you enter the characters, they are displayed
on the screen and stored in the computer’s main memory.
You can then edit this document electronically. “Editing”
includes such functions as delete, insert, move, or copy
words or sentences. You can also use format function to
specify the margin, page length, character size, and font.
Good word processing software also includes a spelling
checker, thesaurus, and grammar checker.

GUIDELINES IN PREPARING 
SPREADSHEET SOFTWARE

Spreadsheet software allows you to organize numeric data
in a worksheet or table format called a spreadsheet. Within a
spreadsheet, data is organized horizontally in rows and ver-
tically in columns. The intersection where a row and column
meet is called a cell. Cells are named by their location in the
spreadsheet. Each cell may contain three types of data: labels
(text), values (numbers), and formulas. The text (label) iden-
tifies the data and documents the spreadsheet. The numbers
are values, which can be calculated. The formulas perform
calculations on the data in the spreadsheet and display the
resulting value in the cell containing the formula.
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DATABASE SOFTWARE

A database refers to a collection of data that is stored in files.
Database software allows you to create a database and to
retrieve, manipulate, and update the data that you store in
it. In a manual system, data might be recorded on paper and
stored in a filing cabinet. In a database on the computer,
data will be stored in an electronic formation on an auxiliary
storage device such as a disk. A file is defined as a collection
of related data organized in records. Each record contains a
collection of related facts called fields. For example:

The employee file contains four records and each record has
three fields.

Database software can organize data in a certain way
that allows users to retrieve, update, delete, or create data
almost immediately. Managers can therefore greatly improve
productivity.

DATA COMMUNICATIONS SOFTWARE

Data communications software is used to transmit data from
one computer to another. It gives users access to databases
such as stock prices and delivery schedules. There are two
kinds of data communication software: network operating
systems and network browsers. The network operating sys-
tem is the software used to manage network communications.
A network operating system (OS) can be very powerful, man-
aging several hundred workstations or even network servers
in a wide area network. A network OS can also be designed to
handle only a handful of PCs in a local area network. A net-
work browser is used to access the network. Network users
can access the network and retrieve information from the net-
work through the network browser. For example, Novel and
Windows NT are two popular local network OSs. Navigator
and Mosaic are popular network browsers.

WHEN TO USE INTEGRATED 
SOFTWARE PACKAGES

Integrated software packages combine the features of sev-
eral popular applications such as word processing, spread-
sheets, database, presentation, and data communications

Name Employee File SS# Phone Number

Robert Jones 365-98-6509 909-675-9842

Mary Smith 876-92-1425 818-837-2897

Jim Lee 987-26-3833 909-824-2225

John Doe 873-22-2998 818-827-9988
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software. Since different software is combined together as a
single package, users do not have to pay the full price of
each individual software program. In addition, the functions
available for each different software program are more con-
sistent than for individual applications bought separately.
Three major integrated software packages are Microsoft
Office, Lotus SmartSuite, and Corel Perfect Office Select.
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CHAPTER 6

DATA AND DATABASES

WHAT IS A DATABASE?

A database is a system where data is organized in a certain
way so that accurate and timely information can be retrieved.
The information systems used to manage databases are
called database management systems (DBMSs). A database
management system is software that allows managers to cre-
ate, maintain, and report the data and file relationships. A
file management system is software that allows users to
manipulate one file at a time. DBMSs offer many advantages
over file management systems, as discussed in the following
sections:

❍❍❍❍ Reduced data redundancy: Data redundancy means the
same data field appears in different tables sometimes
in a different format. For example, a customer’s name,
address, and phone number can be stored in both the
checking account file and the receivables account file.
This would cause problems in terms of maintenance
and update. It requires more time and money to
maintain files with redundant records.

❍❍❍❍ Improved data integrity: Data integrity means that data
is accurate, consistent, and up-to-date. If the same
data is stored in different files, data updating may not
cover all data elements in different files. Some reports
will be produced with erroneous information.

❍❍❍❍ Improved data security: Database management systems
allow users to establish different levels of security
over information in the database. This guarantees
that data will be retrieved or updated by authorized
users only. For example, the sales manager can only
read employee payroll information, not modify it. A
nonmanagement employee probably has no access
privilege to the payroll data and can neither inquire
nor modify the data.

❍❍❍❍ Reduced development time: Since database management
systems organize data in a better way, this enables the
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database administrator (DBA) to improve the effi-
ciency and productivity of database development.
For example, instead of creating a new file, the DBA
can add new fields into existing files and still main-
tain data integrity.

WHAT IS A DATABASE FILE (TABLE)?

A database file is a collection of related records that
describe a subject by using a set of fields. Exhibit 6.1 shows
a file with three records used to describe a student by using
fields of “Name,” “GPA,” and “Major.”

Most organizations have many files that have from hun-
dreds to hundreds of thousands of records. Files that are
stored on secondary storage devices can be organized in
several different ways, and there are advantages and disad-
vantages to each of these types of file organizations.

TYPES OF FILE ORGANIZATION

Three types of file organization are used on secondary stor-
age devices. They are sequential, indexed sequential, and
direct file. Files stored on tape are processed as sequential
files. Files on disk are usually direct or indexed-sequential
files.

Sequential File
Sequential files can be stored on a sequential access device
such as magnetic tape or a random access device such as a
disk. In a sequential file, records are arranged one after
another in a predetermined order. For example, an employee
file can be organized by employee ID number. If this file is
stored on a disk or tape, the employee record with the small-
est ID number would be the first record in the file.

Indexed-Sequential File
An indexed-sequential file allows both sequential and direct
access to data records. Thus, files must be on a direct access
storage device such as a disk. In indexed-sequential files,
records are usually physically arranged on a storage
medium by their primary key just as they are with sequen-
tial files. The difference is that an index also exists for the

Name Student GPA Major

Robert Smith 3.2 IS

Mary Lee 3.5 ACCT

Jim Shaw 2.9 IS

Exhibit 6.1 TYPICAL DATA FILE
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file; it can be used to look up and directly access individual
records. Files set up to allow this type of access are called
ISAM (indexed-sequential method) files. Many DBMSs use
ISAM files because of their relative flexibility and simplicity.
This is often the best type of file for business applications
that demand both batch updating and online processing.

Direct File
A direct file provides the fastest possible access to records.
ISAM also provides users with direct access to individual
records. Direct file is typically the best when access time is
critical and when batch processing is not necessary. A direct
file uses a formula to transfer the primary key to the loca-
tion of each record. This formula is called a hashing algo-
rithm. Therefore, no index is needed to locate individual
records. Many hashing algorithms have been developed.
One popular procedure is to use prime numbers in the for-
mula process. In general, the primary key value is divided
by a prime number that corresponds to the maximum num-
ber of storage locations allocated for the records of this file.
The reminder obtained in this division is then used as the
relative address of a record, but relative address can be
translated into physical locations on the storage medium.

DATA MODELS (RELATIONAL, 
HIERARCHICAL, AND NETWORK)

Relational Databases
The relational database relates or connects data in different
files through the use of a key field, or common data element
(see Exhibit 6.2). In this arrangement, data elements are
stored in different tables or files made up of rows and col-
umns. In database terminology, tables are called relations,
rows are called tuples, and columns are called attributes. In
a table, a row resembles a record—for example, a student’s
GPA record has a field of “student name,” a field of “GPA,”
a field of “address,” and a field of “phone number.” In this
table, a student is described by a record or a combination of

Exhibit 6.2 A RELATIONAL DATABASE

Name Major GPA Advisor

Advisor

Advisor Table

Phone Address

Student Table
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fields. The advantage of a relational database is that the
manager does not have to be aware of any data structure or
data pointer. Managers can easily add, update, delete, or cre-
ate records using simple logic. However, a disadvantage is
that some search commands in a relational database require
more time to process compared with other database models.

Hierarchical Databases
In a hierarchical database, fields and records are arranged
in a family tree, with lower-level records subordinate to
higher-level records (see Exhibit 6.3). In a hierarchical data-
base, a parent record may have more than one child, but a
child always has only one parent. This is called a one-to-
many relationship. To locate a particular record, you have to
start at the top of the tree with a parent record and trace
down the tree to the child. Hierarchical databases are the
oldest of the four data models and are still used in some res-
ervation systems. In addition, accessing or updating records
is very fast since the relationships have been predefined.
The drawback of hierarchical data models is that the struc-
ture is quite rigid and adding new records to the database
may require that the entire database be redefined.

Network Databases
A network database (see Exhibit 6.4) is similar to a hierarchi-
cal database except that each child can have more than one
parent record. In other words, a child record is referred to as
a member and a parent record is referred to as an owner. The
advantage of the network database is its ability to establish
relationships between different branches of data records and
thus offer increased access capability for the manager. How-
ever, like the hierarchical database, the data record relation-
ships must be predefined prior to the use of the database
and must be redefined if records are added or updated.

Object-Oriented Databases
An object-oriented database uses objects as elements within
database files. An object consists of text, sound, images, and

Exhibit 6.3 A HIERARCHICAL DATABASE

Courses

Instructors

Students 1432 8364 9833 7644 1092

Dr. WisDr. LuDr. Chi

IS420IS240 IS300

c06.fm  Page 71  Thursday, July 28, 2005  6:42 PM



72 Data and Databases

instructions on the action to be taken on the data. For exam-
ple, traditional data models such as hierarchical, Network,
and relational data models can contain only numeric and text
data of an instructor. An object-oriented database might also
contain the instructor’s picture and video. Moreover, the
object would store operations, called methods, that perform
actions on the data—for example, how to calculate this per-
son’s pension fund based on his or her age and contributions.

PRIMARY KEYS, SECONDARY KEYS, 
AND FOREIGN KEYS

In a database, data records are organized and identified by
using the key field. A key field contains unique data to
identify a record so that it can be easily retrieved and pro-
cessed. There are three types of key fields used for database
management.

Primary Keys
The primary key can be a single field or a combination of
several fields. It is the most important identifier to retrieve
records. It is unique and can have only one in each table.
For example, the social security number is a good primary
key to identify each person, while age may not be useful
since many people may have the same age.

Secondary Keys
Secondary keys can be any field or the combination of sev-
eral fields. A secondary key does not have to be unique and
many of them can exist in a table. For example, we can use
major as a secondary key to allocate students majoring in
information systems.

Foreign Keys
The foreign key is the field or a combination of several fields
that can be used to relate two tables. A foreign key must be
a primary key in one table. This primary key can thus be

Exhibit 6.4 A NETWORK DATABASE

Courses

Instructors

Students

IS240 IS300 IS420

Dr. Chi Dr. Lu Dr. Wis

1432 8364 9833 7644 1092

c06.fm  Page 72  Thursday, July 28, 2005  6:42 PM



Database Design 73

connected to another table. For example, a student table
contains social security number, major, and advisor’s name.
The advisor table has advisor’s name, phone number, and
address. The “advisor’s name” is the foreign key to connect
the student table with the advisor table (see Exhibit 6.5).

DATABASE DESIGN

Database design is an intuitive and artistic process. There is
no strict algorithm for it. Typically, database design is an
interactive process: During each iteration, the goal is to get
closer to an acceptable design. Thus a design will be devel-
oped and then reviewed. Defects in the design will be identi-
fied, and the design will be redone. This process is repeated
until the development team and users are satisfied with what
is available. A well-designed database enables managers to
perform efficient and useful tasks. In other words, a poorly
designed database may cost lots of money and time without
any significant contribution to a company’s operation. Data-
base design procedures are therefore very important and
crucial to the success of a database system. Procedures for
database design are listed in the following sections:

Current System Analysis and Survey
This process involves surveying and observing current man-
ual data processes and potential benefits from computerized
database systems. Usually, both decision makers and process
operators are interviewed to collect information on potential
problems and opportunities. After the system analysis has
been conducted, a feasibility report is prepared for evalua-
tion. The suggestion of the feasibility report can be either
positive or negative. The main reasons for a suggestion of
infeasibility are financial and managerial problems.

Logical Database Design
A logical database design specifies the logical format of the
database. The records to be maintained, their contents, and

Exhibit 6.5 KEY FIELDS

Phone Address

Primary Key

Name (Primary key) Major (Secondary key) Advisor (Foreign key)

Advisor Table

Advisor (Primary key)

Student Table
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relationships among those records are specified. It is some-
times called the conceptual schema, or the logical schema.
There is a technique called normalization that was devel-
oped to improve the structure of files in a relational data-
base. By using this method, data can be organized into the
most efficient and logical file relationships.

Physical Database Design
The logical schema is transformed into the particular data
constructs that are available with the DBMS to be used.
Whereas the logical design is DBMS independent, the phys-
ical design is DBMS dependent. Logical schema specifies
general database design that can be implemented in any
database management software, while physical schema is
designed based on the real database management software
and cannot be transferred from one to another.

Implementation
After physical schema is designed, the database implemen-
tation will be conducted. This process involves lots of cod-
ing and programming. This process can be done with a
DBMS such as ORACLE, FOXBase, Microsoft SQL Server,
and a front-end tool for user interface development such as
Visual Basic or Power Builder.

Testing and Debugging
This process involves testing the system and making sure
that it is ready to operate. In this stage, both program devel-
opers and end users should get involved in the process.

Training, Evaluation, and Documentation
If both the end-user group and development team are satis-
fied with the system, the training session should proceed.
The purpose of the training session is to teach managers
how to use this new system and perform simple trouble-
shooting functions. The development team should also pre-
pare system documentation for the managers for reference
purposes.

OTHER FEATURES IN A DATABASE 
MANAGEMENT SYSTEM

Data Dictionary
The data dictionary stores the data definitions or a descrip-
tion of the structure of data used in the database. This infor-
mation could be stored in a dictionary-like document or on
a text file. Managers can check the data dictionary and
retrieve necessary information about the properties and
nature of the database. Some data dictionaries can also
monitor the data being entered into the database manage-
ment system to be sure it conforms to that definition, such
as field name, field size, and type of data (text, numeric,
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date, logic, and so on). The data dictionary can also help the
database administrator (DBA) and other database designers
with security concerns such as who has the right to access
what kind of information.

Database Utilities
The database needs to be maintained to ensure that the data
are properly organized. Database utility programs provide
the DBA with functions that can fine-tune the database
functionality, such as removing redundant or nonused
records, assigning priorities to different users, and monitor-
ing resource allocation. A good database utility program
can improve the productivity and efficiency of a DBA.

Database Recovery
Situations such as systems failure, computer malfunction-
ing, disk head crash, program bugs, and so on may cause a
database management system to crash. Unfortunately,
when systems fail, business does not stop. Customers con-
tinue to buy and pay, return merchandise, and obtain ser-
vicing. Therefore, system failures must be recovered as soon
as possible. Furthermore, business demands that transac-
tions that were in processing when the failure occurred be
recovered in such a way that their outputs are identical to
what would have been produced. In other words, failure
should be transparent in their effects on data. Recovering
from a database system failure is getting more difficult due
to the complexity of modern database management sys-
tems. It is impossible to simply fix the problem and resume
program processing where it was interrupted. Even if no
data is lost during a failure, the timing and scheduling of
computer processing is too complex to be accurately re-
created. Some techniques have been developed to recover
from a system failure:

❍❍❍❍ Recovery via reprocessing
❍❍❍❍ Recovery via roll-back/roll-forward
❍❍❍❍ Transaction logging
❍❍❍❍ Write-ahead log

The details of these techniques are beyond the scope of
this book. Readers can check database books for more infor-
mation.

THE DATABASE ADMINISTRATOR (DBA)

What Is a Database Administrator?
The DBA is the person who manages all activities related to
the database. A qualified DBA should be able to understand
the hardware configuration (such as the client/server envi-
ronment) and take advantage of existing hardware capabil-
ity to improve the performance of the database management
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system. He or she should have expertise in terms of data-
base engines (such as SQL) and front-end tools (such as
Visual Basic and Power Builder) to create a good user inter-
face. A DBA should be able to do limited troubleshooting in
both the application area and system level, since a database
crash may involve both application and system software.

Major Functions of a Database 
Administrator

The responsibilities of a DBA are the following:

DATABASE DESIGN

The database administrator helps determine the design of
the database including fields, tables, and key words. Later,
he or she determines how resources are used on secondary
storage devices, how files and records may be added and
deleted, and how losses may be detected and remedied.

SYSTEM BACKUP AND RECOVERY

Because loss of data or a crash in the database could vitally
affect the organization, a database system must be able to
recover if the system crashes. The DBA needs to make sure
the system is regularly backed up and should develop plans
for recovering data in case of a failure.

END USER SERVICE AND COORDINATION

A DBA should determine user access privileges and arrange
resources allocation for different user groups. If different
users conflict with each other, the DBA should be able to
coordinate to make sure an optimal arrangement is agreed
upon.

DATABASE SECURITY

The DBA can specify different access privileges for different
users of a database management system to protect the data-
base from unauthorized access and sabotage. For example,
one kind of user is allowed to retrieve data, whereas another
might have the right to update data and delete records.

PERFORMANCE MONITORING

The database system should maintain a certain standard of
services for all users. The DBA monitors the system and
uses different database tools to make sure that the system is
set up to satisfy managers’ performance requirements.

QUERY LANGUAGES

What Is a Query Language?
A query language is a simple English-like language that
allows managers to specify what data they are looking for
either on a printed report or on the screen. Generally speak-
ing, there are two types of query language: structured query
language and query by examples.
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STRUCTURED QUERY LANGUAGE

Structured query language (SQL) is the most widely used
database query language. In 1985, the American National
Standards Institute formed a committee to develop industry
standards for SQL. Today, most database management sys-
tems support this standard. Exhibit 6.6 shows an example of
the SQL statements.

QUERY BY EXAMPLE

Query by example (QBE) helps the manager construct a
query by displaying a list of fields that are available in the
files from which the query will be made.

SELECT name, gpa

FROM student

WHERE gpa >= 3.0

ORDER BY name

Exhibit 6.6 STRUCTURED QUERY LANGUAGE
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CHAPTER 7

DATA COMMUNICATIONS

Data communication has become more and more impor-
tant in business. The ability to instantly communicate infor-
mation is changing the way people do business and interact
with each other. New data communication technologies
allow voice, image, and even video to be transmitted
through the network. Many business applications are avail-
able because of new data communication technologies.
Examples are electronic mail, voice mail, teleconferencing,
fax, electronic data interchange (EDI), online services, and
others. As a matter of fact, more and more new services will
become available through the network because of the infor-
mation superhighway.

DIGITAL SIGNALS VERSUS 
ANALOG SIGNALS

Digital signals are individual voltage pulses that represent
the bits that are grouped together to form characters. This
type of signal is usually used inside the computer to trans-
mit data between electronic components and close-range
devices. Digital signals have the characteristics of short-range
transmission (at most several hundred feet) and are repre-
sented by on/off binary systems. Local area networks (LANs)
usually use digital signals for transmission. This transmis-
sion is normally restricted to a certain area such as a room
or a building.

Analog signals are continuous electromagnetic waves.
They are able to travel long distances, and most long-distance
transmissions are carried out by analog signals. For exam-
ple, voice transmission through the telephone lines and data
transmission between computers use analog signals.

DIGITAL DATA VERSUS ANALOG DATA

Data can be defined as raw facts. To transfer data between
devices, data must be represented in a certain format. There
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are generally two types of data representations. One is
called digital data; the other is analog data. Digital data rep-
resentation uses a binary system (i.e., 1 and 0) to represent
any data. A number, a letter, an image, or even a video can
be represented in a binary system.

Analog data representation uses continuous signals. Voice,
pictures, and video are normally represented as analog data.
The videotape records video in analog signals and a cassette
records audio signals in analog form. The same data or
information can be represented by both digital and analog
representations. For example, audiocassettes use analog repre-
sentation to record voice, while compact disks have digital
representation. In general, digital data representation is more
accurate and durable for repetitive usage than analog data
representation. However, digital data representations require
more storage space for voice and video than analog repre-
sentations.

DIGITAL TRANSMISSION VERSUS 
ANALOG TRANSMISSION

Digital transmission uses either digital signals or analog sig-
nals to transmit information in digital format. That means all
data or information must be converted into digital represen-
tation prior to transmission. For example, an image can be
converted into a digital file and transmitted by analog sig-
nals to the destination. Digital transmission uses repeaters
instead of amplifiers for long-distance transmission. It is con-
sidered the best way for information transmission. Analog
transmission uses analog representation by analog signals.
For example, a telephone conversation can be transmitted in
analog representation and uses analog transmission.

TYPES OF WIRED COMMUNICATION 
MEDIA

There are three types of wired transmission media: twisted-
pair wire, coaxial cable, and fiber-optical cable. The follow-
ing sections describe them in more depth.

Twisted-Pair Wire
Most telephone lines consist of cables made up of hundreds
of copper wires called twisted-pair wire. TPW has been the

Digital 
Representation

Analog 
Representation

Digital
transmission

Integrated services 
digital network (ISDN)

Not available

Analog 
transmission

Using modem to transmit 
computer files

Traditional 
telephone calls
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standard transmission medium for years for both voice and
data. However, they are now being phased out by more
technically advanced and reliable media (such as fiber-optic
cables). TPW consists of two or more strands of insulated
copper wire twisted around each other in pairs. They are
then covered in another layer of plastic insulation. Since so
much of the world is already served by twisted-pair wire, it
will no doubt continue to be used for years, both for voice
messages and for modern-transmitted computer data. How-
ever, it is relatively slow and does not protect well against
electrical interference.

Coaxial Cable
Coaxial cable, commonly called “coax,” consists of insu-
lated copper wire wrapped in a solid or braided metal
shield, then in an external cover. Coaxial cable has a larger
bandwidth than TPW. Bandwidth represents the number of
communications that can be transmitted at one time. A
coaxial cable has about 80 times the transmission capacity
of TPW. Coaxial cable is often used to link parts of a com-
puter system in one building. In addition, coaxial cable is
much better at resisting noise than twisted-pair wiring.

Fiber-Optical Cable
A fiber-optic cable consists of hundreds of thin strands of
glass that transmit not electricity but rather pulsating beams
of light. These strands, each as thin as a human hair, can
transmit billions of pulses per second, each “on” pulse rep-
resenting 1 bit. When bundled together, fiber-optic strands
in a cable 0.12 inch thick can support a quarter- to a half-
million voice conversations at the same time. In other
words, fiber-optic cable has the largest bandwidth. In fiber-
optic cable, signals in the form of light waves are transmit-
ted through tubes of glass. In general, FOC has 26,000 times
the transmission capacity of TPW. In addition, FOC has the
following advantages over both TPW and CC: Such cables
are immune to electronic interference, which makes them
more secure. They are also lighter and less expensive than
coaxial cable and are more reliable at transmitting data.

WIRELESS COMMUNICATION MEDIA

Major wireless transmission media are the microwave sys-
tem and the satellite system. In addition, there are other sys-
tems such as the global positioning system, pager, and cellular
phone systems.

Microwave System
Microwaves are high-frequency radio waves that travel in
straight lines through the air. Because of the curve of the
earth, they must be relayed through amplifiers or repeaters
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to regenerate signals. They can be installed on towers, high
buildings, and mountaintops. Satellites can be used as
microwave relay stations (see Exhibit 7.1). Many of these
rotate at a precise point and speed above the earth. This
makes them appear stationary and can transmit signals as a
relay station in the sky. The drawback is that bad weather
can affect the quality of transmission.

Satellite System
Satellite systems use a sky station to transmit signals between
two locations on earth. Communication satellites are micro-
wave relay stations in orbit around the earth (see Exhibit 7.2).
Typically the orbit is 22,300 miles above the earth. Since the
satellite travels at the same speed as the earth, it appears to
be stationary in space. The power for a satellite comes from

Exhibit 7.1 A MICROWAVE SYSTEM
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Exhibit 7.2 A SATELLITE SYSTEM
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solar panels. When the satellite receives signals from one
station on earth, it will then transmit them to another station
on earth. Each satellite contains many communication chan-
nels and receives both analog and digital signals from earth
stations. Sometimes, it can take more than one satellite to
deliver a message.

Global Positioning System (GPS)
The original design of GPS was for military purposes. The
project cost about $10 billion and consisted of 24 earth orbit-
ing satellites that consistently transmit signals to identify
earth locations. A GPS receiver can then pick up the signals
from four satellites, calculate the signals, and generate the
longitude, latitude, and altitude with the accuracy of a few
feet. Although the system was designed for military usage,
business applications have been implemented. Examples
are tracking a delivery truck or a salesperson’s automobile.

Pagers and Cellular Phones
Pagers or beepers are designed to receive another party’s
phone number so that the owner of a pager can call back
immediately. This is a one-way communication device and
does not provide response to the calling party. Paging ser-
vices include SkyTel, PageNet, and EMBARC. Some pagers
can transmit full-blown alphanumeric text and other data.

Cellular phones are designed primarily for communicat-
ing by voice through a system of cells. Each cell is hexagonal
in shape, usually 8 miles or less in diameter, and is served
by a transmitter-receiving tower. Calls are directly transmit-
ted to a mobile telephone switching office (MTSO), then
connected to the regular telephone network. If the caller is
moving from one cell to another, the ongoing call will be
“handed off” to another MTSO. Newer technologies allow
digital signals to be transmitted by cellular phones.

MODEMS AND OTHER DEVICES

Current communication networks use voice-graded media.
Digital signals, being voltage pulses, do not travel a long
distance. To send digital signals from the computer into
the networks, a special device is needed to convert digital
signals into analog signals so that analog signals can carry
the information and travel a long distance. Modems are the
device for this purpose. A modem can convert digital sig-
nals to analog signals when transmitting data and convert
analog signals to digital signals when receiving data. In
other words, computer digital signals can be converted into
analog signals and transmitted through current telephone
networks.
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LOCAL AREA NETWORK (LAN) 
AND ITS APPLICATIONS

A local area network (LAN) is a privately owned communi-
cations network that covers a limited geographic area such
as a company computer laboratory, an executive’s office,
one building, or a group of buildings close together. The
range is typically within a mile or so. The topologies of
LANs are Star, Ring, Bus, and Hybrid.

Components of a LAN

MICROCOMPUTER (WORKSTATION)
A LAN consists of many workstations, each of which can
be used as a server, a terminal, or a microcomputer. A server
in a LAN stores network management software and per-
forms management functions. There are different types of
LAN servers depending on the major functions assigned in
a client/server environment. A printer server provides print-
ing services to other workstations, while a file server stores
network and application software for the network. Other
devices may include a fax machine, a scanner, or a printer.

NETWORK INTERFACE CARD

A network interface card is the interface between the net-
work and the computer. This card provides the communica-
tion protocol recognized by the network architecture. For
example, an ethernet card is used to connect a PC with the
network in a BUS network.

NETWORK OPERATING SYSTEM

A network operating system (NOS) is software that allows a
user to manage the resources of a computer network. The
NOS runs on the server computer in addition to the client
operating systems, such as Windows or OS/2. The func-
tions provided by NOS are:

❍ Administration: To add, delete, or organize client users
and perform maintenance tasks such as backup.

❍ File management: To store and transfer software to cli-
ent computers.

❍ Printer management: To prioritize printing jobs and
direct reports to specific printers on the network.

❍ Network security: To control the access and usage of
the network.

Types of LANs

❍ Peer to peer: All workstations on the network have the
same priority and equal status. Workstations can
exchange data or information through the network.
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❍ Client server: Server computers are used to provide
certain functions for other client computers. Each
server computer is dedicated to a specific function.

WIDE AREA NETWORK (WAN) 
AND ITS APPLICATIONS

Wide area networks are communication networks covering a
large geographical area. A WAN uses telephone lines, micro-
waves, satellites, or a combination of communication chan-
nels to transmit signals. A WAN that is limited to the area
surrounding a city is referred to as a metropolitan area net-
work (MAN).

Integrated Services Digital Network 
(ISDN)

ISDN is an international standard for the digital transmis-
sion of both voice and data. Using ISDN lines, data can be
transmitted over one or more separate channels at up to
2.2 billion bits per second if fiber-optic cables are used.
This higher 64,000-bit transmission system allows full-
motion video images to be transmitted.

NETWORK TOPOLOGIES

Generally speaking, three basic LAN topologies and a
hybrid topology are recognized:

❍ Star: A star network is one in which all microcomput-
ers and other communication devices are connected
to a central server. Electrical messages are routed
through the central node to their destinations. The
central node monitors the flow of traffic.

❍ Ring: A ring network is a network in which all work-
stations are connected in a continuous loop. Ring net-
works use a broadcast topology. Messages pass from
node to node in one direction. The computer scans
the message from the preceding node for an address
that it recognizes. If the message contains the proper
address, it is read. Otherwise, it is sent ahead to the
next node.

❍ Bus: The bus topology is a linear channel with many
connected nodes. There is no central server. Each node
transmits messages to all other devices. If a node
receives a message that was not sent to this node, this
message will be discarded. Otherwise, it is read.
Advantages of a bus are that it may be organized as a
client/server or peer-to-peer network and it is easier
to maintain than other networks. The bus topology is
often called a broadcast topology, since every message
or set of data sent on the bus goes to every node.
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❍ Hybrid: Hybrid networks are combinations of star,
ring, and bus networks. For example, a bus network
may connect with a ring topology, which communi-
cates with another star network.

Selection of the proper topology configuration depends
on three primary criteria: the distance between points, the
amount of time permissible for transmissions, and the
amount of data to be transmitted from one point to another.

INTERNET AND E-COMMERCE

The Internet is the largest and best-known wide area net-
work in the world. Because of its tremendous size and
number of users, most businesses have taken advantage of
its powerful and convenient features for many business
applications and opportunities. Often called electronic com-
merce, business transactions can be made electronically.
Consumers can browse the Internet virtual shopping mall
and place orders for the company’s merchandise. Investors
can trade securities over the Internet. Telephone calls can
also be connected via the Internet. Other services available
on the Internet are:

❍ Electronic mail: E-mail can be sent anywhere in the
world to users with an Internet address. Loss of con-
fidentiality is a major risk of an e-mail system. Thus,
inability to encrypt messages going between network
gateways is a major security issue. A gateway is a
means of connecting otherwise incompatible net-
works, nodes, or devices. It performs this function by
converting one set of communication protocol to
another. Accordingly, even if all systems are secured,
an unsecured gateway can be a security exposure.

❍ File transfer and software downloads: The Internet can
transfer different files all over the world. Software
can also be downloaded from the Internet.

❍ Database search: The Internet can be used to access dif-
ferent databases.

❍ Discussion and news group: Thousands of discussion
topics can be discussed in the bulletin board of the
Internet. Information can be shared within this busi-
ness group.

The Internet is an international network connecting
approximately 36,000 smaller networks that link comput-
ers: commercial institutions and businesses. There are about
100 million Internet users, and the number is increasing
exponentially. The reason the Internet is getting more pop-
ular is its power and practicality. The potential and utiliza-
tion of the Internet for business is unlimited. Exhibit 7.3
presents examples of e-commerce top-level domains.
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Electronic Commerce
The term electronic commerce emerged only several years
ago when people started to understand the powerful tool
of the Internet. The basic idea of electronic commerce is to
let businesspeople conduct business transactions over the
Internet. For example, a shopper can browse the Internet,
look at the merchandise on the Internet, and place an order.
This transaction can be completed by sending a company’s
purchase order number to the vendor and receiving a con-
firmation number. The advantage of electronic commerce is
that business transactions can be very efficient and fast

Top-Level 
Domain Name

Typical 
Holders Restricted? Example

.com Commercial 
organizations

No www.yahoo.com

.org Not-for-profit 
organizations

No www.aicpa.org

.net Telecommuni-
cation com-
panies

No www.comcast.net

.edu Higher 
education 
institutions

Yes www.berkeley.edu

.gov Government 
agencies

Yes www.sob.gov

.mil U.S. military 
installations

Yes www.army.mil

.aero Aviation 
organizations

Yes www.cathaypacific.aero

.biz Businesses of 
all kinds

Yes (only 
commer-
cial 
entities)

www.websitesnow.biz

.coop Cooperatives Yes www.coopscanada.com

.info Any 
organization 
or individual

No www.wcet.info

.museum Museums Yes icom.museum

.name Individuals No www.john.name

.pro Professionals 
and 
professional 
associations

Yes Schwartz.law.pro

Two-letter 
country codes: 
.uk (U.K.), 
.de (Germany), 
.cn (China), 
.il (Israel), 
.fr (France),
.nz (New 
Zealand), etc.

Any 
organization 
or individual

Usually not 
restricted 
to sites 
within 
the 
country

www.imj.il
www.sap-ag.de
bv.airfrance.fr
www.hol.gr

Exhibit 7.3 EXAMPLES OF INTERNET TOP-LEVEL DOMAINS
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through the Internet. Entrepreneurs can use the Internet as the
marketplace rather than huge retail channels. However, there
are some other issues that need to be researched, such as
how to police the transactions over the network, how to cer-
tify the accuracy of each transaction, and how to prevent
transaction fraud.

Internet Development Tools
To design an Internet application, proper tools are required.
HyperText Markup Language (HTML) is designed to imple-
ment home page design. This language requires certain pro-
gramming training, and many people may not like to learn a
new language. Recently, more Internet development tools have
been released. Microsoft FrontPage is a tool that provides
users with a graphical user interface (GUI) and word pro-
cessing type of user friendliness. Netscape Navigator and
Internet Explorer 3.0 also provide an Internet development
tool. In addition, JAVA by Sun Microcomputers provides
sophisticated functions for Internet application development.

INTRANET

Intranets are internal corporate networks that use the
infrastructure and standards of the Internet and the World
Wide Web. In other words, an Intranet is a small version of
the Internet, which is basically developed and used by a
single corporation. Customers or employees can access the
database of information in a company through Web brows-
ers to reduce operating costs. One of the greatest consider-
ations of an Intranet is security, preventing unauthorized
people from accessing a company’s data through the Inter-
net. To prevent this from happening, security software
called firewalls has been developed. It blocks unauthorized
traffic from entering the Intranet.

NETWORK SOFTWARE

Network System Software
Popular network system software for LANs are Novell’s Net-
Ware, Microsoft’s Windows New Technology (NT) Server,
and Apple’s Apple Talk. Most network system software for
WANs is custom-made and usually requires mainframe com-
puters to operate.

Network Application Software
Most application software for individual computers has a
network version. To share the same software on the net-
work, a site license is required.
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COMPUTER CONFERENCING

Another application developed based on telecommunica-
tion technologies is the computer conference. It can be either
voice communication through the network or voice plus
video communications. This technology is also available on
LANs, WANs, and even on the Internet. The benefit of the
computer conference is to reduce travel cost and improve
efficiency.

MULTIMEDIA

Multimedia refers to technology that presents information
in more than one medium, including text, graphics, anima-
tion, video, music, and voice.

Multimedia Components
To have a multimedia computer, which is able to deliver
sound, video, image, and voice, a sound card is required.
The function of a sound card is to digitize voice or sound
into a computer data file. This data file can then be trans-
mitted and converted back to sound or voice. In addition, a
video capture card is needed in order to convert a video
from a regular video device, such as a VCR, to a digital file.
This file can be converted back to a regular video. A digital
camera can be useful when a picture is taken and needs to
be transferred into a digital file. Pictures can also be digi-
tized through a scanner.

Since Multimedia information (such as video) requires
lots of storage space, a device called a CD-ROM is neces-
sary. CD-ROM stands for compact disk read-only memory,
which is an optical disk that is used to hold prerecorded
text, graphics, and sound. Like a music CD, CD-ROM is a
read-only disk, which means the disk cannot be written on
or erased by the user. A CD-ROM drive allows users to
receive input information from a CD-ROM, which typically
can store up to 650 megabytes of memory. Short for CD-
ReWritable disk, CD-RW is a type of CD disk that enables
you to write onto it in multiple sessions. DVD media (DVD-
R and DVD-RW) can accommodate an astonishing 9.4 GB
of data.

Multimedia Applications
Multimedia provides businesspeople with a better way of
communicating. Managers can deliver a better presentation
or lecture by including animation and voice. Productivity
can therefore be improved by using multimedia. Some appli-
cations are discussed below.
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ENCYCLOPEDIAS, LARGE DATABASES

A large database that is not time sensitive can be stored in a
CD-ROM for later retrieval. For example, the encyclopedia
and business article collections can be stored on a CD-ROM.

TRAINING

A lecture can be given by interactive multimedia systems
over the Internet. As a result, employees can go to virtual
educational instruction on corporate business areas.

PRESENTATIONS

There are presentation software packages designed to
include animation, voice, and pictures. By using these tools,
presenters can deliver important messages more effectively
than using traditional presentations.

ANIMATION

Corporate visual presenters use multimedia techniques to
produce special effects to aid corporate employee learning.
Business presentations may use lots of multimedia tech-
niques in the business education process.
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CHAPTER 8

NETWORK AND TELECOMMUNICATIONS

WHAT IS TELECOMMUNICATION?

Telecommunication means using computers to communi-
cate over a distance. To communicate properly, two comput-
ers must use the same standard transmission procedure
(protocols). Telecommunication is a popular application of
personal computers. The future trend is toward increased
use of telecommunications. There are several types of online
systems:

❍ Commercial online services offer both general-interest
services that appeal to a wide variety of people and
specialized services that appeal to special interests
such as stock market research or marketing research.

❍ Bulletin board systems (BBSs) are often set up by spe-
cial-interest groups to provide the public with spe-
cialized services. Many BBSs have nothing more than
a single telephone input line and a large hard disk.
They may be managed by only a single owner or sys-
tem operator.

❍ Direct connection is another common use of telecommu-
nication, in which you dial another computer directly.
For example, you can connect directly to the computer
of a customer or supplier. To connect, you only need
the permission of the operator of the remote computer
and its modem number. You incur no charges, except
perhaps for any long-distance calling changes. With
specialized software, it is possible for you to control
the other computer from a remote location.

GOING ONLINE

To access any online service, you will need an account num-
ber and a password. You will also need a modem and com-
munication software. Most service providers have their own
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communication software and it is generally free. To access
other online services, you will need your own communica-
tion software.

Modem
You will need a modem to connect your computer to the
telephone line. Most modems also provide faxing capabili-
ties. You can purchase either an internal or an external
modem. There is no difference in performance between
internal and external modems. Internal modems plug into
expansion slots inside your computer; this means an inter-
nal modem will not occupy any extra space on your desk.
Internal modems are also less expensive, since they do not
require an external case or a separate power supply.

The most important consideration in selecting a modem
is its speed, or baud rate. You should select a modem with a
minimum speed of 28,800 bits per second (bps). A high-
speed modem is compatible with lower-speed modems. A
28,800 bps modem can communicate with a 14,400 bps or a
2,400 bps modem. Other considerations in selecting a modem
are available software support, reliability (minimal errors),
versatility, message buffering, call duration logging, error
correction ability, and voice data switching.

An intelligent modem can perform many functions more
complicated than receiving and transmitting characters over
the telephone lines. It allows for dialing, answering, or
hanging up the phone on command, redialing last number
called, and recalling a series of phone numbers. A “dumb”
modem does not possess internal instructions for dialing or
hanging up. It does not recognize if it is starting the call or
answering it (a person usually has to put the modem switch
manually to either “originate” or “answer”). It has to be
instructed on the operating speed.

Automatic features are available for different types of
modems, including:

❍ Auto/log on: Log-on information is provided automat-
ically.

❍ Auto/answer: Modem is able to get calls and data
without the computer operator’s intervention.

❍ Auto/dial: Modem can automatically place a call.
❍ Auto/redial: This feature keeps calling a number that

is busy until the call goes through.
❍ Directory dialing: This feature allows dialing from a

directory of numbers that have been saved in a smart
telecommunications software program.

❍ Number chaining: Allows for responding to a busy sig-
nal by dialing other numbers.

❍ Line test: Modem tests the telephone line.
❍ Answer-back strings: The modem responds to an incom-

ing call by giving identification codes or messages.
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❍ Self-test: The modem verifies its own reliability.
❍ Software disconnection: Capability of modem to hang

up the phone.
❍ Dial tone connection: The modem listens for a dial

tone, dials 9 to get an outside line, then waits for a
second dial tone.

❍ Line-sound monitoring.

Types of Telecommunications
There are several different ways you can use telecommuni-
cations; most people tend to use the following types of
activities:

❍ Electronic mail (e-mail) is available on most systems
and it allows you to send and receive messages in
your mailbox. Your e-mail messages may be private
or public. You can send a private message to another
user who has an electronic mailbox. You can also send
a public message that can be read by everyone on the
system.

❍ Real-time conferencing takes you one step beyond e-mail.
As soon as you type your message, the recipient is
able to get the message immediately and can then
respond. Real-time conferencing (also called “chat-
ting”) is similar to talking to someone on the tele-
phone; however, instead of talking, you type your
messages. Real-time conferencing offers at least two
advantages over telephone conferencing. First, a large
number of users can communicate simultaneously.
Second, a written record can be kept of all statements.
Problem situations may be solved more quickly.

❍ File transfer is frequently used in telecommunications.
You can either download or upload files. Download-
ing involves copying files from an online system to
your own computer. Uploading is the reverse pro-
cess; that is, you send a copy of files from your com-
puter to the online system. Most commercial online
services and BBSs have software that can be down-
loaded. Some services also allow you to upload soft-
ware. Generally, the software that is downloadable is
either public domain or shareware. You can try this
software for free; however, if you continue to use
shareware software, you are expected to pay a small
registration fee. Note: A buffer is a temporary storage
area holding information such as that downloaded
from an online service.

❍ Online research is possible on almost any topic. There
are specialized databases for stock market data,
accounting and tax information, marketing data,
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management updates, production information, legal
cases, computer information, and a wide variety of
other topics. There are also databases that provide
indexes and abstracts of business and financial arti-
cles from thousands of publications.

❍ Online transactions are now becoming the norm in
many industries. It is possible to do banking and
order merchandise online. It is easy to check the cash
balance, find out what checks have cleared, or contact
your bank’s service online. Everything from financial
specifics to economic data is online. Businesses can
place orders with suppliers and receive orders from
customers.

COMPUTER NETWORKS

A computer network is simply a set of computers (or termi-
nals) interconnected by transmission paths. These paths usu-
ally take the form of telephone lines; however, other media
such as wireless and infrared transmission, radio waves,
and satellite are possible. The network serves one purpose:
exchange of data between the computers and/or terminals.

The considerations in selecting a network medium are:

❍ Technical reliability
❍ Type of business involved
❍ The number of managers who will need to access or

update data simultaneously
❍ Physical layout of existing equipment
❍ Frequency of updating
❍ Number of micros involved
❍ Compatibility
❍ Cost
❍ Geographic dispersion
❍ Type of network operating software available and

support
❍ Availability of application software
❍ Expandability in adding additional workstations
❍ Restriction to PCs (or can cheaper terminals be used?)
❍ Ease of access in sharing equipment and data
❍ Need to access disparate equipment like other net-

works and mainframes
❍ Processing needs
❍ Speed
❍ Data storage ability
❍ Maintenance
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❍ Noise
❍ Connectability mechanism
❍ Capability of network to conduct tasks without cor-

rupting data moving through it
❍ Appearance
❍ Fire safety

Advantages of Networks
Computer networks provide several advantages. Most orga-
nizations are geographically dispersed, with offices located
all over the world. Computers at each site need to transfer
and exchange data, frequently on a daily basis and some-
times even in real time. A network provides the means to
exchange such data.

Even if the organization is not geographically dispersed
and has only one office, networks can serve useful func-
tions. Networks permit efficient sharing of resources. For
example, if there is too much work at one site, the network
allows the work to be transferred to another computer in the
network. Such load sharing enhances productivity by allow-
ing a more even utilization of an organization’s resources.

Backup capability is an especially important feature of
networks. For instance, if one computer fails, another com-
puter in the network can take over the load. This might be
critical in certain industries such as financial institutions.

Networks can be used to provide a very flexible work
environment. An organization can allow its employees to
connect to the network and work from home, or telecom-
mute. A network makes it easier for employees to travel to
remote locations and still have access to critical data such as
sales for last week or research data from a project.

Data Flow
Data flows between computers in a network using one of
three methods. Simplex transmission is in one direction only.
An example of simplex transmission is radio or television
transmission. Simplex transmission is rare in computer net-
works due to the one-way nature of data transmission. Half-
duplex transmission is found in many systems. In a half-
duplex system, information can flow in both directions.
However, it is not possible for the information to flow in
both directions simultaneously. In other words, once a query
is transmitted from one device, it must wait for a response to
come back. A full-duplex system can transmit information in
both directions simultaneously; it does not have the inter-
vening stop-and-wait aspect of half-duplex systems. For
high throughput and fast response time, full-duplex trans-
mission is frequently used in computer applications.

Data switching equipment is used to route data through
the network to its final destinations. For instance, data
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switching equipment is used to route data around failed or
busy devices or channels.

In designing the network, three factors must be consid-
ered. First, the user should get the best response time and
throughput. Minimizing response time entails shortening
delays between transmission and receipt of data; this is
especially important for interactive sessions between user
applications. Throughput involves transmitting the maxi-
mum amount of data per unit of time.

Second, the data should be transmitted along the least-
cost path within the network, as long as other factors such
as reliability are not compromised. The least-cost path is
generally the shortest channel between devices and
involves the use of the fewest number of intermediate com-
ponents. Furthermore, low-priority data can be transmitted
over relatively inexpensive telephone lines, while high-
priority data can be transmitted over expensive high-speed
satellite channels.

Third, maximum reliability should be provided to assure
proper receipt of all data traffic. Network reliability
includes not only the ability to deliver error-free data but
also the ability to recover from errors or lost data in the net-
work. The network’s diagnostic system should be capable
of locating problems with components and perhaps even
isolating the component from the network.

NETWORK TOPOLOGIES

The network configuration or topology is the physical shape
of the network in terms of the layout of linking stations. A
node refers to a workstation. A bridge is a connection
between two similar networks. Network protocols are soft-
ware implementations providing support for network data
transmission. A server is a microcomputer or a peripheral
device performing tasks such as data storage functions
within a local area network (LAN).

Network servers are of several types. A dedicated server
is a central computer used only to manage network traffic.
A computer that is used simultaneously as a local worksta-
tion is called a nondedicated server. In general, dedicated
servers provide faster network performance, since they do
not take requests from both local users and network sta-
tions. In addition, these machines are not susceptible to
crashes caused by local users’ errors. Dedicated servers are
expensive and cannot be disconnected from the network
and used as stand-alone computers. Nondedicated servers
have a higher price-performance ratio for companies that
need occasional use of the server as a local workstation.
The most common types of network topologies are shown
in Exhibit 8.1.
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Hierarchical

The hierarchical topology (also called vertical or tree struc-
ture) is one of the most common networks. The hierarchi-
cal topology is attractive for several reasons. The software
to control the network is simple and the topology pro-
vides a concentration point for control and error resolu-
tion. However, it also presents potential bottleneck and
reliability problems. It is possible that network capabili-
ties may be completely lost in the event of a failure at a
higher level.

Horizontal

The horizontal topology (or bus topology) is popular in
local area networks. Its advantages include simple traffic
flow between devices. This topology permits all devices
to receive every transmission; in other words, a single sta-
tion broadcasts to multiple stations. The biggest disad-
vantage is that since all computers share a single channel,
a failure in the communication channel results in the loss
of the network. One way to get around this problem
is through the use of redundant channels. Another dis-
advantage with this topology is that the absence of con-
centration points makes problem resolution difficult.
Therefore, it is more difficult to isolate faults to any par-
ticular component. A bus network usually needs a mini-
mum distance between taps to reduce noise. Identifying a
problem requires the checking of each system element. A
bus topology is suggested for shared databases but is not

Exhibit 8.1 COMMON TYPES OF NETWORK TOPOLOGIES
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good for single-message switching. It employs minimum
topology to fill a geographic area, while having complete
connectivity.

Star

The star topology is a very popular configuration and it is
widely used for data communication systems. The soft-
ware for star topology is not complex, and controlling
traffic is simple. All traffic emanates from the hub or the
center of the star. In a way, the star configuration is simi-
lar to the hierarchical network; however, the star topology
has more limited distributed processing capabilities. The 

Exhibit 8.1 COMMON TYPES OF NETWORK TOPOLOGIES
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hub is responsible for routing data traffic to other compo-
nents. It is also responsible for isolating faults, which is a
relatively simple matter in the star configuration. The star
network, like the hierarchical network, is subject to poten-
tial bottleneck at the hub, which may cause serious reli-
ability problems. One way to minimize this problem and
enhance reliability is by establishing a redundant backup
of the hub node. A star network is best when there is a
need to enter and process data at many locations with
day-end distribution to different remote users. Here, infor-
mation for general use is sent to the host computer for
subsequent processing. It is easy to identify errors in the
system, since each communication must go through the
central controller. While maintenance is easily conducted,
if the central computer fails, the network stops. There is a
high initial cost in setting up the system because each
node requires hookup to the host computer in addition
to the mainframe’s cost. Expansion is easy, as all that is
needed is to run a wire from the terminal to the host
computer.

Ring

The ring topology is another popular approach to struc-
turing a network. The data in a ring network flows in a
circular direction, usually in one direction only. The data
flows from one station to the next station; each station
receives the data, then transmits it to the next station. One
main advantage of the ring network is that bottlenecks,
such as those found in the hierarchical or star networks,
are relatively uncommon. There is an organized structure.
The primary disadvantage of the ring network is that a
single channel ties all of the components in a network.
The entire network can be lost if the channel between
two nodes fails. Establishing a backup channel can usu-
ally alleviate this problem. Other ways to overcome this
problem are using switches to automatically route the
traffic around the failed node, or installing redundant
cables. A ring network is more reliable and less expen-
sive when there is a minimum level of communication
between micros. This type of network is best when there
are several users at different locations who have to
access updated data on a continual basis. Here, more than
one data transmission can occur simultaneously. The sys-
tem is kept current on an ongoing basis. The ring network
permits managers within the firm to create and update
shared databases. With a ring, there is greater likelihood of
error incidence compared to a star because data is handled

Exhibit 8.1 COMMON TYPES OF NETWORK TOPOLOGIES
 (continued)
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by numerous intervening parties. In light of this, the man-
ager should recommend that data in a ring system make
an entire circle before being removed from the network.

Mesh

The mesh topology provides a very reliable though com-
plex network. Its structure makes it relatively immune to
bottlenecks and other failures. The multiplicity of paths
makes it relatively easy to route traffic around failed com-
ponents or busy nodes.

Exhibit 8.1 COMMON TYPES OF NETWORK TOPOLOGIES
 (continued)
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Wide Area Networks and 
Local Area Networks

Networks may be broadly classified as either wide area
networks (WANs) or local area networks (LANs). The com-
puters in a WAN may be anywhere from several miles to
thousands of miles apart. In contrast, the computers in a
LAN are usually closer together, such as in a building or a
plant. Data switching equipment might be used in LANs,
but not as frequently as it is in WANs.

The channels in WANs are usually provided by an inter-
change carrier, such as AT&T or MCI, for a monthly fee
plus usage cost. These channels are usually slow and rela-
tively error-prone. In contrast, the channels in a LAN are
usually fast and relatively error-free; the user organization
usually owns these channels.

The major difference between WANs and LANs is that
their topologies usually take on different shapes. A WAN
structure tends to be more irregular. Since an organization
generally leases the lines at a considerable cost, an attempt
is usually made to keep the lines fully utilized. To keep the
lines fully utilized, data is often routed for a geographical
area through one channel; hence, the irregular shape of the
WAN network.

The LAN topology tends to be more structured. Since
the channels in a LAN network are relatively inexpensive,
the owners of a LAN are generally not concerned with the
maximum utilization of channels. Furthermore, since LANs
usually reside in a building or a plant, such networks tend
to be inherently more structured and ordered. LANs are
flexible, fast, compatible, maximize equipment utilization,
reduce processing cost, reduce errors, and provide ease of
information flow. LANs use ordinary telephone lines, coax-
ial cables, fiber optics, and other devices like interfaces.
Fiber optics result in good performance and reliability, but
they are expensive. LAN performance depends on physical
design, protocols supported, and transmission bandwidth.
Bandwidth is the frequency range of a channel and reflects
transmission speed along the network. Transmission speed
is slowed down as more devices become part of the LAN.

Two or more LANs may be interconnected. Each node
becomes a cluster of stations (subnetworks). The LANs com-
municate with each other.

Advantages of Interfacing Networks

❍ Total network costs are lower.
❍ There is flexibility in having individual subnetworks

to meet particular needs.
❍ More reliable and higher-cost subnetworks can be

used for critical activities and vice versa.
❍ If one LAN fails, the other LAN still functions.
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Disadvantages of Interfacing Networks
❍ Complexity is greater.
❍ Some network functions may not be able to go across

network boundaries.

ELECTRONIC DATABASES

There has been a tremendous growth in the online database
industry throughout the world in terms of the number and
type of databases, producers, and vendors. Never before
has management had real-time access to such a vast amount
of information resources. Online business databases
improve decision making and analysis, allow management
to add value by creating new products and services through
information exchange and processing, and improve the bot-
tom line. Online databases are a resource to be converted to
useful information for decision-making purposes. The real
measure of the industry, however, is its actual use as mea-
sured by the number of online searches. Estimates produced
by the major word-oriented database vendors show that the
number of online searches increased from fewer than one
million in 1974 to almost 100 million in 2004. These figures
do not include financial transaction databases, such as data-
bases for stocks, electronic ordering, and so on. If they did,
the total searches would be many times higher.

One way to classify databases is according to the presen-
tation methodology. The methodologies include text, num-
ber, image (video), audio, electronic services, and software.
The earliest public databases were text based, and they still
are the predominant type of database. The user performs
searches using text phrases in order to find specific infor-
mation. Text-based databases include bibliographic, direc-
tory, dictionary, full text, and others.

Numeric databases are used primarily for transactions
and for obtaining statistical information. They actually rep-
resent a declining proportion of all database types. One
application of a multimedia database is in the real estate
industry, where clients can be taken on a “virtual visit” of a
particular property without leaving the office. Bulletin
board services (BBSs) are another form of online database
that have a wide variety of downloadable data.

Commercial online services, such as America Online,
CompuServe, Prodigy, Microsoft Network, and Netzero have
extensive access to various business database providers. Their
primary function is to be a conduit for delivering databases
developed by these providers.

The World Wide Web (Web) portion of the Internet has a
rapidly increasing series of online business databases. These
databases use multimedia graphical and audio features with
hypertext links to other data and resources. Users need a

c08.fm  Page 101  Tuesday, July 19, 2005  4:55 PM



102 Network and Telecommunications

Web browser to read a graphical Web database. Web online
business databases are a valuable resource because they link
to all other Internet resources including text files, Telnet
(standard Internet protocol for remote terminal connection
service), Gophers (a distributed information service that
makes hierarchical collections of information available across
the Internet), Usenet newsgroups (a collection of thousands
of topically named newsgroups and members associated
with them on the Internet), and other portions of the Inter-
net as required.

Another form of a multimedia database is the develop-
ment of a vast number of CD-ROM business databases that
interrelate audio, video, and text and allow the user search
and download capabilities.

Faxback services are becoming popular and are a major
source of timely business information. They are easy to use
and provide a wide variety of information by just using a
fax machine or a fax modem.

Finally, there are many online U.S. government data-
bases. These high-quality databases contain extremely use-
ful information and are often free of charge.

COMMERCIAL ONLINE SERVICES

These services are steadily increasing in popularity, are
designed to be user friendly, and normally have graphical
user interface (GUI) software with access to the Internet
including the Web. Pricing options vary widely, and each
service should be consulted directly. A partial listing of the
most popular services is given below:

❍ America Online (AOL) (800-827-6364): AOL is user-
friendly and utilizes an excellent GUI software and
Web browser. It has a news and finance section, which
includes stock quotes, business news, public discus-
sion forums, and extensive business databases includ-
ing Morningstar. America Online’s information content
is primarily news oriented. News services such as Reu-
ters, ABC, Time magazine, the New York Times, CNN,
and UPI are available on AOL. You can obtain finan-
cial news and stock quotes, and make stock purchases
on AOL. Stock portfolios can also be valued automati-
cally with updated stock quotes. Business Week, Worth,
and Investor’s Business Daily are also available online. A
wide assortment of business software is available for
downloading. AOL has several forums on taxes, per-
sonal finance, and business strategy.

❍ CompuServe (800-848-8199): This service can be accessed
by using any standard communications software and
it also provides its own GUI CompuServe Informa-
tion Manager. CompuServe provides access to a wide
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variety of business databases, program packages,
encyclopedia references, legal advice, stock quotes,
news and e-mail services. Extensive news is provided
by the Associated Press (AP) and the information is
updated continuously. Over 700 forums on a wide
variety of subjects are available online. The Easy Sabre’s
Bargain Finder can be used to search for the lowest
available airfare. CompuServe’s Fundwatch allows
investors to search for mutual funds most suitable to
their criteria from a database of 4,800 funds. Com-
puServe has a huge library of business and general-
interest software available for downloading.

❍ Dialog (800-3-Dialog): It is an online business informa-
tion service that has searchable company information
databases, bibliographic references, newsletters, and
related publications. Dialog provides access to more
than 450 databases including TRW, Moody’s Corpo-
rate Profiles, and D&B Donnelly.

❍ Dow Jones News Retrieval (609-452-1511): This service
can be accessed by using any standard communica-
tions software as well as its own Dow Jones Link GUI
software. This service provides access to the Wall Street
Journal, Barrons, the Washington Post, and Dow Jones
News Service.

❍ Hoover’s Online (866-635-9715): This service provides
comprehensive company, industry, and market intel-
ligence that drives business growth. It has a database
of 12 million companies, with in-depth coverage of
40,000 of the world’s top business enterprises.

❍ LEXIS/NEXIS (800-346-9759): This service uses its own
research software for searching in specific indus-
tries including public relations and law. It is the most
popular database of legal information including case
decisions and previous testimony of expert witnesses.
Besides case records, files of state and federal codes
and regulations are available on everything from
banking to hazardous wastes. This includes law
review and journal articles. It has a collection of U.S.
patents and public records data including real estate
transactions, and corporate reports filed with govern-
ment agencies. Individual libraries exist on LEXIS
such as a bankruptcy library. This approach ensures
the user is in the right place, pulling together relevant
filings and cases from all jurisdictions, along with
applicable codes and reference materials. There are
also electronic editions of basic legal reference tools
such as the Martindale-Hubbell Law Directory for locat-
ing practicing attorneys by state or by specialty, or
verifying the credentials of the opposing counsel.
Also, LEXIS contains the American Law Reports, which
is a useful legal research tool. LEXIS contains thousands
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of unpublished decisions that are not available in any
library. The LEXIS online database includes the
Department of State Bulletin, the Federal Judiciary Alma-
nac, the American Maritime Cases, Model Rules of
Professional Conduct, Opinions of the American Bar
Association Committee on Ethics and Professional
Responsibility, the Environmental Law Reporter, the
National Insurance Law Service, the legislative his-
tory of securities acts, the RIA Federal Tax Coordina-
tor 2d, and the Interstate Commerce Commission
decisions, opinions, and orders. The LEXIS online ser-
vice allows you to search geographically and narrow
down by state or country. The LEXIS online service is
organized into libraries and files facilitating informa-
tion searches. Examples of important libraries (you
select a library as a means of narrowing down the
files in which the searching will be done) include
GENFED (files containing federal cases and other
federal materials), MEGA (case law from a different
jurisdiction), CODES (statutes of a particular juris-
diction), and STATES (files, cases, and other materi-
als from a particular state). Once a library is selected,
one or more files is selected. The LEXIS online is
easy to use and can perform searches that are not
only time-consuming by conventional methods but
unimaginable.

❍ Microsoft Network (MSN): MSN offers content similar
to America Online and CompuServe.

❍ Total Online Tax and Accounting Library (TOTAL) (800-
862-4272): An online service available to the members
of American Institute of Certified Public Accountants
(AICPA). TOTAL allows access to a variety of online
services including LEXIS (Legal Information Services),
NEXIS (News Information Services), and NAARS
(National Automated Accounting Research System).

❍ West Law Tax: It provides legal and tax information.

U.S. GOVERNMENT’S STAT-USA 
ONLINE SERVICE

The U.S. government has moved aggressively to provide
extensive online database access. The Economics and Sta-
tistics Administration of the U.S. Department of Commerce
has created STAT-USA for providing U.S. government
online databases. It has several databases on the Internet at
http://www.stat-usa.gov (see World Wide Web) with an
Internet mail address at statmail@esa.doc.gov. STAT-USA
received the National Performance Review’s Hammer Award,
which recognizes those federal agencies leading the way in
“creating a government that works better, and costs less.”
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STAT-USA publishes the most timely business and eco-
nomic information that the federal government has to offer.
It eliminates the need to call from agency to agency to find
the report that you need. STAT-USA gathers the most cru-
cial, timely business and economic information from over
50 federal agencies and distributes them from a central source,
saving countless hours in research time.

STAT-USA/Internet provides over 300,000 reports and
statistical series (the equivalent of seven sets of encyclope-
dias) online, including press releases, trade leads, and
reports that are released on a daily or weekly basis. Search-
ing is done using Inquery, an award-winning natural-lan-
guage search and retrieval software program that greatly
simplifies locating files.

Access to the Economic Bulletin Board/Lite Edition
(EBB/LE) is included as part of a STAT-USA/Internet sub-
scription. Quarterly, annual, and Class C subscription
group rates are available. For more information on the EBB/
LE or to place an order, call 202-482-1986 or send e-mail to
stat-usa@doc.gov. Companies interested in obtaining access
for multiple users should call 202-482-1986 for information
on the available pricing options. STAT-USA/Internet data-
bases include:

❍ Budget of the United States: STAT-USA offers budget
files free of charge in ASCII and in Adobe’s™ Porta-
ble Document Format, and makes them searchable
using Inquery. The Budget contains the budget mes-
sage of the president, the president’s budget propos-
als, analytical perspectives, and historical tables.

❍ Bureau of Economic Analysis (BEA) Economic Informa-
tion: An authoritative online news release source for
Survey of Current Business issues, and for detailed
data files from BEA’s national, regional, and interna-
tional economic accounts.

❍ Bureau of Economic Analysis, U.S. Department of Com-
merce: GDP press release (complete) with corporate
profits; economic indicators summary text file; leading,
coincident, and lagging indexes release (text and tables
in text format); and personal income and outlays.

❍ Bureau of the Census, U.S. Department of Commerce: New
construction, durable goods, shipments and orders,
new home sales, housing starts, manufacturing and
trade inventories and sales, advance retail sales, ship-
ments, inventories and orders, and U.S. international
trade in goods and services—formerly merchandise
trade (complete release).

❍ Bureau of Labor Statistics, U.S. Department of Labor: The
Employment Situation (complete release), Consumer
Price Index (full release), Producer Price Index (text/
tables), and Productivity and Cost Preliminary (com-
plete release).
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❍ Daily Economic Press Releases: State and local govern-
ment bond rates, trade opportunities, 10:00 A.M. and
12:00 P.M. daily foreign exchange rates, the daily trea-
sury statement, treasury rate quotations, and yield
curve points.

❍ Economic Bulletin Board/Lite Edition: The Economic Bul-
letin Board/Lite Edition is a comprehensive Internet
source for government-sponsored economic releases
and business leads. The EBB/LE offers a small subset
of the files available on STAT-USA’s modem-based
Economic Bulletin Board (EBB) system; thus its title
“Lite Edition.” Economic news and business leads are
available the minute they are released on the EBB/LE
as well as in-depth analyses of markets, products, and
economic trends. The EBB/LE provides searchable
databases containing export promotion information;
the Trade Opportunity Program (TOPS) and market
research reports with daily updates and three months
of archives; and the U.S. Department of Agriculture’s
Agricultural Trade Leads.

❍ Federal Reserve Board (FRB): Summary of commentary
on current economic conditions by the Federal Reserve
District, industrial production and capacity utilization,
FRB bank credit, FRB consumer credit report, FRB for-
eign exchange rates, FRB selected interest rates, FRB
money stock data, and FRB aggregate reserves.

❍ Global Business Opportunities Service (GLOBUS): GLO-
BUS is an international marketplace for U.S. busi-
nesses, providing billions of dollars in procurement
opportunities from all over the world. Currently,
GLOBUS contains the Commerce Business Daily, and
Small Purchase Opportunities from the Defense
Logistics Agency.

❍ Census Bureau’s Merchandise Trade Export and Import
Statistics: These are available on a commodity level as
well as a country level.

❍ Economic Bulletin Board (EBB): This is the world’s
leading source of government-sponsored business
data. Begun in 1985, it helped launch the era of elec-
tronic reporting and is still the most used bulletin
board of its kind. On the EBB, late-breaking business
developments are reported within 30 minutes after
they are received from contributing federal agencies.
In-depth analyses of markets, products, and eco-
nomic trends are also provided. The EBB has a vast
collection of files. The list of available files alone is
471 pages. The EBB collects, collates, and publishes
data from more than 35 federal agencies.
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ONLINE BUSINESS DATABASES

The following online business databases are a selected list-
ing of the numerous databases available. For complete
online business database listings, you are urged to consult
the Gale Directory of Databases (Detroit: Gale Research, Inc.):

❍ ABA Banking Journal: A database of the complete text
of the ABA Banking Journal covering the commercial
banking industry. It is updated monthly, and it is
available through LEXIS/NEXIS. Produced by the
Simmons-Boardman Publishing Corporation, New
York, NY 10014 (212-620-7200).

❍ ABEL: A bibliographic database containing more
than 15,000 citations to items listed in the Official Jour-
nal of the European Communities covering legislation
enacted by the Commission of the European Commu-
nities. It is available online from the Commission of
the European Communities (CEC), and it is updated
daily. Produced by the Commission of the European
Communities, Office for Official Publications, Lux-
embourg (phone: 0352-499282563).

❍ ABI/INFORM: A service with more than 675,000 cita-
tions, with abstracts, to articles appearing in more
than 1,200 international periodicals. It is available on
a wide number of commercial services and is updated
weekly or monthly depending on the service. Pro-
duced by UMI/Data Courier, Louisville, KY 40202-
2475 (502-583-4111).

❍ ACBAS: A directory of over 1,400 publicly available
French, German, and English-language online business
databases. It is updated monthly. Produced by Yves
Balbure, Malmaison, France (phone: 01-47518431).

❍ Access Business Online: This is your all-in-one business
center. It offers business executives headline news,
press releases, classifieds, links to financial markets,
company profiles, upcoming trade shows and semi-
nars, search capability of vendors in various indus-
tries, and much more. Exec-U-Net is an excellent tool
for business executives to communicate with other
business executives and senior professionals. Some
examples of topics included on the information matrix
are Market News and Business Connections, Indepen-
dent Business, Wall Street and World Wide Finance,
GeoPolitical Strategist, and Import/Export Exchange.

❍ Advertising and Marketing Intelligence (AMI): A biblio-
graphic database abstracting articles from 75 adver-
tising, marketing, and media publications. It includes
information on products and services. It is updated
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daily and is available on LEXIS/NEXIS. Produced by
the New York Times Company, Parsipanny, NJ 07054
(201-267-2268).

❍ FASAB: The Federal Accounting Standards Advisory
Board provides up-to-date information on issues in
public financial management and accounting mat-
ters. In addition to available newsgroups and mailing
lists, FASAB offers much more. Publications, legisla-
tion, exposure drafts, and newsletters are among
many of the available topics to sift through at this
Web site. For those involved with the FASAB, there is
a calendar of events listed as well as the latest meet-
ing minutes and highlights.

❍ Internal Auditing World Wide Web: Comprehensive Web
sites for internal auditors.

❍ Kaplan’s Audit Net Resource List: A monthly updated
directory of accounting and auditing resources.

❍ Moody’s Investors Service, Inc.: A corporate and munic-
ipal bond financial service. It is available online
through Dialog (212-553-0546).

❍ NAARS (National Automated Accounting Research Sys-
tem): NAARS contains the full text, including footnotes
and the auditor’s report, of the financial statements of
over 4,200 company annual reports for each year on
file. NAARS also includes the complete text of a wide
variety of authoritative accounting literature, such as
Statements on Auditing Standards (SAS), Accounting
Research Bulletins (ARB), and Accounting Standards
Executive Committee (ASEC) position papers and
issue papers.

❍ Netsurfer Focus: Computer and network security.
Contains guidance on computer security.

❍ New York State Society of CPAs’ Luca Online: A data-
base of accounting, auditing, and tax information.

❍ Rutgers Accounting Web: One of the most comprehen-
sive accounting indexes available. There is a link to
nearly every accounting-related site on the Internet.
The Rutgers Web server serves as a Web site for the
American Institute of CPAs (AICPA), Institute of Man-
agement Accountants (IMA), Institute of Internal
Auditors (IIA), Financial Accounting Standards Board
(FASB), and American Accounting Association (AAA),
just to mention a few. You can access numerous publi-
cations and documents from the AICPA site. There is
also a database on “Improving Business Reporting”
that can be accessed through the AICPA Web site.
Another feature of the AICPA Web site is the “AICPA
Documents on Call via Fax.” The code numbers for
each of the documents are given. The Institute of Man-
agement Accountants offers case studies in manage-
ment accounting practices and techniques such as
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implementing activity-based costing. Its research pub-
lications are listed in an annotated bibliography in
chronological order. The Institute of Management
Accountants displays upcoming events. The FASB site
contains a listing of everything having to do with the
FASB. All of its statements and interpretations are
listed. Hundreds of accounting firms, including the
“Big 4,” can be accessed at this Web site.
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CHAPTER 9

THE INTRANET

Intranet utilization in corporate America is rapidly grow-
ing. Because Intranets use Internet technology, there is
ready access to external data. In effect, Intranets are internal
Web sites. An Intranet is an important tool to use in busi-
ness and is developed and used by the company itself. An
Intranet is easy to install and flexible (what is developed for
one platform may be used for others).

Corporate managers must have a knowledge of Intranet
structure and organization because it relates to accounting,
tax, audit, control, and security issues. Managers, custom-
ers, employees, stockholders, potential investors, creditors,
loan officers, government agent representatives (SEC, IRS),
and other interested parties can access the database or
information in a company through Web browsers (inter-
faces) such as Netscape Navigator and Microsoft’s Internet
Explorer. Management may set up an Intranet to improve
operating efficiencies and productivity and to reduce oper-
ating costs (e.g., distribution expenses), time, and errors. Of
course, keeping information on the Intranet current takes
time and resources. Proper controls must be established to
guard against unauthorized access of the company’s data
through the Internet. One security device is the use of fire-
walls (barriers) to protect the company’s Intranet by unau-
thorized access and to prevent misuse of the Intranet by
outsiders who might otherwise be able to alter accounting
and financial information, steal property, obtain confiden-
tial data, or commit other inappropriate or fraudulent acts.
Further, add-on security tools are available to restrict users
by preventing them from performing certain acts or from
viewing certain “restricted” information.

In an Intranet, one protocol connects all users to the Web
server. Intranets run on standard protocols supported by
any computer.
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INTRANET EXPLOSION

Information system (IS) and functional department managers
quickly saw the power of this new communications medium
as a resource to be leveraged on the corporate network as
well. The Intranet is a powerful tool to make information
more readily available within and outside the company.

With businesses under significant pressure to empower
employees and to better leverage internal information
resources, Intranets furnish a very effective communica-
tions platform that is both timely and extensive. A basic
Intranet can be set up in days and can eventually act as an
information hub for the whole company, its remote offices,
partners, suppliers, customers, investors, creditors, con-
sultants, regulatory agencies, and other interested parties.

Intranets provide the following features:

❍ Easy navigation (internal home page provides links
to information)

❍ Ability to integrate distributed computing strategy
(localized web servers residing near the content author)

❍ Rapid prototyping (can be measured in days or even
hours in some cases)

❍ Accessibility via most computing platforms
❍ Scaleable (start small, build as requirements dictate)
❍ Extensible to many media types (video, audio, inter-

active applications)
❍ Ability to be tied in to “legacy” information sources

(databases, existing word processing documents, group-
ware databases)

The benefits of these features are many, including:

❍ An Intranet is inexpensive to start, requires minimal
investment in dollars or infrastructure.

❍ Open platform architecture means large (and increas-
ing) numbers of add-on applications.

❍ A distributed computing strategy uses computing
resources more effectively.

❍ An Intranet is much more timely and less expensive
than traditional information (paper) delivery.

CALENDAR-DRIVEN VERSUS 
EVENT-DRIVEN STRATEGY

One of the key drivers in the Intranet adoption curve is they
allow businesses to evolve from a calendar- or schedule-
based publishing strategy to an event-driven or needs-based
publishing strategy. In the past, businesses published an
employee handbook once a year, whether or not policies
changed to coincide with that publication date. Traditionally,
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even though these handbooks may have been outdated as
soon as they arrived on the users’ desks (and were promptly
misplaced), they would not be updated until next year.

With an Intranet publishing strategy, information can be
updated instantly. If the company adds a new mutual fund
to the 401K program, content on the benefits page can be
immediately updated to incorporate that change, and the
company internal home page can have a brief announce-
ment about the change. Then when employees refer to the
401K program, they have the new information at their fin-
gertips. Content can be changed or updated to reflect new
rules at any time.

INTRANETS REDUCE COST, 
TIME TO MARKET

Intranets dramatically reduce the costs (and time) of con-
tent development, duplication, distribution, and usage. The
traditional publication model includes a multistep process
including creation of content, migration of content to desk-
top publishing environment, production of draft, revision,
final draft production, duplication, and distribution.

The Intranet publishing model includes a much shorter
process, skipping many of the steps involved in the tradi-
tional publication model. In the Intranet model, revision
becomes part of the updating process while the original con-
tent is available to end users, thus dramatically reducing the
time it takes for the information to become available to the
user. As the information is centrally stored and always pre-
sumed to be current, the company will not have to retrieve
“old” information from employees, thus saving updating
expenses.

This new publishing model significantly reduces both
costs and the time frame. Assuming that the corporate local
area network (LAN) environment can support Intranet activ-
ities (and most can), the information technology (IT) infra-
structure is already in place. Further, most popular Intranet
Web servers can run on platforms widely found in most
companies (Pentium class computers, Apple Macintosh,
Novell NetWare, etc.), so little if any additional infrastruc-
ture is required.

PRACTICAL APPLICATIONS

The uses of Intranets (internal Webs) by companies are
unlimited, including:

❍ Furnishing outside CPAs with accounting, audit, and
tax information.

❍ Providing marketing and sales information to current
and prospective customers or clients.
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❍ Providing information to salespersons in the field
and managers at different branches (e.g., sales and
profit reports, product tracking, transaction analysis).

❍ Furnishing resource needs and reports to suppliers.
❍ Communicating corporate information to employees,

such as company policies and forms, operating instruc-
tions, job descriptions, time sheets, human resource
data and documents, business plans, newsletters, mar-
keting manuals, phone directories, schedules, and per-
formance reports.

❍ Assisting in employee training, development, and
technical support.

❍ Transferring information to government agencies (e.g.,
Department of Commerce, SEC, IRS).

❍ Furnishing current and prospective investors with prof-
itability, growth, and market value statistics.

❍ Providing lenders and creditors with useful liquidity
and solvency data.

❍ Providing project, proposal, and scheduling data to
participating companies in joint ventures.

❍ Providing press releases and product/service announce-
ments.

❍ Giving legal information to outside attorneys involved
in litigation matters.

❍ Providing trade associations with input for their
surveys.

❍ Accessing and searching databases and rearranging
information.

❍ Furnishing information to outside consultants (e.g.,
investment management advisors, pension planners).

❍ Providing insurance companies with information to
draft or modify insurance coverage.

❍ Allowing for collaborative workgroups such as let-
ting users access various drafts of a specific project
document interactively and add annotations and
comments. For example, Ford’s Intranet links design
engineers in the United States, Europe, and Asia

❍ Furnishing economic statistics about the company to
economic advisors.

❍ Facilitating database queries and document requests.
❍ Providing spreadsheets, database reports, tables, check-

lists, and graphs to interested parties.
❍ Displaying e-mail.

Site maps (e.g., Table of Contents) should be included so
that users may easily navigate from each note (element) and
are visible through frames or panels.

An Intranet requires Web application development for its
internal network such as appropriate Web servers. For quick
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response time, there should be a direct connection to the
server. Web browsers may be used to achieve cross-platform
viewing and applications for a wide variety of desktops
used within the company. The use of Web technology (e.g.,
Web servers) allows each desktop having a Web browser to
access corporate information over the existing network.
Therefore, employees in different divisions of the company
located in different geographic areas (e.g., buildings) can
access and use centralized and/or scattered information
(cross-section).

There are many client/server applications within and
among companies such as cross-platform applications. The
major element in an Intranet is the Web server software,
which runs on a central computer and serves as a clearing-
house for all information. Web servers for the Intranet are
available from many vendors including:

❍ IBM (800-426-2255): Internet Connection Server for
MVS.

❍ Microsoft (800-426-9400): Internet Information Server
(comes with Microsoft’s NT Server).

❍ Netscape (415-528-2555): Fast Track and Commerce
Server for Windows.

❍ Lotus (800-828-7086): InterNotes Web Publisher.
❍ CompuServe (800-944-9871): Spry Web Server for

Windows NT.

We believe that advantages of the Microsoft’s Windows
NT Server are higher security and easier capability to
upgrade to more powerful hardware at a later date as appli-
cation needs increase.

Further, there are many Intranet tool vendors such as
Illustra Information Technologies (http://www.illustra.
com; 510-652-8000) and Spider Technologies (http://www.
w3spider.com; 415-969-7149). For example, we recommend as
an Intranet tool Frontier Technologies’ Intranet Genie, which
includes a fairly secure Web server, HTML authoring instruc-
tions and guidelines (discussed below), Web browser, and
e-mail functions. Regardless of the operating system used
(e.g., Windows, UNIX, Macintosh), many Intranet tools are
available.

HYPERTEXT MARKUP LANGUAGE (HTML)

We recommend the use of a Hypertext Markup Language
(HTML) in developing Intranets because it is an easier
graphical user interface (GUI) to program than windows
environments such as Motif or Microsoft Windows. HTML is
a good integrating tool for database applications and infor-
mation systems. It facilitates the use of hyperlinks and search
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engines, enabling the easy sharing of identical information
among different responsibility segments of the company.
Intranet data usually goes from back-end sources (e.g., main-
frame host) to the Web server to users (e.g., customers) in
HTML format.

COMMON GATEWAY INTERFACE (CGI)

The majority of Web applications run through a mechanism
in the Web server referred to as the common gateway inter-
face (CGI). CGI is used to connect users to databases. Most
CGI programs are written in TCL or Perl (a scripting lan-
guage). However, due to the fact that these languages
involve printing a source code of the Web server, there is an
unsecured situation from a control and security standpoint.
Other deficiencies are relative slowness in applications,
nonexistence or inadequate debuggers, and maintenance
problems. We suggest considering other languages for the
CGI such as C or C++.

We recommend the following for CGI business applica-
tions:

1. In developing Web applications for Intranets, code
management tools are needed to enable different par-
ticipants in a corporate project or activity to commu-
nicate and work together. You must also use tools for
database design, modeling, and debugging. In this
connection, the following Web sites, among others,
provide helpful information to corporate managers:

(a) Basic HTTP
(http://www.w3.org/TR/REC-html40/types.html)

(b) HTML Browser List
(http://www.w3.org/MarkUp/)

(c) Web Server Comparison Chart
(http://www.orphanage.com/products/

compare.html)
(d) HTML Specs from the WWW Consortium

(http://www.w3.org/hypertext/www/markup/
markup.html) or (http://www.macronimous.com/
resources/web_servers_demystifyed.asp)

(e) Introduction to CGI
(http://hoohoo.ncsa.uiuc.edu/cgi/overview.html)

2. Do not commit to a particular server or browser
because new technological developments require
flexibility on your part. Therefore, you should set up
your system so that it may accommodate many serv-
ers and browsers.

3. Make sure your HTML user interface is separate from
the database and application logic.
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SETTING UP AN INTRANET

Intranet applications are scaleable—they can start small and
grow. This feature allows many businesses to try out an
Intranet pilot—to publish a limited amount of content on a
single platform and evaluate the results. If the pilot looks
promising, additional content can be migrated to the Intra-
net server.

PROPOSED CONTENT

Companies must ascertain if data should be made available
via a Web server, via e-mail, or by some other means. If the
data is of general import, such as company travel guidelines
or mileage reimbursement, it can be posted on a Web server
so that when employees and travel agents, among others,
require this information, they click on Travel Guidelines
from the human resources page and obtain the most current
information.

Many businesses find building Web interfaces to legacy
information as a key application. With tools such as Pur-
veyor’s Data Wizard, HTML Transit, and WebDBC, end
users can build simple point-and-click access to this legacy
information without any programming, making it available
to nontechnical users through their Web browser. Key data-
base applications include customer records, product infor-
mation, inventory, technical problem tracking, call reports,
and so on. In addition, individuals can quickly set up semi-
nar or training registration forms for short-term usage,
loading the registrants’ information into an easily manipu-
lated database.

Conversely, interoffice e-mail may be more appropriate
for interrupt-driven time-sensitive information, especially
for a focused group of recipients: “Our most important cus-
tomer is coming in March 2, so please attend the briefing at
9 A.M.” In this case, the Web server can be used as an
extended information resource: “Before the meeting, check
the internal Web server link for Current Customers for
updated information concerning this account.”

ENHANCEMENTS

Intranets can provide efficient access to other external infor-
mation resources including group access to mailing lists,
threaded discussion groups, and stock/bond quotes. In this
way, the oft-accessed information can be aggregated at the
firewall and efficiently dispersed within the company, thus
reducing external bandwidth and connectivity requirements.

c09.fm  Page 116  Thursday, July 28, 2005  3:39 PM



Intranets Compared to Groupware 117

Multithreaded discussion group software, or conferenc-
ing applications, can run on the same platform as the Intra-
net application, providing further chances to discuss
company issues and the content that resides on the server.

INTRANETS COMPARED TO GROUPWARE

Intranets and groupware are not mutually exclusive. Many
companies find that groupware (work flow, collaborative
computing, etc.) is appropriate for certain focused applica-
tions, while Intranets are suitable for migrating existing con-
tent to online delivery. Others find a powerful combination
in groupware and a Web server (Lotus InterNotes engine
for publishing Notes databases on the Web, for example).

Ultimately, each application strategy has its merits.
Beyond this, Intranet applications and Web servers make an
excellent foundation for Web-based groupware, allowing
businesses to employ a Web-centric Intranet system strategy
and leverage the nearly ubiquitous Web browser and the
powerful navigational aids provided by HTML.
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CHAPTER 10

ACCOUNTING PACKAGES

This chapter discusses several software applications of
particular interest to accountants. The discussion includes
the major players in the area and some important features
to look for when considering a particular type of software.

There are many factors that must be weighed when
selecting a computer software package. Besides determin-
ing the software features currently needed and required in
the future, the buyer must have a thorough understanding
of the firm’s existing system and whether proposed soft-
ware will integrate with all areas of that system and busi-
ness. Some of the basic considerations include features and
capabilities, compatibility and integration, ease of customi-
zation, ease of use, written documentation and technical
support, price, and vendor’s reputation and stability.

In the DOS world, vendors tried to top each other by
constantly enhancing features. With the advent of Windows,
they are competing by concentrating on improving integra-
tion and customization. With Windows interfaces, data can
more easily be linked and exchanged with all types of appli-
cations, such as spreadsheets, databases, and even e-mail.
Thus, compatibility with existing systems and data is an
extremely important consideration when selecting new soft-
ware. Likewise, customization of input screens and reports
to conform to a firm’s needs can more easily be done, and
capabilities vary between packages.

Although the price of a system is an important consider-
ation, it should never be the deciding factor. Often the cost
of software is relatively insignificant when compared to the
costs of implementation, training, ongoing maintenance,
and support. Training costs can be reduced if the program
has good context-sensitive online help. Installation will be
much simpler if the program has a checklist or “wizard” that
actually walks the user through the installation procedure.

Before buying any package, try calling the customer sup-
port department of the vendor. Customer support can give
you detailed information about the features of a package.
Vendors typically offer a demo or a free or low-cost trial of
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their computer software product. You might also get infor-
mation about specials or discounts available to profession-
als such as practicing accountants.

ACCOUNTING SOFTWARE

The fundamental task of accounting software is to automate
the routine chore of entering and posting accounting trans-
actions. This information is organized in an electronic format
so as to produce financial statements, and it can be accessed
immediately to assist in the management of the firm.

An accounting software package consists of a series of
highly integrated modules. Each module corresponds to a
specific accounting function (e.g., payroll, accounts receiv-
able and accounts payable). After the details of the transac-
tion are entered in one of the modules in an integrated
system, the chart of accounts from the general ledger is
“read.” The transaction is then automatically posted to the
accounts in the general ledger. For example, when a sale on
an account is entered in the accounts receivable module, a
debit is automatically made to the accounts receivable
account in the general ledger and an offsetting credit made
to the general ledger sales account.

Synex Systems’ F9 software does financial reporting
including variance and ratio analysis. Activity Financial’s
Actuity package also prepares financial statements.

In Peachtree Accounting, the user has the ability to enter
data or perform tasks within a module by use of navigation
aids. These aids, which are a graphical representation of the
task flow of a module, can appear on the bottom of each
screen. For example, in the navigation aid for payables, the
user can directly enter purchases or record payments, print
checks, and maintain vendor information and the general
ledger.

Module Descriptions
The basic modules typically required by a firm and often
integrated in an accounting software package include the
following: general ledger, accounts receivable and invoic-
ing, accounts payable and purchase order processing,
inventory, payroll, job costing, and fixed assets.

GENERAL LEDGER

The general ledger is the heart of the accounting system. It
contains the chart of accounts of the business. A general
ledger module should contain a sample chart of accounts
that can be customized to a particular business. In addition,
it should contain predefined reports that support budget
data and prior year comparisons that can be tailored to a
firm’s specific needs. Other essential features include the
capability to generate automatic reversing and recurring
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journal entries, having at least 13 periods open at one time,
and the ability to make prior period adjustments or post
entries to another year without closing the current year.

ACCOUNTS RECEIVABLE AND INVOICING

The accounts receivable and invoicing functions are often
combined in the same module. This module allows you to
enter sales data and permits extensive sales analysis. It pro-
vides customer receivables management by tracking custom-
ers’ balances, generates invoices and/or monthly statements,
as well as aging reports. It should allow for setting up credit
limits for each customer, provide for flexible billing options,
and provide for the ability to apply partial payments to spe-
cific invoices or to the oldest balance. For faster processing,
online inquiry should show the complete customer record at
a glance including balances and unpaid invoices, and allow
you to make changes “on the fly.”

ACCOUNTS PAYABLE AND PURCHASE ORDER PROCESSING

Accounts payable and purchase order processing can be com-
bined in a single module. The module tracks obligations to
vendors and determines a best payments schedule, prints
checks, and provides for the distribution to accounts. It should
allow for enhanced management of order processing by track-
ing orders from the start to the receipt of goods. It should be
able to detect supply problems and thus permit early planning
for alternate sources. To analyze vendor performance, it must
track the complete purchase and delivery history of vendors
and allow for easy access to this information.

INVENTORY

This module automatically tracks inventory as purchases or
sales are made and maintains cost and price data for each
inventory item. In an integrated system, the Inventory main
file, which stores the product’s number, is checked when a
sales invoice is created in the accounts receivable module. If
sufficient inventory is on hand, the amount of the sale is
reduced from the balance. Likewise, when inventory is pur-
chased, the inventory quantity is automatically increased.
The module should help improve inventory management by
alerting the user when to reorder, identifying slow-moving
items, and analyzing performance by item and category.

PAYROLL

The payroll module maintains default information for each
employee (e.g., rate of pay and income tax withholding infor-
mation). The module calculates the wages to be paid, prints
checks, and keeps track of deductions, sick and vacation
days, and other such information. It maintains information
for government reporting (e.g., 941, W-2, unemployment, and
state tax forms). For cost control, it should be able to provide
for expense distribution or integrate with a costing module.
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JOB COSTING

A job costing module allows you to track and report on the
costs, income, and profitability of individual jobs or projects.
This is done by assigning a job ID number to purchases,
sales, and employee hours. A job cost module should pro-
vide for an accurate audit trail, detailed income, expenses
and committed costs, as well as the tracking of other user-
defined categories. For example, Maxwell Business Systems’
JAMIS is a job costing accounting package that tracks costs
by project, contract, or organization over multiple years.

FIXED ASSETS

Fixed assets usually represent a significant investment by a
firm; thus, it is essential to keep track of them, but it is
extremely tedious to do so. Tracking fixed assets and the
repetitive calculation of depreciation is well suited for the
computer. Most accounting software packages include a
fixed-asset module or capabilities to control fixed assets. It is
also possible to purchase dedicated stand-alone fixed-asset
packages.

Fixed-asset software can handle large amounts of data
and a variety of depreciation methods for financial account-
ing and tax purposes. It should be able to maintain detailed
information about each asset, including a description of the
asset, its location, date placed in service, and estimated use-
ful life. It should also be able to track additions and disposal,
as well as basis adjustments. An example of a fixed-asset
package is Decision Support Technology’s BASSETS Fixed
Asset System.

Before purchasing an accounting package, check if it has
a fixed-asset module, or capabilities sufficient for your
needs. If not, ask if the vendor produces a stand-alone ver-
sion or would recommend a third-party vendor. Before pur-
chasing a stand-alone fixed-asset software package, make
sure that it allows for easy sharing of information with your
general ledger, tax packages, and other data repositories.

Market Leaders
There are a number of accounting software products. They can
conveniently be categorized as low-end, midlevel, and high-
end packages. TechRepublic (http://techrepublic.com.com/)
provides a list of these packages.

HIGH-END PACKAGES

High-end applications serve midsize regional companies
and large multinational corporations. They are flexible, easy
to implement, and can be modified to meet the users’ needs.
Although this category of software is not inexpensive, high-
end packages are not in the same league as AS/400 or ERP
installations and therefore do not enter the $100,000 range.
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❍ AccountMate Software: Visual AccountMate
(http://www.accountmate.com/EN/products/)
Client/server software available to almost any size

business

❍ ACCPAC International: ACCPAC for Windows Cor-
porate Series

(http://www.accpac.com/products/finance/
accwin/cs/default.asp)

Multitier business management system, multicur-
rency and multilingual support, e-business and sales
force automation capabilities, customization options

❍ Damgaard: Axapta
(http://www.damgaard.com/)
Internet-enabled, object-oriented, single-code base

for all countries, and a three-tier client/server envi-
ronment

❍ Epicor: Platinum for Windows and Platinum ERA
(http://www.epicor.com/solutions/

accounting.asp)
Integration between front-office and back-office

applications, customization options

❍ Great Plains Software: Great Plains Accounting
(http://www.greatplains.com/accounting/)
Twenty modules and tools for automating labor-

intensive processes

❍ Infinium: Infinium Financial Management
(http://www.infinium.com/html/fm.html)
Freestyle reporting capabilities; multinational, multi-

currency processing of payments, invoices, and receiv-
ables; Web-enabled accounts receivable function

❍ Macola Software: Progression Series
(http://www.macola.com/macola/product/

solutions/default.asp)
Allows multiple budgets and prior year’s data to be

maintained

❍ Navision Software U.S.: Navision Financials
(http://www.navision.com/)
Integrated development environment; provides

customization tools for customer-specific solutions

❍ Peachtree Software: Peachtree 2000
(http://www.peachtree.com/peachtree2000/)
Designed for small to medium-size businesses; fea-

tures multiuser capabilities

❍ Sage Software: Acuity Financials
(http://www.us.sage.com/acuity/)
Designed for larger businesses or company divisions

(100 to 1,000 employees); integrates Microsoft Office
and BackOffice suites
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❍ Solomon Software: Solomon IV
(http://www.solomon.com/product/series/

series_fin.htm)
Full suite of financial management tools, including

accounts payable/receivable, cash manager, and gen-
eral ledger

❍ Tecsys: ControlSeries Project Financial Management
(http://www.tecsys.com/)
Client/server, activity-based management software

package

MIDLEVEL PACKAGES

Buyers of midrange programs are tough to define by reve-
nue, but they usually include four or five accounting users
and have needs that are technically sophisticated. These
buyers generally require more robust, multiuser features
and management reporting while still retaining tools that
are required for a small business. Essential features of a
package include client/server architectures, custom report
design, and Internet/Intranet-enabled functions.

❍ AccountMate Software: Visual AccountMate
(http://www.accountmate.com/EN/products/)
Client/server software available to almost any size

business

❍ CheckMark Software: MultiLedger
(http://www.checkmark.com/ML_Win.html)
Integrated, cross-platform accounting program

combining general ledger, accounts receivable/pay-
able, and inventory

❍ Cyma Systems: Cyma IV Accounting for Windows
(http://www.cyma.com/products/fms.asp)
Full suite of accounting modules, including system

manager, general ledger, accounts receivable/payable,
and payroll; available in workstation, peer-to-peer,
and client/server configurations

❍ PC Accountant: ProBooks
(http://www.pcaccountant.com/).
Features integrated point-and-click accounting

❍ Sage Software: BusinessWorks
(http://www.us.sage.com/businessworks/).
Features 10 fully integrated modules; can support

up to 48 concurrent users

❍ SBT Accounting Systems: VisionPoint
(http://www.sbt.com/products/vp.html).
Designed for small to midsize enterprises; based on

open architecture

❍ Syspro Impact Software: Impact Encore
(http://www.syspro.com/).
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Features a relational database; integrates with other
desktop productivity tools such as Microsoft Word,
Outlook, and Excel

❍ Windsoft International: Bottomline Accounting
(http://www.windsoft.com/index2.htm)
Designed for small and midsize companies that want

to automate accounting data

LOW-END PACKAGES

Products in the low-end category are not short on capabili-
ties or features. Rather, they are made for sole proprietor-
ships, partnerships, and corporations that are closely held
with only a few employees. These users need a package that
will help them balance checkbooks, prepare payroll reports
and deposits, and keep track of bills and customer invoices.
They want features including single points of entry for data,
on-the-fly updating, tight integration with the Internet,
sophisticated customized reporting, built-in job costing, and
electronic payroll and bill-paying services.

❍ Aatrix Software: Mac P&L Accounting
(http://www.aatrix.com/1.800.426.0854/

macpandl/index.html).
Full suite of applications at low cost, including gen-

eral ledger, payroll, and inventory management

❍ ACCPAC International: Simply Accounting
(http://www.accpac.com/products/finance/

simply/default.asp).
Entry-level package for the small office/home office

user

❍ Intuit: QuickBooks
(http://www.intuit.com/products_services/

small_business.shtml).
Features include time tracking, job costing, and esti-

mations; integrated with Microsoft Excel, Word, Out-
look, and Symantec ACT!

❍ MYOB: Accounting Plus
(http://www.myob.com/us/products/plus/

index.htm).
Features more than 100 accounting and financial man-

agement reports; supports multiple-currency accounting

❍ Peachtree Complete: One-Write Plus
(http://www.onewrite.com/).
Designed for small businesses converting from

manual accounting systems

❍ SBT Accounting System: VisionPoint
(http://www.sbt.com/products/vp.html).
Designed for small to midsize enterprises; based on

open architecture
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Checklist for Selecting 
Accounting Software

When you make calls to vendors or perhaps meet with the
most promising ones, here is a checklist of questions and
key features you want to address. Does the package offer:

❍ Ability to drill down from summary general ledger
data to individual transactions?

❍ Ability to import and export data to and from spread-
sheets and word processing programs?

❍ Ability to generate custom reports?
❍ Fast posting of large batches of transactions?
❍ Strong security?
❍ Adequate technical support?
❍ Retention of historical data and ability to compare

current results to past results?
❍ Ability to match direct expenses with specific clients

and projects?
❍ Ability to allocate indirect costs to individual projects?
❍ Ability to integrate customer management and e-

commerce functions?
❍ Preparation of 941s, W-2s, 1099s, and 940s?
❍ Ability to flow data from the program into your tax

software?
❍ Ability to add more users at a later date with minimal

cost increases?

Also, here is a wish list of functions the package should
include:

❍ Offers ease of use, especially the ability to directly
query the data and perform ad hoc reporting

❍ Enables fast and easy user training
❍ Requires a minimum of effort from the IT staff to

keep it running at optimum efficiency
❍ Provides all-in-one accounts payable/receivable and

general ledger functions
❍ Includes import and export features and a report

writer
❍ Offers access to live people for technical support
❍ Requires a minimum of process modifications

For more in-depth analysis of various accounting pack-
ages, you may want to consult these professional organiza-
tions and manuals, some of which offer advice on purchasing
software:

❍ Institute of Management Accountants (http://www.
imanet.org).

❍ Family Firm Institute (http://www.ffi.org/).
❍ National Society of Accountants (http://www.nsa.org).
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❍ American Institute of Certified Public Accountants
(http://www.aicpa.org/).

❍ Accounting Technology (http://www.electronic
accountant.com), a great site for industry news, spe-
cial reports, and product reviews.

❍ CPA Software News (http://www.softwarenews.net).
❍ CPA Technology Report (http://cpatech.hbpp.com).
❍ SoftWorld’s Accounting and Finance Expo (http://

www.softworld.com). These frequent trade shows are
the best place for buyers to get hands-on demos of
the latest accounting and finance products both in
North America and Europe.

WRITE-UP SOFTWARE

With the development of easy-to-use and inexpensive
accounting software, many companies that previously relied
on CPAs to keep their books are doing it themselves. CPA
firms can counter this trend with dedicated Write-up soft-
ware that is easy to use and provides more features so as to
add value to their write-up services.

Write-up software should allow you to do more than just
record transactions. One of the biggest features to look for is
the ability to easily create an array of printouts and reports
that a client might need. This includes being able to link and
transfer data from other software packages and applications.

Another important feature is the ability to customize the
input screen so that it is consistent with the layout of the cli-
ent’s source documents, thereby reducing unneeded key-
strokes. Easy setup is another means to reduce the cost of
write-up service. The package should contain sample com-
pany data and the ability to copy common information and
make changes to default information included in the setup
on the fly.

Major Players
There is a large number of products in the Write-up area.
Exhibit 10.1 lists five products.

TAX PREPARATION SOFTWARE

Computer technology has had a significant impact on the
way tax returns are prepared. Computerized tax return
preparation lets the user prepare a return quickly and accu-
rately, and allows the user to quickly analyze different tax
planning strategies. Some software packages have built-in
tools for tax research and permit for the electronic filing of
tax returns. This software also lets the user easily do what-if
planning, then quickly makes all the necessary changes.
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Furthermore, data can be imported directly from account-
ing packages or electronic spreadsheets into tax preparation
software.

While tax preparation software can help with tax plan-
ning, you should consider a dedicated tax research package
for serious tax research. Most compact disk (CD)–based tax
services can effectively replace the printed version of tax
services. A major advantage of using CD-based tax services
is having the ability to do electronic keyword searches. This
can greatly facilitate the tax research process and make it
much more efficient. In addition, it is easier to maintain and
store all this information on a CD, thereby saving a good
deal of library storage space.

The tax software industry is fiercely competitive and
continues to go through consolidations and shakeouts.
Thus it makes sense to deal with the larger, better-known
vendors whose products are more likely to be supported in
the future.

Market Leaders
Tax software can be categorized into segments:

❍ Lower-cost alternatives: The price for this category is
generally under $1,000. In spite of their low price,
their features compare favorably with the higher-
priced products. The products included in this cate-
gory are listed in Exhibit 10.2.

❍ Mainstream: These packages are suitable for main-
stream tax practices. They are generally easy to use
and learn, but they are not intended to handle every
situation that may arise. The packages in this cate-
gory are generally more powerful than those in the
lower-cost category.

e Enterprise

Microsoft Business Solutions

888-477-7789

Peachtree Client Write-Up 
Peachtree Software 
900-228-0068

ACCPAC Advantage Series 
ACCPAC International 
707-284-7500

Xpert Write-Up 
Micronetics International 
561-995-1477

Write-Up Solutions 
Creative Solutions 
800-968-0600

Exhibit 10.1 WRITE-UP SOFTWARE

c10.fm  Page 127  Thursday, July 28, 2005  3:39 PM



128 Accounting Packages

❍ High-end alternatives: This group is marketed for use
by multistate regional and national firms. These
packages are able to handle the most complex returns
and track their progress through large offices.

Lower-Cost Alternatives

ProSeries

Intuit

800-374-7317

Tax/Pack Professional

Alpine Data Inc.

800-525-1040

Tax Relief

Micro Vision Software

800-829-7354

TAX$IMPLE

TAX$IMPLE

800-989-8955

Mainstream

CPA Software

CPA Software

800-272-7123

Lacerte Tax Planner

Lacerte Software Corporation

800-765-4065

Professional Tax System

Tax and Accounting Software Corp. (TAASC)

800-998-9990

TaxWorks

Laser Systems

800-343-1139

Ultra Tax

Creative Solutions Inc.

800-968-8900

High-End

Turbo Tax ProSeries

Intuit

800-934-1040

Go System

R/A

800-865-5257

ProSystem fx

CCH Inc.

800-457-7639

Exhibit 10.2 TAX SOFTWARE
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AUDIT SOFTWARE

Audit software is used by accountants to perform audits effi-
ciently and effectively. Software audit tools include auto-
mated work papers, data extraction software, and trial
balance software.

Products such as APG (Audit Program Generator) by the
American Institute of Certified Public Accountants (AICPA)
and the optional add-on modules allow you to prepare cus-
tomized audit programs. They eliminate the photocopying,
cutting, and pasting usually required when creating the
audit program and guide users through the engagement.

Data extraction software, such as IDEA (Interactive Data
Extraction and Analysis), also by the AICPA, allows audi-
tors to access clients’ files for audit testing. The auditor can
either access the client’s live data or obtain a copy of the
company’s data files on tape or disk. Data extraction soft-
ware allows the auditor to audit through the computer. The
auditor can, for example, select a sample of accounts receiv-
ables for confirmations, or perform analytical reviews and
do ratio analysis. Transactions may be compared to prede-
termined criteria. Linton Shafer’s Audit Sampling Software
packages select random numbers and dates. They handle
multiple ranges and evaluate results. They perform compli-
ance and substantive testing.

Trial Balance software, such as the AICPA’s ATB
(Accountant’s Trial Balance), helps the auditor organize cli-
ent’s general ledger balances into a working trial balance.
The auditor can then perform adjustments and update
account balances. The calculation of financial ratios is
extremely simple with trial balance software. This type of
software aids in the preparation of financial statements.
While trial balance software is designed primarily for
audits, it can be used instead of write-up software for com-
pilation and review services.

Price Waterhouse Researcher is an accounting, auditing,
and reporting research system on a single CD-ROM disk.
Equivalent to a 100,000-page library, PW Researcher includes
generally accepted accounting principles (GAAP), gener-
ally accepted auditing standards (GAAS), Securities and
Exchange Commission (SEC) regulations, and U.S. cost
accounting standards. The information on the CD includes
American Institute of CPAs (AICPA), Financial Accounting
Standards Board (FASB), SEC, and Emerging Issues Task
Force (EITF) publications, along with Price Waterhouse
guidance, analysis, and interpretations. The CD is updated
quarterly and also includes international accounting and
auditing standards. The easy-to-use database may be searched
using a key word or phrase. Users may make personal notes
and markers. We highly recommend this excellent product.
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Price Waterhouse TeamMate is an electronic working paper
system that helps automate the working paper preparation,
review, reporting, and storage process. It includes standard
and free-form schedule templates, an automatic tick mark
system, and a powerful cross-referencing capability. PW
TeamMate also integrates popular spreadsheet, word pro-
cessing, and imaging software. There are hypertext links
between documents and applications enabling the auditor to
jump backward through related numbers in reports or spread-
sheets to the original data. The search, cross-referencing, and
retrieval capabilities allow the auditor to automatically cor-
rect errors in all affected documents. The working paper
review features include automatic exception reporting, a
working paper navigation system, and text and voice anno-
tation. For example, the auditor can obtain a directory of all
review notes pertaining to a document. The reporting fea-
tures include key audit point summarization, report draft-
ing, audit status reports, and time summaries. Financial
data is quickly accessed by the sorting and filtering tools. A
standard index provides a branch and node system for all
papers. There is a simultaneous multiuser feature so that
auditors/reviewers can work with the same document set
even if they are working in various locations. PW Team-
Mate improves the quality, productivity, and effectiveness
of the auditor’s work.

Price Waterhouse Controls facilitates the documentation,
evaluation, and testing of internal controls. The software
expedites the collection and summarization of controls in
place, appraises their effectiveness, and identifies areas of
risk exposure. PW Controls can be used by auditors to doc-
ument particular business processes. Control weaknesses
are identified with resultant recommendations for improve-
ment. The auditor can view control effectiveness at differ-
ent levels within the company (e.g., by activity, by business
unit). A comparison and analysis may be made of the rela-
tive control performance of different operating units.

Price Waterhouse Chekhov is a software package that auto-
mates the completion of checklists.

Exhibit 10.3 lists a number of audit software packages.
They contain one or more features previously discussed.

SPREADSHEETS

More than any other product, the electronic spreadsheet
has done more to make the capabilities of microcomputers
evident to the business community. An electronic spread-
sheet allows the user to work with data in a huge number of
rows and columns. The user works with this data in a colum-
nar spreadsheet, a format familiar to accountants. A big
advantage of the spreadsheet is that it eliminates the need
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to perform manual calculations and can perform powerful
computer-aided operations.

The spreadsheet has become a valuable tool in business
planning, since it permits the user to perform what-if scenar-
ios. Inputs can be continuously changed, and the results will
automatically be recalculated throughout the spreadsheet.
Thus, the effect of alternative decisions is easily determined
and planning is greatly facilitated.

The use of templates is another important feature of
spreadsheets. Templates provide the format and contain the
formulas that are used to repeatedly solve various business
applications. Since you do not have to be a programmer to
construct a template, all firms can more easily use the vast
power of the computer to help make better decisions in the
management of a firm.

Major Players and Selection 
Considerations

The chief players in the spreadsheet field have been reduced
to three:

❍ Lotus 1-2-3
Lotus Development Corp.
800-343-5414

❍ Microsoft’s Excel
Microsoft Corp.
800-426-9400

❍ Quattro Pro
Novell
800-453-1267

ACL

ACL Software

604-669-4225

CA-PanAudit Plus/PC

Computer Associates

800-225-5224

Case Ware Working Papers

Case Ware International

416-867-9504

Digital Analysis Tests Statistics

Richland

888-453-1231

ProSystem fx Audit

CCH

800-PFX-9998

Exhibit 10.3 AUDIT SOFTWARE
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In actuality, all the players have the same basic features.
Although a particular feature may currently be lacking in a
specific spreadsheet, it may very well be included in the next
upgrade of that product. Therefore, the decision of which
product to buy should not be based primarily on features.
More importantly, be certain the planned spreadsheet sup-
ports and is compatible with the major applications of your
business. Thus, make sure that the spreadsheet can directly
access your databases and that any macros or templates that
have already been developed are compatible with the pro-
posed acquisition.

Managing Risk Using Fuzzy Analysis
A unique spreadsheet, FuziCalc, takes the computational
complexity out of fuzzy arithmetic. This spreadsheet allows
you to easily incorporate ranges or intervals in your analy-
sis and to assign the ranges different weights.

Implicit in any type of decision analysis is the assump-
tion that judgmental inputs can be accurately represented by
a single precise number. However, it generally is not possi-
ble to quantify judgment with such precision. Most of the
traditional tools for decision analysis are “crisp.” By crisp
we mean that the tools require precise inputs. In contrast,
most of the problems facing managers are “fuzzy,” vague,
or imprecise. Traditionally, managers have incorporated
imprecision in their analysis through probability theory. An
alternate framework, based on the fuzzy set theory, allows
imprecision in data analysis. It allows the decision maker to
benefit from the structure of quantitative decision analysis
without forcing the user to provide very precise numerical
inputs.

From a practical perspective, fuzzy analysis is easy to do
using the FuziCalc spreadsheet. There are no new tech-
niques to learn. Anyone familiar with a conventional
spreadsheet can quickly adapt to the FuziCalc spreadsheet.
All fuzzy data can be represented by “belief graphs.” Belief
graphs are the heart of the FuziCalc spreadsheet. Fuzzy data
inputs are made using belief graphs. The simplest way to
represent a fuzzy number is to use a triangular shape. You
need a minimum of three points to represent any fuzzy
number. A triangular fuzzy number has many practical
applications. To construct a triangular fuzzy number of
sales price, we need to determine the highest, the most
likely, and the lowest sales price. Let’s assume our estimates
for the highest, the most likely, and the lowest sales price
are $35, $25, and $20, respectively. A belief graph of this
fuzzy triangular number can then be constructed as shown
in Exhibit 10.4.

Let’s contrast the fuzzy number in Exhibit 10.4 with the
crisp number 25 in Exhibit 10.5. A crisp number does not
have a range of values; its belief graph is a straight line.
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FuziCalc provides five common shapes to represent
fuzzy data. The five shapes from FuziCalc’s Gallery are
shown in Exhibit 10.6.

The triangular shape was discussed earlier; its use is
appropriate when the user has a single best estimate of the
most likely value and can specify the endpoints of the range.
Sometimes it is not possible for the user to give one best esti-
mate of the most likely value. A trapezoidal fuzzy number
would be most appropriate when only a range of most likely
values can be given. The user may select the multipeaked
shape to represent fuzzy numbers where the low and high
values are more likely than the middle values. The tent
shape is most appropriate where all of the values in the
range have a high possibility of occurring. The rocket shape
might be used when the user believes a wide range exists,
but a narrow range within it has a much better possibility.
The five shapes will be sufficient for the needs of most users.
However, FuziCalc allows users to easily alter the shape to
represent any fuzzy number.

It is possible to add, subtract, multiply, and divide fuzzy
numbers just like regular or crisp numbers. The advantage

Exhibit 10.4 BELIEF GRAPH OF FUZZY TRIANGULAR NUMBER

Exhibit 10.5 BELIEF GRAPH OF CRISP NUMBER

Fuzzy Number
G

ra
de

00

00

00
00 00 00

Value

Fuzzy Number

00

00
00 00

00

Value

G
ra

de

c10.fm  Page 133  Thursday, July 28, 2005  3:39 PM



134 Accounting Packages

of using the FuziCalc spreadsheet is that users do not need to
concern themselves with the complex underlying computations.

FuziCalc’s primary strength is in modeling under uncer-
tainty. Beyond that, FuziCalc offers little to spreadsheet
users. As a spreadsheet, FuziCalc offers only the very basic
features. Users of conventional spreadsheets might even find
working in FuziCalc a little frustrating. Many of the features
that you are accustomed to in conventional spreadsheets are
missing in FuziCalc. Thus, it would be used to supplement
rather than to replace a conventional spreadsheet.

FuziCalc is sold by:
FuziWare, Inc.
800-472-6183

ABC SOFTWARE

An activity-based costing (ABC) system accumulates costs
on the basis of production or service activities at a firm.
Basically it assigns costs by activity and links them to spe-
cific products. It is argued that the resulting cost data is
much more realistic and precise as compared to the data
obtained from a traditional costing system.

Aided by computer software designed for ABC, the man-
agement accountant can more easily and accurately accu-
mulate cost information and perform what-if testing. With
this data, management is in a better position to evaluate and
make decisions regarding its operations and products.

There is a good deal of software that the management
accountant can use to aid in accumulating cost data. Some
software products are actually spreadsheet applications; oth-
ers are modules of mainframe packages. All these packages
are for use on a personal computer and most are designed
for activity-based costing or activity-based management.
Exhibit 10.7 separates these packages into two categories:
Those developed by independent vendors, and those sup-
ported or developed by a big-four CPA firm. It should be
noted that some products include consulting support as
part of the overall package.

Exhibit 10.6 COMMON SHAPES OF FUZZY DATA

Shape
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Price Waterhouse’s ACTIVA is a comprehensive ABC,
profitability, and performance management software tool.
Its features and capabilities include budgeting and planning,
product costing and pricing, cost management and analysis,
decision support, process improvement, activity-based man-
agement, and variance determination and evaluation. Devel-
oped using state-of-the-art client/server technology, its
additional features include capital investment analysis, pro-
duction sourcing, distribution logistics, and foreign currency
appraisal. ACTIVA aids in measuring the profitability by
customer, product, service, market, process, and distribution
channel. ACTIVA can support many users conducting
diverse applications in multiple locations worldwide. The
software contains sophisticated security features.

Independent Vendors

Acorn Systems Cost

Analyzer

Acorn Systems

800-98-ACORN

ABM Tools

Decimal Technologies, Inc

877-abm-tool

Activity Analyzer

Lead Software

630-351-5155

QUOTE-A-PROFIT

Manufacturing Management Systems, Inc.

916-428-4068

People Soft Activity-Based Management

PeopleSoft, Inc

800-386-7638

Big-Four CPA Firms

TR/ACM

Deloitte & Touche

617-261-8615

ACTIVA

Price Waterhouse

314-425-0500

The Profit Manager Series

KPMG Peat Marwick

313-983-0321

ABCost Manager

Coopers & Lybrand

312-701-5783

EXHIBIT 10.7 ABC SOFTWARE
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Lead Software’s Activity Analyzer assigns activities to
cost objects and calculates by activity costs and profitability.
Profitability may be determined by product, service, cus-
tomer, and territory.

ABC helps in determining what a product or process
should cost, areas of possible cost reduction, and value-
added versus nonvalue-added aspects. Activity-based cost-
ing is beneficial in appraising value-chain functions. Further,
costs are a function of their consumption factors such as num-
ber of employees, units produced, labor hours, and so on.

❍ Online advisors are very helpful sources of informa-
tion, such as the CPA Software Review Web site
(www.cpasoftwarenews.com) and Accounting Soft-
ware Advisor (www.accountingsoftwareadvisor.com)
for reviews of various accounting-related software.

❍ Software vendors come and go. Software titles, ven-
dor names, and telephone numbers are subject to
change. Always check for up-to-date information
using search engines such as MSN Search and Google.

EXTENSIBLE BUSINESS REPORTING 
LANGUAGE (XBRL)

There are too many data formats on the Internet, so users
are prevented from analyzing financial information without
many labor-intensive conversions. Excessive time is
devoted to extracting useful information from available
accounting and financial data. Further, time is wasted
rekeying the same information into a spreadsheet. For
example, data in the Securities and Exchange Commission’s
(SEC) database referred to as the Electronic Data Gathering,
Analysis, and Retrieval System (EDGAR) cannot be
imported directly into spreadsheets. EDGAR performs
automated collection, validation, indexing, acceptance, and
forwarding of submissions by companies and others who
are required by law to file forms with the SEC. The compar-
ison of numbers and ratios requires significant effort and
very time-consuming rekeying.

Extensible Business Reporting Language (XBRL) makes
financial information available in an easy-to-use format on
the Internet. Formerly code named XFRML, a freely available
electronic language for financial reporting, it is an XML-
based framework that provides the financial community with
a standards-based method to prepare, publish in a variety of
formats, reliably extract, and automatically exchange finan-
cial statements of publicly held companies and the informa-
tion they contain. XBRL is not about establishing new
accounting standards but enhancing the usability of the ones
that we have through the digital language of business. XBRL
does not require additional disclosure from companies to
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outside audiences. This new language allows the financial
community to communicate in a universal language.

How Companies Create XBRL Statements
Accounting software vendors put XBRL tags in their
accounting systems to allow users to cross-reference their
accounts to this framework, enabling a more efficient
reporting process and a more meaningful experience for the
users of financial information. Some of the most popular
accounting software companies have already announced
their plans to provide XBRL output in financial statements.
The list includes SAP, Oracle, Great Plains, and ACCPAC.
There are more than 50 companies in the United States and
about 150 companies globally involved in the development
and adoption of XBRL. On March 5, 2002, Microsoft became
the first major corporation to publish its financial statements
on the Internet using the XBRL framework.

Applications of XBRL
There are many accounting, financial, and business applica-
tions of XBRL including:

❍ Automating business reporting.
❍ Financial statement preparation and analysis. For

example, XBRL financial statements on a company’s
Web site can go directly into Microsoft Excel so that
rekeying is not required.

❍ Auditing of financial statements.
❍ Managing and distributing accounting data.
❍ Consolidating and reporting data to regulatory bodies.
❍ Collecting and updating financial data on borrowers

such as by accessing the borrower’s Web page.
❍ Assessing credit risk.
❍ Integrating investment information.
❍ Communicating financial performance to users of

financial statements.
❍ Internal management reporting such as cost control

and analysis.

There are several very useful XBRL products for accoun-
tants such as Pricewaterhouse Cooper’s Edgar Scan, which is an
interface to SEC EDGAR filings. Edgar Scan takes filings
from the SEC’s servers and breaks them down automatically
to find key financial tables and standardizes financials to a
common format for all companies. Using hyperlinks, users
of financial reports can access specific sections of the filing
including the financial statements, footnotes, extracted
financial information, and relevant financial ratios. Tables of
financial information and comparisons can be downloaded
as Excel charts. Edgar Scan’s XBRL Query Service converts
extracted SEC filing information into XBRL instances. This
HTTP service makes XBRL data available for in excess of 500

c10.fm  Page 137  Thursday, July 28, 2005  3:39 PM



138 Accounting Packages

of the largest U.S. businesses. Financial statement preparers
and users can request the XBRL data on these companies
or other information about this product from Pricewater-
house Coopers at http://edgarscan.pwcglobal.com/XBRL
or e-mail edgar@uspwcglobal.com.

XBRL-enabled applications include the following:

❍ Federal Deposit Insurance Corporation’s (FDIC) new
Call Report System, XBRL based.

❍ One Source Information Services (www.onesource.
com) is the first provider to deliver a fully NET-
enabled Web service for XBRL information on U.S.
companies.

❍ The Tokyo Stock Exchange accepts company finan-
cial summary filings in XBRL.

XBRL vendors include Decision Soft (http://xbrl.decision
soft.com), Semansys Technologies (www.semansys.com),
Universal Business’s Matrix (http://www.ubmatrix.com),
Navision (www.navision.com), Hyperion Solutions (www.
hyperion.com), Corel (www.corel.com), Oracle (www.oracle.
com), SAP (www.sap.com), CaseWare International (www.
caseware.com), People Soft (www.peoplesoft.com), SYSPRO
(www.syspro.com), Creative Solutions (www.creativesolutions
.com), ACCPAC (www.accpac.com), and XBI Software
(www.xbisoftware.com).

VALUE-CHAIN MANAGEMENT 
SOFTWARE

Firms employ a wide variety of software systems to process
information and improve the operation of the value chain.
They are enterprise resource planning (ERP) systems, sup-
ply-chain management (SCM) systems, and customer rela-
tionship management (CRM) systems.

Enterprise Resource Planning (ERP) 
Systems

Enterprise resource planning (ERP) systems grew out of
material requirements planning (MRP) systems that have
been used for more than 20 years. MRP systems computer-
ize inventory control and production planning. Key fea-
tures include an ability to prepare a master production
schedule, a bill of materials, and purchase orders. ERP sys-
tems update MRP systems with better integration, rela-
tional databases, and graphical user interfaces. Features
now encompass supporting accounting and finance, human
resources, and various e-commerce applications including
SCM and CRM.

Are you faced with the challenge of selecting an ERP
application? It’s a time-consuming process for IT/IS manag-
ers to assess application vendors, then compare what they
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are offering to what the organization needs. We’ve designed
these lists to expedite the process and to help ensure that
you touch all the bases as you investigate each vendor.

DATABASE AND NETWORK

❍ How many user licenses are required?
❍ Is the ERP designed to work with different RDBMSs

(relational database management systems) such as
Oracle, Sybase, and Informix?

❍ Does the vendor have any built-in programs to han-
dle integration?

❍ How will the data warehousing aspects be
addressed?

❍ What is the maximum time it takes for uploading the
remote data?

❍ What is the minimum time it takes for uploading the
remote data?

❍ Does the software support distributed data processing?
❍ Does the software support a parallel processing

option?
❍ Has the vendor had any problems in the past regard-

ing concurrency?
❍ Does the software have an audit trail on key transac-

tions?
❍ How many security layers have been incorporated

into the software?
❍ What kind of networking protocols does the software

support?
❍ Does the software support various data types such as

BLOB (Binary large object)?
❍ What is the largest database the vendor has handled

so far for the modules you’re interested in?
❍ What is the smallest database handled by the vendor

so far for the modules you’re interested in?

IMPLEMENTATION

❍ Has the vendor implemented sites in this region?
❍ Has the vendor implemented ERP in your industry

segment?
❍ Has the vendor implemented the same modules that

your organization needs?
❍ Will there be immediate delivery of the product?
❍ Does the vendor have a specific implementation plan?
❍ How long did it take for the vendor to implement the

same modules elsewhere?
❍ How many years of experience does the vendor have

with implementation?
❍ Does the vendor have good project plan initiatives?
❍ Does the vendor have a good implementation team

with the required skills?
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❍ Does the vendor have the certification of excellence
given by other customers?

❍ What is the minimum implementation time for the
modules you’ve chosen?

❍ What is the maximum implementation time for the
modules you’ve chosen?

BUSINESS PROCESSES

❍ Does the vendor promise any reduction in lead times
of those business processes in which you have some
interest?

❍ What is the minimum processing time for MRP (mate-
rial requirement planning)?

❍ What is the maximum processing time for MRP?
❍ What is the minimum processing time for MPS (mas-

ter production schedule)?
❍ What is the maximum processing time for MPS?
❍ Does the software optimize the business processes

after implementation?
❍ Does the software use a built-in business process

modeler?

HARDWARE AND SOFTWARE

❍ What kind of hardware support does the vendor offer?
❍ How many years of experience does the vendor have

with the hardware/software that will be used for
your project?

❍ Who are the alliance partners for the hardware sup-
port?

❍ What is the upgrade support for the software?
❍ Does the software have any interface to support the

latest technology?
❍ How is the vendor maintaining the documentation

for the software?
❍ Is the software Web enabled?
❍ Will the software be implemented in modules?
❍ Will the software be purchased in modules?
❍ Will the software accounting adhere to international

standards and to each country’s standards?
❍ How many operating systems does the software sup-

port?
❍ Does the software allow posting of transactions both

in batch mode and online?
❍ Does the software support multilingual operation?

SUPPORT

❍ What support will the vendor provide after imple-
mentation?

❍ If the vendor is not in your country, how is support
provided?
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❍ How much time will the vendor devote to ERP train-
ing for end users?

❍ Describe the UI (user interface)/GUI (graphical user
interface) package support and how each will give
end users ease of operation.

❍ Did the vendor complete any customization at any
previously implemented sites? (Describe by percent-
age and modules.)

❍ How will the vendor complete report customization?
❍ Does the software have any built-in programs to han-

dle data conversions?
❍ Is the front-end application developed using propri-

etary software?
❍ Is the customization cost included in the ERP cost?
❍ Can the vendor give approval for accessing other cus-

tomers’ data?
❍ Does the vendor have any test data built into the soft-

ware for proper training?
❍ If any bugs are found in the software during or after

implementation, what is the replacement support?
❍ Is the vendor ready to work with third-party tools

and software?

Supply-Chain Management (SCM) 
Systems

Supply-chain management (SCM) is the organization of
activities between a company and its suppliers in an effort
to provide for the profitable development, production, and
delivery of goods to customers. By sharing information,
production lead times and inventory holding costs have
been reduced, while on-time deliveries to customers have
been improved. SCM software systems support the plan-
ning of the best way to fill orders and help tracking of prod-
ucts and components among companies in the supply
chain. Wal-Mart and Procter & Gamble (P&G) are two com-
panies that have become well known for their cooperation
in the use of SCM. When P&G products are scanned at a
Wal-Mart store, P&G receives information on the sale via
satellite and thus knows when to make more product and
the specific Wal-Mart stores to which the product should be
shipped. Related cost savings are passed on, at least in part,
to Wal-Mart customers.

Customer Relationship Management 
Systems (CRM)

Customer relationship management (CRM) systems auto-
mate customer service and support. They also provide for
customer data analysis and support e-commerce store-
fronts. While CRM is constantly evolving, it has already led
to some remarkable changes in the way companies interact
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with customers. For example, Federal Express allows cus-
tomers to track their packages on the Web. This service is
becoming commonplace, but it did not exist 10 years ago.
Amazon.com uses CRM technology to make suggestions to
customers based on their personal purchase histories. The
ultimate development of CRM remains to be seen, but
undoubtedly mobile communication will play a significant
role. Many companies are already experimenting with sys-
tems to send messages to cell phone users that offer them
special discounts and buying opportunities.

CRM systems are designed to manage all the data related
to customers such as marketing, field service, and contact
management data. Over the course of the past year, CRM
has become the primary focus of IS managers and CIOs
responsible for prioritizing new systems acquisitions. CRM
has also become the focus of ERP vendors who realize the
need to tap into this growing market and to integrate CRM
data with the other data already residing within the ERP
system’s database.

The concept behind CRM is that better customer service
means happier customers and greater sales, particularly
repeat sales. Part of the service concept is field service sup-
port and contact management. Contact management facili-
tates the recording and storing of information related to
each contact a salesperson has with a client and the context
of the conversation or meeting. Additionally, each time the
client makes contact regarding queries or service help, this
information is also recorded. The result is that a salesperson
can review all the historical information before calling on a
customer and can be better prepared to provide that cus-
tomer with targeted products and services. These systems
also support the recording information about the customer
contact such as spouse’s name, children, hobbies, and so on,
facilitating the salesperson in making quality contact with
the customer.

At the same time, the software supports the organizing
and retrieving of information on historical sales activities
and promotions planning. This facilitates the matching of
sales promotions with customers’ buying trends. It is a par-
ticularly crucial area for integration with any existing ERP
system because much of the information necessary to sup-
port sales analyses comes from the recording of sales event
data in the ERP system.

A third area that is prevalent in CRMs is support for cus-
tomer service, particularly for phone operators handling
customer support call-in centers. For many organizations,
phone operators who have not had previous contact with
the customer handle the bulk of customer service activities.
The CRM quickly provides the phone operator with the
information on the customer’s history and usually links the
operator with a database of solutions for various problems
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that a customer may be inquiring about. These solutions
may simply be warranty or contract information, or at a
more complex level, solutions to operations or maintenance
problems on machinery or equipment. All this information
can be efficiently stored for quick retrieval by the system’s
user.

Note: In today’s mobile environment, phones, PDAs, and
other devices will be connected by a variety of wireless
technologies and will become mandatory for corporate
communications with customers and employees. Mobile
applications provide opportunities to interact with custom-
ers in new ways, in new places, and at new times. Adding
mobility and immediacy to an application can be powerful:
It offers the potential for new products and services, busi-
ness process improvements, cost savings, and improved
response times. A list of CRM software providers can be
found in Appendix B.

COMPLIANCE SOFTWARE

In July 2002, the U.S. Congress passed the Sarbanes-Oxley
Act, the most significant change to U.S. business regulations
in 70 years. The act creates tough new penalties for corpo-
rate fraud, prevents accounting firms from offering consult-
ing services to audit clients, and places restrictions on
financial analysts. Section 404 (Management Assessment of
Internal Controls) requires each annual report of an issuer
to contain an internal control report that shall:

1. State the responsibility of management for establish-
ing and maintaining an adequate internal control
structure and procedures for financial reporting; and

2. Contain an assessment, as of the end of the issuer’s
fiscal year, of the effectiveness of the internal control
structure and procedures of the issuer for financial
reporting.

Technologies That Can Assist 
with Compliance

Much of compliance is a matter of putting rules in place and
ensuring that they are followed. Technology can provide
the solutions to the corporate governance and compliance
problem. It includes computer software for business intelli-
gence, business process management, document manage-
ment, e-mail management, financial and accounting
software, and enterprise resource planning (ERP). Appen-
dix A provides a guide to compliance software.

❍ Business intelligence: Regulatory requirements for
real-time disclosure of factors that affect financial
performance mean that executives need access to

c10.fm  Page 143  Thursday, July 28, 2005  3:39 PM



144 Accounting Packages

timely, relevant data from all areas of the business.
By drilling down into financial and company data
and providing sophisticated reporting and analysis
tools, business intelligence software can help ensure
the accessibility of information.

❍ Business process management (BPM): Businesses have
traditionally been built around functional silos, mak-
ing it difficult to share information and obtain a con-
sistent, enterprise-wide view. By extracting business
processes from the underlying application code into
an independent management layer, BPM software
can help improve visibility.

❍ Document management: New corporate governance
standards mean that companies need an efficient sys-
tem for storing and retrieving important records and
documents. Software packages that maintain audit
trails of documents and set controls over how, where,
and for how long files are stored can help companies
meet these obligations.

❍ E-mail management: As the volume of e-mail continues
to soar, the logistics of storing essential e-mails and
being able to retrieve them quickly becomes increas-
ingly complex. And with new regulatory requirements
around internal controls and disclosure obligations,
the need for comprehensive e-mail management soft-
ware becomes ever more compelling.

❍ Financial and accounting software: To help comply with
new standards such as Sarbanes-Oxley, many vendors
are giving their traditional financing and accounting
software a boost with modules that help with risk
management, more accurate budgeting and forecast-
ing, financial analysis, and the establishment of inter-
nal financial controls.

❍ Enterprise resource planning (ERP): ERP software can
give organizations a consistent financial view across
all divisions, thereby helping to maintain the accu-
racy of financial information. Many ERP providers
are adding modules to their software to assist with
compliance with Sarbanes-Oxley and other corporate
governance standards.
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CHAPTER 11

FINANCIAL MANAGEMENT INFORMATION 
SYSTEMS AND PACKAGES

A FINANCIAL MANAGEMENT 
INFORMATION SYSTEM

Finance has been an important functional area for virtu-
ally all types of organizations. The finance area monitors
cash flow and profitability. Well-conceived financial infor-
mation systems are capable of providing financial manag-
ers with timely information, which is vital to success in
today’s competitive global economy. History has witnessed
the results of poor financial decisions. Banks and savings
institutions have gone into bankruptcy because of bad deci-
sions and unfavorable economic conditions. Companies with
too much debt and leverage have also gone bankrupt. On
the contrary, good financial decisions have resulted in
growing and prosperous organizations.

A financial management information system provides
financial information to all financial information to all finan-
cial managers within an organization. Specifically, the finan-
cial MIS assists financial managers in performing their
responsibilities, which include the following:

❍ Financial analysis and planning: Analyzing historical
and current financial activity and determining the
proper amount of funds to employ in the firm; that is,
designating the size of the firm and its rate of growth.

❍ Investment decisions: Allocating funds to specific
assets (things owned). The financial manager makes
decisions regarding the mix and type of assets
acquired, as well as modification or replacement of
assets.

❍ Financing and capital structure decisions: Projecting
future financial needs and raising funds on favorable
terms; that is, determining the nature of the com-
pany’s liabilities (obligations). For instance, should
funds be obtained from short-term or long-term
sources?
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❍ Management of financial resources: Monitoring and con-
trolling the use of funds over time and managing
cash, receivables, and inventory to accomplish higher
returns without undue risk.

Exhibit 11.1 shows the inputs, function-specific subsystems,
and outputs of a financial MIS.

INPUTS TO THE FINANCIAL 
MANAGEMENT INFORMATION SYSTEM

Decisions supported by the financial MIS require diverse
information needs (see Exhibit 11.1). The sources, both
internal and external, are briefly discussed in the following
sections.

Corporate Strategic Goals and Policies
The strategic plan covers major financial goals and targets.
Earnings growth, loan ratios, and expected returns are some
of the measures that can be incorporated in the strategic
plan. The plan often projects financial needs three to five
years down the road. More specific information needs, such
as expected financing needs, the return on investment (ROI)
for various projects, and desired debt-to-equity ratios,
evolve directly from the strategic plan.

The Transaction Processing System
Important financial information is captured by a number of
internal accounting systems. One is the order entry system,
which enters the orders into the accounting system. Another
is the billing system, which sends bills or invoices to custom-
ers. A third is the accounts receivable system, which collects
the funds. Other key financial information is also collected
from almost every transaction processing application—pay-
roll, inventory control, accounts payable, and general led-
ger. Many financial reports are based on payroll costs, the
investment in inventory, total sales over time, the amount of
money paid to suppliers, the total amount owed to the com-
pany from customers, and detailed accounting data.

Inputs Subsystems Outputs

Strategic goals Financial forecasting Financial forecasts

Transaction 
processing system

Financial data from 
departments 
(profit/loss and 
costing)

Funds management

Internal accounting Financial budget 
planning, and 
control

External sources Financial intelligence

Exhibit 11.1 OVERVIEW OF A FINANCIAL MIS
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External Sources
Information from and about the competition can be critical
to financial decision making. Annual reports and financial
statements from competitors and general news items and
reports can be incorporated into MIS reports to provide
units of measure or as a basis of comparison.

Government agencies also provide important economic
and financial information. Inflation, consumer price indexes,
new housing starts, and leading economic indicators can
help a company plan for future economic conditions. In addi-
tion, important tax laws and financial reporting require-
ments can also be reflected in the financial MIS.

FINANCIAL MIS SUBSYSTEMS 
AND OUTPUTS

Financial decisions are typically based on information gen-
erated from the accounting system. Depending on the orga-
nization and its needs, the financial MIS can include both
internal and external systems that assist in acquiring, using,
and controlling cash, funds, and other financial resources.
The financial subsystems, discussed below, include finan-
cial forecasting, profit/loss and cost systems, and financial
intelligence systems. Each subsystem interacts with the
transaction processing system is a specialized, functionally
oriented way and has informational outputs that assist
financial managers in making better decisions. The outputs
are financial forecasts, management of funds reports, finan-
cial budgets, and performance reports such as variance
analysis used for control purposes.

Financial Forecasting
Financial forecasting, the process of making predictions on
the future growth of products or the organization as a
whole, is based on projected business activity. For example,
expected sales of goods and services can be converted into
expected revenues and costs. The sales price per unit and
production cost factors can be multiplied by the number of
units expected to be sold in order to arrive at a forecasted
value for revenues and costs. Fixed costs, such as insurance,
rent, and office overhead, are estimated and used to deter-
mine expected net profits on a monthly, quarterly, or yearly
basis. These estimates are then incorporated into the finan-
cial MIS. The financial forecasting subsystem relies on input
from another functional subsystem (namely, the marketing
forecasting system) to determine projected revenues.

Having an estimate of future cash flows can be one of the
first steps for sound financial management. Financial man-
agers and executives use this valuable information to project
future cash needs. For instance, an organization’s managers
will know in advance that in some months additional cash
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might be required, whereas in other months excess cash will
have to be invested. Improperly managed cash flow is one
of the major causes of business failure and bankruptcy.
Financial forecasting can help financial executives avoid
cash flow problems by predicting cash flow needs.

Profit/Loss and Cost Systems
Two specialized financial functional systems are profit/loss
and cost systems. Revenue and expense data for various
departments is captured by the transaction processing sys-
tem (TPS) and becomes a primary internal source of finan-
cial information. Many departments within an organization
are profit centers, which means they track total expenses,
revenues, and net profits. An investment division of a large
insurance or credit card company is an example of a profit
center. Other departments may be revenue centers, which
are divisions within the company that primarily track sales
or revenues, such as marketing or sales departments. Still
other departments may be cost centers, which are divisions
within a company that do not directly generate revenue,
such as manufacturing or research and development. These
units incur costs with little or no revenues. Data on profit,
revenue, and cost centers is gathered (mostly through the
TPS but sometimes through other channels as well), sum-
marized, and reported by the financial MIS.

Financial Intelligence
Financial intelligence is responsible for gathering data and
information from stockholders, the financial community,
and the government. Since the financial function controls
the money flow through the firm, information is needed to
expedite this flow. The day-to-day flow of money—from
customers to vendors—is controlled by the internal account-
ing subsystem. The financial intelligence subsystem is con-
cerned with flows other than those involved in daily
operations. This system seeks to identify the best sources of
additional capital and the best investments of surplus funds.

Most of the information flows from the firm to the
stockholders in the form of annual and quarterly reports.
Stockholders have an opportunity to communicate infor-
mation (complaints, suggestions, ideas, etc.) to the firm
through the stockholder relations department. Also, once a
year an annual stockholders’ meeting is held where stock-
holders can learn firsthand what the firm is doing. Very
often, stockholders use these meetings as an opportunity to
communicate directly with top management. Information
gathered informally from stockholders is seldom entered
into the computerized system, but it is disseminated by
verbal communication and written memos to key execu-
tives in the firm.

The relationship between the firm and the financial com-
munity also receives attention from financial management.
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There should be a balanced flow of money through the firm,
but this equilibrium is not always achieved. At times addi-
tional funds are needed or investments of surplus funds are
desired. It is the responsibility of the financial intelligence
subsystem to compile information on sources of funds and
investment opportunities. An important indirect environ-
mental effect influences this money flow through the firm.
The federal government controls the money market of the
country through the Federal Reserve System. There are var-
ious means of releasing the controls to expedite the money
flow and of tightening the controls to reduce the flow.

The firm therefore must gather information from both
financial institutions and the Federal Reserve System. This
information permits the firm to remain current on national
monetary policies and trends and possibly to anticipate
future changes. A variety of publications can be used for
this purpose. They are prepared by both the financial insti-
tutions and the government. Two examples are the Monthly
Economic Letter prepared by the City Bank of New York and
the Federal Reserve Bulletin prepared by the Federal Reserve
System.

In addition to the need to acquire funds, the firm fre-
quently must invest surplus funds on either a short- or
long-term basis. These funds can be invested in a number of
different ways—in U.S. Treasury securities, commercial
paper, or certificates of deposit (CDs). Since the terms and
rates of return for some of these vary over time, it is neces-
sary to monitor these rates continually so that the optimum
investment can be made when needed.

Gathering information from the financial environment is
the responsibility of the financial intelligence subsystem. As
with the other two functional intelligence subsystems, the
information is usually handled outside the computer sys-
tem. This subsystem is one area where computer use could
improve.

Two major financial dailies are worth mentioning as a
great source of financial intelligence: The Wall Street Journal
(WSJ) and Investor’s Business Daily (IBD). The WSJ contains
news of happenings throughout the business community. It
provides especially informative descriptions of the eco-
nomic environment in which businesses operate. Simply by
reading a periodical such as the WSJ, you can keep up with
many of the important environmental influences that shape
a manager’s decision strategy.

Each day the front page contains a “What’s News” sec-
tion in columns 2 and 3. The “Business and Finance” column
offers a distillation of the day’s major corporate, industrial,
and economic news. The “World-Wide” column captures the
day’s domestic and international news developments. “Spe-
cial Reports” appears in column 5 each day. On Monday,
“The Outlook” provides an economic overview, analyzing
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the economy from every conceivable angle. On Tuesday, the
“Labor Letter” addresses work news of all kinds—govern-
ment policy, management, unions, labor relations, and per-
sonnel. Wednesday brings the “Tax Report,” which alerts
readers to new tax trends. The “Business Bulletin” appears
each Thursday and tries to spot emerging trends. The idea is
to make information available while managers can still act
on it. Finally, every Friday brings the “Washington Wire,”
providing an interpretation of government policy and its
possible impacts on business.

Published by William O’Neil & Co., Inc., Investor’s Busi-
ness Daily reports daily coverage of (1) “The Top Story”—the
most important news event of the day, (2) “The Economy”—
a sophisticated analysis of current economic topics and gov-
ernment economic reports, (3) “National Issue/Business”—
a major national and business issue of our time, (4) “Leaders
& Success”—profiles of successful people and companies,
(5) “Investor’s Corner”—coverage of a wide variety of per-
sonal finance topics including investment ideas, and (6)
“Today’s News Digest”—35 to 40 brief but important news
items of the day.

Funds Management
Funds management is another critical function of the finan-
cial MIS. Companies that do not manage and use funds
effectively produce lower profits or face possible bank-
ruptcy. Outputs from the funds management subsystem,
when combined with other aspects of the financial MIS, can
locate serious cash flow problems and help the company
increase returns. Internal uses of funds include additional
inventory, new plants and equipment, the acquisition of
other companies, new computer systems, marketing and
advertising, raw materials, and investments in new prod-
ucts. External uses of funds are typically investment
related. On occasion, a company might have excess cash
from sales that is placed into an external investment. Cur-
rent profitability is only one important factor in predicting
corporate success; current and future cash flows are also
essential. In fact, it is possible for a profitable company to
have a cash crisis; for example, a company with significant
credit sales but a very long collection period may show a
profit without actually having the cash from those sales.

Financial managers are responsible for planning how
and when cash will be used and obtained. When planned
expenditures require more cash than planned activities are
likely to produce, financial managers must decide what to
do. They may decide to obtain debt or equity funds or to
dispose of some fixed assets or a whole business segment.
Alternatively, they may decide to cut back on planned activ-
ities by modifying operational plans, such as ending a spe-
cial advertising campaign or delaying new acquisitions, or
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to revise planned payments to financing sources, such as
bondholders or stockholders. Whatever is decided, the
financial manager’s goal is to balance the cash available and
the needs for cash over both the short and the long term.

Evaluating the statement of cash flows is essential if you
are to appraise accurately an entity’s cash flows from oper-
ating, investing, and financing activities and its liquidity
and solvency positions. Inadequacy in cash flow has possi-
ble serious implications, including declining profitability,
greater financial risk, and even possible bankruptcy.

Financial management also involves decisions relating to
source of financing for, and use of financial resources within,
an organization. Virtually all activities and decisions within
an organization are reflected in financial information. One
useful application of a real-time system to financial informa-
tion involves inquiry processing. An online financial infor-
mation system enables immediate response to inquiries
concerning comparisons of current expenditure with bud-
geted expenditure, up-to-date calculations of profit center
contribution, or information required for audit investigation.

The fund management subsystem can prepare a report
showing cash flow for the next 12-month period. The
report can be printed by a mathematical model that uses
the sales forecast plus expense projections as the basis for
the calculation.

Another application of real-time systems to financial
management that has great potential is the area of computer
models for financial planning, which is discussed later.

Financial Budgeting, Planning, 
and Control

More and more companies are developing computer-based
models for financial planning and budgeting, using power-
ful yet easy-to-use financial modeling languages such as Up
Your Cash Flow (discussed in Example 11.3, later in the chap-
ter). The models help not only build a budget for profit
planning but answer a variety of what-if scenarios. The
resultant calculations provide a basis for choice among alter-
natives under conditions of uncertainty. Furthermore, bud-
get modeling can also be accomplished using spreadsheet
programs such as Microsoft’s Excel.

In this section we will illustrate the use of spreadsheet
software such as Excel and stand-alone packages such as Up
Your Cash Flow to develop a financial model. For illustrative
purposes, we will present:

❍ Three examples of projecting an income statement
❍ Forecasting financial distress with Z-score
❍ Forecasting external financing needs—the percent-of-

sales method
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Exhibit 11.4 presents a spreadsheet for the income state-
ment for the next three years.

A budget is a tool for both planning and control. At the
beginning of the period, the budget is a plan or standard; at
the end of the period, it serves as a control device to help
management measure its performance against the plan so
that future performance may be improved. Each manager with

EXAMPLE 11.1 PROJECTING AN INCOME STATEMENT

Given:
Sales for 1st month = $60,000
Cost of sales = 42% of sales, all variable
Operating expenses = $10,000 fixed plus 5% of sales
Taxes = 30% of net income
Sales increase by 5% each month

(a) Based on this information, Exhibit 11.2 presents a
spreadsheet for the contribution income statement for
the next 12 months and in total.
(b) Exhibit 11.3 shows the same in assuming that sales
increase by 10% and operating expenses = $10,000 plus
10% of sales. This is an example of what-if scenarios.

EXAMPLE 11.2 THREE-YEAR INCOME PROJECTION

Delta Gamma Company wishes to prepare a three-year
projection of net income using the following information:

1. 2005 base year amounts are as follows:
Sales revenues $4,500,000
Cost of sales 2,900,000
Selling and administrative expenses 800,000
Net income before taxes 800,000

2. Use the following assumptions:

❍ Sales revenues increase by 6% in 2006, 7% in
2007, and 8% in 2008.

❍ Cost of sales increase by 5% each year.
❍ Selling and administrative expenses increase

only 1% in 2006 and will remain at the 2006
level thereafter.

❍ The income tax rate = 46%.

EXAMPLE 11.3 DEVELOPING A BUDGET

Based on specific assumptions (see Exhibit 11.5), develop
a budget using Up Your Cash Flow (see Exhibit 11.6).
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DELTA GAMMA COMPANY 
THREE-YEAR INCOME PROJECTIONS 

(2005–2008)

2005 2006 2007 2008

Sales $4,500,000 $4,770,000 $5,103,900 $5,512,212

Cost of sales $2,900,000 $3,045,000 $3,197,250 $3,357,113

Gross profit $1,600,000 $1,725,000 $1,906,650 $2,155,100

Selling & adm. exp. $ 800,000 $ 808,000 $ 808,000 $ 808,000

Earnings before tax $ 800,000 $ 917,000 $1,098,650 $1,347,100

Tax $ 368,000 $ 421,820 $ 505,379 $ 619,666

Earnings after tax $ 432,000 $ 495,180 $ 593,271 $ 727,434

Exhibit 11.4 PROJECTED INCOME STATEMENT

Category Assumptions

Sales: alternative 1 from Book up your cash 
flow

Cost of goods sold: Use 45% of sales

Advertising: 59% of sales

Automobile: Company has 4 autos @ 1,500 each 
4 × 1,500 = –6,000 ÷ 12 = 1,500 per month

Bad debts: Maintain @ 29% of sales – I hope

Business promotion: Prior year was $65,000. 10% increase 
equals $71,500 ÷ 12

Collection costs: Use 1,000 per month

Continuing education: $10,000 for year = ÷ 12

Depreciation: $84,000 for year - use 7,000 per month

Donations: $10,000 for year = ÷ 12

Insurance-general: agent said $24,000, use 2,000 per month

Insurance-group: 15 employees @ 1,500 ea. = 22,500 ÷ 12 
= month

Insurance-life: 600 per month

Interest: expect to borrow 250 m @ 15% = 37,500  
÷ 12 = 3,125 per month + other 
borrowings

Office supplies: 2% of sales - and keep it there please!

Rent: 4,000 per month

Repairs and 
maintenance:

Use 400 per month

Salaries: Schedule the payroll per month

Taxes and license: Prior year was 1.5% of sales, use same 
this year.

Taxes, payroll: 20% of monthly payroll

Telephone-utilities: $29,000 last year. Use 33,000 ÷ 12 Travel - 
use $1,000 per month.

Exhibit 11.5 BUDGET ASSUMPTION

c11.fm  Page 155  Thursday, July 28, 2005  3:39 PM



156

Ja
n

.
Fe

b
.

M
a

r.
A

p
r.

M
a

y
Ju

ne
Ju

ly
A

u
g

.
Se

p
t.

O
c

t.
N

o
v.

D
e

c
.

 T
o

ta
l

Sa
le

s
$1

29
,0

30
$1

29
,0

30
$1

29
,0

30
$1

29
,0

30
$1

92
,6

10
$1

92
,6

10
$1

62
,6

90
$1

29
,0

30
$1

92
,6

10
$1

29
,0

30
$1

62
,6

90
$1

92
,6

10
$1

,8
70

,0
00

C
o

st
 o

f 
sa

le
s 

@
 4

5%
58

,0
63

58
,0

63
58

,0
63

58
,0

63
86

,6
75

86
,6

75
73

,2
11

58
,0

63
86

,6
75

58
,0

63
 7

3,
21

1
86

,6
75

84
1,

50
0

G
ro

ss
 p

ro
fit

70
,9

67
70

,9
67

70
,9

67
70

,9
67

10
5,

93
5

10
5,

93
5

89
,4

79
70

,9
67

10
5,

93
5

 7
0,

96
7

89
,4

79
10

5,
93

5
1,

02
8,

50
0

A
d

ve
rt

is
in

g
 

@
 5

%
6,

45
0

6,
45

0
6,

45
0

6,
45

0
9,

60
0

9,
60

0
8,

10
0

6,
45

0
9,

60
0

6,
45

0
 8

,1
00

10
,0

50
93

,7
50

A
u

to
m

o
b

ile
50

0
50

0
50

0
50

0
50

0
50

0
50

0
50

0
50

0
50

0
50

0
 5

00
6,

00
0

Ba
d

 d
e

b
ts

 
@

 2
%

2,
58

0
2,

58
0

2,
58

0
2,

58
0

3,
84

0
3,

84
0

3,
24

0
2,

58
0

3,
84

0
2,

58
0

 3
,2

40
3,

92
0

37
,4

00

Bu
sin

e
ss

 
p

ro
m

o
tio

n
s

5,
95

8
5,

95
8

5,
95

8
5,

95
8

5,
95

8
5,

95
8

5,
95

8
5,

95
8

5,
95

8
5,

95
8

 5
,9

58
5,

96
2

71
,5

00

C
o

lle
c

tio
n

 
c

o
st

s
1,

00
0

1,
00

0
1,

00
0

1,
00

0
1,

00
0

1,
00

0
1,

00
0

1,
00

0
1,

00
0

1,
00

0
 1

,0
00

1,
00

0
12

,0
00

C
o

n
tin

u
in

g
 

e
d

u
c

a
tio

n
1,

00
0

1,
00

0
1,

00
0

1,
00

0
1,

00
0

1,
00

0
1,

00
0

1,
00

0
1,

00
0

1,
00

0
 1

,0
00

1,
00

0
12

,0
00

D
e

p
re

c
ia

tio
n

7,
00

0
7,

00
0

7,
00

0
7,

00
0

7,
00

0
7,

00
0

7,
00

0
7,

00
0

7,
00

0
7,

00
0

7,
00

0
7,

00
0

84
,0

00
D

o
n

a
tio

n
s

83
3

83
3

83
3

83
3

83
3

83
3

83
3

83
3

83
3

83
3

83
7

 1
0,

00
0

D
u

e
s 

&
 

su
b

sc
rip

tio
n

s
83

3
83

3
83

3
83

3
83

3
83

3
83

3
83

3
83

3
83

3
83

3
83

7
10

,0
00

In
su

ra
n

c
e

—
g

e
n

e
ra

l
2,

00
0

2,
00

0
2,

00
0

2,
00

0
2,

00
0

2,
00

0
2,

00
0

2,
00

0
2,

00
0

2,
00

0
 2

,0
00

2,
00

0
24

,0
00

Ex
h

ib
it 

11
.6

BU
D

G
ET

ED
 P

RO
FI

T 
A

N
D

 L
O

SS
 

c1
1.

fm
  P

ag
e 

15
6 

 T
hu

rs
da

y,
 Ju

ly
 2

8,
 2

00
5 

 3
:3

9 
PM



157

In
su

ra
n

c
e

—
g

ro
u

p
1,

87
5

1,
87

5
1,

87
5

1,
87

5
1,

87
5

1,
87

5
1,

87
5

1,
87

5
1,

87
5

1,
87

5
 1

,8
75

1,
87

5
22

,5
00

In
su

ra
n

c
e

—
lif

e
60

0
60

0
60

0
60

0
60

0
60

0
60

0
60

0
60

0
60

0
60

0
60

0
7,

20
0

In
te

re
st

3,
12

5
3,

12
5

3,
12

5
3,

12
5

4,
37

5
4,

37
5

4,
37

5
4,

45
0

4,
45

0
4,

45
0

4,
45

0
 4

,4
50

47
,8

75
Le

g
a

l &
 

a
c

c
o

u
n

tin
g

1,
00

0
1,

00
0

1,
00

0
1,

00
0

1,
00

0
1,

00
0

1,
00

0
1,

00
0

1,
00

0
1,

00
0

 1
,0

00
1,

00
0

12
,0

00

O
ff

ic
e

 
su

p
p

lie
s 

@
 2

%

2,
58

0
2,

58
0

2,
58

0
2,

58
0

3,
84

0
3,

84
0

3,
24

0
2,

58
0

3,
84

0
2,

58
0

 3
,2

40
3,

92
0

37
,4

00

R
e

n
t

4,
00

0
4,

00
0

4,
00

0
4,

00
0

4,
00

0
4,

00
0

4,
00

0
4,

00
0

4,
00

0
4,

00
0

4,
00

0
4,

00
0

 4
8,

00
0

R
e

p
a

irs
40

0
40

0
40

0
40

0
40

0
40

0
40

0
40

0
40

0
40

0
40

0
 4

00
4,

80
0

Sa
la

rie
s

21
,0

00
21

,0
00

21
,0

00
21

,0
00

21
,0

00
21

,0
00

24
,8

33
24

,8
33

24
,8

33
24

,8
33

24
,8

33
 2

4,
83

5
27

5,
00

0
Ta

xe
s 

&
 

lic
e

n
se

 
@

 1
.5

%

1,
93

5
1,

93
5

1,
93

5
1,

93
5

2,
88

0
2,

88
0

2,
43

0
1,

93
5

2,
88

0
 1

,9
35

2,
43

0
2,

89
0

28
,0

00

Ta
xe

s,
 p

a
yr

o
ll

4,
20

0
4,

20
0

4,
20

0
4,

20
0

4,
20

0
4,

20
0

4,
96

6
4,

96
6

4,
96

6
4,

96
6

4,
96

6
 4

,9
70

55
,0

00
Te

le
p

h
o

n
e

—
u

til
iti

e
s

2,
75

0
2,

75
0

2,
75

0
2,

75
0

2,
75

0
2,

75
0

2,
75

0
2,

75
0

2,
75

0
2,

75
0

 2
,7

50
2,

75
0

33
,0

00

Tr
a

ve
l

1,
00

0
1,

00
0

1,
00

0
1,

00
0

1,
00

0
1,

00
0

1,
00

0
1,

00
0

1,
00

0
1,

00
0

1,
00

0
1,

00
0

 1
2,

00
0

P
ro

fit
$(

1,
65

2)
$(

1,
65

2)
$(

1,
65

2)
$(

1,
65

2)
$2

5,
45

1
$2

5,
45

1
 $

7,
54

6
$(

7,
57

6)
$2

0,
77

7
$(

7,
57

6)
$7

,4
71

$2
0,

13
9

$8
5,

07
5

Ja
n

.
Fe

b
.

M
a

r.
A

p
r.

M
a

y
Ju

ne
Ju

ly
A

u
g

.
Se

p
t.

O
c

t.
N

o
v.

D
e

c
.

 T
o

ta
l

Ex
h

ib
it 

11
.6

BU
D

G
ET

ED
 P

RO
FI

T 
A

N
D

 L
O

SS
  

(c
o

n
tin

u
e

d
)

c1
1.

fm
  P

ag
e 

15
7 

 T
hu

rs
da

y,
 Ju

ly
 2

8,
 2

00
5 

 3
:3

9 
PM



158 Financial Management Information Systems & Packages

budget responsibilities receives a monthly report showing
actual expenditures compared with the budget and figures
and appropriate variances so that unusual variances can be
addressed and properly rewarded or penalized.

In addition to the budget, the financial control system
generates a number of performance measures or ratios that
enable managers on all levels to compare their performance
with benchmarks such as standards or targets. There are
quite a few financial or operational ratios. A couple of ratios
are given as an example. One popular ratio is the current
ratio, which measures a firm’s ability to pay short-term bills.

Another popular ratio is the debt ratio, which reveals the
amount of money a company owes to its creditors. Excessive
debt means greater risk to the company. The debt ratio is:

FORECASTING FINANCIAL DISTRESS 
WITH Z-SCORE

There has recently been an increasing number of bankrupt-
cies. Will your company go bankrupt? Will your major cus-
tomers or suppliers go bankrupt? What warning signs exist
and what can be done to avoid corporate failure?

How to Use Prediction Models
Prediction models can help in a number of ways: In merger
analysis, they can help to identify potential problems with a
merger candidate. Bankers and other business concerns can
use them to determine whether to give a new loan (credit)
or extend the old one. Investors can use them to screen out
stocks of companies that are potentially risky. Internal audi-
tors can use prediction models to assess the financial health
of the company. Those investing in or extending credit to a
company may sue for losses incurred. The model can help
as evidence in a lawsuit.

Financial managers, investment bankers, financial ana-
lysts, security analysts, and auditors have been using early
warning systems to detect the likelihood of bankruptcy. But
their system is primarily based on financial ratios of one
type or the other as an indication of financial strength of a
company. Each ratio (or set of ratios) is examined indepen-
dent of others. Plus, it is up to the professional judgment of a
financial analyst to decide what the ratios are really telling.

To overcome the shortcomings of financial ratio analysis,
it is necessary to combine mutually exclusive ratios into a
group to develop a meaningful predictive model. Regression

Current Current assets
Current liabilities
----------------------------------------------- 

 =

Debt ratio Total liabilities
Total assets

---------------------------------------=
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Forecasting Financial Distress with Z-score 159

analysis and multiple discriminant analysis (MDA) are two
statistical techniques that have been used thus far.

Z-Score Model
This section describes the Z-score predictive model, which
uses a combination of several financial ratios to predict the
likelihood of future bankruptcy. If business failure is pre-
dicted, management may take corrective steps to prevent it.
Edward Altman developed a bankruptcy prediction model
that produces a Z-score as follows:

Z = 1.2*X1 + 1.4*X2 + 3.3*X3 + 0.6*X4 + 0.999*X5

where

X1 = Working capital/Total assets
X2 = Retained earnings/Total assets
X3 = Earnings before interest and taxes 

(EBIT)/Total assets
X4 = Market value of equity/Book value of 

debt (Net worth for privately held firms)
X5 = Sales/Total assets

Altman established the following guideline for classifying
firms:

The Z-score is known to be about 90% accurate in fore-
casting business failure one year in the future and about
80% accurate in forecasting it two years in the future. There
are more updated versions of Edward Altman’s model such
as the ZETA model.

Z-score Probability of failure

1.8 or less Very high

3.0 or higher Unlikely

1.81–2.99 Not sure

EXAMPLE 11.4 ALTMAN’S BANKRUPTCY PREDICTION 
MODEL

Navistar International (formerly International Har-
vester), the maker of heavy-duty trucks, diesel engines,
and school buses, continues to struggle. Exhibit 11.7
shows the 23-year financial history and the Z-scores of
Navistar. Exhibit 11.8 presents the corresponding graph.

The graph shows that Navistar International per-
formed at the edge of the ignorance zone (“unsure
area”) for the year 1981. Since 1982, though, the com-
pany started signaling a sign of failure. However, by
selling stock and assets, the firm managed to survive.
Since 1985, the company showed an improvement in its
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160 Financial Management Information Systems & Packages

More Applications of the Z-Score
Various groups of business people can take advantage of
this tool for their own purposes. For example,

❍ Merger analysis: The Z-score can help identify poten-
tial problems with a merger candidate.

❍ Loan credit analysis: Bankers and lenders can use it to
determine if they should extend a loan. Other credi-
tors such as vendors have used it to determine
whether to extend credit.

❍ Investment analysis: The Z-score model can help an
investor in selecting stocks of potentially troubled
companies.

❍ Auditing analysis: Internal auditors are able to use this
technique to assess whether the company will con-
tinue as a going concern.

❍ Legal analysis: Those investing or giving credit to your
company may sue for losses incurred. The Z-score
can help in your company’s defense.

Words of Caution
The Z-score offers an excellent measure for predicting a
firm’s insolvency. But, like any other tool, you must use it
with care and skill. The Z-score of a firm should be looked
upon not for just one or two years but for a number of years.
Also, it should not be used as a sole basis of evaluation.

The Z-score can also be used to compare the economic
health of different firms. Here again, extreme care should
be exercised. Firms to be compared must belong to the same
market. Also, Z-scores of the same periods are to be com-
pared. For further reference, see Kyd, Charles W., “Fore-
casting Bankruptcy with Z Scores.” Lotus, September 1985,
pp. 43–47; and Shim, Jae K., “Bankruptcy Prediction: Do It
Yourself,” Journal of Business Forecasting, Winter 1992.

Z-scores, although the firm continually scored in the
danger zone. Note that the 1991–2003 Z-scores are in the
high-probability range of <1.81, except the year 1999. In
late 2004, the company was in talks with truck compo-
nent makers in India about sourcing components in a
bid to cut manufacturing costs.

EXAMPLE 11.4 ALTMAN’S BANKRUPTCY PREDICTION 
MODEL  (continued)
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FORECASTING EXTERNAL FINANCING 
NEEDS—THE PERCENT-OF-SALES 
METHOD

Percentage of sales is the most widely used method for pro-
jecting the company’s financing needs. Financial officers
need to determine the next year’s fund requirements, the
portion of which has to be raised externally. This way they
can have a head start for arranging a least-cost financing
plan.

This method involves estimating the various expenses,
assets, and liabilities for a future period as a percent of the
sales forecast, then using these percentages, together with
the projected sales, to construct pro forma balance sheets.

Basically, forecasts of future sales and their related
expenses provide the firm with the information needed to
project its future needs for financing. The basic steps in pro-
jecting financing needs are:

1. Project the firm’s sales. The sales forecast is the initial
most important step. Most other forecasts (budgets)
follow the sales forecast.

2. Project additional variables such as expenses.
3. Estimate the level of investment in current and fixed

assets that are required to support the projected sales.
4. Calculate the firm’s financing needs.

Example 11.5 illustrates how to develop a pro forma bal-
ance sheet and determine the amount of external financing
needed. Exhibit 11.9 presents the projected balance sheet.

Present 
(20x1)

% of Sales 
(20x1 Sales 

= $20)

Projected 
(20x2 Sales 

= $24)

ASSETS

Current assets 2 10 2.4

Fixed assets 4 20 4.8

Total assets 6 7.2

LIABILITIES AND STOCKHOLDERS’ EQUITY

Current liabilities 2 10 2.4

Long-term debt 2.5 n.a. 2.5

Total liabilities 4.5 4.9

Common stock 0.1 n.a. 0.1

Paid-in-Capital 0.2 n.a. 0.2

Retained earnings 1.2 1.92 a

Total equity 1.5 2.22

Exhibit 11.9 PROJECTED BALANCE SHEET (IN MILLIONS OF 
DOLLARS) 
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Total liabilities and 
stockholders’ equity

6 Total 
financing 
provided

7.12

External 
financing 
needed

0.08 b

Total 7.2

a. 20x2 retained earnings = 20x1 retained earnings + projected 
net income - cash dividends paid
= $1.2 + 5% ($24) - 40% [5% ($24)]
= $1.2 + $1.2 - $0.48 = $2.4 - $0.48 = $1.92

b. External financing needed = projected total assets - 
(projected total liabilities + projected equity)
= $7.2 - ($4.9 + $2.22) = $7.2 - $7.12 = $0.08

The major advantage of the percent-of-sales method of financial
forecasting is that it is simple and inexpensive to use. To obtain a
more precise projection of the firm’s future financing needs,
however, the preparation of a cash budget is required. One
important assumption behind the use of the method is that the
firm is operating at full capacity—that is, the company has no
sufficient productive capacity to absorb a projected increase in
sales and thus requires additional investment in assets.

EXAMPLE 11.5
PROJECTING FINANCING NEEDS

Assume that sales for 20X1 = $20, projected sales for
20X2 = $24, net income = 5% of sales, and the dividend
payout ratio = 40%.

The steps for the computations are outlined as follows:

1. Express those balance sheet items that vary
directly with sales as a percentage of sales. Any
item such as long-term debt that does not vary
directly with sales is designated “n.a.,” or “not
applicable.”

2. Multiply these percentages by the 20X2 projected
sales = $2.4 to obtain the projected amounts as
shown in the last column.

3. Simply insert figures for long-term debt, com-
mon stock, and paid-in-capital from the 20X1
balance sheet.

4. Compute 20X2 retained earnings as shown in (b).

Present 
(20x1)

% of Sales 
(20x1 Sales 

= $20)

Projected 
(20x2 Sales 

= $24)

Exhibit 11.9 PROJECTED BALANCE SHEET (IN MILLIONS OF 
DOLLARS)  (continued)
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FINANCIAL MODELING LANGUAGES

Remember that financial models are essentially used to gen-
erate pro forma financial statements and financial ratios.
These are the basic tools for budgeting and profit planning.
Also, the financial model is a technique for risk analysis and
what-if experiments. The financial model is needed for day-
to-day operational and tactical decisions for immediate
planning problems. For these purposes, the use of comput-
ers is essential. Spreadsheet software and computer-based
financial modeling software have been developed and uti-
lized for budgeting and planning in an effort to speed up
the budgeting process and allow CFOs to investigate the
effects of changes in budget assumptions and scenarios.

FINANCIAL ANALYSIS 
WITH SPREADSHEETS

Companies large or small, whether profit-oriented or non-
profit, employing 100 or 10,000, live or die by the extent of
their powers in financial planning. There are other impor-
tant contributing factors to success in business, but nothing
can send a company into the abyss of Chapter 11 bank-
ruptcy faster than a few major ill-fated financial decisions.
Financial analysis is employed in an effort to be a bit more
scientific about coming to a good financial decision. Ques-
tions must be asked about the company—and accurate
answers found—to gain insight that will assist in determin-
ing the most prudent use of precious resources for some
period in the future. The questions stem from numerous
aspects of the business. Some are straightforward and easily
answered: Are profits greater this year than last? Other
questions are not as easily answered: Will an increase in
advertising expenditures lead to increased profits? Would a
price cut be more appropriate? Would some combination of
the two be best?

Spreadsheet programs are ideally suited for performing
financial analyses because they possess the capacity to hold
and process complex formulas and functions while making

5. Sum the asset accounts, obtaining total pro-
jected assets of $7.2, and also add the projected
liabilities and equity to obtain $7.12, the total
financing provided. Since liabilities and equity
must total $7.2 but only $7.12 is projected, we
have a shortfall of $0.08 external financing
needed.

EXAMPLE 11.5
PROJECTING FINANCING NEEDS (continued)
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modification and manipulation of one or more variables or
functions an easy operation. With a micro, software, and
some training and practice, you can master rather complex
financial analysis techniques.

FINANCIAL RATIO ANALYSIS

Financial ratio analysis is a means of determining how well
the business is performing. Problem spots can be identified,
and groundwork can be established for predictions and
projections of future performance. The types of questions
include:

❍ How well is the business doing?
❍ What are its strengths?
❍ What are its weaknesses?
❍ How does the firm rate vis-à-vis other similar firms

in the industry?

Relevant factors for consideration in critiquing the per-
formance of the firm are:

❍ Profitability ratios
❍ Liquidity ratios
❍ Valuation ratios
❍ Efficiency of asset use
❍ Growth ratios
❍ Use of debt capital

These ratios are not necessarily useful in and of them-
selves. To give them relevance, the financial manager should
calculate these same ratios for several different periods so
that they can be compared and trends can be identified.
They can also be compared to industry norms to see how the
firm measures up.

The numbers with which these ratios are calculated
come from the balance sheet and income statement for a
given period. Simple formulas are entered onto the spread-
sheet, which accesses the two financial statements (assum-
ing that they, too, are on the spreadsheet) to obtain the
pertinent figures, perform the necessary computations, and
come up with the appropriate ratios. If the financial state-
ments of the period for which ratios are being prepared are
not contained on the spreadsheet, the pertinent figures can
be manually entered to the appropriate spreadsheet cells
with relative ease. If ratios are desired for a number of past
periods for which only hard copies of their financial state-
ments exist, the financial manager enters the figures for a
period in the aforementioned manner, has the spreadsheet
calculate the results, then prints the results to obtain a hard
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copy for later comparison. You then move on to the finan-
cial statements of the next period to be analyzed, entering
those figures to the spreadsheet for computation.

MAXIMUM VERSUS MINIMUM PROFITS

Accounting systems are human creations, and although
they are usually thought of as cold and objective, they can
be manipulated to arrive at different results for different
purposes based on different philosophies. The most obvi-
ous example is the two ways in which accounting can be
used—on the one hand to increase and maximize profits in
order to look good to outsiders, while on the other hand to
minimize profits for tax purposes. It is not uncommon for a
company to maintain two (sometimes even more) sets of
accounting records—one for each purpose.

Spreadsheets can perform many functions to assist in
determination of the two different bottom lines. This includes
the actual production of the two opposing income state-
ments. Basically, any calculation you might perform on
paper in arriving at the two figures can be set up and per-
formed on the spreadsheet. Also, certain calculation routines
on the spreadsheet can use figures from cells on the spread-
sheet that contain the results of other calculations, thus
avoiding repetitive entries. All of these numbers and compu-
tations should interact and funnel down to their appropriate
final position in the different income statements.

CHOICE OF DEPRECIATION METHOD

Whenever a company purchases a depreciable asset, it must
decide which depreciation method will be used to write off
the value of the asset over its useful life. The chosen method
depends on the objective of management: Is it the greatest
possible tax relief in the current period or the largest bottom
line profit possible? The lowest possible tax liability in the
near term is the most common objective when choosing a
depreciation method for tax purposes. Depreciation meth-
ods are as follows:

❍ Straight-line depreciation
❍ Accelerated depreciation
❍ Modified accelerated cost recovery system (MACRS)
❍ Production basis depreciation

It is up to the firm to determine its motives and establish
objectives in deciding on a depreciation method. Whatever
they are, the spreadsheet can play an important and useful
role in the decision process—a role that will not be altered
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by the motives. The idea is to determine which method best
produces the results. The following are required:

❍ Cost of the asset
❍ Estimation of the asset’s postuseful life salvage value
❍ IRS guidelines on the asset’s useful life (found in IRS

publication number 534)
❍ IRS guidelines on MACRS

The spreadsheet is used to compute projections for cer-
tain elements of the income statement and income tax
return. Based on these projections, the appropriate depreci-
ation method can be determined. The projections should
include:

❍ Depreciation expense
❍ Income before taxes
❍ Income tax
❍ Net income

PLANNING AND FORECASTING

Once you enter the realm of the future for the business
through forecasting and planning, the power of a spread-
sheet or integrated program can really pay off. Performing
repeated what-if calculations is the essence of forecasting—
and the electronic worksheet’s specialty. Possible planning
and forecasting questions include:

❍ What will the projected profit and cash flows be,
based on current operational plans?

❍ If the financial manager proceeds with present plans,
how will it affect the company’s current and fixed
assets?

❍ What levels of expenditures are needed to increase
current and fixed assets?

❍ What will be the additional cash requirements of the
business if present plans are followed?

❍ What is the break-even point?
❍ In what areas is the firm strong and how can such

strengths be maximized?
❍ Where is the company weak and what can be done to

improve?
❍ What are what-if scenarios and their impact on profit,

break-even point, cash flow, assets required, return
on assets, funding required, working capital, etc.?

In performing ratio analysis, you scrutinize historical
data to gain insight on things that have already occurred. In
forecasting and planning, however, you are creating a pic-
ture of future events if present plans are followed; you pre-
dict how future financial statements will appear.
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Before embarking on this process, work with the staff to
develop the best guesses possible about future market con-
ditions, market share, net sales, and so forth. These predic-
tions are combined with present conditions to create a
model on the spreadsheet for future company performance.
The methods are rather straightforward and easy to master.
For example, one part of the spreadsheet would multiply
current net sales by the estimated percentage of market
sales increase (or decrease) to arrive at next year’s projected
net sales. Running the program again at this point would
yield projected net sales for year 2 of the forecast (or per-
haps the formula could be set up to automatically provide
projected net sales in year 5 immediately, etc.); changes in
the firm’s market share would also be programmed in if
they were anticipated.

SHORT-TERM DECISIONS

The short-term decisions that businesses make are usually
more or less involved with working capital. The types of
issues addressed include:

❍ What is a safe minimum cash balance for the firm?
❍ How much does the cash flow fluctuate seasonally?
❍ When do these seasonal fluctuations occur?
❍ What are the temporary seasonal working capital

borrowing requirements versus borrowing for more
permanent items?

❍ How much should your company borrow to increase
inventory?

❍ When is the best time for this borrowing to occur?
❍ When is the best time to pay it back?
❍ What is the cost of capital?
❍ What would be the effect on revenues and profit of a

change in the firm’s credit terms?
❍ What is the amount lost if the company does not avail

itself of all discounts offered by suppliers for expedi-
tious payment?

The following financial ratios are useful in determining
the status of the firm and in rating the financial manager’s
working capital decisions:

❍ Current ratio
❍ Quick ratio
❍ Net working capital
❍ Accounts receivable turnover
❍ Inventory turnover
❍ Sales to working capital
❍ Sales to fixed assets
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The computations of these ratios are easily set up and
performed on a spreadsheet program. A spreadsheet can
also be used to generate a cash budget for determining the
requirements, timing, and character of cash sought; and for
analyzing the effects of credit terms as a component of the
marketing mix through analysis of the following factors:

❍ Present sales
❍ Change in sales attributable to changes in credit terms
❍ Gross margin
❍ Potential effect on bad debts
❍ Credit terms on increase in sales
❍ Cost of short-term borrowing

Spreadsheets are also ideal for calculating interest
received or extended in any of various credit situations,
such as past due accounts receivable and missed discounts.

LONG-TERM ASSET DECISIONS

Long-term asset decisions by their very nature are encoun-
tered less frequently than the types of working capital deci-
sions previously discussed. Issues include:

❍ Does this particular fixed-asset purchase decision
make sense and seem appropriate?

❍ Which of several proposals seem the most advanta-
geous?

❍ Should the firm buy this item at all, or would it be
better to make it?

❍ Based on several proposals, which should be the pri-
ority purchase if funds are limited?

Spreadsheet programs can be very helpful in answering
these types of questions. One of their most useful abilities
in this particular area is that of calculating present values
(or the time value of money). They all have the net present
value (NPV) function built in for convenience and effi-
ciency. By calculating the NPV of two or more long-term
fixed-asset options, the more advantageous option becomes
evident: the highest NPV is the most profitable. Thus, use of
a spreadsheet program for calculating NPV can make fixed-
asset decision making a more straightforward and less diffi-
cult process.

LONG-TERM FINANCING DECISIONS

The third major financial decision type is that of long-term
financing. The types of issues addressed include:

❍ The lease or buy decision
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❍ Debt versus equity as a means of raising capital
❍ Safe debt limitations and sources of financing

The lease-or-buy decision can involve production equip-
ment, motor vehicles, buildings, office equipment, comput-
ers, and tools.

A spreadsheet can be used to determine the net cash out-
flow associated with leasing versus buying a given item.
This can help in making the best decision, since the lower
present value of net cash outflow of the two given options is
the cheaper one. When deciding on the use of debt versus
equity financing, the financial manager can set up formulas
in the spreadsheet to show the effects of each option on the
following:

❍ Cash flow
❍ Net income
❍ Degree of company solvency
❍ Company value
❍ Debt capacity

This is accomplished by projecting certain elements of the
balance sheet and income statement, as well as certain finan-
cial ratios for each alternative. By analyzing the results and
determining which alternative yields the highest earnings
per share—and considering other factors such as if the debt
ratio is acceptable—you arrive at the optimum alternative.

POPULAR BUDGETING AND PLANNING 
SOFTWARE

In recent years, the focus has been on moving away from
spreadsheets to enterprise budgeting applications in order
to make the planning and budgeting process more efficient
and the data more reliable. However the underlying pro-
cess remains fundamentally unchanged; it is still about cap-
turing and consolidating line item expenses. Some popular
programs are described briefly:

Adaytum Planning
Adaytum Planning by Adaytum Software (www.adaytum.
com; 800-262-4445) is a multiuser budgeting, planning, and
forecasting system. It gives you the flexibility to:

❍ Update hierarchies directly from the general ledger
(GL)

❍ Combine top-down planning with bottom-up bud-
geting

❍ Make last-minute changes to model structure
❍ Empower end users to do ad hoc modeling without

information system (IS) support

c11.fm  Page 172  Thursday, August 4, 2005  4:48 PM



Popular Budgeting and Planning Software 173

Budget Maestro Version 5.8
Centage’s Budget Maestro (www.centage.com) is probably
the best answer to distributed budgeting, strategic plan-
ning, and financial control. Budget Maestro shortens your
budgeting cycle and puts you in control of the process. Its
information-driven environment guides you through bud-
geting, planning, modeling, forecasting, resource manage-
ment, consolidation, analysis, and reporting. CFOs and
budget managers can plan, analyze, and manage in ways
never before possible. Look at a user’s screen and make
changes directly without ever being there. Deliver budget
models and deploy reconfigured software updates to many
users at once. Plus manage budgetary information, even
enterprise-wide information systems, with a single consis-
tent interface.

Budget Maestro is designed to put CFOs and financial
managers in control of all aspects of managing budgets, cre-
ating financial models, and building and deploying financial
plans. It allows business managers unparalleled flexibility in
analyzing cash flow and business performance throughout
the enterprise. Budget Maestro significantly shortens your
budgeting and planning cycles. It eliminates rekeying and
formatting of data. It increases your data accuracy and
integrity. It allows time for managing and analyzing your
business. It is an excellent tool that provides you the ability
to perform:

❍ Budgeting
❍ Forecasting; rolling forecasts
❍ Planning
❍ What-if scenario building
❍ Payroll and benefits management
❍ Headcount planning
❍ Capital asset planning
❍ Debt management
❍ Automatic data consolidation
❍ Management reports
❍ Extensive drill-down reporting
❍ Income statement, balance sheet, and statement of

cash flows

As an alternative to spreadsheets, Budget Maestro auto-
mates many of the complex and repetitive tasks in the bud-
geting process while eliminating the need for creating
complicated formulas and manual consolidation of multi-
ple worksheets. Budget Maestro offers three editions:

1. Desktop Edition: A single user license that is ideal for
the CEO, CFO, or controller of small to midsize orga-
nizations that have a centralized budgeting and plan-
ning process
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2. Small Business Edition: Supports up to three users
operating in a collaborative environment to generate
budgets, forecasts, and financial reports

3. Enterprise Edition: An enterprise-wide application for
use by finance executives and departmental/line
managers to foster a more collaborative and partici-
patory planning environment

Microsoft Business Solutions 
for Analytics—Forecaster

This is a Web-based budgeting and planning solution from
FRx Software (www.frxsoftware.com/). Many organiza-
tions find it difficult to perform the ongoing budgeting and
planning processes necessary to keep business performance
on target. Financial surprises are met with panic, and more
often than not, companies are forced to make sacrifices in
places they cannot afford. The result is a direct, negative
impact on their strategic objectives. But it is not for lack of
trying. Finance departments simply do not have the time it
takes to combine multiple spreadsheets submitted from
across the company (let alone the resources to make sure all
line managers understand the importance of the budgeting
and planning process, and of submitting well-planned
information on time!). Forecaster puts the systems and pro-
cesses in place to help you immediately realize the benefits
of an effective budgeting and planning process, and to
make it an ongoing part of your business strategy.

Host Budget Version 3.2
Host Budget (www.hostanalytics.com) is an integrated
budgeting and planning software program that provides
streamlined budgeting, forecasting, reporting, and analysis.
Modules are used to automatically manage, consolidate,
and change information for planning and replanning. These
budgeting, forecasting, and planning modules include:

❍ Integration with Host’s Performance Measurement
Scorecard

❍ Selling and General & Administrative (SG&A) Bud-
get module

❍ Human Resources Budget module
❍ Sales and Operation Planning (S&OP) module
❍ Sales Forecasting module
❍ Capital Expenditure Budget module and others

Host Budget is architected for the Web so that the indi-
viduals involved in budgeting and planning can use all of
the features. All that is needed by the user is a Web browser
to access and update the application. Microsoft Excel
spreadsheets can be used online or live to the database for
queries and updates. Or if users prefer to work disconnected
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from the central database, they can work off-line and easily
upload the Excel file later or submit it via e-mail.

Because of the streamlined effects of Host Budget on an
organization’s budgeting process, budgets and forecasts can
be refined on an ongoing basis. Managers can consider what
has happened so far and can regularly look into the future
aided by actual versus budgeted information along with
current forecast projections in their effort to meet financial
goals. Executive managers can create top-down budgets
and push down the budget to lower levels of the organiza-
tion. Line managers and department heads can create bud-
gets from the bottom up and submit budgets for approval.

Continuous rolling forecasts can easily be created with
Host Forecaster, and bidirectional data integration allows
the detailed budgets to be loaded to or from other applica-
tions. Based on best practices, Host Forecaster provides a
rich set of tools to facilitate sales forecasting using standard
methods including:

❍ Statistical forecasting
❍ Top-down forecasting allocated to the stock-keeping

unit (SKU) level based on prior year history, current
estimate, average sales for last two years, and other
factors

❍ Bottom-up forecasting for product introductions and
discontinued products

❍ Ability to smooth forecasts to eliminate the impact of
infrequent sales events

SRC Systems

SRC BUDGETING

Balancing flexibility and control, sophistication and ease of
use, SRC Budgeting (www.srcsoftware.com) provides the
tools you need to create and execute detailed budgets,
transforming strategic goals into operational plans. SRC
Budgeting not only simplifies the budgeting process but
also streamlines the sharing of data with key managers. The
results are greater accuracy, enhanced accountability, and
increased ownership by business units—all while dramati-
cally reducing the time required for the planning process.
The benefits are:

❍ Increasing collaboration while streamlining the bud-
get process

❍ Modeling budgets to fit your business
❍ Aligning budgets with strategic plans and forecasts
❍ Creating flexible and sophisticated budgets

SRC SALES PLANNING

With SRC Sales Planning, all deals can be tracked—not just
the hot ones—and sales managers can adjust focus, training,
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and incentives to increase sales. Greater visibility into how
leads play out at various points in the sales pipeline
improves management decision-making ability. Under-
stand which leads are working and which ones are not.
Understand which products and services are in demand,
identify and investigate changes and fluctuations, and take
appropriate action—whether it means realigning the sales
force or adjusting production and distribution.

The benefits are:

❍ Creating a robust sales forecast
❍ Making more accurate and timely planning decisions
❍ Aligning sales, supply chain, and operations

SRC FORECASTING

This system allows you to create timely, high-level, dimen-
sionally independent rolling forecasts driven by the strate-
gic plan and translated into operational targets. SRC
Forecasting streamlines and speeds the forecasting cycle,
leverages a sophisticated and customizable modeling pro-
cess, and helps ensure organizational alignment. The bene-
fits are:

❍ Streamlining financial forecasting
❍ Customizing and modeling forecasts for accurate

planning
❍ Aligning forecasts with detailed budgets

ProPlans
ProPlans creates your financial plan automatically and accu-
rately—and slices months from your annual planning and
reporting process. You just enter your forecast data and
assumptions into easy-to-follow, comprehensive data entry
screens, and ProPlans automatically creates the detailed
financials you need to run your business for the next year—
your income statement, balance sheet, cash flow statement,
receipts and disbursements cash flow statements, and ratio
reports. (Template)

Profit Planner
Profit Planner provides titles and amounts for revenues, cost
of sales, expenses, assets, liabilities, and equity in a ready-to-
use Lotus 1-2-3 template. Financial tables are automatically
generated on screen. It presents results in 13 different table
formats, including a pro forma earnings statement, balance
sheet, and cash flow statements. Profit Planner even com-
pares your earnings statement, balance sheet, and ratios
against industry averages so that you’re not working in a
vacuum. (Template)

Up Your Cash Flow
The program generates cash flow and profit and loss fore-
casts; detailed sales by product/product line and payroll by
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employee forecasts; monthly balance sheets; bar graphs;
ratio and break-even analyses; and more. (Stand-alone)

Cash Collector
Cash Collector assists you in reviewing and aging receiv-
ables. You always know who owes what; nothing falls
through the cracks. What happens when collection action is
required? Simply click through menu-driven screens to
automatically generate letters and other professionally
written collection documents (all included) that are proven
to pull in the payments. (Stand-alone)

Cash Flow Analysis
This software provides projections of cash inflow and cash
outflow. You input data into eight categories: sales, cost of
sales, general and administrative expense, long-term debt,
other cash receipts, inventory build-up/reduction, capital
expenditures (acquisition of long-term assets such as store
furniture), and income tax. The program allows changes in
assumptions and scenarios and provides a complete array
of reports. (Stand-alone)

CapPLANS
CapPLANS evaluates profitability based on net preset
value (NPV), internal rate of return (IRR), and payout
period. Choose among five depreciation methods, includ-
ing the modified accelerated cost recovery system
(MACRS). Run up to four sensitivity analyses. Project prof-
itability over a 15-year horizon. In addition to a complete
report of your analysis, CapPLANS generates a concise
four-page executive summary—great for expediting
approval. Add ready-made graphs to illustrate profitability
clearly, at a glance. (Template)

Project Evaluation Toolkit
This program calculates the dollar value of your project
based on six valuation methods, including discounted cash
flow and impact on the corporate balance sheet. Assess
intangibles such as impact on corporate strategy, investors,
or labor relations. Use scenario planning to show the effects
of changing start dates, sales forecasts, and other critical
variables. (Template)

@Risk
How will a new competitor affect your market share? @Risk
calculates the likelihood of changes and events that affect
your bottom line. First use @Risk’s familiar @functions to
define the risk in your worksheet. Then let @Risk run thou-
sands of what-if tests using one of two proven statistical
sampling techniques—Monte Carlo or Latin Hypercube.
You get a clear, colorful graph that tells you the likelihood
of every possible bottom-line value. At a glance you’ll know
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if your risk is acceptable or if you need to make a contin-
gency plan. (Add-in)

What’s Best!
If you have limited resources—for example, people, inven-
tory, materials, time, or cash—then What’s Best! can tell you
how to allocate these resources in order to maximize or
minimize a given objective, such as profit or cost. What’s
Best! uses a proven method—linear programming (LP)— to
help you achieve your goals. This product can solve a vari-
ety of business problems that cut across every industry at
every level of decision making. (Stand-alone)

Inventory Analyst
Inventory Analyst tells precisely how much inventory to
order and when to order it. Choose from four carefully
explained ordering methods: economic order quantity
(EOQ), fixed-order quantity, fixed-month requirements,
and level load by workdays. Inventory Analyst ensures that
you’ll always have enough stock to get you through your
ordering period.

Just load up to 48 months worth of inventory history,
and Inventory Analyst makes the forecast based on one of
three forecasting methods: time series, exponential smooth-
ing, or moving averages. It explains which method is best
for you. Inventory Analyst will adjust your forecast for sea-
sonality. (Template)

THE LATEST GENERATION OF BUDGETING 
AND PLANNING (B&P) SOFTWARE

The new budgeting and planning (B&P) software repre-
sents a giant step forward for accountants. Finance manag-
ers can use these robust, Web-enabled programs to scan a
wide range of data, radically speed up the planning pro-
cess, and identify managers who have failed to submit bud-
gets. More often known as active financial planning
software, this software includes applications and the new
level of functionality that combine budgeting, forecasting
analytics, business intelligence, and collaboration. Exhibit
11.10 lists popular B&P software.

Budget Express
Budget Express “understands” the structure of financial
worksheets and concepts such as months, quarters, years,
totals, and subtotals, speeding up budget and forecast prep-
aration. The program creates column headers for months,
automatically totals columns and rows, and calculates quar-
terly and yearly summaries. And for sophisticated what-if
analyses, just specify your goal and Budget Express dis-
plays your current and target values as you make changes.
(Add-in)
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CHAPTER 12

MANUFACTURING INFORMATION 
SYSTEMS AND PACKAGES

MODELS OF THE MANUFACTURING 
INFORMATION SYSTEM

Manufacturing is a broad and complicated subject. With
different products manufactured, the processes and opera-
tions may be totally different. The mission of a manufactur-
ing information system is to apply computer technology to
improve the process and the efficiency of a manufacturing
system so that the quality of products is better and the costs
to manufacture them are lower. In other words, a manufac-
turing system takes material, equipment, data, manage-
ment, and information systems technology as the input, and
uses manufacturing and information processes to generate
better final products as output (see Exhibit 12.1).

Manufacturing consists of many different disciplinary
areas, including product engineering, facility design and
scheduling, fabrication, and quality control management.
Each of them can be dramatically improved by using infor-
mation systems.

Product Engineering
Product engineering is the starting point of the manufactur-
ing process. It is the step in which the design and technical
specifications for the product are finalized. Product design

Exhibit 12.1 MANUFACTURING INFORMATION SYSTEM MODEL

INPUT PROCESS OUTPUT

Feedback

Material
Equipment
Data
Management
IS Technology

Manufacturing
and information
processing

Final products
with better
quality and
lower costs
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and engineering are becoming more computerized through
computer software packages such as computer-aided design
(CAD) and computer-aided manufacturing (CAM). With
CAD, product designers use technologies to design a proto-
type of the product, test this product, and modify the
design on the computer before it goes into production.

The initial design can be input to the CAD system in var-
ious ways, including drawing sketches on a digital tablet, or
using a digital camera or a scanner to digitize photographs
or graphics into the system. After the product is digitized,
the design can be simulated and tested under real-world
conditions predefined by the designer. As changes are sug-
gested, the original design can be modified—similar to edit-
ing a letter on a word processing package. In addition,
artificial intelligence (AI) has been used in CAD systems.
Artificial intelligence agents can help human designers make
changes, formulate suggestions, or do tests based on differ-
ent circumstances.

After the product has been designed, another important
issue is how to produce the product efficiently and effec-
tively. The design of products for easy and cheap assembly
is critical, since assembly often accounts for over half of the
total manufacturing costs. For example, by reducing the
number of components by 30%, a manufacturer can drasti-
cally cut manual assembly times and manufacturing costs.
Large corporations such as IBM, GM, Ford, HP, and GE
have sophisticated product designs that reflect how a prod-
uct should be functioning as well as how it can be manufac-
tured efficiently and economically.

Facility Design and Scheduling
After the product is designed, the facility or equipment used
to produce the product should be arranged. This decision
may be as simple as changing several tools or as complex as
redesigning the entire plant. Some computer software pack-
ages can arrange the plant layout based on the production
information of the designed product. Many of the proposed
layout algorithms use an improvement approach, a construc-
tion approach, or a simulation approach.

IMPROVEMENT APPROACH

This approach requires users to specify initial conditions
and parameters. A combinatorial-based approach will then
be applied to improve the initial layout. This process is usu-
ally done by intelligent search techniques to try numerous
alternatives in order to find the best possible solution. For
example, machine A can switch with machine B to see the
effects on the manufacturing process.

CONSTRUCTION APPROACH

This approach builds one or more layout solutions from
scratch with or without a user’s initial suggestions. The best
one will then be selected.
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SIMULATION APPROACH

Monte Carlo simulation has been used to solve facility lay-
out problems. This approach simulates the real production
environment based on the assumptions provided by the
designer. This process requires a lot of computer resources
and time to generate good results.

Fabrication
Fabrication or manufacturing is the process of making new
products from raw materials. There are two types of produc-
tion methods: job-shop production and process production.

JOB-SHOP PRODUCTION

Each work order is considered a job. Raw materials required
to process the work order are routed to work centers
according to the production steps required. The job shop is
more flexible in terms of the products that can be produced.
Therefore, a variety of products can be produced at the
same time. Today, many computer software packages are able
to generate a job-shop schedule using mathematical pro-
gramming or artificial intelligence technologies.

PROCESS (FLOW-SHOP) PRODUCTION

One or a few products travel through a set of fabrication
activities specially arranged for the particular products. In
this approach, we have repetitive manufacturing (e.g., an
automobile assembly line) and process industries such as
oil refineries in which no significant stoppage in the flow of
materials is evidenced, and flow rate becomes the critical
decision. The layout of the assembly line and the flow rate
can be determined by expert systems with the rule base
retrieved from many manufacturing experts.

Quality Control Management
Quality control relates to activities that ensure the final
product is of satisfactory quality. The quality control func-
tion is concerned with detecting existing quality deficien-
cies and preventing future product quality problems. If the
quantity produced is small and the final product is expen-
sive, all products are inspected for quality control. How-
ever, if a large quantity of the units is produced and they
are inexpensive (such as pencils and diskettes), a statistical
sample will be used to determine if the quality of this lot of
products is acceptable. Total quality management (TQM) is
a quality revolution taking place in recent years. It consists
of these principles:

❍ Customer focused: All efforts should be based on cus-
tomers, including external customers and internal
customers such as an accounting department within
the company.
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❍ Continuous improvement: TQM does not believe qual-
ity can be attained completely. Quality can always be
improved.

❍ Everything TQM: TQM includes everything the com-
pany produces—a product, a service, or how a cus-
tomer service call is answered.

❍ Accurate measurement: TQM uses statistical techniques
to measure every critical variable available and com-
pares against benchmarks to identify problems.

❍ Empowerment of employee: TQM involves everyone in
the company to improve quality. Teamwork is heavily
emphasized in the TQM process.

TQM represents a counterpoint to the traditional man-
agement theories that emphasize cost reduction more than
anything else. The American auto industry represents a
classic case of what can go wrong when attention is focused
on trying to keep the cost down to improve productivity
without good quality management. As a matter of fact, pro-
ductivity goes down when defects, recalls, and expensive
repairs of defective products are factored in.

MANUFACTURING INTELLIGENCE

Expert Systems in Manufacturing
Expert systems identify, analyze, and solve (including expla-
nations) manufacturing problems, and they help implement
the solutions. Expert systems (see Exhibit 12.2) use a rule
base to generate decision suggestions. Users can input facts
and preconditions so that the rules will be triggered to pro-
vide results. Expert systems have been applied in many
aspects of manufacturing. Much factory work has shifted to
knowledge work such as planning, designing, and quality
assurance. Previously, the emphasis was on labor work
such as machining, assembling, and handling. As a matter
of fact, knowledge work accounts for about two-thirds of
total manufacturing costs.

Exhibit 12.2 EXPERT SYSTEM FRAMEWORK

Users

User Interface

Recommendations

Explanation
Facility

Inference
Engine

Work
Location

Knowledge Base

Knowledge Engineer

Expert Information

Improving Knowledge
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Robotics, expert systems, and other information systems
can improve the productivity of labor work. For example,
an expert system implemented at Northrop Corporation, a
major producer of jet fighter planes, is responsible for the
planning of manufacture and assembly of up to 20,000 parts
that go into an aircraft. A parts designer is able to enter a
description of the engineering drawing of a part, and the
expert system will tell him or her what materials and pro-
cesses are required to manufacture it. This particular system
actually improves the productivity of part designing by a
factor of 12 to 18 times. Without the help of an expert sys-
tem, the same task would require several days instead of
several hours.

An expert system is a computer system including com-
puter hardware and software, which can perform reasoning
using a knowledge base. Expert systems are made up of a
user’s interface, a knowledge base, and an inference engine.
The user’s interface has the function of providing end users
with proper interactive channels so that users can interact
with the system. A knowledge base contains a set of rules or
cases to provide an expert system with necessary informa-
tion to conduct reasoning. An inference engine (processing
system) is the brain of an expert system. It receives the
request from the user interface and conducts reasoning in
the knowledge base. The inference engine asks for addi-
tional information and makes assumptions. Different rules
or cases can be triggered to conclude a solution. After sev-
eral questioning/answering sessions, a conclusion or sug-
gestion can be generated and provided to the end user
through the user interface. The inference engine may also
determine the degree to which a recommendation is quali-
fied, or for multiple solutions, the ranking of those solutions.

Expert System Knowledge Bases
An expert system contains the subject knowledge of the
human experts, called the knowledge base. The knowledge
base consists of two types of knowledge representations:
inductive knowledge (case based) and deductive knowl-
edge (rule based). Expert systems are discussed in detail in
Chapter 15.

Benefits and Limitations of Expert Systems
The technology of expert systems has been successfully
applied in thousands of organizations worldwide to prob-
lems ranging from cancer research to the analysis of com-
puter configurations. Some reasons that expert systems
have become so popular are discussed below:

❍ Improved quality: Expert systems (ESs) provide advice
or suggestions based on preprogrammed logistics
that are consistent and accurate. This reduces possi-
ble mistakes caused by human errors.
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❍ Obtaining of scarce expertise: The scarcity of experience
becomes evident in situations where there are not
enough experts for a task, where the expert is about
to retire or leave the job, or where expertise is required
over a broad geographic location.

❍ Operation in hazardous environment: An ES, such as a
robot with AI, can reduce human interaction with
hazardous materials.

❍ Provision of training: An ES can be a very good train-
ing tool.

Robotics in Manufacturing
A robot with AI capability is an electromechanical manipu-
lator able to respond to a change in its environment based
on its perception of that environment. The sensory sub-
system is programmed to “see” or “feel” its environment
and respond to it. For example, an industrial robot can
manufacture one of many parts in its repertoire and manip-
ulate it to inspect it for defects, recognizing very small
departures from established standards. Robots have been
used extensively in Japan to improve the quality and reduce
the cost of their products. They are reliable, consistent,
accurate, and insensitive to hazardous environments.

A robot is a device that mimics human actions and appears
to function with some degree of intelligence. Robots are
commonly used in manufacturing and in other situations
where it would be unsafe or unhealthy for a human to per-
form the same task.

Neural Networks in Manufacturing
The human brain’s powerful thinking, reasoning, creating,
remembering, and problem-solving capabilities have inspired
many scientists to attempt computer modeling of its opera-
tion. Some researchers have sought to create a computer
model that matches the functionality of the brain in a very
fundamental manner; the result has been neural computing.

The neuron is the fundamental cellular unit of the ner-
vous system and the brain. Each neuron functions as a sim-
ple microprocessing unit that receives and combines signals
from many other neurons through input processes called
dendrites. If the combined signal is strong enough, it acti-
vates the firing of the neuron, which produces an output
signal; the path of the output signal is along a component of
a cell called the axon. This simple transfer of information is
chemical in nature but has electrical side effects that we can
measure. The brain consists of hundreds of billions of neu-
rons loosely interconnected. The axon (output path) of a
neuron splits up and connects to dendrites (input path) of
other neurons through a junction referred to as a synapse.
The transmission across this junction is chemical in nature
and the amount of signal transferred depends on the amount
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of chemical (neurotransmitters) released by the axon and
received by the dendrites. This synaptic efficiency is what is
modified when the brain learns. The synapse, combined
with the processing of information in the neuron, forms the
basic memory mechanism of the brain.

In an artificial neural network, the unit analogous to the
biological neuron is referred to as a processing element. A
processing element has many input paths and combines—
usually by a simple summation—the values of these input
paths. The result is an internal activity level for the process-
ing element. The combined input is then modified by a
transfer function, which can be a threshold function. This
threshold function only passes information along if the
combined activity level reaches a certain point, or it can be a
continuous function of the combined input. The output
path of a processing element can be connected to input
paths of other processing elements through connection
weights that correspond to the synaptic strength of neural
connections. Since each connection has a corresponding
weight, the signals on the input lines to a processing ele-
ment are modified by these weights prior to being summed.
Thus, the summation function is a weighted summation.

A neural network consists of many processing elements
joined together in the manner just described. Processing ele-
ments are usually organized into groups called layers or
slabs. A typical network consists of a sequence of layers or
slabs with full or random connections between successive
layers. There are typically two layers with connections to
the outside world: an input buffer where data is presented
to the network and an output buffer that holds the response
of the network to a given input. Layers distinct from the
input and output buffers are called hidden layers. Applica-
tions of neural networks are language processing (text and
speech), image processing, character recognition (handwrit-
ing recognition and pattern recognition), and financial and
economic modeling.

PRODUCTION PLANNING 
AND CONTROL

Production Planning
Planning encompasses defining the organization’s objectives
or goals and establishing an overall strategy for achieving
these goals. Planning can be classified into several categories:

❍ Strategic versus operational: Plans that apply to the
entire organization to establish the organizational
overall objectives are called strategic plans. Plans that
specify the detailed process of how the strategic plan
can be achieved are called operational plans.
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❍ Short term versus long term: Plans that cover more
than one year are called long term. Long-term plans
tend to be strategic and short-term plans tend to be
operational.

❍ Specific versus directional: Specific plans have clearly
defined objectives while directional plans identify
general guidelines. They provide focus but do not
lock management into following specific objectives or
specific courses of action.

Production planning consists of four key decisions: capac-
ity, location, process, and layout.

CAPACITY PLANNING

Capacity planning deals with determining the proper size
of your plant to satisfy the demand of the market. Capacity
planning begins with taking a forecast of sales demand,
then estimating production to determine capacity require-
ments. This model can be easily entered into a spreadsheet
to generate results (see Exhibit 12.3).

LOCATION PLANNING

When you determine the need for a new facility, you must
determine where this facility should be installed. The loca-
tion of the facility depends on which factors have the great-
est impact on total production and distribution costs. These
include availability of labor skills, labor costs, energy costs,
and proximity to suppliers or customers.

PROCESS PLANNING

In process planning, management determines how a product
or service will be produced. Process planning encompasses
evaluating the available production methods and selecting
the set that will best achieve the operating objectives.

LAYOUT PLANNING

Layout planning deals with the access and selection among
alternative layout options for equipment and work stations.
The objective of layout planning is to find the best physical

Product Units/Demand
Machine-Hours/

Unit
Total 

Machine-Hours

A 200 3 600

B 400 2 800

C 100 7 700

Total machine-hours = 2100

Each machine is on for 24 hours a day with a break-down rate of 5%

24 hours × number of machines needed × 95% >= 2100 machine 
hours

Number of machines needed = 93

Exhibit 12.3 CAPACITY PLANNING

c12.fm  Page 188  Tuesday, July 19, 2005  10:55 AM



Inventory Planning and Control 189

arrangement to facilitate production efficiency. There are
three types of work flow layouts:

❍ Process layout: Arrange manufacturing components
together according to similarity of function.

❍ Product layout: Arrange manufacturing components
according to the progressive steps by which a product
is made.

❍ Fixed-position layout: A manufacturing layout in which
the product stays in place while tools, equipment, and
human skills are brought to it.

Production Control
Control can be defined as the process of monitoring activi-
ties to ensure that they are being accomplished as planned
and of correcting any significant deviations. The control pro-
cess consists of three steps: measuring actual performance,
comparing actual performance against a standard, and tak-
ing managerial action to correct deviations or inadequate
standards. There are three types of controls: feedforward
control, concurrent control, and feedback control. Feedfor-
ward control prevents anticipated problems. Concurrent
control occurs when an activity is in progress. Feedback con-
trol is imposed after an action has occurred. All three types
of controls can be implemented by information systems.

INVENTORY PLANNING AND CONTROL

A manufacturing company has three types of inventory:
raw material, work in process, and finished goods. To reach
the goals of inventory control, two objectives must be
achieved: minimizing costs due to an out-of-stock situation
and minimizing inventory carrying costs.

At the finished products level, out-of-stock can result in
loss of sales, and too much inventory increases the carrying
cost. At the raw material and work-in-process level, out-of
stock means that the production line must be stopped, and
too much inventory means a higher cost in final products. A
mathematical model used to determine the optimal order-
ing point is called the EOQ model.

Economic Order Quantity (EOQ) Model
The objective of the EOQ model is to minimize the total car-
rying costs and ordering costs. As the amount gets larger
and larger, average inventory increases and so do carrying
costs. But placing larger orders means fewer orders and
thus lower ordering costs. To compute the optimal order
quantity, the information can be entered into a spreadsheet
for calculation (see Exhibit 12.4).
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Linear Programming Model
Another model uses linear programming to determine the
optimal solution. This model requires an objective function,
determinable variables, and constraints. For example, ABC
company manufactures type A and type B chairs. Each type
A chair requires 3 pounds of steel and 7 pounds of plastic.
Each type B chair requires 6 pounds of steel and 2 pounds
of plastic. Total steel available is 200 pounds and total plas-
tic available is 700 pounds. The profit by selling chair A is
$54 per chair and chair B is $19 per chair. Use this informa-
tion to figure out how many of each type should be pro-
duced to reach the maximum profit. This linear
programming model can be solved by a spreadsheet pack-
age with an LP solver (see Exhibit 12.5).

MATERIAL REQUIREMENTS PLANNING 
(MRP) AND MANUFACTURING 
RESOURCES PLANNING (MRPII)

Material requirements planning (MRP) differs from manu-
facturing resources planning (MRPII). MRPII satisfies the
requirements of supplying materials to shop operations. In
MRPII, the MIS is used to sequence material inputs in accor-
dance with chronological need. The evolution of MRPII from
MRP is the logical outgrowth of the maturing of the use of
computer applications in manufacturing.

D: forecasted demand for the item during the period

OC: the cost of placing each order

V: the value or purchase price of the item

CC: the carrying cost of maintaining the total inventory 
expressed as a percentage

EOQ = (2*D*OC)/(V*CC)1/2

EOQ Model Spreadsheet

D: forecasted demand for the item during the period

OC: the cost of placing each order

V: the value or purchase price of the item

CC: the carrying cost of maintaining the total inventory 
expressed as a percentage

EOQ = (2*D*OC)/(V*CC)1/2

D = 2000

OC = 500

V = 100

CC = 0.5

EOQ = 40

Exhibit 12.4 EOQ MODEL
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COMPUTER-AIDED DESIGN (CAD) AND 
COMPUTER-AIDED MANUFACTURING 
(CAM)

CAD programs are software programs for the design of
products. CAD programs can be found in all types of com-
puters from mainframe systems to microcomputers. They
were developed to help engineers design products from air-
planes to pens. The advantages of CAD software are that
the design can be drawn in three dimensions, the design
can be simulated in the computer, and design changes can
be made very efficiently. Good CAD packages are
AutoCAD, TurboCAD, and EasyCAD2. Some CAD programs
are developed for nonprogrammers. For example, a relatively
unskilled person can use this type of software to design an
office or a home interior. The programs include libraries of
options such as cabinetry, furniture, trees, and even shad-
ows. Once the design is completed, users can “walk into the
design” and view this structure from different points of
view. This is similar to a virtual reality system.

CAM is an umbrella term that includes almost any use
of computers in manufacturing operations. It consists of the
following functions:

❍ Monitoring: Computers can be used to control and
monitor manufacturing operations in a dangerous
environment. For example, an oil refinery facility
uses CAM to open and shut valves when a certain
temperature is reached in a tank.

X1 = number of Chair A produced

X2 = number of Chair B produced

Objective Function

Max Z = 54X1 + 19X2

Constraints

3X1 + 6X2 <= 200

7X1 + 2X2 <= 700

X1 >= 0

X2 >= 0

LINEAR PROGRAMMING SOLVER

Product A B Equation

Total 
Material 

Available

Steel required per chair 3 6 <= 200

Plastic required per chair 7 2 <= 700

Profit per unit $54 $19

The optimal solution is to have the largest profit within the material 
limitation.

Exhibit 12.5 LINEAR PROGRAMMING SOLVER
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❍ Numeric control: Using computer technology to con-
trol the manufacturing operations. For example,
CAM can help production workers produce parts that
require a high degree of precision because computers
are used to improve the accuracy of manufacturing.

❍ Optimization: Many manufacturing operations involve
finding the best solution among many options. For
example, an oil refinery is looking for the cheapest
way to mix crude oils to achieve a finished gasoline
that meets certain restrictions. Auto assembly plants
try to arrange the best schedule so that operating
costs can be minimized. By using CAM techniques,
optimization can be improved and the operation can
be more economical and efficient.

❍ Robotics: Robotics is the use of computer-controlled
machines to perform motor activities previously
done by humans, including welding joints, painting,
and fitting parts together. The automobile industry
uses robotics to improve the productivity and quality
of its products.

JUST-IN-TIME (JIT)

Just-in-time is fast becoming as familiar and identifiable in
the lexicon of manufacturing terminology as “mass produc-
tion.” Although the term is familiar to many people, the
true meaning and definition remains clouded and unclear.
The most common misunderstanding of just-in-time is that
it is a system used to deliver inventory when it is needed.
That means to reduce inventory while the operation is
maintained. However, this is not the true meaning of just-
in-time. The true definition of just-in-time is an awareness
that true optimum manufacturing performance revolves
around the dictate to eliminate waste in all of its many man-
ifestations. The goal of JIT is to eliminate all manufacturing
waste by following the objectives listed below:

❍ Produce the product the customer wants.
❍ Produce the product when the customer wants it.
❍ Produce a good-quality product.
❍ Produce instantly—with no lead time.
❍ Produce with no waste of labor, material, or equipment.

QUALITY CONTROL AND TOTAL QUALITY 
MANAGEMENT (TQM)

Quality control relates to activities that ensure the final prod-
ucts are satisfactory. Major functions of quality control are
detecting existing quality deficiencies and preventing future
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product quality problems. Due to the large quantity of units
produced, quality control is usually conducted by statistical
sampling of final products. The whole lot of final products
can be either rejected or accepted based on a small sample.
However, if statistically the manufacturer passes a lot that is
supposed to be rejected, the consequence would be that cus-
tomers will purchase defective merchandise, ruining the rep-
utation of this manufacturer. If the manufacturer rejects a lot
that is supposed to be accepted, good products can be dis-
carded and manufacturing resources wasted. Quality control
is both an important area of expense and an important area
of opportunities. Regarding expense, a typical factory spends
about a quarter of its production budget just fixing and find-
ing mistakes. And this cost does not reflect the true cost asso-
ciated with this problem.

Total quality management (TQM) has been touted as
one of the few management practices that will make com-
panies competitive, particularly against the onslaught of
Japanese competition. TQM has come to mean powerful
solutions to all that ails modern North American industry.
It implies that if we pay supreme attention to the needs
and desires of our customers, we deliver on those aspira-
tions. Then we are bound to be successful. TQM focuses on
awareness techniques for making products to the best of
the organization’s abilities. TQM theory can be described
as a triangle:

The focus is on the customer’s requirements at the apex
of the triangle. This in turn generates a process for achiev-
ing the requirements. The process is implemented and data
is generated from which the effectiveness of the plan is
evaluated. The results are then compared with the cus-
tomer’s requirements and the process is modified to
improve results. TQM emphasizes a continuous improve-
ment at all times. The modifications are implemented and
the results are analyzed to see if they are in compliance with
the customer’s needs. In other words, TQM is continuous
improvement until perfection is achieved.

Data

Customer

Process
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FLEXIBLE MANUFACTURING SYSTEMS 
(FMSs)

Flexible manufacturing systems (FMS) were introduced to
provide a shorter life cycle for the manufacturing process
and to have more responsive manufacturing facilities. For
example, a VCR factory can use FMS to produce different
models using a similar facility that can be rescheduled and
rearranged to fit into different manufacturing patterns.
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CHAPTER 13

MARKETING MANAGEMENT 
INFORMATION SYSTEMS AND PACKAGES

The internal accounting information system is the primary
source of marketing information in most business organiza-
tions and provides two basic types of information to manage-
ment: information generated from processing of sales orders,
and cost report and analyses. Profitability analysis is gener-
ated from sales data records together with product cost data.
Sales data processing also includes analysis of sales trends. In
addition to the accounting and marketing departments, other
departments within the company may contribute to the flow
of information to marketing personnel. For example, the pro-
duction or engineering department may provide information
relating to product quality or design that is useful to product
planning or to salespeople. The economics department may
provide useful analysis of the economy or of the particular
field within which the firm operates. The personnel depart-
ment may provide information relating to potential marketing
department employees. While information from all the
sources may be important, it is generally not as regular or as
voluminous as the information provided by the accounting
department. The information needs for marketers, in the order
of importance, are shown in the survey results in Exhibit 13.1.

Rank Main Information Needs

1 Improving new product development
2 Improving the use of market information
3 Measuring and managing brand equity
4 Market orientation and bottom line
5 Market segmentation and implementation
6 Identifying, anticipating, and responding to competitors
7 Studying buyer behavior
8 Strategic new product issues
9 Integrating marketing mix
10 Service quality/performance links

Exhibit 13.1 INFORMATION NEEDS OF MARKETING MANAGERS

Source: J. Honomichi, “Time Is Ripe to Overhaul Traditional Market-
ing Research Departments,” Marketing News 27, no. 12 (June 7,
1993), pp. H34–39.
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A marketing MIS supports managerial activity in the
areas of product development, marketing mix, distribu-
tion, pricing decisions, promotional effectiveness, and sales
forecasting. Recall that an MIS is made up of three sets of
activities: information collection, information analysis, and
information dissemination. A marketing MIS is certainly no
exception. Exhibit 13.2 shows the inputs, subsystems, and
outputs of a typical marketing MIS.

INPUTS TO THE MARKETING MIS

Among the other functional areas, the marketing MIS relies
more heavily on external sources of data. These sources
include commercial intelligence, competition, customers,
trade shows, trade journals and magazines, and other pub-
lications. There are also important internal company infor-
mation sources. An overview of these inputs is presented in
the following sections.

The Corporate Strategic Plan or Policies
Marketing depends on the company’s strategic plan for
sales goals and projections. For instance, a strategic plan
might show sales are expected to grow by a stable 5% for
the next three years. A marketing MIS report for this com-
pany might detail current sales performance in terms of this
strategic target. In addition to sales projections, the strategic
plan can spell out detailed information about anticipated
needs for the sales force, pricing, distribution channels, pro-
motion, and new product features. The strategic plan can
provide a framework in which to integrate marketing infor-
mation and make appropriate marketing decisions.

Inputs Subsystems Outputs

Strategic plan Product 
development

Product development 
reports

Transaction 
processing system

Marketing research Marketing research 
reports

Internal sources Promotion and 
advertising system

External sources: 
Competition 
the market

Pricing system Locational analysis
Supply and demand 

analysis

Place planning 
system

Sales by product
Sales by salesperson
Sales by customer

Exhibit 13.2 AN OVERVIEW OF A MARKETING MIS
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The Transaction Processing System (TPS)
The TPS encompasses a huge amount of sales and market-
ing data on products or services, customers, and the sales
force. Technology is revolutionizing the selling process.
Most firms collect an abundance of information on a regular
basis that can also be used in making marketing decisions.
Sales data on products can expose which products are sell-
ing at high volumes, which ones are slow sellers, and how
much they are contributing to profits. The marketing MIS
might synthesize this information in such a way as to be
useful in formulating promotional plans. It can also be used
to activate product development decisions. Analysis of
sales by customers may display which customers are con-
tributing to profits. This data can also be disseminated to
determine which products specific customers are buying to
help the sales force with their promotional efforts. The per-
formance of the sales force can also be monitored from data
captured in the TPS, which can help develop bonus and
incentive programs to reward high-performing salespeople.

Internal Company Information
Internal company information includes routinely collected
accounting records, such as daily sales receipts, weekly
expense records and profit statements, production and
shipment schedules, inventory records, orders, monthly
credit statements, and quarterly and biennial reports. Field
salespeople are increasingly likely to have portable personal
computers, pagers, and personal digital assistants (PDAs) to
log in data for immediate transmission back to the company
or to customers, and to receive information from the com-
pany and from customers. Technology is revolutionizing the
selling process. Most companies collect an abundance of
information on a regular basis that can also be used in mak-
ing marketing decisions.

External Sources: The Competition 
and the Market

In most marketing decisions it is important to determine
what is happening in the business’s external environment,
particularly anything that involves the competition, the econ-
omy, the market, and consumers. External information can be
obtained from many sources. Some of the most commonly
used sources are commercial intelligence, trade shows, trade
journals, the government, private publications, commercial
data suppliers, and the popular press. Many companies pur-
chase their competition’s products, then perform “autopsies”
to find out what makes them tick so that they can improve on
them. Marketing managers attend trade shows and read
trade journals to keep an eye on the competition.
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Exhibit 13.3 lists some trade journals and publications.
Information can be purchased from information brokers–indi-
viduals and companies who help businesses by electronically

Air Conditioning, Heating & Refrigeration News
American Banker
American Druggist
American Gas Association Monthly
Automotive Industries
Aviation Week & Space Technology
The Banker
Best’s Industry Report
Broadcasting
Brewers Digest
Chain Store Age
Chemical Week
Computer Decisions International
Credit and Financial Management
Drug & Cosmetic Industry
Electronic News
Fleet Owner
Flight International
Food Management
Food Processing
Forest Industries
Fuel Oil & Oil Heat and Solar Systems
Housing
Industry Week
Journal of Retailing
Labor Law Journal
Leather and Shoes
Merchandising
Modern Plastics
National Petroleum News
Oil and Gas Journal
Paper Trade Journal
PC World
Personnel
Pipeline & Gas Journal
Polk’s National New Car Sales
Printer’s Ink
Progressive Grocer
Public Utilities Fortnightly
Pulp & Paper
Quick Frozen Foods
Television Digest
Textile World
Transportation Journal
Ward’s Auto World
World Oil

Exhibit 13.3 TRADE JOURNALS AND PUBLICATIONS
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searching information bases for useful data. Valuable infor-
mation can be obtained by training salespeople to listen to
and observe customers, suppliers, members of the distribu-
tion system, and the competition, then contributing this
intelligence to the MIS. The intent should be to obtain usable
marketing intelligence (information that is available to the
public) and not to conduct industrial espionage (stealing
information not available to the public). The latter is unethi-
cal and illegal. Marketers should be savvy enough to realize
that as they are collecting information about their competi-
tion, the competition is probably collecting information
about them.

An additional external source of important information
for the marketing MIS is the market for a company’s prod-
ucts. A large amount of useful data can be obtained from
the TPS for markets already being served by the company,
but insights into buyer behaviors and preferences in new
markets can only be obtained from sources outside the firm.

The Internet may become the ultimate information
source for both the competition and the market. It already
provides access to information provided by government
(.gov), for-profit business (.com), nonprofits (.org), universi-
ties (.edu), and individuals.

MARKETING MIS SUBSYSTEMS 
AND OUTPUTS

Subsystems for the marketing MIS include forecasting, mar-
keting research, product development, place planning, pro-
motion planning, and pricing. These subsystems and their
outputs help marketing managers and executives increase
sales, reduce marketing expenses, and develop plans for
future products and services to meet the changing needs of
customers.

COMPREHENSIVE SALES PLANNING

The preceding chapter gave an overview of a comprehen-
sive profit plan. The initiating management decisions in
developing the plan were the statements of broad objectives,
specific goals, basic strategies, and planning premises. The
sales planning process is a necessary part of profit planning
and control because (1) it provides for the basic management
decisions about marketing, and (2) based on those decisions,
it is an organized approach for developing a comprehensive
sales plan. If the sales plan is not realistic, most if not all of
the other parts of the overall profit plan also are not realistic.
Therefore, if the management believes that a realistic sales
plan cannot be developed, there is little justification for
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profit planning and control. Despite the views of a particular
management, such a conclusion may be an implicit admis-
sion of incompetence. Simply, if it is really impossible to assess
the future revenue potential of a business, there would be
little incentive for investment in the business initially or for
continuation of it except for purely speculative ventures that
most managers and investors prefer to avoid.

The primary purposes of a sales plan are (1) to reduce
uncertainty about the future revenues, (2) to incorporate
management judgments and decisions into formation of the
planning process (e.g., in the marketing plans), (3) to pro-
vide necessary information for developing other elements
of a comprehensive profit plan, and (4) to facilitate manage-
ment’s control of sales activities.

Sales Planning Compared 
with Forecasting

Sales planning and forecasting are often confused. Although
related, they have distinctly different purposes. A forecast is
not a plan; rather it is a statement and/or a quantified
assessment of future conditions about a particular subject
(e.g., sales revenue) based on one or more explicit assump-
tions. A forecast should always state the assumptions upon
which it is based. A forecast should be viewed as only one
input into the development of a sales plan. The management
of a company comprehensive may accept, modify, or reject
the forecast. In contrast, a sales plan incorporates manage-
ment decisions that are based on the forecast, other inputs,
and management judgments about such related items as
sales volume, prices, sales efforts, production, and financing,

Testing the Top Line
Most companies do not really manage top-line growth. They
allocate resources to businesses they think will be most pro-
ductive and hope the economy cooperates. But a growing
number are taking a less passive approach and studying rev-
enue growth more carefully. They argue that quantifying the
sources of revenue can yield a wealth of information, which
results in more targeted and more effective decision making.
With the right discipline and analysis, they say, growing rev-
enues can be as straightforward as cutting costs. Some com-
panies go so far as to link the two efforts. The idea is to bring
the same systematic analysis to growing revenue that we
have brought to cost cutting.

A sources-of-revenue statement (SRS) is useful in this
effort. The information on revenue captured by traditional
financial statements is woefully inadequate. Sorting reve-
nues by geographic market, business unit, or product line
tells you the source of sales. But it does not explain the
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underlying reason for those sales. The SRS model breaks
revenue into five categories:

1. Continuing sales to established customers (known as
base retention)

2. Sales won from the competition (share gain)
3. New sales from expanding markets
4. Moves into adjacent markets where core capabilities

can be leveraged
5. Entirely new lines of business unrelated to the core

To produce a sources-of-revenue statement, five steps are
required in addition to establishing total revenues for com-
parable periods, as is commonly done for purposes of com-
pleting an income statement:

1. Determine revenue from the core business by estab-
lishing the revenue gain or loss from entry to or exit
from adjacent markets and the revenue gain from
new lines of business, and subtracting this from total
revenue.

2. Determine growth attributable to market positioning
by estimating the market growth rate for the current
period and multiplying this by the prior period’s core
revenue.

3. Determine the revenue not attributable to market
growth by subtracting the amount determined in
step 2 from that determined in step 1.

4. To calculate base retention revenue, estimate the cus-
tomer churn rate, multiply it by the prior period’s
core revenue, and deduct this from the prior period’s
core revenue.

5. To determine revenue from market share gain, sub-
tract retention revenue, growth attributable to market
positioning, and growth from new lines of business
and from adjacent markets from core revenue.

Forecasting
Forecasts are needed for marketing, production, purchas-
ing, manpower, and financial planning. Further, top man-
agement needs forecasts for planning and implementing
long-term strategic objectives and planning for capital
expenditures. Based on the firm’s projected sales, the pro-
duction function determines the machine, personnel, and
material resources needed to produce its products or ser-
vices. Marketing managers use sales forecasts to (1) deter-
mine optimal sales force allocations, (2) set sales goals, and
(3) plan promotions and advertising. Other things such as
market share, prices, and trends in new product develop-
ment are required.

As soon as the company makes sure that it has enough
capacity, the production plan is developed. If the company
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does not have enough capacity, it will require planning
and budgeting decisions for capital spending for capacity
expansion. Production planners need forecasts in order to
schedule production activities, order materials, establish
inventory levels, and plan shipments. Some other areas that
need forecasts include material requirements (purchasing
and procurement), labor scheduling, equipment purchases,
maintenance requirements, and plant capacity planning.

The personnel department requires a number of fore-
casts in planning for human resources in the business. Work-
ers must be hired and trained, and for these personnel there
must be benefits that are competitive with those available in
the firm’s labor market. Also, trends that affect such vari-
ables as labor turnover, retirement age, absenteeism, and
tardiness need to be forecast as input for planning and deci-
sion making in this function. On this basis, the financial
manager must estimate the future cash inflow and outflow.
He or she must plan cash and borrowing needs for the com-
pany’s future operations. Forecasts of cash flows and the
rates of expenses and revenues are needed to maintain cor-
porate liquidity and operating efficiency. In planning for
capital investments, predictions about future economic
activity are required so that returns or cash inflows accruing
from the investment may be estimated. There are many fore-
casting methods in use, one of which is regression analysis.
It is illustrated below, using Excel.

Using Regression on Excel
To utilize Excel for regression analysis, the following proce-
dure needs to be followed:

1. Click the Tools menu.

EXAMPLE 13.1 EXCEL REGRESSION

A firm wishes to develop a sales forecasting model by
relating sales to price and advertising.

Month Sales (Y)
Advertising 

(X1) Price (X2)

1 25 4 75

2 26 5 82

3 32 6 94

4 30 6 95

5 32 7 98

6 37 7 110

7 38 8 110

8 41 8 99

9 46 9 95

10 48 10 97
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2. Click Add-Ins.
3. Click Analysis ToolPak. (If Analysis ToolPak is not

listed among your available add-ins, exit Excel, double-
click the MS Excel Setup icon, click Add/Remove,
double-click Add-Ins, and select Analysis ToolPak.
Then restart Excel and repeat the above instruction.)

After ensuring that the Analysis ToolPak is available,
you can access the regression tool by completing the follow-
ing steps:

1. Click the Tools menu.
2. Click Data Analysis.
3. Click Regression.

Marketing Research
Marketing research is essentially a twofold activity. It
involves (1) collecting current data describing all phases of
the marketing operations and (2) presenting the findings to
marketing managers in a form suitable for decision making.
The focus is on the timeliness of the information. The goal
of marketing research is to conduct a systematic, objective,
bias-free inquiry of the market and customer preferences. A
variety of tools such as surveys, questionnaires, pilot stud-
ies, and in-depth interviews are used for marketing research.
Marketing research can identify the features that custom-
ers really want in a product or from a service. Important
attributes of products or services—style, color, size, appear-
ance, and general fit—can be investigated through the use
of marketing research.

EXAMPLE 13.1 EXCEL REGRESSION (continued)

Summary Output

Regression Statistics

Multiple R 0.97366474
R Square 0.94802302
Adjusted R 0.93317246
Square
Standard Error 2.0400664
Observations 10

Anova

df SS MS F
Significance 

F

Regression 2 531.3669036 265.6835 63.838 3.20139E-05
Residual 7 29.13309639 4.161871
Total 9 560.5

Coefficients Standard Error t Stat

Intercept 10.1734656 6.251683507 1.627316
X Variable 1 4.41923505 0.480669674 9.193913
X Variable 2 –0.0587237 0.081383757 –0.72157
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Marketing research broadly encompasses advertising
research and consumer behavior research. Advertising research
is research on such advertising issues as ad and copy effec-
tiveness, recall, and media choice. Consumer behavior research
answers questions about consumers and their brand selec-
tion behaviors and preferences in the market-place. Research
results are used to make marketing mix decisions and for
pricing, distribution channels, guarantees and warranties,
and customer service. Statistical analysis software is used to
analyze the data collected from marketing research endeav-
ors. These software packages can determine trends, test
hypotheses, compute statistical values, and more. This data
is then often input into the marketing MIS so that marketing
managers can be better informed and can better make their
planning and resource allocation decisions.

Product Development
Product development is one of the four Ps in the marketing
mix—product, place, promotion, and price—each of which
is explained later. Product development involves the trans-
formation of raw materials into finished goods and services,
and primarily focuses on the physical attributes of the prod-
uct. Many factors, including materials, labor skills, plant
capacity, and technical factors, are important in product
development decisions. In many cases, a computer program
for mathematical programming and simulations can be uti-
lized to analyze these various factors and to select the appro-
priate mix of labor, materials, plant and equipment, and
engineering designs. Make-or-outsource decisions can also
be made with the assistance of computer software. A frame-
work, called the product life cycle, guides the manager in
making product development decisions. It takes into account
four stages in the life cycle: introduction, growth, maturity,
and decline.

Place Planning
Place planning involves planning on the means of physi-
cally distributing the product to the customer. It includes
production, transportation, storage, and distribution on
both the wholesale and retail levels. Where to deliver the
product to the customer and how to get the product to this
location are the principal concerns of place analysis sub-
systems. Typically, a distribution chain starts at the manu-
facturing plant and ends at the final consumer. In the middle
is a network of wholesale and retail outlets employed to effi-
ciently and effectively bring goods and services to the final
consumer. But where are the best places to locate manufac-
turing facilities, wholesale outlets, and retail distribution
points? Factors such as manufacturing costs, transportation
costs, labor costs, and localized demand levels become critical
to answering this issue. Today, marketing MIS subsystems can
analyze these factors and determine the least-cost placement
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of manufacturing facilities, wholesale operations, and retail
outlets. The purpose of these locational analysis programs is
to minimize total costs while satisfying product demand.
Digital maps combined with customer database information
in computer mapping software can be used to pinpoint loca-
tions for new retail outlets. For example, Yamaha Motor
Corporation, USA has made decisions as to where to locate
their dealerships by blending computer graphics with behav-
ioral demographics. Behavioral demographics link psycho-
logical, lifestyle, and family expenditure data to geographic
locations, often by zip code.

Promotion Planning
One of the most important functions of any marketing effort
is promotion. Promotion is concerned with all the means of
marketing the sale of the product, including advertising
and personal selling. Product success is a direct function of
the effectiveness of advertising and sales promotion. The
size of the promotion budget and the allocation of this bud-
get to various promotional mixes are important factors in
deciding which type of campaign will be launched. Televi-
sion coverage, newspaper ads and coverage, promotional
brochures and literature, and training programs for sales-
people are all components of these promotional and adver-
tising mixes. Because of the time and scheduling savings
they offer, computer software is widely used to establish the
original budget and to monitor expenditures and the over-
all effectiveness of various promotional campaigns.

Promotional effectiveness can be monitored through the
TPS, or it may be monitored through a specialized func-
tional system focusing exclusively on sales activity. For
example, a significant proportion of many marketing man-
agers’ compensation is determined by the results of their
promotional campaigns through specialized sales activity
subsystems. Such systems often use data from retail outlet
bar-code scanners to compile information on how effective
certain promotions were within the promotional period.
Without such sales activity, the time delay between whole-
sale shipments and retail sales would prevent the promo-
tion’s effectiveness from being accurately measured. The
following example illustrates the use of linear programming
to determine optimal media selection for sales promotion.

EXAMPLE 13.2 MEDIA SELECTION

The management of an electric products company
decided to spend up to $1 million on the advertising of
women’s electric razors that it manufactures. The adver-
tising budget is to be spent in 12 consumer magazines
with full-page, full-color advertisements. Let Xi be the
number of dollars spent on advertising in magazine i.
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Management is advised by an advertising agency that
an appropriate goal is to maximize the number of effec-
tive exposures given the advertising budget. Manage-
ment wants to assure that no more than 12 insertions are
made in any one magazine and that it wishes the num-
ber of insertions in Mademoiselle and Ladies Home Journal
to be less than or equal to 7 and 2, respectively. Suppose
also that management wishes to specify minimum
expenditures in certain of the magazines, say, X2 ≥
17,810, X3 ≥ 67,200, X5 ≥ 42,840, and X10 32,550. Finally,
management desires an expenditure of no more than
$320,000 in four of the magazines, say, 3, 9, 10, and 12.
The following table presents the number of exposures
and cost for each advertising medium:

Media

Effective 
Readings per 
Dollar Spent

Cost of One Full-
Page, Full-Color 
Advertisement

1. Cosmopolitan 158 $5,500
2. Mademoiselle 263 5,950
3. Family Circle 106 33,600
4. Good Housekeeping 108 27,400
5. McCall’s 65 42,840
6. Modern Romance 176 3,275
7. Film Quarterly 285 3,415
8. Soap Opera Digest 86 2,248
9. TV Guide 120 25,253

10. Woman’s Day 51 32,550
11. Seventeen 190 8,850
12. Ladies Home Journal 101 35,000

The LP model is:
Maximize 158 X1 + 263 X2 + 106 X3 + 108 X4 + 65 X5 +

176 X6 + 285 X7 + 86 X8 + 120 X9 + 51 X10 +
190 X11 + 101 X12

Subject to (1) 0 ≤ Xi ≤ 12 (i = 1,2,3,. . ., 12)
(2) X2 ≤ 7, X12 ≤ 2
(3) 5950 X2 ≥ 17,810, 33600 X3 ≥ 67,200,

42840 X5 ≥ 42,840, 32550 X10 ≥ 32,550
(4) 33600 X3 + 25253 X9 + 32550 X10 +

35000 X12 ≤ 320,000
The LINDO input and output are summarized below.

MAX 158 X1 + 263 X2 + 106 X3 + 108 X4 + 65 X5 + 176 X6
+ 285 X7 + 86 X8 + 120 X9 + 51 X10 + 190 X11 + 101 X12

Subject to
2) X1 <= 12
3) X2 <= 12
4) X3 <= 12
5) X4 <= 12
6) X5 <= 12
7) X6 <= 12

EXAMPLE 13.2 MEDIA SELECTION (continued)
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Pricing
Pricing is an important managerial decision that has a long-
term effect on the sales and profitability of the firm. In most
instances, especially in the field of durable consumer goods,
notably audio-video equipment, automobiles, and so on, the
scope for product differentiation allows competing firms to
have considerable leeway in setting the prices of their prod-
ucts. Three popular pricing approaches are a cost-based pric-
ing policy, a return on investment (ROI)–based pricing policy,
and a demand-based pricing policy. The MIS can support the
manager in all three pricing policies. With the cost-based
approach, the accounting system can provide accurate prod-
uct cost data on which to base a decision. With the other
approaches, the MIS enables the manager to engage in what-
if modeling to determine the price level that maximizes con-
tribution to profits yet retards competitive activity.

A major factor in determining pricing policy is an anal-
ysis of the demand curve, which attempts to determine the
relationship between price and sales. Most companies try

EXAMPLE 13.3 MEDIA SELECTION (continued)

8) X7 <= 12
9) X8 <= 12

10) X9 <= 12
11) X10 <= 12
12) X11 <= 12
13) X12 <= 12
14) X2 <= 7
15) X12 <= 2
16) 5950 X2 >= 17810
17) 33600 X3 >= 67200
18) 42480 X5 >= 42480
19) 32550 X10 >= 32550
20) 33600 X3 + 25253 X9 + 32550 X10 + 35000 X12

<= t 320000
END
LP Optimum found at Step 14.
Objective Function Value
1) 15966.6100

Variable Value Reduced Cost
X1 12.000000 .000000
X2 7.000000 .000000
X3 2.000000 .000000
X4 12.000000 .000000
X5 12.000000 .000000
X6 12.000000 .000000
X7 12.000000 .000000
X8 12.000000 .000000
X9 8.721736 .000000
X10 1.000000 .000000
X11 12.000000 .000000
X12 .000000 65.316860
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to develop pricing policies that will maximize total sales
revenues. This is usually a function of price elasticity. If the
product is highly price sensitive, a reduction in price can
generate a substantial increase in sales, which can result in
higher revenues. A product that is relatively insensitive to
price can have its price substantially increased without a
large reduction in demand. Exhibit 13.4 shows the relation-
ships between price elasticity (ep) and sales revenue (S),
which can aid a firm in setting its price.

Computer programs exist that help determine price elas-
ticity and various pricing policies. With the aid of computer
software for spreadsheets and statistical packages, the mar-
keting managers can typically develop what-if scenarios in
which they can alter factors to see price changes on future
demand and total revenues.

Price ep > 1 ep = 1 ep < 1

Price rises S falls No change S rises
Price falls S rises No change S falls

Exhibit 13.4 RELATIONSHIP BETWEEN PRICE AND ELASTICITY

EXAMPLE 13.3 ROI PRICING

One of the widely used pricing methods, especially in
large corporations, is pricing to achieve a targeted rate
of return on investment (ROI). Furthermore, there is an
increasing tendency among firms to adopt some form
of target ROI pricing. This is mainly due to a growing
awareness of the need to integrate pricing policy with
the objective of achieving a satisfactory rate of return on
capital invested. ROI pricing is certainly the most
widely used pricing method today. The use of spread-
sheet software and what-if analysis can be readily applied
to the area of product pricing.

The conventional ROI pricing technique is generally
along the following lines: a standard volume of produc-
tion is estimated; the variable cost per unit is calculated
for this level of production; and fixed factory overhead,
selling, and administrative expenses are allocated over
the number of units at standard volume of production.
Depreciation on assets is included in the fixed costs. The
rate of depreciation is either an estimated rate, which in
the opinion of the management reflects the fall in the
value of assets, or more likely, the depreciation rate
allowed under the tax law is generally adopted. The
markup per unit is arrived at by calculating the desired
dollar return (on the total capital invested—i.e., debt as
well as equity) and dividing by the number of units
at standard volume. The return on investment rate
expected is determined by management according to its
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Sales Analysis
Sales analysis assists managers in identifying products, sales
personnel, and customers who are contributing to profits
and those who are not. Several reports can be generated to
help marketing managers make good sales decisions. The
sales-by-product report lists all major products and their sales
for a period of time, such as a month. This report shows
which products are doing well and which ones need
improvement or should be discarded altogether. The sales-by-
salesperson report lists total sales for each salesperson for
each week or month. This report can also be subdivided by
product to show which products are being sold by each
salesperson. The sales-by-customer report is a useful way to
identify high- and low-volume customers.

expectations of what constitutes a fair return. Tax aspects
are generally ignored. The outline of an ROI pricing
model (with assumed figures) is presented below:
X = Estimated Sales (units) 100,000
OI = Opening Inventory 

value $45,000
10,000

CI = Closing Inventory (units) 
value $100,000

20,000

(valuation at variable cost & FIFO)
Production (units) 110,000
VC = Variable Cost (@ $5) 550,000
FC = Fixed Cost (manufacturing, 

selling, administrative)
200,000

RR = Recoveries Required:
 Interest (INT) 50,000
 Dividends 60,000
 Debt Recovery 100,000
 Equity Recovery 90,000 300,000
 T = Tax Rate 40%

D = Depreciation allowable under tax laws 30,000

The selling price can then be calculated by the following
formula:

Substituting the assumed figures in the above formula:

The spreadsheet contains parameters for what-if (sensi-
tivity) analysis on three levels: normal, optimistic, and
pessimistic. Consequently, the template generates prod-
uct prices under optimistic, pessimistic, and normal
expectations of the person making the pricing decision.
A printout of the worksheet with assumed figures is
shown in Exhibit 13.5.

EXAMPLE 13.3 ROI PRICING  (continued)

SP RR FC t( ) FC D INT OI CI–+ + +[ ]– VC unit⁄+ +
1 t–( ) X×

-------------------------------------------------------------------------------------------------------------------------------------=

SP 30000 20000 .40( ) 20000 3000 5000 45000 100000–+ + +[ ] 5+–+
1 .40–( ) 100000( )

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------=
$11.83 per unit=
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POPULAR FORECASTING AND 
STATISTICAL SOFTWARE

There are numerous computer software packages that are
used for forecasting purposes. They are broadly divided
into two major categories: forecasting software and general-
purpose statistical software. Some programs are stand-alone,
while others are spreadsheet add-ins. Still others are tem-
plates. A brief summary of some popular programs follows.

Sales & Market Forecasting Toolkit
It is a Lotus 1-2-3 template that produces sales and market
forecasts, even for new products with limited historical data.

❍ Eight powerful methods for more accurate forecasts
❍ Spreadsheet models, complete with graph, ready-to-use

with your numbers

The Sales & Market Forecasting Toolkit offers a variety
of forecasting methods to help you generate accurate busi-
ness forecasts even in new or changing markets with lim-
ited historical data. The forecasting methods include:

❍ Customer poll
❍ Whole-market penetration
❍ Chain method
❍ Strategic modeling
❍ Moving averages, exponential smoothing, and linear

regressions

The customer poll method helps build a forecast from
the ground up by summing the individual components
such as products, stores, or customers. Whole-market pene-
tration, market share, and the chain method are top-down
forecasting methods used to predict sales for new products
and markets lacking sales data. The strategic modeling
method develops a forecast by projecting the impact of
changes to pricing and advertising expenditures. Statistical
forecasting methods include exponential smoothing, mov-
ing averages, and linear regression.

You can use the built-in macros to enter data into your
forecast automatically. For example, enter values for the
first and last months of a 12-month forecast. The com-
pounded-growth-rate macro will automatically compute
and enter values for the other 10 months.

Forecast! GFX
Forecast! GFX is a stand-alone forecasting system that can
perform five types of time-series analysis: seasonal adjust-
ment, linear and nonlinear trend analysis, moving-average
analysis, exponential smoothing, and decomposition. Trend
analysis supports linear, exponential, hyperbolic, S-curve, and
polynomial trends. Hyperbolic trend models are used to
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analyze data that indicates a decline toward a limit, such as
the output of an oil well or the price of a particular model of
personal computer. Forecast! GFX can perform multiple-
regression analysis with up to 10 independent variables.

ForeCalc
ForeCalc, a Lotus add-in, uses nine forecasting techniques
and includes both automatic and manual modes, and elimi-
nates the need to export or reenter data. In automatic mode,
just highlight the historical data in your spreadsheet, such
as sales, expenses, or net income; then ForeCalc tests several
exponential-smoothing models and picks the one that best
fits your data.

Forecast results can be transferred to your spreadsheet
with upper and lower confidence limits. ForeCalc generates
a line graph showing the original data, the forecasted val-
ues, and confidence limits.

ForeCalc can automatically choose the most accurate
forecasting technique:

❍ Simple one-parameter smoothing
❍ Holt’s two-parameter smoothing
❍ Winters’s three-parameter smoothing
❍ Trendless seasonal models
❍ Dampened versions of Holt and Winters’s smoothing

ForeCalc’s manual mode lets you select the type of trend
and seasonality, yielding nine possible model combinations.
You can vary the type of trend (constant, linear, or damp-
ened), as well as the seasonality (nonseasonal, additive, or
multiplicative).

StatPlan IV
StatPlan IV is a stand-alone program for those who under-
stand how to apply statistics to business analysis. You can
use it for market analysis, trend forecasting, and statistical
modeling.

StatPlan IV lets you analyze data by range, mean,
median, standard deviation, skewdness, kurtosis, correlation
analysis, one- or two-way analysis of variance (ANOVA),
cross-tabulations, and t-test.

The forecasting methods include multiple regression,
stepwise multiple regression, polynomial regression, bivari-
ate curve fitting, autocorrelation analysis, trend and cycle
analysis, and exponential smoothing.

The data can be displayed in X-Y plots, histograms, time-
series graphs, autocorrelation plots, actual versus forecast
plots, or frequency and percentile tables.

Geneva Statistical Forecasting
Geneva Statistical Forecasting, stand-alone software, can
batch-process forecasts for thousands of data series, pro-
vided the series are all measured in the same time units (days,
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weeks, months, and so on). The software automatically tries
out as many as nine different forecasting methods, including
six linear and nonlinear regressions and three exponential-
smoothing techniques, before picking the one that best fits
your historical data.

The program incorporates provisions that simplify and
accelerate the process of reforecasting data items. Once you
complete the initial forecast, you can save a data file that
records the forecasting method assigned to each line item.
When it is time to update the data, simply retrieve the file
and reforecast, using the same methods as before.

SmartForecasts
SmartForecasts, a stand-alone forecasting software program,
features the following:

❍ Automatically chooses the right statistical method
❍ Lets you manually adjust forecasts to reflect your

business judgment
❍ Produces forecast results

SmartForecasts combines the benefits of statistical and
judgmental forecasting. It can determine which statistical
method will give you the most accurate forecast and handles
all the math. Forecasts can be modified using the program’s
Eyeball utility. You may need to adjust a sales forecast to
reflect an anticipated increase in advertising or a decrease
in price. SmartForecasts summarizes data with descriptive
statistics, plots the distribution of data values with histo-
grams, plots variables in a scattergram, and identifies lead-
ing indicators.

You can forecast using single- and double-exponential
smoothing, and simple- and linear-moving averages. It
even builds seasonality into your forecasts using Winters’s
exponential smoothing, or you can eliminate seasonality by
using time-series decomposition and seasonal adjustment.

In addition, SmartForecasts features simultaneous multi-
series forecasting of up to 60 variables and 150 data points
per variable, offers multivariate regression to let you relate
business variables, and has an Undo command for mistakes.

Tomorrow
Tomorrow, a stand-alone forecasting package, uses an opti-
mized combination of linear regression, single exponential
smoothing, adaptive rate response single exponential smooth-
ing, Brown’s one-parameter double exponential smoothing,
Holt’s two-parameter exponential smoothing, Brown’s one-
parameter triple exponential smoothing, and Gardner’s three-
parameter damped trend. Some of the main features include:

❍ There is no need to reformat your existing spread-
sheets. Tomorrow recognizes and forecasts formula
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cells (containing totals and subtotals, for example). It
handles both horizontally and vertically oriented
spreadsheets. It accepts historical data in up to 30 sep-
arate ranges.

❍ Allows you to specify seasonality manually or calcu-
lates seasonality automatically.

❍ Allows you to do several forecasts of different time
series (for example, sales data from different regions)
at once.

❍ Recognizes and forecasts time-series headings (names
of months, etc.).

❍ Forecast optionally becomes a normal part of your
spreadsheet.

❍ Undo command restores original spreadsheet.
❍ Browse feature allows you to look at any part of the

spreadsheet (including the forecast) without leaving
Tomorrow.

❍ Checks for and prevents accidental overlaying of
nonempty or protected cells.

❍ Optional annotation mode labels forecast cells, calcu-
lates MAPE, and, when seasonality is automatically
determined, describes the seasonality.

❍ Comprehensive context-sensitive online help.

Forecast Pro
Forecast Pro, a stand-alone forecasting program, is the busi-
ness software that uses artificial intelligence. A built-in
expert system examines your data. Then it guides you to
exponential smoothing, Box-Jenkins, or regression—which-
ever method suits the data best.

MicroTSP
MicroTSP is a stand-alone software package that provides
the tools most frequently used in practical econometric and
forecasting work. It covers the following:

1. Descriptive statistics
2. A wide range of single-equation estimation techniques

including ordinary least squares (multiple regression),
two-stage least squares, nonlinear least squares, and
probit and logit.

Forecasting tools include exponential smoothing (includ-
ing single exponential, double exponential, and Winters’s
smoothing) and Box-Jenkins methodology.

Sibyl/Runner
Sibyl/Runner is an interactive, stand-alone forecasting sys-
tem. In addition to allowing the usage of all major forecast-
ing methods, the package permits analysis of the data,
suggests available forecasting methods, compares results,
and provides several accuracy measures in such a way that
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it is easier for the user to select an appropriate method and
forecast needed data under different economic and environ-
mental conditions. For details, see Makridakis, S., Hodgsdon,
and S. Wheelwright, “An Interactive Forecasting System,”
American Statistician, November 1974.

Other Forecasting Software
There are many other forecasting software programs such
as Autocast II, 4 Cast, and Trendsetter Expert Version.

General-Purpose Statistical Software
There are numerous statistical software programs that can
be utilized in order to build a forecasting model. Some of
the more popular ones include:

❍ SAS Application System
❍ SPSS
❍ Minitab
❍ RATS
❍ BMD

Today’s managers have some powerful tools at hand to
simplify the forecasting process and increase its accuracy.
Several forecasting models are available, and the automated
versions of these should be considered by any manager who
is regularly called upon to provide forecasts. A personal
computer with a spreadsheet is a good beginning, but the
stand-alone packages currently available provide the most
accurate forecasts and are the easiest to use. In addition,
they make several forecasting models available and can
automatically select the best one for a particular data set.
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CHAPTER 14

DECISION SUPPORT SYSTEMS

DISTINGUISHING AMONG TPS, MIS, EIS, 
DSS, AND ES

As discussed in Chapter 1, information systems are distin-
guished by the type of decisions they support, the operator
who uses the system, the management control level of the
system, the function of the system, and its attributes (see
Exhibit 1.1). There are information systems to support
structured decisions, unstructured decisions, and anything
in between. At the strategic level of management, decisions
are unstructured, and decision styles may differ signifi-
cantly among managers. Furthermore, a specific decision
problem may occur only once. Thus, information systems
developed for this level often are decision specific. Once the
decision is made, the information system used for it is no
longer applicable in its current form. For subsequent deci-
sions, the system must be modified or discarded—a devel-
opment that has major implications for the design of
information systems. Whereas executive information sys-
tems and decision support systems aid in decisions that are
unstructured, transaction processing systems and expert
systems aid in decisions that are structured.

The manager who uses the information system helps
distinguish the system. Transaction processing systems
(TPSs) are used at the operational level of an organization
such as by clerks or secretaries. Executive information sys-
tems (EISs) are used specifically by personnel at the senior
management level such as vice presidents or presidents of
an organization. Decision support systems (DSSs) are used
by middle management such as managers of the accounting
department. Expert systems (ESs) are used by personnel at
all levels of an organization.

Another factor that distinguishes information systems is
the function of the systems. Transaction processing systems
were established to computerize manual systems. Execu-
tive information systems (EISs) were designed to aid senior
managers in decision making. Decision support systems
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were designed to aid middle managers in decision making,
and expert systems (ESs) were designed to aid all personnel
in decision making.

The final distinguishing factor of information systems is
the attributes of the system. Transaction processing sys-
tems are used to handle day-to-day transactions such as the
accounts payable system of an organization. Attributes of
executive information systems include visual summaries of
forecasts and budgets of an organization. Decision support
system attributes include visual displays of the sales,
income or interest estimates for the day, month, or year. Expert
system attributes include systems that assess bad debts or
authorize credit.

DECISION SUPPORT SYSTEMS (DSSs)

A DSS is a computer-based information system that assists
managers in making many complex decisions, such as deci-
sions needed to solve poorly defined or semistructured
problems. Instead of replacing the manager in the decision
process, the DSS supports the manager in his or her applica-
tion of the decision process. In other words, it is an auto-
mated assistant that extends the mental capabilities of the
manager. Most authorities view the DSS as an integral part
of the MIS, in that its primary purpose is to provide decision-
making information to managerial decision makers. A DSS
allows the manager to change assumptions concerning
expected future conditions and to observe the effects on the
relevant criteria. As a result of these direct benefits, a DSS
enables the manager to gain a better understanding of the
key factors affecting the decision. It enables the manager to
evaluate a large number of alternative courses of action
within a reasonably short time frame.

A DSS summarizes or compares data from either or both
internal and external sources (see Exhibit 14.1). Internal
sources include data from an organization’s database such
as sales, manufacturing, or financial data. Data from exter-
nal sources includes information on interest rates, popula-
tion trends, new housing construction, or raw material
pricing.

DSSs often include query languages, statistical analysis
capabilities, spreadsheets, and graphics to help the user
evaluate the decision data. More advanced decision support
systems include capabilities that allow users to create a
model of the variables affecting a decision. With a model,
users can ask what-if questions by changing one or more of
the variables and seeing what the projected results would
be. A simple model for determining the best product price
would include factors for the expected sales volume at each
price level. Many people use electronic spreadsheets for
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simple modeling tasks. A DSS is sometimes combined with
executive information systems (EISs). DSS applications
used in business include systems that estimate profitability,
plan monthly operations, determine the source and applica-
tion of funds, and schedule staff.

PALISADE’S DECISIONTOOLS SUITE

Palisade’s DecisionTools Suite is a DSS tool in the area of
risk and decision analysis. It includes such programs as
@RISK, @RISK for Project, TopRank, PrecisionTree, BestFit,
and RISKview. These programs analyze risk, run Monte
Carlo simulations, perform sensitivity analyses, and fit data
to distributions.

❍ @RISK is a risk analysis and simulation add-in for
Microsoft Excel and Lotus 1-2-3. It is the risk analysis
tool. Replace values in your spreadsheet with @RISK
distributions to represent uncertainty, then simulate
your model using powerful Monte Carlo simulation
methods. @RISK recalculates your spreadsheet hun-
dreds (or thousands) of times. The results: distribu-
tions of possible outcome values! Results are displayed
graphically and through detailed statistical reports.

❍ @RISK for Project adds the same powerful Monte
Carlo techniques to Microsoft Project models, allow-
ing users to answer questions such as, What is the
chance the project will be completed on schedule?

❍ TopRank is a what-if analysis add-in for either
Microsoft Excel or Lotus 1-2-3 for Windows. Take any
spreadsheet model, select the cells that hold your
results, and TopRank automatically determines which
spreadsheet values affect your results the most.
TopRank then ranks the values in order of impor-
tance. Your results can be displayed in Tornado, Spi-
der, and Sensitivity high-resolution graphs, allowing

Graphical

Large database

Integrates many sources of data

Report and presentation flexibility

Geared toward individual decision-making styles

Modular format

Optimization and heuristic approach

What-if and simulation

Goal-seeking and impact analysis

Performs statistical and analytical analysis

Exhibit 14.1 CHARACTERISTICS OF A DECISION SUPPORT 
SYSTEM (DSS)
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you to easily understand the outcome at a glance.
TopRank works easily and effectively with @RISK by
identifying the critical cells that users should concen-
trate on when running Monte Carlo simulations.

❍ PrecisionTree is a powerful, innovative decision analy-
sis tool. You can enter decision trees and influence dia-
grams directly in your spreadsheet models, and detail
all available decision options to identify the optimal
decision. Your decision analysis factors in your atti-
tudes toward risk and the uncertainty present in your
model. Sensitivity analysis identifies the critical fac-
tors that affect the decision you’ll make. PrecisionTree
is a real plus for outlining all available options for a
decision or identifying and presenting the best course
of action.

❍ BestFit is the distribution fitting solution for Win-
dows. BestFit takes data sets (up to 30,000 data points
or pairs) and finds the distribution that best fits the
data. BestFit accepts three types of data from text
files: direct entry, cut and paste, or direct link to data
within Excel or Lotus 1-2-3 spreadsheets. BestFit tests
up to 26 distribution types using advanced optimiza-
tion algorithms. Results are displayed graphically and
through an expanded report that includes goodness-
of-fit statistics. BestFit distributions can be used directly
in @RISK for Excel, Lotus 1-2-3, and Microsoft Project
models.

❍ RISKview is the distribution viewing companion to
@RISK, @RISK for Project, or BestFit. It is a powerful
tool for viewing, assessing, and creating probability
distributions.

DSS APPLICATIONS

Many DSS practical applications are described in the fol-
lowing sections:

1. Hewlett-Packard developed Quality Decision Manage-
ment to perform production and quality-control func-
tions. It can help with raw material inspection, product
testing, and statistical analysis.

2. Manufacturing Decision Support System (MDSS), devel-
oped at Purdue University to support decisions in
automated manufacturing facilities, is especially use-
ful for CAD/CAM operations.

3. RCA has developed a DSS to deal with personnel
problems and issues. The system, called Industrial
Relations Information Systems (IRIS), can handle prob-
lems that may not be anticipated or that may occur
once, and can assist in difficult labor negotiations.
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4. The Great Eastern Bank Trust Division developed a
DSS called On-line Portfolio Management (OPM) that
can be used for portfolio and investment manage-
ment. The DSS permits display and analysis of vari-
ous investments and securities.

5. ReolPlan, a DSS to assist with commercial real estate
decisions, is useful for various decision aspects of
purchasing, renovating, and selling property.

6. EPLAN (Energy Pion) is a DSS being developed by the
National Audubon Society to analyze the impact of
U.S. energy policy on the environment.

7. The Transportation Evacuation Decision Support System
(TEDSS) is a DSS used in nuclear plants in Virginia. It
analyzes and develops evacuation plans to assist
managers in crisis management decisions regarding
evaluation times and routes and the allocation of shel-
ter resources.

8. The U.S. Army has developed an enlisted manpower
DSS to help with recruitment, training, education,
reclassification, and promotion decisions. It encom-
passes simulation and optimization to model person-
nel needs and requirements. It interacts with an
online database and other statistical analysis software
packages.

9. Voyage Profitability Estimator is a DSS used by a ship-
ping firm to compute the income from decisions
affecting charter rates to be charged for particular
trips. The system saves time and makes it possible to
evaluate trade-offs between speed and fuel usage.
The analysis involves ship and voyage characteris-
tics such as tonnage, rate of fuel consumption, and
port cost.

10. Monthly Plan Calculations serves as a corporate bud-
geting tool to measure the levels of manpower needed
to perform various functions, to calculate costs, and in
general to evaluate the adequacy of proposed opera-
tional plans. Using simple formulas, this system cal-
culates the cost of materials and inventory, among
other items, based on input that consists of monthly
production and shipment plans. Typically, the system
is used iteratively in an attempt to generate a plan
that is sufficiently profitable and that meets the com-
pany’s goal of maintaining reasonable-level produc-
tion in spite of the seasonal nature of the product.

11. Source and Application of Funds is an online budget of
source and applications of funds that has been used
for operational decision making and financial plan-
ning in an insurance company to provide monthly
cash flow figures. The DSS “output” is used at
weekly meetings of an investment committee to help
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in allocating funds across investment areas and to
minimize the amount of cash that is left idle in banks.

12. Interactive Audit Staff Scheduling Systems, an integer
programming model, was designed by Balachandran
and Zoltners to assist public accounting firms in
scheduling their audit staff in an optimal and effec-
tive manner. The computerized management support
system for scheduling staff to an audit can include
the basic model along with a judgmental scheduling
system and a scheduling information database. Moti-
vation, morale, turnover, and productivity of the
audit staff can all be affected by scheduling. In the
scheduling process, the audit firm needs to consider
its audit philosophy, objectives, staff size, rotational
plans, and auditor evaluation. Many feasible audit
staff schedules may fill these needs, but the firm
needs to select the schedule that best meets its own
objectives.

EXECUTIVE INFORMATION SYSTEMS 
(EISs)

An executive information system (EIS) is a DSS made spe-
cially for top managers and specifically supports strategic
decision making. An EIS is also called an executive support
system (ESS). It draws on data not only from systems inter-
nal to the organization but also from those outside, such as
news services and market research databases. The EIS user
interface often uses a mouse or a touch screen to help execu-
tives unfamiliar with using a keyboard. One leading system
uses a remote-control device similar to those used to control
a television set. An EIS might allow senior executives to call
up predefined reports for their personal computers, whether
desktops or laptops. They might, for instance, call up sales
figures in many forms—by region, by week, by fiscal year,
by projected increases. The EIS includes capabilities for ana-
lyzing data and doing what-if scenarios.

Another aspect of the EIS user interface is the graphic
presentation of user information. The EIS relies heavily on
graphic presentation of both the processing options and data.
Again, this is designed to make the system easier to use.

Because executives focus on strategic issues, the EIS
often has access to external databases such as the Dow Jones
News/Retrieval service. Such external sources of informa-
tion can provide current information on interest rates, com-
modity prices, and other leading economic indicators.
Exhibit 14.2 presents the attributes of an executive informa-
tion system.

A popular EIS software is Xecutive Pulse developed by
Megatrend System, Inc. It is a Windows-based executive
information system. The software interfaces with many
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popular LAN-based accounting applications. It provides
decision makers with easy access to financial and sales
information including trend analysis using drill-down and
drill-across technology. Hundreds of charts, graphs, and
views are available with a mouse click. The system extracts
data from accounting history files, builds a database, and
stores up to three years of information for each accounting
period. Users can drill down through five organizational
levels, compare actual versus history and actual versus
budget, and display report or graphic results. Xecutive
Pulse features extensive sales, cash flow, and human
resource analysis, plus daily trends for accounts receivable,
accounts payable, margins, sales, and inventory.

Limitations of Current EISs
Although they offer great promise, many EISs have not
been successfully implemented and many executives have
stopped using them. A common reason cited in several
failed attempts is the mistake of not modifying the system
to the specific needs of the individual executives who will
use the system. For example, many executives prefer to
have information presented in a particular sequence with
the option of seeing different levels of supporting detailed
information such as cost data on a spreadsheet. The desired
sequence and level of detail varies for each executive. It
appears that an EIS must be tailored to the executives’
requirements or the executives will continue to manage
with information they have obtained through previously
established methods. This limitation can be corrected by tai-
loring the software based on the particular needs of the
managers within the specific company. After the software
has been appropriately modified, it will have significant
practical applications.

EIS Applications
There are many EIS applications for managers, including
those described in the following sections.

EIS IN MEASURING PRODUCTIVITY

This application bears on management’s concern over pro-
ductivity. Management may use both internal and external

Graphical

Easy-to-use interface

Broad, aggregated, perspective

Different data sources

Optionally expand to detail level

Provide context

Timeliness crucial

Exhibit 14.2 CHARACTERISTICS OF EXECUTIVE INFORMATION 
SYSTEMS (EISS)
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information extracted from the EIS to show how productiv-
ity in an organization has declined in recent years. Financial
data can be retrieved from the EIS database to demonstrate
how increases in unit labor costs over time have been pri-
marily responsible for significant increases in the product’s
unit cost and have been damaging to the company’s com-
petitiveness by forcing increases in the product’s selling
price. Executives can also compare company sales (internal
data) to industry sales trends (external data) from the EIS to
project market share changes in response to changes in sell-
ing price.

External information may also be extracted from the EIS
database to indicate how competitors achieve greater effi-
ciency by using less labor and more advanced technology to
manufacture a quality product at a materially lower unit
cost. As a result, management may demonstrate that the
competition is able to sell greater quantities of their prod-
ucts at lower prices. This information may provide justifica-
tion for closing the unprofitable plant and opening a
modern facility that will enable a company to be more com-
petitive in the industry.

EIS IN PRODUCT COSTING DECISIONS

Resolving the conflict between profitability in the short run
and increasing market share in the long run requires a mix
of both external and internal data for a rational decision.
Executives need information on product demand and elas-
ticity, competing products and strategies, the economy, and
other factors such as the cost of manufacturing the product
and trade-offs that exist relative to different product quality
levels under different cost assumptions. Some questions
executives may raise are:

❍ What is the current level of quality and how does the
level differ from the desired level?

❍ What is the current full cost of producing a unit and
how does the amount differ from the full cost at the
desired level of quality?

❍ What costs are variable over different levels of prod-
uct quality?

❍ What costs are controllable relative to producing and
selling the products?

EIS can provide data for solutions to some of these ques-
tions by computation. Many internal decisions depend on
assumptions and measurements that require judgment and
may be subject to different interpretations. In product cost-
ing decisions, issues involving appropriate cost and prod-
uct quality trade-offs are equally subjective and unlikely to
have a unique interpretation.
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CHAPTER 15

ARTIFICIAL INTELLIGENCE (AI) AND 
EXPERT SYSTEMS (ESS)

WHAT IS ARTIFICIAL INTELLIGENCE (AI)?

Artificial intelligence is the application of human reason-
ing techniques to machines. Artificial intelligence systems
use sophisticated computer hardware and software to simu-
late the functions of the human mind. Expert systems are
the most promising applications of artificial intelligence
and have received the most attention.

Expert systems are computer programs exhibiting behav-
ioral characteristics of experts. Expert systems involve the
creation of computer software that emulates the way people
solve problems. Like a human expert, an expert system
gives advice by drawing upon its own store of knowledge
and by requesting information specific to the problem at
hand. Expert systems are not exactly the same thing as deci-
sion support systems. A DSS is computer-based software
that assists decision makers by providing data and models.
It performs primarily semistructured tasks, whereas an
expert system is more appropriate for unstructured tasks.
Decision support systems can be interactive just like an
expert system. But, because of the way decision support
systems process information, they typically cannot be used
for unstructured decisions that involve nonquantitative
data. Unlike expert systems, decision support systems do
not make decisions but merely attempt to improve and
enhance decisions by providing indirect support without
automating the whole decision process.

Some general characteristics indicate whether a given
business application is likely to be a good candidate for the
development of an expert system. For example, the appli-
cation must require the use of expert knowledge, judg-
ment, and experience. The business problem must have a
heuristic nature and must be defined clearly. The area of
expertise required for the application must be well defined
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and recognized professionally, and the organization develop-
ing the expert system must be able to recruit an expert who is
willing to cooperate with the expert system’s development
team. The size and complexity of the application must be
manageable in the context of organizational resources, avail-
able technical skills, and management support.

EXPERT SYSTEMS

An expert system (ES), sometimes called a knowledge sys-
tem, is a set of computer programs that perform a task at
the level of a human expert. Expert systems are created on
the basis of knowledge collected on specific topics from
human experts, and they imitate the reasoning process of a
human being. Expert systems have emerged from the field
of artificial intelligence, which is the branch of computer
science that is attempting to create computer systems that
simulate human reasoning and sensation. We describe arti-
ficial intelligence in more detail later in the chapter.

Expert systems are used by management and nonman-
agement personnel to solve specific problems, such as how
to reduce production costs, improve workers’ productivity,
or reduce environmental impact. Based on methodically
using a narrowly defined domain of knowledge that is built
into computer programs, the expert system comes up with a
solution to a problem much the same way an expert would.
The key to the definition is that the domain must be nar-
rowly defined. An expert system cannot (at this point) be
developed to give useful answers about all questions—it is
limited, as a human expert is limited, to a particular field.
For example, one expert system would not tell the control-
ler both whether to lease or buy a piece of equipment
based on the tax differences and also whether a pending
business combination needs to be treated as a pooling or as
a purchase.

How Expert Systems Work

Expert systems are usually considered to have six major
components. The relationships of these components are
illustrated in Exhibit 15.1. Based on the relationships illus-
trated in Exhibit 15.1, it is apparent that expert systems
must work interactively with system users to help them
make better decisions. The system interacts with the user by
continuously asking for information until it is ready to
make a decision. Once the system has sufficient informa-
tion, an answer or result is returned to the user. It is essen-
tial to note that not only must the system assist in making
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1. Knowledge rule database: Contains the rules, problem-
solving knowledge, and cases used when making
decisions.

2. Domain database: The set of facts and information rel-
evant to the domain (area of interest).

3. Database management system: Controls input and
management of both the knowledge and domain
databases.

4. Inference engine (Processing System): Contains the
inference strategies and controls used by experts to
manipulate knowledge and domain databases. It is
the brain of the expert system. It receives the request
from the user interface and conducts analysis, rea-
soning, and searching in the knowledge base. The
inference engine aids in problem solving such as by
processing and scheduling rules. It asks for addi-
tional information from the user, makes assump-
tions about the information, and draws conclusions
and recommendations. The inference engine may
also determine the degree to which a recommenda-
tion is qualified and in the case of multiple solutions
rank them.

EXHIBIT 15.1 EXPERT SYSTEM RELATIONSHIPS 

Database
Management

System
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Domain
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the decision itself, it must also provide the user with the
logic it employed to reach its decision.

The inference engine processes the data the user inputs
to find matches with the knowledge base. The knowledge
base is where the expert’s information is stored. The user
interface is what allows the user to communicate with the
program. The explanation facility shows the user how each
decision was derived. Expert systems are only as good as
their programming. If the information in the knowledge
base is incorrect or if the inference engine is not designed
properly, the results will be useless. GIGO holds true: gar-
bage in, garbage out.

The knowledge consists of two types of knowledge rep-
resentations: inductive knowledge (case based) and deduc-
tive knowledge (rule based).

RULE-BASED EXPERT SYSTEMS

The rule base of an expert system contains a set of produc-
tion rules. Each rule has a typical if-then clause. Expert sys-
tem users provide facts or statements so that production
rules can be triggered and the conclusion can be generated.
Ford Motor Company uses an expert system to diagnose
engine repair problems. Typically, Ford dealers will call the
help line in Ford headquarters to receive a suggestion when
a complicated engine problem cannot be diagnosed. Today,
dealers can access the company’s expert systems and receive
correct engine diagnosis within seconds. Expert systems can
be used at any type of business domain and at any level in an
organization. Examples are diagnosing illness, searching for
oil, making soup, and analyzing computer systems. More
applications and more users are expected in the future.

CASE-BASED EXPERT SYSTEMS

A case-based expert system uses an inductive method to
conduct expert system reasoning. In this type of expert

5. User interface: The explanatory features, online help
facilities, debugging tools, modification systems,
and other tools designed to assist the user in effec-
tively utilizing the system.

6. Knowledge acquisition facility: Allows for interactive
processing between the system and the user; how the
system acquires “knowledge” from human experts in
the form of rules and facts. More advanced technol-
ogy allows intelligent software to “learn” knowledge
from different problem domains. The knowledge
learned by computer software is more accurate and
reliable than that of human experts.

EXHIBIT 15.1 EXPERT SYSTEM RELATIONSHIPS  (continued)
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system, a case base is employed. A case base consists of
many historical cases, which have different results. Cases
consist of information about a situation, the solution, results
of using that solution, and key attributes. The expert infer-
ence engine will search through the case base and find the
appropriate historical case, which matches the characteris-
tics of the current problem to be solved. After a match has
been allocated, the solution of a matched historical case
will be modified and used as the new suggestion for this
current problem. The index library is used to efficiently
search and retrieve cases most similar and relevant to solv-
ing the current problem. There is an adaption module that
creates a solution for the current problem by modifying a
prior solution (structural adaptation) or creating a new
solution based on similar processes used in previous cases
(derivational adaptation).

Lockheed uses an expert system to help speed the pur-
chase of materials ranging from industrial coolant to satel-
lite and rocket parts. The old MISs requested a purchase
order to include more than 100 different forms, which were
seldom completed by the purchaser. Lots of time was spent
to make corrections and changes to make a purchase order
complete. By using an expert system, less information is
asked and the time required to finish a purchasing order is
reduced.

Expert System Shells and Products

An ES shell is a collection of software packages and tools
used to design, develop, implement, and maintain expert
systems. Expert system shells exist in many different forms.
There are a number of off-the-shelf expert system shells that
are complete and ready to run. The user enters the appro-
priate data or parameters, and the expert system provides
output to the problem or situation. Some of the expert sys-
tem shells include Level 5 and VP-Expert. Other shells are
described in Exhibit 15.2.

Furthermore, a number of other expert system develop-
ment tools make the development of expert systems easier
and faster. These products help capture if-then rules for the
rule base, assist in using tools such as spreadsheets and pro-
gramming languages, interface with traditional database
packages, and generate the inference engine.

Once developed, an expert system can be run by people
with virtually no computer experience. The expert system
asks the user a series of questions. Subsequent questions are
often based on answers to previous questions. After the
user answers the system-generated questions, the expert
system generates conclusions. Many expert systems have
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word processing capabilities that can generate letters asking
users for additional information.

General Uses of Expert Systems

CASE 1

Cyc (short for encyclopedia) is an AI (artificial intelligence)
application developed by Cycorp Inc. in Austin, Texas. The
system is the brainchild of Douglas B. Lenat. Cyc uses a top-
down system to organize knowledge within its knowledge
base and to enable the storage of up to 2 million rules. A
half-dozen companies including Glaxo Wellcome, Digital
Equipment, IBM, and United Healthcare have snapped up
the first commercial versions. The ability of Cyc to store
mass quantities of data and rules helps United Healthcare
manage huge online thesauruses of pharmaceutical and
health care terms that have associations based on drug con-
tents and/or interaction effects, thus limiting the need for
employees to deal with the complexity of terms.

CASE 2

A newer product based on Cyc is a photo retrieval system.
The knowledge base in Cyc is able to learn the relationships
between different phrases and use these relationships to
search related photographs stored in files along with
searchable captions. Type “strong and daring person” and
Cyc pulls up a picture captioned “man climbing mountain.”
Cyc knows that a man is a person, and that mountain climb-
ing demands strength and is dangerous.

CASE 3

Firefly is a web-based Cyc derivative that allows viewers to
identify music and artists they like. Based on the informa-
tion that thousands of other users have entered, Firefly

1st-Class Fusion offers a direct, easy-to-use link to the knowledge 
base. It also offers a visual rule tree, which graphically shows 
how rules are related.

Financial Advisor is an ES shell that can analyze capital 
investments in fixed assets such as equipment and facilities.

Knowledgepro is a high-level language that combines functions 
of expert systems and hypertext. It allows the setup of classic “if-
then” rules, and can read database and spreadsheet files.

Leonardo is an ES shell that employs an object-oriented 
language used to develop an expert system called COMSTRAT, 
which can be used by marketing managers to help analyze the 
position of their companies and products relative to their 
competition.

Personal Consultant (PC) Easy is a shell used to route vehicles in 
warehouses and manufacturing plants.

Exhibit 15.2 POPULAR ES SHELLS
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identifies additional music for viewers’ consideration. Essen-
tially, Firefly builds patterns in the data and uses the pat-
terns to identify missing pieces in a new user profile. These
missing pieces are music or artists who will likely appeal to
the viewer.

CASE 4

Derivative products of Cog have also found their way into
commercial applications. The principles underlying Cog
were used to develop a crablike robot for the Navy that can
locate and detonate mines on beaches. Another robot, Her-
mes, will be used by NASA to explore the surface of Mars.
The plan is to literally launch hordes of Hermes to scour the
landscape in search of interesting items before calling in the
main experimental until to collect samples.

Applications of Expert Systems

The use of expert systems is on the rise. Sales of expert sys-
tem shells are increasing at about 20% per year, with about
60% of the sales for use on IBM PCs or compatibles. One of
the main challenges to the development and use of expert
systems is to integrate expert system concepts and func-
tions into existing applications, including transaction pro-
cessing. The applications of expert systems are many and
varied, including security, capacity planning for informa-
tion systems, military analysis, the construction of maps,
and law enforcement. A number of expert systems have
been in existence for several years or more. Some of these
systems are briefly described below:

❍ CoverStory is an expert system that extracts marketing
information from a database and automatically
writes marketing reports.

❍ Westinghouse Electric has an expert system, called
Intelligent Scheduling and Information System (ISIS-11),
for scheduling complex factory orders.

❍ CARGEX—Cargo Expert System is used by Lufthansa,
a German airline, to help determine the best shipping
routes.

❍ NCR Corporation has an expert system for communi-
cations. The system allows the collection and encod-
ing of an expert’s knowledge into a form that can be
used by a personal computer. The overall emphasis of
the product is to allow more efficient analysis of diffi-
culties regarding data communications.

❍ ACE is an expert system used by AT&T to analyze the
maintenance of telephone networks.

❍ General Electric has an expert system called Delta
that assists in engine repair.
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❍ XCON (Expert VAX System Configuration) is an expert
system developed by Digital Equipment Corporation
(DEC) to help in configuring and organizing mini-
computer systems. The system uses thousands of
rules and helps DEC get the correct minicomputer
system to customers.

❍ Authorizer’s Assistant (AA) is an ES developed by
American Express for credit authorization. It is used
to weed out bad credit risks and reduce losses.

❍ Watchdog Investment Monitoring System is an ES devel-
oped by Washington Square Advisors, the invest-
ment management subsidiary of Northwestern
National Life Insurance Company. It is used to ana-
lyze potential and existing corporate bonds to
enhance clients’ revenue. The analysis includes a
change in financial ratios as an indicator of past per-
formance and predictor of future financial directions.

❍ Escape is an expert system by Ford Motor Company
for claim authorization and processing.

❍ Auditor, developed by C. Duncan (University of Illi-
nois), is an expert system to aid internal auditors in
analyzing a company’s allowance for bad debts.

❍ TICOM, developed by A. Baily and M. Gagle (Uni-
versity of Minnesota), is an expert system to evaluate
internal control systems.

❍ Financial Advisor, developed by MIT’s Sloan School of
Management, provides expert advice on projects,
products, and mergers and acquisitions.

❍ Plan Power, developed by Applied Expert Systems, is
an expert system that takes into account a company’s
financial situation, then matches needs with the most
appropriate financial products and services. The sys-
tem will run scenario spreadsheets showing the income
tax situation, cash flows, net worth, and other critical
factors based on alternative decisions.

❍ GURU, developed by Micro Data Base Systems, is an
expert system shell and spreadsheet providing man-
agement advice and financial analysis.

❍ Peat Marwick is using the advice of an expert system
to bring more consistency and precision to the audit-
ing of commercial bank loans. This allows the organi-
zation to assess a company’s provision for bad debts.

❍ Anthem Corporation’s Financial Crime Investigator
helps in identifying fraud in contracts or in purchases.

❍ Nortel Wireless Networks Logic Oriented Repair Environ-
ment (LORE) diagnoses production defects, improves
repair accuracy, and enhances resource flexibility in
the company’s manufacturing processes.

❍ The Expert Business Impact Analysis System, developed
by Decision Support Systems, provides an appraisal
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of business risks and recommendations for strategies
to cope with said risks. The focus is on global risks
that can threaten a company’s operations. Once a
key risk is identified, the best defensive strategy is
selected.

❍ Strohl Systems provides contingency planning, assess-
ing of potential risks and alternative strategies for
preventing business interruptions. The software also
aids the decision maker in putting together a contin-
gency plan for recovering from outages, failures, and
disasters that cannot be adequately controlled via
prevention strategies. Contingency planning is the
process an organization goes through to assure that it
can get its information systems or operations back up
and running in cases of failure or disaster.

❍ Internal Operations Risk Analysis, a system by Business
Foundations Software, uses 180 interview questions
to assess the control strengths and weaknesses of an
organization’s business operations. The software pro-
vides an overall rating of controls strength that can be
broken down by operational area. A similar system
available from Price Waterhouse Cooper is known
simply as controls.

Fuzzy Logic

Fuzzy logic deals with uncertainty. This technique, which
uses the mathematical theory of fuzzy sets, simulates the
process of normal human reasoning by allowing the com-
puter to behave less precisely and logically than conven-
tional computers. Fuzzy logic is a type of mathematics. It
deals with nonprecise values with a certain degree of uncer-
tainty. This technology allows logistics to be utilized by
nonprecise information. Fuzzy logic can be advantageous
for the following reasons:

❍ It provides flexibility: It gives you options.
❍ It gives you imagination.
❍ It is more forgiving.
❍ It allows for observation.

One example where fuzzy logic is being used exten-
sively is in consumer products where the input is provided
by sensors rather than by people.

Automatic Programming

Automatic programming is described as a “supercompiler,”
or a program that could take in a very high-level descrip-
tion of what the program is to accomplish and produce a
program in a specific programming language. One of the
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important contributions of research in automatic program-
ming has been the notion of debugging as a problem-solving
strategy. It has been found that it is often much more effi-
cient to produce an inexpensive, errorful solution to a pro-
gramming or robot control problem and modify it than to
insist on a first solution completely free of defects.

Functional Area Applications

In addition to the applications previously described, expert
systems are used in accounting-related systems, financial
ratio analysis, capital resource planning, loan applications,
strategic marketing, and development of strategic objec-
tives for the organization.

ACCOUNTING SYSTEMS

Internal accounting systems are an ideal area for expert sys-
tems applications. Expert systems can be developed to ana-
lyze cash flows, accounts payable, accounts receivable, and
the appropriate use of general ledger entries. The knowl-
edge base can include information from accounting organi-
zations, such as the American Institute of Certified Public
Accountants (AICPA). Current tax laws, Securities and
Exchange Commission requirements, and generally accepted
accounting practices can also be entered into the knowledge
base. The inference engine for the accounting expert system
can assist in many important decisions, including financial
accounting approaches, the management of cash flows, and
other related accounting practices. Four areas of accounting
in which expert systems can be used are accounting stan-
dards, taxation, management and control, and auditing.

In the area of accounting standards, an expert system
would apply standards in a consistent manner when pre-
paring accounts or performing audits. This task would
probably be performed more often by external auditors
than by internal auditors.

Taxation is an area restricted by a complex set of rules
and procedures. Expert systems make compliance with
these rules much easier, since all rules can be programmed
into the computer. Tax planning is an area that has also ben-
efited. More on this is explained later.

In the area of management and control, expert systems
are used to supplement management information systems.
Expert systems provide decision models used for planning
and control. As with any new management system, the
internal auditor should evaluate the potential benefits and
control areas. Furthermore, the auditor must periodically
evaluate established expert systems to determine whether
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the systems continue to meet the objectives they were
designed to meet.

Auditing is the final area of accounting where expert
systems can be very useful. Expert systems can choose an
audit program, choose a test sample, determine the level of
error, perform an analytical review, then make a judgment
based on the findings.

Expert systems aid in internal control evaluation, risk
analysis, disclosure compliance, audit assignment schedul-
ing, and auditor behavior evaluation. Examples of audit
expert systems dealing with work programs are Arthur
Andersen’s EASY, Coopers and Lybrand’s Expertest, Deloitte
and Touche’s Audit Planning Advisor, Ernst and Young’s
Decision Support, and Price Waterhouse’s Planet. Examples
of expert systems dealing with internal control assessment
are Coopers and Lybrand’s Control Risk Assessor, Deloitte
and Touche’s Internal Controls Expert, and Ernst and
Young’s Flow Evaluator. Examples of expert systems
doing risk evaluation are KPMG Peat Marwick’s Inherent
Risk Analysis, and Coopers and Lybrand’s Risk Advisor.
Examples of expert systems concentrating on disclosure
compliance are Price Waterhouse’s Professional Disclosure
Requirements, Coopers and Lybrand’s Statutory Accounts
Checker, and Arthur Andersen’s Financial Disclosures.
Expert systems can also assist in:

❍ Preparing working papers
❍ Maintaining the ledger
❍ Preparing financial statements
❍ Planning budgets and forecasts
❍ Preparing and analyzing payroll
❍ Analyzing revenue by volume, price, and product/

service mix
❍ Analyzing expenses
❍ Costing specified in terms of volume, price, and cate-

gory
❍ Converting from cash to accrual basis
❍ Aging accounts receivable
❍ Analyzing financial statements
❍ Analyzing financial aspects of the business

Currently, there are few tax expert systems available.
This is due to two primary factors. First, if the information
in the knowledge base is incorrect and bad decisions are
made based on the system, the developer could be sued.
Second, many expert systems are developed by large firms
that want to protect their investment. It is not difficult to
develop an expert system using a shell. The reasons may
include the tax code is under constant revision (more
change implies higher cost to maintain the expert system),
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tax practitioners do not believe in the benefits of expert sys-
tems, existing CD-ROM tax databases provide a lot of infor-
mation, and tax-only expert systems are not sufficient to do
business planning—more support is needed to make plan-
ning decisions.

There are examples of programs used in connection with
taxes. ExperTAX developed by Coopers and Lybrand is used
in tax planning and tax accrual. It uses a question-and-
answer format to run a maze of 3,000 rules and outlines a
client’s best tax options. It will, for example, identify the
differences between book and tax values. Coopers and
Lybrand’s ExempTax and RIC Tax, Ernst and Young’s
VATIA and PANIC, and Price Waterhouse’s COBRA and
RIC Checklist are used for tax compliance. Taxadvisor is
used for estate planning. Corptax examines the tax conse-
quences for stock redemptions. CCH Inc. introduced CCH
Tax Assistant. This software, while not termed an expert sys-
tem by CCH, performs in many ways like an expert system.
Tax Assistant uses user-entered information while making
decisions. The software can reduce the time spent by
accountants calculating and generating reports. In addition,
lower-level accountants can complete more difficult research
tasks using the software.

Some believe that expert systems are the future in tax
accounting. Expert systems could be used for compliance
work—for example, to determine whether an activity is
passive. In addition, they could be used for identifying
problems and for planning purposes—for example, to
determine whether a company is a personal holding com-
pany and how to avoid the associated penalty.

CAPITAL EXPENDITURES PLANNING

Capital investment planning involves making long-term
planning decisions for alternative investment opportuni-
ties. There are many investment decisions that the company
may have to make in order to grow. Examples of capital
budgeting applications are product line selection, keeping
or selling a business segment, leasing or buying, and which
asset to invest in. Resource commitments may also be eval-
uated in the form of new product development, market
research, introduction of a computer, refunding of long-
term debt, and so on. Expert systems may be used in merg-
ers and acquisitions analysis in the form of buying another
company to add a new product line. CashValue is a commer-
cially available expert system in capital projects planning.

ANALYSIS OF CREDIT AND LOAN APPLICATIONS

A major part of any lending institution is making sound,
profitable loans to business. A large number of risky loans
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can result in financial losses and potential bankruptcy for
the institution. Reliable loans to companies with little chance
of defaults can substantially increase a bank’s overall prof-
itability. Due to the high degree of analytical skills and
experience involved, the analysis of loan applications is
quite appropriate for computerized expert systems. Extend-
ing loans and lines of credit to businesses involves several
key considerations, one of which is management attitudes
and style. Does the management have the ability to grow in
adverse as well as good times? How will management use
the proceeds of the loan? Are there any potential problems
with the company or management? The loan analysis
expert system can either accept or reject the application for
loans and credit. The acceptance can also be conditioned on
some criteria. For example, the loan can be made only if the
company receiving the funds agrees to make certain changes
in its operation, management style, marketing strategy, and
so forth. The expert system can also identify questionable
loans in terms of default risk. The result could be a higher
interest rate, a lower loan amount, an altered repayment
structure, or higher collateral requirements.

MARKETING APPLICATIONS

Marketing expert systems can be developed to allow mar-
keting managers to make strategic marketing-related deci-
sions and to plan activities. The ES can help in establishing
sales and profit goals, determining which products and ser-
vices to promote, and updating prospective customer pro-
files. The marketing expert system requires a knowledge
base covering relevant data on customers, the overall mar-
ket structure, diverse internal and external factors, and the
competition.

Once the overall strategic marketing plan has been
mapped out, the expert system can explore specific goals.
The types of marketing mix—that is, what products and
services are to be produced, promotional efforts, pricing
considerations, and the distribution system—are resolved
at this level. The product quality, style, packaging, warran-
ties, customer services, features and options, and return
policies are analyzed. Pricing policy decisions are equally
important. The list price, discounts, and credit terms are
determined as a part of price analysis. Advertising, the role
of sales representatives, direct marketing, publicity, the use
of marketing research firms, and using professional market-
ing companies are important decisions for promotion.
Finally, the distribution channel of delivering products and
services to customers is examined.
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APPLICATIONS IN FINANCE

Insurance

❍ Underwriting: Expert systems will increase the consis-
tency of applying company standards in evaluating
various risks (fire, flood, theft, etc.).

❍ Claims processing: Fraud detection is particularly diffi-
cult in medical insurance due to the complexity of
claims. Expert systems will substantially reduce labor
cost by quickly evaluating claims and improving the
detection of suspicious information.

❍ Reserving: Deciding how much reserve funding to set
aside for future claims and ongoing payout is similar
to factory inventory schedules in many ways. ES will
provide the means to consistently allocate resources
to meet uncertain demands.

Portfolio Management

❍ Security selection: With over 100,000 stocks and bonds
to choose from, selecting the right securities is a sub-
stantial challenge. More information is available than
can be intelligently digested. The ES will analyze data
and provide recommendations. For example, Unitek
Technologies’ Expert Strategist performs financial state-
ment analysis.

❍ Consistent application of constraints: Managers of multi-
ple portfolios must consistently apply multiple con-
straints on different portfolios. The constraints include
compliance with legal SEC rules, clients’ guidelines,
and consistency across related accounts. ES will help
financial professionals in applying different portfolio
designs under the multiple constraints.

❍ Hedge advisor: The number of financial instruments
available and the complexity of their relationship is
increasing rapidly. These instruments vary in margin,
liquidity, and price. They can be combined to create
“synthetic securities,” thereby hedging against mar-
ket risk. An ES will help with the process of creating
synthetic securities.

Trading Advisor

❍ Real-time data feed: Timely information is critical in
any trading application. Expert systems will integrate
multiple real-time external/internal data sources and
provide timely information.

❍ Trading rules and rule generators: The conventional
knowledge/engineering approach to rule writing will
be replaced by rule generators. A rule generator ES
will recognize data patterns and generate immediate
hypotheses (trading rules) that lead to trading recom-
mendations.

c15.fm  Page 237  Tuesday, July 19, 2005  11:04 AM



238 Artificial Intelligence (AI) and Expert Systems (ESs)

❍❍❍❍ Critics and neural nets: Critic ESs will review and eval-
uate system-recommended trades, process explana-
tions of those trades, and find out culprits and heroes.

ESs in the Global Financial Market

❍❍❍❍ Financial statement advice for multinational companies:
Multinational firms have unique problems with
regard to reporting and legal requirements. These
firms must deal with inconsistencies such as varying
reporting formats, regulatory requirements, and
account types. These problems will be solved by ESs.

❍❍❍❍ 24-hour trading programs: Individual human traders
cannot work for 24 hours without resting. However,
ESs can. With traderless expert systems, smaller com-
panies will have a better chance of entering global
markets and foreign exchange trading.

❍❍❍❍ Hedges: In the international security markets, many
different types of hedges are possible, including inter-
est rate swaps, currency swaps, options, and futures.
An ES can take advantage of those hedges.

❍❍❍❍ Arbitrage: ES will quickly identify and evaluate arbi-
trage opportunities and trigger transactions.

Benefits and Disadvantages of Expert 
Systems

The following benefits are offered by expert systems:

❍❍❍❍ They increase output and productivity, and improve
accuracy and reliability.

❍❍❍❍ They reduce personnel costs.
❍❍❍❍ They can function as tutors, since they distill exper-

tise into clearly defined rules.
❍❍❍❍ They capture and document scarce expertise.
❍❍❍❍ The system will be available to provide second opin-

ions within the domain, as well as provide what-if
analysis where results are sought on variable changes.

❍❍❍❍ They feature a shorter decision time. Routine deci-
sions are rapidly made by the systems.

❍❍❍❍ An ES enhances problem-solving capabilities.
❍❍❍❍ They unravel a maze of rules and reduce business

risk.
❍❍❍❍ They are complete and timely in reviewing transactions.
❍❍❍❍ They have a breadth in application.
❍❍❍❍ They have differentiation attributes such as to a prod-

uct or focus of a company.
❍❍❍❍ Expert systems do not forget, are reproducible, and

are consistent in handling similar transactions.
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❍ The systems are more secure than an expert employee
who may be hired by a competitor. Further, they cre-
ate entry barriers to potential competitors.

The drawbacks to expert systems are:

❍ They are unable to respond creatively to unusual
situations.

❍ They fail to adapt to a continually changing environ-
ment. They must be explicitly updated.

❍ They are usually confined to a very narrow domain
and may have difficulty coping with broad-discipline
knowledge decisions. It is not yet known how to give
expert systems common sense.

❍ They are dependent on symbolic input.

Neural Networks

Expert systems typically require huge databases of informa-
tion gathered from recognized experts in a given field. This
system will then ask questions of the user and deduce an
answer based on the responses given and the information in
the database. These answers are not necessarily right but
should be a logical conclusion based on the information
provided.

Neural networks are a developing technology in which
computers actually try to learn from the database and oper-
ator what the right answer is to a question. The system gets
positive or negative responses to output from the operator
and stores that data so that it will make a better decision the
next time. Neural networks are based on pattern recogni-
tion. While still in its infancy, this technology shows prom-
ise for use in credit assessment, fraud detection, economic
forecasting, and risk appraisals.

The idea behind this software is to convert the order-tak-
ing computer into a “thinking” problem solver. This would
allow computers to take over some of the more mundane
decision-making jobs of accountants such as determining
if a lease is operating or capital. Neural networks are soft-
ware programs that simulate human intelligence. They are
designed to “learn” from experience. For example, each time
a neural network program makes the right decision (which
is predetermined by a human instructor) on recognizing a
number or sequence-of-action pattern, the programmer rein-
forces the program with a confirmation message that is
stored. In the event of a wrong decision, a negative message
is reinforced. Thus, it gradually builds experimental knowl-
edge in that subject.

Today, most neural networks take the form of mathemat-
ical simulations embedded in software that runs on ordi-
nary microprocessors.
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NEURAL NETWORK APPLICATIONS IN BUSINESS

Currently, a neural computer network is being employed at
the Mellon Bank’s Visa and MasterCard operation in Wil-
mington, Delaware, which keeps a daily track of millions of
accounts. One of the functions of this operation’s computer
is to scan customer purchases and look for spending pat-
terns that may indicate stolen credit cards. The neural net-
work compares purchases with customer behaviors. It also
generates data without being told to do so because the sys-
tem has been programmed to take the initiative and “think”
like a human.

Oracle Corporation’s Oracle Special Investigative Unit
Support System (SIUSS) aids in fraud investigations by
detecting hidden patterns within large volumes of data.
Information is compared to predetermined criteria.

One way in which neural networks will help accoun-
tants is in internal audits. Ernst & Young in Dallas is work-
ing on this application that would allow financial managers
to improve their handling of working capital.

Neural networks are beginning to be helpful in many
business problems when information is not easy to quantify.
Besides bankruptcy, they are being used in the management
of portfolios. A portfolio manager must continuously scan
for nonperforming stocks while stock analysts are looking
for undervalued stocks. Neural networks are particularly
good for problems when deductive reasoning gives mixed
results. The inductive reasoning of neural networks can do
a better job. There is a large store of historical information
about good and bad investments that can be analyzed for
relationships that may be quite subtle. Shearson-Lehman is
using neural networks to predict stock patterns.

Further, neural networks appear to be a useful tool in
bankruptcy prediction. They can use some of the tools
already in place to improve prediction. If the ratios chosen
for the Z-model (discussed in Chapter 11) are used but the
neural network is allowed to form its own functions, the
predictive abilities of the Z-formula can be much improved
upon. This is of significant value to managers, creditors,
and investors, since misclassification, particularly of a firm
that is going bankrupt, has huge monetary implications.

Applications of neural networks are language process-
ing (text and speech), image processing, character recogni-
tion (handwriting recognition and pattern recognition), and
modeling.

1. At Signet Bank, neural networks read and automati-
cally process student loan applications and canceled
checks.

2. A neural network helps manage the Fidelity Disci-
plined Equity Fund, a fund that has consistently beat
the Standard & Poor’s 500 Stock Index.
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3. Neuroscope is a neural network diagnostic tool
that provides early warning of failure in industrial
machinery.

4. Foster Ousley Conley uses a neural network–based
system for residential real estate appraisal. The sys-
tem performs better than humans because it can
review data from hundreds of houses and analyze the
data in many different ways.

5. At Mellon Bank’s Visa and MasterCard operations,
neural networks 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.

6. Neural networks can be used to forecast a client’s
earnings. By comparing this forecast to actual results,
the auditor can make a judgment as to the reason-
ableness of the actual results. The forecasted earnings
can also indicate to the auditor if the client is likely to
continue as a going concern.

7. A cost accountant/consultant can use a neural net-
work to determine optimal resource allocation and
production schedules. The manipulation of the hun-
dreds of variables and constraints has traditionally
been undertaken using operations research models.

8. The IRS in Taiwan is using a neural network to deter-
mine the likelihood of tax evasion and the necessity
of further investigation.

The following is a list of some popular neural network
software:
NeuroSolutions
NeuroDomension, Inc.
www.neurosolutions.com

NeuroXL Predictor
FRANZ AG
www.neuroxl.com

NeuralWorks Predict
NeuralWare
www.neuralware.com
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CHAPTER 16

COMPUTER SECURITY

THREATS AND ATTACKS ON COMPUTER 
TECHNOLOGY

Every day there are news stories about computer-related
data errors, thefts, burglaries, fires, and sabotage. Although
considerable efforts have been made to reduce vulnerability
to such events, much more effort is needed. Weak computer
security and lack of internal controls tremendously increase
an organization’s vulnerability to the following:

❍ Commission of fraud
❍ Theft of electronic information
❍ Theft of physical information, such as printed out-

puts or computer disks/tapes
❍ Invasion of privacy
❍ Damage to computers and peripherals
❍ Interception of communications
❍ Illegal recording of electromagnetic emanations from

computers and peripherals
❍ Unintentional data errors due to carelessness or

negligence
❍ Loss of information integrity through unauthorized

alterations and modifications to data
❍ Sabotage by disgruntled employees or competitors
❍ Power failure

Crime insurance policies should be taken out that cover
such areas as theft, fraud, intentional destruction, and forg-
ery. Business interruption insurance covers lost profits dur-
ing downtime. Insurance should also cover computer
equipment in transit.

A risk analysis should be performed in planning com-
puter security policies and financial support. Computer secu-
rity risks fall into one of three major categories: destruction,
modification, and disclosure. Each of these may be further
classified into intentional, unintentional, and environmental
attacks. The threat comes from computer criminals and
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disgruntled employees who intend to defraud, sabotage, and
“hack.” It also comes from computer users who are careless
or negligent. Lastly, the threat comes from the environment;
an organization must protect itself from disasters such as
fire, flood, and earthquakes. An effective security plan must
consider all three types of threats: intentional attacks, unin-
tentional attacks, and environmental attacks. What is the
company’s degree of risk exposure?

FINANCIAL LOSS AND THE COST-
BENEFIT CRITERION

The danger of financial loss to a company can be greatly
reduced by increasing computer security. In all likelihood,
not investing in appropriate security measures will prove to
be far more expensive for a company than investing in the
appropriate security measures. It would even be appropri-
ate for a company to consider the cost of investing in com-
puter security as a form of insurance.

The cost of security measures must always be compared
with the benefits received. As Exhibit 16.1 illustrates, the
optimal level of security expenditure is when the combined
cost of security measures and financial loss is minimized.
The law of diminishing returns clearly applies here. Beyond
a certain point, additional expenditures on security mea-
sures are not likely to be cost-effective. While appropriate
security measures can greatly reduce the likelihood of a
financial loss, security measures by themselves cannot
guarantee against every kind of damage and accident; a cer-
tain degree of risk will always have to be accepted.

Exhibit 16.1 OPTIMAL SECURITY EXPENDITURE AS A FUNCTION
OF FINANCIAL LOSS AND SECURITY EXPENDITURE
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The cost-benefit criterion dictates that a company for-
mally assess the risks it faces. The following questions must
be answered by the organization:

❍ What type of threats may affect our organization?
❍ What is the probability that a threat will occur?
❍ What is the potential liability for each threat?

For each type of threat, expected loss may be calculated
as follows:

Loss expectancy = Probability of loss × Amount
of loss

Using the above formula, expected losses may be classi-
fied into three categories. As shown in Exhibit 16.2, loss
expectancy is highest for category A and lowest for cate-
gory C. Clearly, considerable attention must be directed
toward category A, since there is both a high amount and a
high probability of loss. In contrast, little attention needs to
be given to category C items, which seldom occur, and the
associated loss is small. Professional judgment will be
required to determine which items in category B require
attention and which do not.

While the above model is theoretically appealing, it does
have serious practical limitations. The model relies heavily
on estimating future probabilities and costs; it is extremely
difficult to make such estimates with reasonable accuracy.
When implementing the model, it is also possible for the
user to overlook many serious indirect consequences of the
threat.

PHYSICAL SECURITY AND DATA 
SECURITY

Physical security is the first line of defense in protecting a
computer system; it encompasses the plant, equipment, and
personnel. Data security is also of vital concern to an organi-
zation; data integrity, data accuracy, and data privacy are of
paramount importance. Physical and data security consider-
ations are equally important. An effective security system
will prevent a security breach. However, if in spite of proper

Exhibit 16.2 LOSS EXPECTANCY
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protection, a system is successfully attacked, the system
should create an audit trail to allow prompt investigation.

The computer room is the structure that houses the com-
puter facilities. Unauthorized access to the computer room
should be restricted. Sensing and surveillance devices may
be installed. The plant should also be designed to protect
the computer environment, including heating, cooling,
dehumidifying, ventilating, lighting, and power. Air ducts
of air-conditioning units should be secured against access
with heavy-gauge screens. Appropriate care must also be
taken to protect the plant from harm from accidents and
disasters such as fire and floods. Adequate emergency light-
ing should be available for safe evacuation in case of fire or
other disaster.

Consideration must be given to loss or damage to com-
puter equipment and peripherals. Media, such as disks,
tapes, and output, should be protected. User manuals for
equipment and software must be protected to maintain con-
tinuity of proper operations. Surge protectors should be
used to protect the computer system against power line dis-
turbances. Finally, the organization must consider loss of or
injury to its personnel. Not only must the organization be
concerned about the physical safety of its employees, it
must also consider the threat of psychological dissatisfac-
tion. Disgruntled employees may do intentional damage.
Moreover, job turnover associated with dissatisfied employ-
ees disrupts the routine operation and maintenance of com-
puter systems.

The integrity, accuracy, and privacy of data must be pro-
tected. Data integrity is essential to computer security. Data
lacks integrity if it is missing, incomplete, inconsistent, or if
it is stored in a poorly designed database environment. The
concept of accuracy is distinct from that of integrity. Data is
accurate if it is reliable and the data is what it purports to
be. Privacy means that only authorized individuals have
access to data. Programmers should not have free access to
the computer area or library due to possible data manipula-
tion. Important CDs should be locked up.

CONTROLLING PHYSICAL ACCESS

Access controls guard against improper use of equipment,
data files, and software. To limit physical access, a security
system must be able to discriminate between authorized
and unauthorized individuals. Physical access can be lim-
ited using these general methods:

❍ Identification: Identification is based on comparing the
physical characteristics of the individual with previ-
ously stored information. For example, an individ-
ual’s signature, personnel number, code, voice print,
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palm print, fingerprint, teeth print, or other personal
trait could be verified before allowing access. Second-
ary authentication, such as the user’s place of birth,
may be required for highly sensitive information.

❍ User’s name and passwords: Passwords are based on
some memorized combination of letters or numbers.
There should be no logic to the password so that it
cannot be easily guessed. Individuals are authorized
based on what they know. Passwords should be
changed regularly. Inactive passwords (e.g., more
than four months old) should be deleted. Passwords
should be changed and confidential data withdrawn
from terminated employees. If a user changes a pass-
word, controls must exist to assure the user does not
use his or her old password. Passwords should not be
shared. Access control software may be used to have
a minimum password time period in which a new
password cannot be changed or a new password
matching an old one will be rejected.

❍ Cards/keys: Access can also be limited through the use
of cards, keys, or badges; individuals are authorized
based on what they possess. Improper access may be
signaled by an alarm, and unauthorized access pat-
terns should be investigated. Smart cards may be
used in which the user enters both his or her identifi-
cation number and a random generated code that
changes each time the card is used or over a stated
time period.

Within the plant, areas containing sensitive data should
be accessible only to authorized personnel. These areas,
including the computer room, should have only a single
entry door that can be operated by an appropriate encoded
magnetic-strip ID card. Physical controls might include
having a librarian keep a log. A lockout should occur with
repeated errors. Logs should automatically be kept of the ID
number, time of access, and function performed. Further,
data dictionary software provides an automated log of
access to software and file information. Intrusion detection
devices such as cameras and motion detectors should be
used to monitor sensitive and high-risk areas against unau-
thorized individuals.

Are controls being diligently followed over processing,
maintaining records, and file or software modification?
Each individual function (e.g., accounts receivable, payroll)
may have its own password so that users have access to
limited areas of the database. The computer can keep an
internal record of the date and time each file was last
updated, and this internal record can be compared against
the log. The hours to access key microcomputer files can be
limited to prevent unauthorized access after normal work-
ing hours. Files should be displayed in terms of different
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levels of confidentiality and security such as top secret, con-
fidential, internal use only, and unrestricted. Confidential
information should not be displayed on the screen. To con-
trol access to sensitive data, there should be a mapping of
access requirements to the system components. Access
rights should be based on job function, and an appropriate
segregation of duties should exist. Temporary employees
should be restricted to a specific project, activity, system,
and time period.

FIRE SECURITY

According to insurance companies, fire is the most frequent
cause of damage to computer centers. Simple steps can
reduce the damage caused by fire and, in the process, reduce
insurance premiums.

❍ Safes for storage of documents should have a mini-
mum four-hour fire rating.

❍ Walls, floors, and ceilings of computer facilities should
have a minimum two-hour fire rating.

❍ The fire alarm should ring simultaneously at the com-
puter facility and the nearest fire department. In addi-
tion, fire alarm signals should be located where
prompt response is assured.

❍ Vaults used for storing backup data and records
should be located in a separate building at sufficient
distance.

❍ Smoke and ionization detection systems should be
installed throughout the ceiling of the computer facil-
ities. Water detection systems should also be installed
under the floor of computer facilities.

❍ Halon or a similar fire extinguishing system should be
installed throughout the computer facilities. Auto-
matic sprinkler systems can be used in the supply and
support areas. In case of destruction, there should be a
disaster recovery plan.

❍ Adherence to building code and fire marshal regula-
tions is a must.

SABOTEUR’S TOOLS

While in recent years ingenious procedures have been
developed to preserve computer security, many computer
systems are still astonishingly insecure. Saboteurs may use
a wide variety of tools and techniques to overcome security.
Some of the methods are as follows:

❍ Trojan horse: The saboteur places a hidden program
within the normal programs of the business. The
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computer continues to function normally, while the
hidden program is free to collect data, make secret
modifications to programs and files, erase or destroy
data, and even cause a complete shutdown of opera-
tions. Trojan horses can be programmed to destroy all
traces of their existence after execution.

❍ Salami techniques: The perpetrator can make secret
changes to the computer program that cause very
small changes that are unlikely to be discovered, but
the cumulative effect can be very substantial. For
example, the perpetrator may steal 10 cents from the
paycheck of each individual and transfer it to his own
account.

❍ Back door or trap door: During the development of a
computer program, programmers sometimes insert a
code to allow them to bypass the standard security
procedures. Once the programming is complete, such
a code may remain in the program either accidentally
or intentionally. Attackers rely on their knowledge of
this extra code to bypass security.

❍ Time bomb/logic bomb: A code may be inserted into a
computer program that causes damages when a pre-
defined condition occurs, such as a date or time.

❍ Masquerade: A computer program is written that mas-
querades or simulates the real program. For example,
a program may be written to simulate the log-in
screen and related dialogue. When a user attempts to
log in, the program captures the user’s ID and pass-
word and displays some error message prompting the
user to log in again. The second time, the program
allows the user to log in and the user may never know
that the first log-in was fake.

❍ Scavenging: A computer normally does not erase data
that is no longer needed. When the user “deletes”
some data, that information is not actually destroyed;
instead, that space is made available for the computer
to write on later. A scavenger may thus be able to steal
sensitive data that the user thought had been deleted
but was actually still available on the computer.

❍ Viruses: Viruses are similar to Trojan horses, except the
illegal code is capable of replicating itself. A virus can
rapidly spread throughout the system, and eradicat-
ing it can be expensive and cumbersome. To guard
against viruses, there should be care in using pro-
grams on disk or in copying software from bulletin
boards or other sources outside the company. The best
precaution is to use a commercial virus scanner on all
downloaded files from unreliable Internet sources
before using them. An example is McAfee’s virus scan.
Virus protection and detection is crucial.
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❍ Data manipulation: The most common and easiest way
of committing fraud is to add or alter the data before
or during input. The best way to detect this type of
computer crime is the use of audit software to scruti-
nize transactions and review audit trails that indicate
additions, changes, and deletions were made to data
files. The use of batch totals, hash totals, and check
digits can also help prevent this type of crime. A batch
total is a reconciliation between the total daily transac-
tions processed by the micro and manually deter-
mined totals processed by an individual other than
the computer operator. Material deviations must be
investigated. A hash total is adding values that would
not typically be added together, so the total has no
meaning other than for control purposes. Examples
are employee and product numbers. A check digit is
used to ascertain whether an identification number
(e.g., account number, employee number) has been
correctly entered by adding a calculation to the identi-
fication number and comparing the outcome to the
check digit.

❍ Piggybacking: Piggybacking is frequently used to gain
access to controlled areas. Physical piggybacking
occurs when an authorized employee goes through a
door using his magnetic ID card, and an authorized
employee behind him also enters the premises. The
unauthorized employee is then in a position to com-
mit a crime. Electronic piggybacking may also occur.
For example, an authorized employee leaves her ter-
minal or desktop and an authorized individual uses
that to gain access.

COMMUNICATIONS SECURITY

Attacks on computer security that do not require physical
access fall under the domain of communications security.
The increased use of computer technology has also increased
dependence on telecommunications. All types of data,
including sound, video, and traditional text data, are trans-
ferred between computers over networks. Communications
security means ensuring that the physical links between the
computer networks function at all times. This also means
that breakdowns, delays, and disturbances are prevented
during data transmission. Care must be taken to prevent
unauthorized individuals from tapping, modifying, or oth-
erwise intercepting data transmission. Six considerations in
communications security are:

❍ Line security: Line security is concerned with restrict-
ing unauthorized access to the communication lines
connecting the various parts of the computer systems.
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❍ Transmission security: Transmission security is con-
cerned with preventing unauthorized interception of
communications.

❍ Digital signature: This is used to authenticate the
sender or message integrity to the receiver. A secure
digital signature process is a method of signing a
document and making forgery infeasible, then vali-
dating that the signature belongs to the authorized
individual.

❍ Cryptographic security: Cryptography is the science of
secret writing. The purpose of cryptographic security
is to render the information unintelligible if transmis-
sion is intercepted by unauthorized individuals.
When the information is to be used, it can be decoded.
Security coding (encryption) of sensitive data is neces-
sary. A common method is the data encryption stan-
dard (DES). For even greater security, double
encryption may be used in which encryption is pro-
cessed twice using two different keys. (You may also
encrypt files on a hard disk to prevent an intruder
from reading the data.)

❍ Emission security: Electronic devices emit electromag-
netic radiation that can be intercepted without wires
by unauthorized individuals. Emission security is con-
cerned with preventing the emission of such radiation.

❍ Technical security: Technical security is concerned with
preventing the use of devices such as microphone,
transmitters, or wiretaps to intercept data transmis-
sion. Security modems may be used that allow only
authorized users to access confidential data. A
modem may have graduated levels of security, and
different users may be assigned different security
codes. There can be password and callback features.
There may be built-in audit trail capabilities, allow-
ing you to monitor who is accessing private files.

CONTROLS

Controls are used to reduce the probability of attack on
computer security. As additional controls are placed, the
overall operating costs are likely to increase. As discussed
earlier, cost-benefit considerations require a careful balance
of controls. There are four main classes of controls:

❍ Deterrent controls: The aim of deterrent controls is to
create an atmosphere conducive to control compli-
ance. For example, the organization could impose
penalties whenever a control is disregarded, regard-
less of the actual damage. Deterrent controls are inex-
pensive to implement. However, their effectiveness is
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difficult to measure. These controls complement
other controls and are not sufficient by themselves.

❍ Preventive controls: Preventive controls are designed
to reduce the probability of an attack. They serve as
the first line of defense. Effective preventive controls
will thwart a perpetrator from getting access to the
computer system.

❍ Detective controls: Once a system has been violated,
detective controls help identify the occurrence of
harm. These controls do nothing to insulate the sys-
tem from harm; they only serve to focus attention on
the problem. For example, a bait file will identify
unauthorized use. Here, a “dummy” nonexistent
record is put into processing. There may be a compar-
ison between standard run time and actual run time
for an application to spot possible misuse.

❍ Corrective controls: After a loss has occurred, correc-
tive controls serve to reduce the impact of the threat.
Their purpose is to aid in recovering from damage or
in reducing the effect of damage. For instance, lost
information on CDs may be restored with utility
programs.

Application Controls
Application controls are built into software to deter crime
and minimize errors. Application controls typically include
input controls, processing controls, change controls, testing
controls, output controls, and procedural controls.

❍ Input controls: The purpose of input controls is to
ensure that each transaction is authorized, processed
correctly, and processed only once. An edit program
substantiates input by comparing fields to expected
values and by testing logical relationships. A missing
data check assures that all data fields have been used.
A valid character check verifies that only alphabeti-
cal, numeric, or other special characters are present in
data fields. “Dual read” is an input control in which
duplicate entry or key verification verifies the accu-
racy of some critical field in a record by requiring that
a data item is entered twice. A valid code check com-
pares a classification (e.g., asset account number) or
transaction code (e.g., credit sale entry) to a master
list of account or transaction codes (master file refer-
ence). Input controls include rejecting, correcting,
and resubmitting data that were initially wrong. Is
input information properly authorized? Character
validation tests may also be programmed to check
input data fields to see if they contain alphanumerics
when they are supposed to have numerics. A prepro-
cessing edit check verifies a key entry by a second
one or a visual examination. There may be a limit test
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check of input data fields to make sure that some pre-
determined limit has not been exceeded (e.g.,
employee weekly hours should not be automatically
processed if the sum of regular and overtime hours
per individual exceeds 60).

❍ Processing controls: Processing controls are used to
ensure that transactions entered into the system are
valid and accurate, that external data are not lost or
altered, and that invalid transactions are reprocessed
correctly. Sequence tests may be performed to note
missing items. In batch or sequential processing,
batch totals are used to ensure that the counted and
total number and value of similar data items are the
same before and after processing. In a parity check,
because data are processed in arrays of bits (binary
digits of 1 or 0), we add a parity bit, if needed, so as to
make the total of all the “1” bits even or odd. The par-
ity bit assures that bits are not lost during computer
processing. Parity checks prevent data corruption.
External and internal file identification labels may be
used. The program may check to see if an item in a
record is within the correct range. Crossfooting tests
apply to logical tests for information consistency
(e.g., sum totals to column totals). Application reruns
assure the initial run was correct.

❍ Change controls: Change controls safeguard the integ-
rity of the system by establishing standard proce-
dures for making modifications. For example, a log
file can be maintained to document all changes. A
report may be prepared showing the master file
before and after each update.

❍ Testing controls: Testing controls ensure that reliance
can be placed on a system before the system becomes
operational. For example, limited test data could be
processed and tested using the new system. Utility
programs can be used to diagnose problems in appli-
cation software.

❍ Output controls: The purpose of output controls is to
authenticate the previous controls; this is used to
ensure that only authorized transactions are pro-
cessed correctly. Random comparisons can be made
of output to input to verify correct processing. For
example, an echo check involves transmitting data
received by an output device back to its source. Out-
put controls presume information is not lost or
improperly distributed. Errors by receivers of output,
such as customers, should be investigated.

❍ Procedural controls: Procedural controls safeguard com-
puter operations, reduce the chance of processing mis-
takes, and assure continued functioning if a computer
failure occurs. Processing errors must be thoroughly
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evaluated. Output should be distributed to authorized
users of such information. A record retention and
recovery plan must also exist.

ELECTRONIC DATA INTERCHANGE

Electronic data interchange (EDI) is the electronic transfer
of business information among trading partners. Thou-
sands of businesses use EDI to exchange information with
suppliers and customers. The benefits of EDI are clear. The
paperwork is greatly reduced and the efficiency in account-
ing and processing functions is greatly enhanced.

The risk inherent in EDI is much greater than in stan-
dard computer processing systems. An EDI security system
is only as strong as the weakest link among the trading
partners. Some risks of EDI are:

❍ Data could be lost in the interchange.
❍ Unauthorized changes may be made to the data.
❍ The lack of paperwork means a greater likelihood that

the audit trail may not be maintained.
❍ Authorized individuals can initiate unauthorized

transactions.
❍ Unauthorized individuals can gain access to the sys-

tem through the weakest link among the trading
partners.

PERSONNEL SECURITY

Each employee should sign a nondisclosure agreement not
to reveal computer security information to those outside the
business or to unauthorized staff within the firm. If a staff
member leaves the company, certain control procedures are
required, including returning all badges, keys, and com-
pany materials. Access codes, passwords, and locks may
need to be changed.

Specific procedures should be established for recruiting
and hiring computer data processing professionals. A secu-
rity investigation should include contacting the applicant’s
work references, checking the applicant’s background with
appropriate authorities, and verifying the applicant’s school
references. The importance of computer security with
respect to every phase of computer data processing should
be emphasized to new employees. For example, to indoctri-
nate new employees, educational seminars can be sched-
uled where security professionals can communicate the
company’s rules and procedures.

In addition, formal performance evaluation systems
should be in place to ensure that employees’ performances
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and skills are routinely reviewed. An effective review proce-
dure can help prevent job frustration and stress. It can also
help maintain employee morale. Discontentment often acts as
a catalyst for computer crime. Possible indicators of discon-
tentment include excessive absenteeism, late arrival, low
quality or low production output, complaints, putting off
vacations, and excessive unwarranted overtime. Quick action,
such as communicating with the employee on a one-to-one
basis, can minimize if not eliminate job discontentment.

Segregation of duties among staff is needed. For exam-
ple, a programmer should not also serve as an operator.
Rotation of assignments should also exist, such as program-
mers doing different assignments and operators working
different shifts. A function may be designed to require more
than one operator to make it more difficult for an individual
to perpetrate an improper act, since others are involved.
The development and testing of software should also be
separate.

AUDIT TRAIL

Audit trails contain information regarding any additions,
deletions, or modifications to the system, providing evidence
concerning transactions. An effective audit trail allows the
data to be retrieved and certified. Audit trails will give infor-
mation regarding the date and time of the transaction, who
processed it, and at which terminal.

To establish an adequate audit trail, you must analyze
transactions related to the physical custody of assets, evalu-
ate unusual transactions, and keep track of the sequential
numbering of negotiable computer forms. Controls should
be periodically tested. For example, the audit trail requires
the tracing of transactions to control totals and from the
control total to supporting transactions. Computer-related
risks affect the company’s internal control structure and
thereby affect the company’s audibility.

Electronic data interchange (EDI) systems are online sys-
tems where computers automatically perform transactions
such as order processing and invoice generation. Although
this can reduce costs, it can adversely affect a company’s
audibility because of the lessened audit trail.

The AICPA has issued control techniques to ensure the
integrity of an EDI system. The AICPA recommends con-
trols over accuracy and completeness at the application
level of an EDI system to include checking on performance
to determine compliance with industry standards, checking
on sequence numbering for transactions, reporting irregu-
larities on a timely basis, verifying adequacy of audit trails,
and checking embedded headers and trailers at inter-
change, functional group, and transaction set level. Control
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techniques at the environmental level include reviewing
quality assurance of vendor software, segregating duties,
ensuring that software is virus-free, procuring an audit
report from the vendor’s auditors, and obtaining evidence
of testing. To ensure that all the EDI transactions are autho-
rized, the AICPA provides these authorization controls:
operator identification code, operator profile, trading part-
ner identifier, maintenance of user access variables, and reg-
ular changing of passwords.

NETWORK SECURITY

Network security is needed for both local area networks
(LANs) and wide area networks (WANs). There must be
positive authentication before a user can gain knowledge of
the online applications, network environment, nature of
applications, terminal identification, and so on. Information
should be provided on a need-to-know basis only.

Access controls should exist to use a specific terminal or
application. Date and time constraints along with restricted
file usage may be enumerated. Unauthorized use may deac-
tivate or lock a terminal. Diskless workstations may result
in a safer network environment.

There must be a secure communication link of data trans-
mission between interconnected host computer systems of
the network. A major form of communication security on the
network is cryptography to safeguard transmitted data con-
fidentiality. Cryptographic algorithms may be either sym-
metric (private key) or asymmetric (public key). The two
popular encryption methods are link-level security and end-
to-end security. The former safeguards traffic independently
on every communication link while the latter safeguards
messages from the source to the ultimate destination. Link-
level enciphers the communications line at the bit level; data
is deciphered upon entering the nodes. End-to-end enci-
phers information at the entry point to the network and
deciphers at the exit point. Unlike link-level, security exists
over information inside the nodes.

Security should be provided in different layers. Security
must exist over networking facilities and telecommunica-
tion elements. Controls must be placed over both host com-
puters and subnetworks.

Network traffic may travel over many subnetworks,
each having its own security levels depending on confiden-
tiality and importance. Therefore, different security services
and controls may be required. Security aspects of each sub-
network have to be distributed to the gateways so as to
incorporate security and controls in routing decisions.

The architecture of a network includes hardware, soft-
ware, information link controls, standards, topologies, and
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protocols. A protocol relates to how computers communi-
cate and transfer information. Security controls must exist
over each component within the architecture to assure reli-
able and correct data exchanges. Otherwise, the integrity of
the system may be compromised. Communication security
may be in the form of:

❍ Access control: Guards against improper use of the net-
work. For example, KERBEROS is commercial
authentication software that is added to an existing
security system to verify a user’s existence and assure
he or she is not an imposter. KERBEROS does this by
encrypting passwords transmitted around networks.
Password control and user authentication devices
may be used such as Security Dynamics’ SecurID
(800-SECURID) and Vasco Data Security’s Access Key
II (800-238-2726). Do not accept a prepaid call if it is
not from a network user. Hackers do not typically
spend their own funds. Review data communications
billings and verify each host-to-host connection.
Review all dial-up terminal users. Are the telephone
numbers unlisted and changed periodically? Control
specialists should try to make unauthorized access to
the network to test whether the security is properly
working.

❍ Identification: Identifies the origin of a communica-
tion within the network through digital signals or
notarization.

❍ Data confidentiality: Maintains confidentiality over
unauthorized disclosure of information within the
communication process.

❍ Data integrity: Guards against unauthorized changes
(e.g., adding, deleting) of data at both the receiving
and sending points such as through cryptographic
methods. Antivirus software should be installed at
both the network server and workstations. Detection
programs are available to alert users when viruses
enter the system.

❍ Authentication: Substantiates the identity of an origi-
nating or user entity within the network. The authenti-
cator verifies that the entity is actually the authorized
individual and that the information being transmitted
is appropriate. Examples of security controls are pass-
words, time stamping, synchronized checks, nonrepu-
diation, and multiple-way handshakes. Biometric
authentication methods measure body characteristics
with the use of equipment attached to the worksta-
tion. Retinal laser beams may also be used. Keystroke
dynamics is another possibility for identification.

❍ Digital signature: Messages are signed with a private
key.
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❍❍❍❍ Routing control: Inhibits data flow to insecure network
elements such as identified unsecure relays, links, or
subnetworks.

❍❍❍❍ Traffic padding: A traffic analysis of data for reason-
ableness.

❍❍❍❍ Interference minimization: Radar/radio transmission
interference must be eliminated or curtailed. There
are various ways to back up data in networks. For a
small network, one workstation may be used as the
backup and restore for other nodes. In a large net-
work, backup may be done by several servers, since
the failure of one could have disastrous effects on the
entire system. Access to backup files must be strictly
controlled.

An example of a network security package is Intrusion
Detection Incorporated’s Kane Security Analyst, which
assesses existing security.

Protect Your Company from Internet Dangers

1. Have a firewall. A firewall is simply a device that
prevents hackers from gaining access to your com-
pany network. For small companies, use a broadband
router, like those made by Netgear, Linksys or D-Link,
that has a firewall built in.

2. Use an anti-virus program and keep it current. Any
of the popular brands will work (e.g., Norton, McAfee,
etc.). Renew your subscription every year or upgrade
to the latest version. Make sure that your computers
are automatically getting the latest virus definitions.

3. Get Microsoft Windows and Office updates. Microsoft
has introduced significant security improvements in
Service Pack 2 for Windows XP that can be updated
for free. Older versions of Windows are more suscepti-
ble to spyware and Internet worms. Consider upgrad-
ing PCs to Windows XP or Longhorn.

4. Use anti-spyware and anti-spam programs. Microsoft
offers a free anti-spyware program for Windows
2000 and XP. Many Internet service providers (e.g.,
Cox Communications, AOL, etc.) offer complimen-
tary anti-spam services. If your provider doesn’t,
there are spam filter programs that work with Out-
look and Outlook Express.

5. Secure your network. A firewall won’t protect you if
a hacker can figure out the password. Make sure your
computer technician has changed the default pass-
word on your router. If you have a wireless network,
make sure it is using WEP or WPA encryption to pre-
vent unauthorized access.
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THE SECURITY ADMINISTRATOR

The size and needs of the company will dictate the size of the
security administration department. This department is
responsible for the planning and execution of a computer
security system. It ensures that the information system’s data
is reliable and accurate. The security administrator should
possess a high level of computer technical knowledge as well
as management skills and a general understanding of the
organization’s internal control structure.

A security administrator should interact with other
departments to learn about the organization’s changing
needs and to be able to maintain and update the security
system efficiently. The security administrator is responsible
for enacting and customizing policies and standards for the
organization based on specific needs. Checks on perfor-
mance and monitoring of staff should be done to ensure
compliance with these policies and standards. In develop-
ing these policies and procedures, as well as the overall
information computer security system, the security admin-
istrator must perform a risk assessment (see Exhibit 16.3).

(A no response indicates a potential vulnerability.)

Organizational

1. Is management’s attitude toward microcomputer
security, as reflected by its actions, appropriate?

2. Has the organization prepared a coordinated plan
of implementation for microcomputers, addressing
such factors as:

❍ Hardware compatibility within and between
departments?

❍ Software compatibility within and between
departments?

❍ Future expansion?
❍ A manual of standard practices?

3. Is rotation of duties utilized to increase the chance
of exposure of errors and irregularities and to give
depth to microcomputer operations?

4. Are vacations mandatory to reduce the likelihood
of fraud or embezzlement resulting from increased
chance of exposure?

5. Do personnel policies include background checks
to reduce the likelihood of hiring dishonest
employees?

Exhibit 16.3 MICROCOMPUTER SECURITY CHECKLIST 
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6. Have employees who have access to sensitive data
been bonded?

7. Is there a quality-control program in existence?
8. Are exception reports to procedures and policies

prepared?

Hardware

1. Is theft and hazard insurance covering microcom-
puters adequate?

2. Which of the following theft deterrence techniques
are in operation:

❍ Limiting computer access to employees with a
defined need?

❍ Installing computers only in areas that are
locked and kept under surveillance when not in
use?

❍ Bolting computers to desks or tables?
❍ Placing lockable covers on computers?
❍ Installing alarms and motion detectors in areas

with a high concentration of computer equip-
ment?

❍ Placing internal trip alarms inside computers?
3. Which of the following factors for the physical pro-

tection of hardware are present:

❍ Elementary surge suppressors or noise-filtering
devices to protect against surges and spikes?

❍ Line conditioners to smooth out power?
❍ Uninterruptible power supply units to supply

power during power outages?
❍ Antistatic mats and pads to neutralize static

electricity?
❍ Halon fire extinguishers to reduce losses from

fire?
❍ Placement away from the sprinkler system to

avoid water damage?
❍ Waterproof covers to avoid water damage?
❍ Implementation of a smoking ban, or the use of

a small fan around the computer to blow any
smoke away from the system?

❍ Avoidance of other potential pollutants (e.g.,
dust, food, and coffee) around the computer?

4. In the event of equipment breakdown, is substitute
equipment available?

Exhibit 16.3 MICROCOMPUTER SECURITY CHECKLIST  (continued)
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Software

1. Does present insurance cover software?
2. Is insurance carried to cover the cost of a business

interruption resulting from a computer mishap?
3. Are backups and working copies maintained on

site?
4. Do software backups, like originals, have write-

protect tabs in place?
5. Are originals placed in off-site storage (e.g., a safe-

deposit box or the home of the owner or chief exec-
utive officer)?

6. Are steps taken to avoid unauthorized copying of
licensed software?

7. Are steps taken to avoid the use of bootleg soft-
ware?

8. Is software tested before use?

Data and Data Integrity

1. Are backups in data files routinely prepared?
2. Is documentation duplicated?
3. Are backups placed in off-site storage (e.g., a safe-

deposit box or the home of the owner or chief exec-
utive officer)? For particularly important files, a
third copy may be kept.

4. Are backups of sensitive data that are stored off site
encrypted to reduce the chance of unauthorized
exposure?

5. Do hard disks include an external hard disk or a
cassette tape as a backup?

6. Is a program such as Ship or Park used when
removing the read/write head from the hard disk
to reduce the likelihood of a crash?

7. Has the Format command been left off the hard
disk?

8. Have Debug and other utilities that provide a
means of accessing restricted software or data been
left off the disk?

9. Has data encryption been considered for sensitive
data (e.g., payroll)?

10. Is work on sensitive data limited to private offices
to reduce the likelihood of exposure?

11. Is sensitive data only placed on distinctly marked
diskettes or removable hard disks?

12. Are diskettes or cartridges removed from unat-
tended computers?

Exhibit 16.3 MICROCOMPUTER SECURITY CHECKLIST  (continued)
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Source: Buttress, T. E., and M. D. Ackers, “Microcomputer Security,”
Journal of Accounting and EDP, Spring 1990.

HOW TO AVOID SPAM

Spam is a computer term for unwanted e-mail. In a Monty
Python television skit, a group of Vikings in a restaurant
sing about the meat product, “Spam, spam, spam, spam,
spam, spam, spam, spam, lovely spam! Wonderful spam!”
until told to shut up. As a result, something that keeps
being repeated to great annoyance is called spam, and com-
puter programmers have picked up on it. The spam prob-
lem has reached epic levels, with users continuously

13. Does the organization have a designated custodian
for sensitive data disks?

14. Are unattended microcomputers turned off when
data is removed from the system?

15. Is reformatting of the disk or overwriting of the file
required for destruction of sensitive data?

16. Have legally binding confidentiality agreements
been drafted by the employer and signed by micro-
computers users with access to sensitive data (e.g.,
customer lists)?

17. Are diskettes or cartridges stored in a secure cabi-
net or fire-rated safe?

18. Which of the following are required before deci-
sions are made based on microcomputer-generated
reports:

❍ Validating the accuracy of customized micro-
computer programs and embedded formulas?

❍ Dating changes to databases?
❍ Dating reports with the date of production and

the date of the database?
❍ Independent validation of the data input?

19. In the event of downtime, are there alternative pro-
cessing arrangements with service bureaus?

20. Does a preventive maintenance program exist?
21. Have data been processed out of sequence or pri-

ority?
22. Do transactions not fit a trend (e.g., too little, too

much, too often, too late, illogical)?
23. Are compiled data in conformity with legal and

regulatory dictates?
24. Did anyone attempt access above their authoriza-

tion level?

Exhibit 16.3 MICROCOMPUTER SECURITY CHECKLIST  (continued)
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barraged with unwanted mail. Begin fighting the problem by
learning the basics of stopping spam and getting resources at
your disposal.

❍ Protect your e-mail address: Spammers either buy lists
of e-mail addresses or use software programs that
mine the addresses from the Internet. If your address
is posted in discussion groups, on Web sites, in chat
rooms, and so on, chances are it will end up on one or
more of these lists. Only post your address publicly
when absolutely necessary.

❍ Set up multiple e-mail accounts: If you do participate
regularly in online activities where you post your
address, set up another e-mail account. Reveal it only
to close friends and family.

❍ Use spam filters: Many e-mail programs, such as Out-
look Express, have built-in tools that block messages
sent from certain addresses or that filter messages
based on key words you define. Check the online
help files for your e-mail software.

❍ Use antispam software: You can install software designed
to eliminate spam. Some programs work by matching
incoming messages against a list of known spammers;
others block messages that do not match an approved
list of acceptable addresses. Check out the latest anti-
spam programs at Download.com.

❍ Report violators: A number of government agencies
and private groups accept complaints. Whether they
can do anything to stop the deluge is an unanswered
question. Forward spam to the Federal Trade Com-
mission at uce@ftc.gov.

THE LAW

The Computer Fraud and Abuse Act of 1996 (www.usdoj.gov)
is a federal law making it a crime for any unauthorized use
(copying, damaging, obtaining database information, etc.) of
computer hardware or software across state lines. Offenders
can be sentenced to up to 20 years in prison.
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CHAPTER 17

WIRELESS TECHNOLOGY

Wireless networking is fast becoming a viable alternative
for companies that can utilize its advantages. It can provide
enhanced connectivity and flexibility for companies seeking
to expand a computer network or make their employees
more mobile. Major technology companies are behind its
standards, and the price and choice of products should only
improve.

Two major developing technologies are changing the
computer networking landscape: Wi-Fi (Wireless Fidelity)
and Bluetooth. These two forms of wireless technology can
change the entire infrastructure of business networks.
Many new hardware and software products produced by
many big-name technology companies are equipped for
use with Bluetooth and Wi-Fi. The Bluetooth Special Inter-
est Group (SIG; www.bluetooth.com) and the Wi-Fi Alli-
ance (www.weca.net) help effectively develop, integrate,
and implement these wireless technologies globally. These
two groups have created global standards for each technol-
ogy that must be met by any company producing hardware
or software to operate with Bluetooth or Wi-Fi.

BLUETOOTH

Bluetooth is a radio frequency specification for short-range
data transfer. Any device containing Bluetooth technology,
whether it be a handheld PC, cell phone, laptop, or stan-
dard PC, receives the signal broadcasted by the network.
As mentioned, the Bluetooth SIG was formed to develop
and maintain a global standard for Bluetooth wireless tech-
nology. This facilitates interoperability, advancement, and
development of the technology. Over 2,000 companies from
around the globe are members of this industry group. The
Bluetooth SIG consists of leaders in telecommunications
and computing including such household names as Erics-
son, IBM, Intel, Microsoft, Motorola, Nokia, and Toshiba.
The Bluetooth specified standard contains the information
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necessary to ensure that all devices supporting Bluetooth
are able to communicate with each other globally, so it does
not matter who manufactures a device. As long as it has the
Bluetooth logo or label on it, it can be fully synchronized
with any other Bluetooth device. This is a huge step toward
full integration. Instead of using many independently oper-
ating devices to accomplish one task, businesses may utilize
these devices as one tool by integrating their performance.
Using Bluetooth can also give a business many more
options in terms of purchasing new hardware and upgrades.
Because all Bluetooth devices are fully interoperable, busi-
nesses are not forced to go back to the same manufacturer.
They can look for the best prices as long as the alternative
device supports Bluetooth. 

The current Bluetooth specified standard calls for the
support of several elements. First, there must be general
access among devices so that they can link, synchronize,
and communicate with each other. Next, cordless telephony
must be supported. Cell phones with Bluetooth must be
able to operate as cordless phones when they are in proxim-
ity to their base station. For example, the cell phone would
act as a cordless phone and a laptop or desktop at the base
station. The serial ports on Bluetooth supportive devices
will act similar to wire serial ports. Each device will also be
able to receive and transmit voice data as well as send faxes.
Dial-up networking between a cell phone and a laptop com-
puter are part of the standard. As already mentioned, Blue-
tooth devices will have full wireless personal area network
(WPAN) access with the ability to transfer files. 

Bluetooth Networks
Bluetooth provides a 10-meter personal bubble. It supports
the simultaneous transmissions of information and voice
data. A network of Bluetooth devices is called a piconet.
Each piconet can support a maximum of eight devices and a
minimum of two. Any and all devices containing Bluetooth
can be potentially networked with each other. Each piconet
has a master unit and slave units. The master unit synchro-
nizes all of the slave units. The slave units are all of the
other networked devices besides the master unit. Piconets
may be integrated to form a scatternet by setting up a mas-
ter device to synchronize several piconet master devices.
Therefore, the master device of a piconet can also be a slave
in a scatternet. The gross data transfer of Bluetooth devices is
1 megabyte per second, while the actual data rate is 432 kilo-
bytes per second. Bluetooth technology is as secure as a
wire with up to 128-bit public/private key authentication.
Furthermore, it supports good encryption. Bluetooth trans-
mits its signal for up to 10 meters when a 0 dBm radio is
used. When a +20 dBm radio is used, the link range can be
increased to up to 100 meters.
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Practical Uses
The most attractive feature of Bluetooth is that all products
containing this technology will work together. All manu-
facturers implementing Bluetooth into their products must
get them tested and certified to ensure interoperability.
Accordingly, this feature is perhaps the most attractive for
your client’s business. All of a company’s hardware will be
integrated and able to share information. You will be able
to synchronize your mobile computer with your desktop
simply by placing the mobile computer near the desktop.
This will save much time plugging and unplugging. This
technology is also useful outside of the office. You can
leave your cell phone in your pocket and dial up to the
Internet using your laptop, as opposed to lining up the
phone’s infrared port with that of your mobile computer.
The best part is this synchronization will be unconscious
and automatic when the devices are within a certain range
of each other.

Currently, Bluetooth’s most practical usages are its abil-
ity to wirelessly synchronize devices and to serve as small
networks. Its range limits its ability to serve the needs of
large networks. For small business or sole practitioners
requiring smaller networks, Bluetooth can serve this pur-
pose. The main advantage of Bluetooth, though, is the abil-
ity a CPA and businessperson has when making use of this
technology. A person can coordinate each piece of his or her
equipment to create a more powerful and efficient business
tool. For more information about Bluetooth technology, see
www.bluetooth.com/ or see the Web sites of any of the Blue-
tooth SIG member companies. To learn more about the
Bluetooth SIG and its members, go to www.bluetooth.com/
sig/about.asp.

WIRELESS FIDELITY (Wi-Fi)

Wireless Fidelity (Wi-Fi), also known as 802.11b, has a range
that is longer than that of Bluetooth. Wi-Fi transfers data at
11 megabytes per second. (However, note that Wireless-G
operates at speeds almost five times faster than 802.11b.)
Wireless-G is compatible with 802.11b products. Many large
corporations use Wi-Fi wireless devices to extend standard
wired networks to areas such as training classrooms and
large public spaces. In addition, many companies make use
of Wi-Fi to provide wireless networks to their workers.
These wireless networks may also be accessed remotely
from workers’ homes or other offices. Wi-Fi is also used to
bridge the information flow between two or more offices in
different buildings. 

Wi-Fi networks are found in public places such as hotels
and airports. When in an area that supports Wi-Fi, a Wi-Fi
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certified product is automatically linked to the network
when the device is turned on. Wi-Fi is ideal for mid- and
large-size companies. It enables businesses to boost produc-
tivity and efficiency through constant real-time information
flows, full sharing of data, and constant, uninterrupted
communication. People are able to continue to work on
projects or prepare for meetings in the airport while they
are waiting to board their flight. With wireless technologies
such as Wi-Fi, companies can keep their employees, whether
they are in or out of the office, up-to-date at all times. Costly
omissions of information will be virtually unheard of. As
time progresses, Wi-Fi networks will be just about every-
where. Members of the Wi-Fi Alliance plan to bring Wi-Fi
to urban areas, central cities, and even some major high-
ways. Now, in reading this, you might be reluctant to
believe that such an implementation will take place. Just
take a look at some of the members of the Wi-Fi Alliance.
They are all major players in their respective markets. The
site is www.weca.net/OpenSection/index.asp.

Another advantage of Wi-Fi is mobility. Having a wire-
less network gives your client company many options. It
is easy to add other computers to the network. To add
another wireless computer to a Wi-Fi network, just plug in
your card or universal serial bus (USB) connection and the
computer is instantly networked. Computers can just as
easily be removed. Furthermore, if your client’s business
needs to move, the company will not have to abandon its
network infrastructure or hire someone to rewire its new
office location. Simply unplug at the old office and plug in
the base station to a power outlet at the new office. Then
turn on the other devices. Presto! A wireless network has
been assembled. 

Range and Security
When a Wi-Fi computer is close to the base station, it is
capable of transferring and receiving data at a rate of up to
11 megabytes per second. As the Wi-Fi device is moved far-
ther away from the base station, the data rate will drop to
around 5.5 megabytes per second. Generally, the lowest
data transfer rate at the maximum range from a base station
will not drop below 1 or 2 megabytes per second. This is a
drastic deterioration from the 11-megabyte maximum trans-
fer rate. However, transferring information at 1 megabyte
byte per second is still an acceptable performance level
compared to other connection types. For instance, 1 mega-
byte per second is faster than most DSL and cable connec-
tions. Therefore, it is still an above average high-speed
transmission. This makes it more than adequate for such
tasks as sending and receiving e-mail, browsing the Inter-
net, and entering data from a mobile computer. A standard
Wi-Fi antenna broadcasts from 750 to 1,000 feet outdoors in
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open spaces. In an office or other workplace setting with
other stimuli that could interfere with the signal, the stan-
dard antenna broadcasts from 150 to 350 feet. Keep in mind
that dense materials such as certain metals may affect the
transmission of radio waves and therefore affect a Wi-Fi
broadcast. If the walls in your office are heavily reinforced
with such materials as metal, heavy wood, brick, or stone,
Wi-Fi devices may have difficulty transmitting from one
room to another. 

Wired Equivalent Privacy (WEP) is 802.11’s encryption
standard. WEP works by encrypting the data transferred
between the Wi-Fi computer and the Wi-Fi access point. A
Wi-Fi access point (AP) is a hardware device or software
that acts as a communication hub for wireless devices to
connect to a wired local area network (LAN). It provides
wireless security while extending the service range that a
user of wireless can access. Data is sent to the access point
via the public Internet. Therefore, unless it is encrypted,
the data is unprotected during its transmission. When the
data reaches the access point, it is encrypted and trans-
ferred to a Wi-Fi device by WEP. Other wireless technology
standards with better security are in development. IEE
802.1X is a more secure wireless access that makes use of an
Extensible Authentication Protocol (EAP). There have been
several security problems with WEP. Therefore, the Wi-Fi
Alliance is planning on implementing a new security stan-
dard that implements 802.1X and the EAP: Wi-Fi Protected
Access (WPA). 

Many corporations use virtual private networks (VPNs)
to protect remote access to their WLANs. The VPNs also
protect their connections. A VPN creates a secure virtual
tunnel from the worker’s computer all the way to the corpo-
ration’s server. A secure connection is established from the
worker’s Wi-Fi hardware, through his or her Wi-Fi access
point, over the public Internet, through the corporation’s
access point, to the corporation’s hardware. Existing sys-
tems can be modified to make use of VPN to support a Wi-
Fi network. There are many different types of VPNs, some
of which are very expensive. Microsoft, however, provides a
very basic VPN technology that is free. The VPN is pro-
vided with Microsoft’s advanced server operating systems.
For more information, visit the question-and-answer site:
microsoft.com/ntserver/support/faqs/VPNSecFAQ.asp.

A VPN works through a company’s server. It encrypts
any data transferred to company computers from outside
the office. VPN software also operates on remote computers
and laptops. Virtual privatel networks enable the transfer
of data while protecting that data from being viewed by
intruding parties. Setting up a VPN gives a company a lot
of mobility. It supports communications from areas such
as airports and hotels, enabling people to stay abreast of
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developing situations that may be crucial to a client’s com-
pany. Individuals can access information in company net-
works from anywhere. Companies can expand their networks
to the homes of their employees. Therefore, through the use
of a WLAN with a VPN, part-time employees can do more
from the personal computers in their homes. In addition,
full-time employees can spend more time with their fami-
lies because they can perform a variety of tasks from their
homes. Another important aspect of Wi-Fi security is its
ability to provide different levels of access. For example, a
company can provide top-notch security while allowing
open access to the Internet and e-mail accounts for guests
on the network. This is accomplished by granting network
access at different levels.

In addition to a VPN, wireless networks have a standard
technology called Remote Access Dial-Up User Service
(RADIUS). RADIUS is used to protect access to wireless net-
works. Remote Access Dial-Up User Service is security that
allows only approved users to access the network. In order
for someone to access the network and the corresponding
files contained on the network, he or she must input a user
name and password. The RADIUS server then verifies the
name and password, and if correct, allows that person to
access the network. A key feature to RADIUS is that it may
be used to provide different types of access levels. A com-
pany may use a RADIUS server to provide access to the
Internet, another one for network databases, and another
one for access to e-mail. Microsoft provides a basic RADIUS
server with its advanced server operating systems for free.
Other RADIUS servers may be purchased in the forms of
software and hardware but can be rather pricey.

One of the most formidable lines of system defense is the
firewall. Firewalls work by blocking unwanted and unau-
thorized people from viewing company databases. Many
Wi-Fi access points have built-in firewalls. In addition, all
Wi-Fis include a network capability, enabling a group of
devices to share one Internet provider (IP) address regard-
less of whether the IP is from a dial-up, cable, or digital ser-
vice line (DSL) connection. This capability is called network
address translation (NAT). NAT works by creating new IP
addresses for each computer of the group from the original
single IP address. Therefore, the new IP addresses are invis-
ible to users of the public Internet. The new IP addresses
function separately under the cover of the original one. 

Public Wi-Fi
Wireless networks are not only making their way into
today’s businesses, they are steadily becoming a reality in
many public areas as well. Companies such as Wayport,
which provides Wi-Fi to hotels, airports, and other public
areas around the United States, are teaming up with major
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companies such as 3Com, Sony, Sharp, and other members
of the Wi-Fi Alliance to provide wireless fidelity. Major
hotels such as the Four Seasons, Holiday Inn, Hampton Inn,
Ramada, and many others are also teaming up to provide
wireless fidelity in their hotel chains through Wayport. With
members of industry groups such as the Bluetooth SIG and
the Wi-Fi Alliance pushing the development and advance-
ment of a global wireless infrastructure, more hardware will
be built on this standard. Cellular phones and laptops
equipped with Bluetooth and Wi-Fi certification are already
on the market.

Eventually, wired connections will be a thing of the past.
With hotels and airports around the world upgrading to
wireless, companies that go wireless will be a step ahead.
They will have the up-to-the-minute information needed,
full integration of technological equipment, full access to
their network databases, and the infrastructure to make it
possible from anywhere in the world. An interested party’s
best bet is to begin researching the benefits and detriments
of going wireless. The benefits of going wireless are (1) it is
cost-effective because you do not incur the cost of wiring
and the cost of labor to do so (you only have to set up a soft-
ware protocol); (2) it is a portable network, so you can just
move computers around the wireless router (a radio trans-
mitter); and (3) it is peer-to-peer flexible because of the
absence of wires, so a traditional wired router is not needed.
The detriments of going wireless are (1) transmission time
is slower than the fastest wired networks; (2) radio fre-
quency transmission is believed by some to cause health
problems similar to microwaves (this is controversial); and
(3) there may be security problems. Of course, a wireless
network may be hooked up to a wired network with the use
of a bridge. Therefore, a company’s system may have an
integration of wired and wireless networks. Beginning to
upgrade now may be beneficial in the long run.

WIRELESS VERSUS WIRED

Mobility and efficiency are the advantages of using wire-
less. Other network technologies such as wired, phone line,
or power line–based networks require connections through
wire or cable. Wireless uses radio waves that are capable of
traveling through walls and floors. Furthermore, you can
connect from anywhere, regardless of whether you are
inside or outdoors. Wireless networks do not require
phone jacks to be close to the devices for them to be net-
worked with the rest of the system. This completely elimi-
nates the inefficient and expensive task of hiring people to
rewire an office to support a wired network. Furthermore,
wireless technology simply eradicates the clutter of wires
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around offices. In addition, power line networks are gener-
ally more expensive than Wi-Fi networks. Plus, transform-
ers, large appliances, and surge protectors may interfere
with power line networks (a type of wired network).
Lastly, no wired network is portable. It is completely fixed
when it is intact.

An employee at an office with a wired network cannot
pick up his or her laptop and go to another part of the office
to continue working, unless there is an available connec-
tion. With wireless networks, having a limited number of
connections in an office will not be an issue, because every-
where is a connection. You probably already have an expen-
sive wired network in your office and might like to add
wireless components. This would not be a problem. Wire-
less components can be added to your existing wired net-
work. Many wireless access points and gateways allow
users to connect to wired equipment as well. Many corpora-
tions frequently do this. Companies can extend their wired
networks by adding Wi-Fi networks. By connecting wireless
access points to an existing wired network, a company can
provide wireless access to all areas of its office. 

The major problem with wireless technology is its price
tag. The components for wired networks are still cheaper
than those for wireless networks. Access points are just a
few hundred dollars. Therefore, the cost of hardware that
supports wireless connections can easily be two to four
times more expensive than wired network components. The
argument, however, is that this higher cost for hardware is
offset by the ease of installation and maintenance. Accord-
ingly, long-run costs to maintain the equipment are lower.
There will be no expenditures to replace old wires. Further-
more, companies using wireless will never have to hire an
electrician to run electrical wiring or install outlets to make
a part of the office networkable. For a wireless network, the
major expenditures will be for new hardware to add to the
network. Lastly, companies will not have to drill holes or
run wires through floors and ceilings when installing a
wireless network. 

Access points are a bit pricey, but in most instances the
purchases of additional access points will be few and far
between. The only foreseeable instance in which the pur-
chase of a new access point will be necessary is when a com-
pany needs to significantly expand its network. Another
point to keep in mind is that wireless technology is still rela-
tively unknown. Therefore, as more and more hardware is
produced to support wireless, more and more people will
switch to this newer technology. As demand grows, the
price will decline. Also offsetting the higher costs of wireless
are the savings the technology generates. As a result of lower
maintenance costs, companies will spend less on informa-
tion technology (IT). Coupled with greater efficiency and a
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higher level of productivity (generated through the use of
wireless), this will mean higher bottom lines.

EXPECTED GROWTH OF WIRELESS

The following section contains supplemental information.
Keep in mind that the independent study discussed in this
section is displayed on the Bluetooth Web site. Read about it
at www.bluetooth.com. The information contained in the
study is significant when you consider the size and compo-
sition of the Bluetooth SIG. The companies that make up
this industry group are household names. Furthermore,
many of them are also members of the Wi-Fi Alliance.

Promoter Members of the Bluetooth SIG

❍ 3Com
❍ Agere
❍ Ericsson Technology Licensing AB
❍ IBM Corporation
❍ Intel Corporation
❍ Microsoft Corporation
❍ Motorola, Inc.
❍ Nokia
❍ Toshiba Corporation

For a complete list of the group’s members, please see
www.bluetooth.com/sig/membership/promoter.asp.

Some Members of the Wi-Fi Alliance

❍ 3Com
❍ Agere
❍ Apple
❍ Epson
❍ Ericsson Technology Licensing AB
❍ Hewlett Packard
❍ Intel Corporation
❍ Microsoft Corporation
❍ Motorola, Inc.
❍ Nokia
❍ Sharp
❍ Sprint
❍ Toshiba Corporation
❍ U.S. Robotics
❍ Yamaha

For a complete list of the group’s members, please see
www.weca.net/OpenSection/members.asp?TID=2.

Recently, the Bluetooth Special Interest Group contracted
with a research firm to project future demand for wireless
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technology. The group that performed the independent
study is the Zelos Group LLC, which is an advisory service
firm that helps assess the nature and timing of the adoption
of new products and services by consumers. The group
serves technology industries. Its Web site is www.zelosgroup
.com. The Zelos Group LLC predicts that Bluetooth technol-
ogy will generate around $12 billion over the next four
years. The majority of this revenue will be the result of pur-
chases of Bluetooth-enabled equipment used to link pocket
computers with mobile handsets, equipment used to wire-
lessly view and download personal data assistant (PDA)
files, and other equipment capable of wirelessly accessing e-
mail and the public Internet. The United States and Western
Europe were covered in the studies for the years 2001
through 2006. The study assessed likely usages of Bluetooth
for PDAs, headsets, handsets, notebook PCs, and automo-
biles. This information is not just beneficial to businesses
seeking to go wireless but also to businesses that distribute
hardware, software, and the like. Please view the Web site
for more information.

UPS Going Wireless
Shipping giant United Parcel Service has decided to imple-
ment a wireless tracking system into its operations. The
company has begun to deploy a wireless tracking system
that combines Bluetooth with Wireless Fidelity. UPS plans
to issue Bluetooth bar code readers to 55,000 of its package
handlers. This is the first major wireless implementation of
such a system. The project will cost around $120 million.

This large-scale implementation, which combines Blue-
tooth with Wi-Fi to create one system, may be an indication
of future trends. Bluetooth’s strength seems to be in its
capabilities to facilitate communication between devices.
Wi-Fi is more adept at providing wireless and remote access
to the public Internet and private networks. Combining
these technologies may prove to be the most efficient means
of building a company’s network. Wi-Fi access points could
be used to provide access to a network, and Bluetooth could
be used to connect devices. For example, a person would be
able to access his e-mail from his laptop wirelessly through
Wi-Fi. He could then download it, forward it, or edit it. Sup-
pose he wanted to print it. Bluetooth would enable the
transmission of information from the laptop to a printer and
command the printer to print the document wirelessly. It is
kind of like a one-two wireless punch. There must be a rea-
son for a company the size of UPS, which must keep track
of a huge number of shipments daily, to spend $120 million
on this new technology. Furthermore, a significant number
of blue-chip technology companies are members of both the
Bluetooth SIG and the Wi-Fi Alliance. Perhaps they too see
the potential relationship between Bluetooth and Wi-Fi.
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Wireless Networks and Your Client’s 
Business

Wireless systems have all the aspects needed to alter the
way in which people work. More can be done from the
home and on the road through remote access. Important
information can be received in real time virtually anywhere.
The need to spend long hours in the office over weekends is
greatly decreased by Wi-Fi. Small and medium-size busi-
nesses can now obtain the same, and many times better,
technology to keep track of their inventory as their larger
competition. The best part is that a small business can
install the wireless network itself instead of enlisting out-
side help. Businesses can now have live streaming, real-
time inventory data. This type of wireless technology is
ideal for retail, wholesale, shipping, and manufacturing
companies.

The Accountant’s Role
The accountant must be abreast of the latest developments
in wireless networks for practical use within the CPA firm
and for properly advising client companies. The CPA must
be familiar with the various business applications of wire-
less networks, the benefits, the drawbacks, and how to get
the most out of the system to enhance efficiency, productiv-
ity, timeliness, and profitability. The use of wireless net-
works will optimize computer operations and corporate
activities. A wireless network adapter is installed in each
computer so that there is no need to drill holes and run
cables. However, the farther the wireless network computer
is from a wireless access point and the greater the number
of solid objects standing in the way, the slower will be the
connection. To optimize network speed and range, the wire-
less access point should be positioned at least a few feet
above the floor away from metal objects. The access point
should be in the center of the coverage area. However,
another approach is to position the access point so that it is
as close as possible to the largest number of computers.
With larger areas or those with many obstructions, multiple
access points are needed. Make sure the access points have
the same settings. Almost all wireless network adapters
support roaming. When access point coverage areas over-
lap, the adapter will latch on to the strongest signal.

Reliability, performance, and range depend on signal
quality. Add an extra antenna to your network adapter and
access point to materially improve the quality of the signal.
Signal strength—your card’s ability to receive data under
different conditions—is crucial. As you move away from
the gateway, there is a degradation of the signal strength
and performance. The measure of gateway performance is
the combination of range and throughput. Range means
how far you can go from the gateway and still have an
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acceptable signal. Throughput measures the amount of
work performed by a computer system over a specified
time period. Throughput decreases dramatically when sev-
eral users access the gateway simultaneously. The card in
the gateway has a fixed bandwidth that all client cards must
share. For security reasons, mix numbers and letters in your
wireless network’s service set identifier used by each wire-
less device on your network to log in.

What Does It All Mean for CEOs, 
CIOs and Users?

CEOS

Mobile working can dramatically boost productivity and
improve an organization’s responsiveness and flexibility,
but it also poses challenges for the chief executive. As the
trend toward mobile working gathers pace, these are issues
that executives cannot afford to ignore. As wired and wire-
less network–enabled notebook PCs, personal digital assis-
tants (PDAs), and smart phones proliferate, mobile working
is becoming a reality not just for a select few corporate road
warriors, but for a much larger group of employees.

This expansion has significant advantages and risks for
corporate management. On the positive side, mobile and
remote access to corporate systems such as e-mail, enter-
prise portals, and applications such as contact management
and customer relationship management systems often pro-
vides a competitive edge for companies while improving
both customer and employee satisfaction. On the negative
side, mobile technologies and services tend to come with
premium price tags, pushing costs up at a time when chief
executives are still under pressure to improve margins and
show rapid returns on investments.

Mobile systems are also notoriously difficult to manage
and control. Perhaps most seriously, ad-hoc arrangements
can represent a real threat to enterprise system security. Bal-
ancing the risks and rewards of mobile working and estab-
lishing a corporate policy framework to cover, for example,
remote access to corporate networks has become an impor-
tant issue for chief executives—an issue that they ignore at
their peril.

CEOs will want to ensure that they are getting value for
their money when they invest in mobile working infrastruc-
ture, so they will probably want to see estimates—and sub-
sequently evidence—of productivity gains and other tangible
improvements. They will also want to see investment return
projections and will probably want to be involved in mak-
ing choices about competing projects.

CEOs may be concerned with how to ensure that mobile
and remote workers are earning their keep when they are
out of the office. Most consultants suggest that trust plays a
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key role in enabling a mobile workforce. They add that it is
important to lay down guidelines and keep a watch on costs
to ensure they do not spiral out of control. Given the grow-
ing threat posed by e-mail viruses, spyware, and other unwel-
come network intrusions, most CEOs are well advised to
take steps to ensure that the benefits of mobile working are
not negated by the threat it can pose to corporate security.
But while it may be tempting to use security as an excuse
for inaction, the competitive and financial risks of not
adopting mobile working practices when competitors are
pushing forward may be even greater.

CIOS

Like it or not, mobile devices ranging from Wi-Fi–enabled
notebook PCs and PDAs to datacentric communicators such
as the Treo 600 or RIM’s Blackberry are finding their way
into the corporate environment. Sometimes they are part of
a corporate rollout and can therefore be planned and con-
trolled. But more often than not they are surreptitiously
introduced by individuals who have tasted the benefits of
remote access and mobile working as consumers and now
want to use the same devices and services at work.

One of the key challenges for CIOs in either case is to find
ways to accommodate a diverse group of mobile devices
while protecting the corporate IT infrastructure and mini-
mizing the network security threat they can pose. Given the
fast pace of change in the technology industry, particularly
in the mobile device sector, it is often a challenge for a CIO
to keep up with hardware, software, and service develop-
ments and to provide the level of support—often with
reduced resources—that users have come to expect.

One way to minimize the support overhead is to stan-
dardize a set of devices such as notebook PCs, PDAs,
mobile phones, and communicators. However this often
delays deployment and can lead to end user frustration.
Another option is to outsource the provision of devices and
services. For example, U.S.-based Aruba, which supplies
secure Wi-Fi networks for corporate customers, says many
of them also want services to manage the deployment and
maintenance of the Wi-Fi system.

One of the fastest-growing areas in the mobile technol-
ogy sector is security. Typically, larger companies will
deploy virtual private networks to a corporate network to
facilitate secure access for mobile and remote users such as
home office workers. However, there are secure alternatives
including remote access programs such as LapLink and the
GoToMyPC remote access service that can be rolled out
across an enterprise or made available to a few users. There
is also a growing market for software and hardware such as
mini-USB drives and biometric devices such as fingerprint
readers designed to protect confidential or sensitive data
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stored on a portable PC. Other vendors have developed sys-
tems designed to enable secure access to e-mail and other
corporate services from Internet public access points such
as hotels, conference centers, and even Wi-Fi hotspots.

Most CIOs have already discovered that the trend
toward mobile working is like a runaway steamroller—it is
not about to stop. So while it makes sense to lay down
guidelines about which mobile devices are supported and
how they should be used, ultimately the CIO has to deal
with the realities of mobile working.

USERS

The rapid growth of mobile working and the proliferation
of new hardware devices, software, and services designed
to enable mobile workers to do their jobs from virtually
anywhere pose both great opportunities and challenges. For
many employees, the availability of basic tools such as por-
table PCs, pocket-size PDA organizers, and the now nearly
ubiquitous mobile phone gives them much greater freedom
and flexibility. For example, salespeople can use mobile
technologies to update customer profiles, download price
quotes, and provide their audiences with dazzling multime-
dia presentations. Executives can send and receive e-mail
messages, peer into the corporate ERP system, or check
share prices and competitors’ Web sites while traveling
using Wi-Fi or W-LAN wireless connections. A recent study
conducted by Intel, the U.S. chipmaker, showed that tech-
nology has dramatically changed the lives of mobile profes-
sionals, making it much easier to stay in touch while
traveling and to respond to colleagues and customers in a
more timely fashion.

Meanwhile, a growing number of employees now have
broadband Internet access at home or work in remote local
offices, yet they can tie back into corporate headquarters
securely via a virtual private network connection. But while
more and more employees have “always-on” wired and
wireless Internet access, they are also finding that they need
to set boundaries in order to ensure that they retain a bal-
ance between home and office lives and that they are the
masters of technology rather than its slave.

Individual attitudes toward mobile technology also vary.
While some employees relish the idea of being able to deal
with the overnight flood of e-mail using a wireless device
on the train before they reach the office, others balk at the
idea of work intruding into another part of their life. When
the pressure for greater productivity is often unrelenting,
balancing the demands of work and private lives in the age
of mobile technology has become one of the more interest-
ing issues probed by sociologists.

Fortunately, the wide range of technologies available
means that most employees can pick and choose which
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technologies to adopt and just how much they should
intrude into the home. Arguably, however, portable PCs,
mobile phones, and PDAs enable employees to work more
flexibly and at times that best suit them. Provided a balance
is kept, mobile devices and technologies can be valuable
tools that enrich both work and private lives.
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CHAPTER 18

CAPITAL BUDGETING AND ECONOMIC 
FEASIBILITY STUDY OF AN IT PROJECT

Capital budgeting is the process of making long-term
planning decisions for alternative investment opportuni-
ties. There are many investment decisions that the company
may have to make in order to grow. Examples of capital
budgeting applications are installation of a new informa-
tion system (IS), lease or purchase, new product develop-
ment, product line selection, keeping or selling a business
segment, and which asset to invest in. A careful cost-benefit
analysis must be performed to determine a project’s eco-
nomic feasibility of a capital expenditure project. This chap-
ter covers:

❍ Several popular capital budgeting techniques
❍ Effects of the Modified Accelerated Cost Recovery

System (MACRS) on capital budgeting decisions
❍ An economic feasibility study for a new information

system

HOW DO YOU MEASURE INVESTMENT 
WORTH?

Several methods of evaluating investment projects are as
follows:

❍ Payback period
❍ Net present value (NPV)
❍ Internal rate of return (IRR)

The NPV method and the IRR method are called discounted
cash flow (DCF) methods.

Payback Period
The payback period measures the length of time required to
recover the amount of initial investment. It is computed by
dividing the initial investment by the cash inflows through
increased revenues or cost savings.
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Choose the project with the shorter payback period. The
rationale behind this choice is that the shorter the payback
period, the less risky the project and the greater the liquidity.

The advantages of using the payback period method of
evaluating an investment project are that (1) it is simple to
compute and easy to understand and (2) it handles invest-
ment risk effectively. The shortcomings of this method are
that (1) it does not recognize the time value of money and
(2) it ignores the impact of cash inflows received after the
payback period; essentially, cash flows after the payback
period determine profitability of an investment.

EXAMPLE 18.1 PAYBACK PERIOD 

Assume:
Cost of investment $18,000

Annual after-tax cash savings $ 3,000

Then the payback period is:

EXAMPLE 18.2 PAYBACK PERIOD—TWO PROJECTS

Consider the two projects whose after-tax cash inflows
are not even. Assume each project costs $1,000.

Cash Inflow

Year A ($) B ($)

1 100 500
2 200 400
3 300 300
4 400 100
5 500
6 600

When cash inflows are not even, the payback period
has to be found by trial and error. The payback period of
project A is 4 years ($1,000 = $100 + $200 + $300 + $400).
The payback period of project B is 1/3 years ($1,000 =
$500 + $400 + $100):

Project B is the project of choice in this case, since it
has the shorter payback period.

Payback period Initial investment
Cost savings

------------------------------------------------ $18,000
$3,000

--------------------- 6 years= = =

2 years $100
$300
------------- 2 1/3 years=+
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Net Present Value
Net present value (NPV) is the excess of the present value
(PV) of cash inflows generated by the project over the amount
of the initial investment (I):

NPV = PV – I

The present value of future cash flows is computed
using the so-called cost of capital (or minimum required
rate of return) as the discount rate. When cash inflows are
uniform, the present value would be

PV = A × T2 (i, n)

where A is the amount of the annuity. The value of T2 is
found in Exhibit 18.2. T2 is the present value factor of $1
which is found in Exhibit 18.2.

Note: T1 is the present value of $2 which is given in
Exhibit 18.1.

If NPV is positive, accept the project. Otherwise reject it.

Periods 4% 6% 8% 10% 12% 14% 20%

1 0.962 0.943 0.926 0.909 0.893 0.877 0.833

2 0.925 0.890 0.857 0.826 0.797 0.769 0.694

3 0.889 0.840 0.794 0.751 0.712 0.675 0.579

4 0.855 0.792 0.735 0.683 0.636 0.592 0.482

5 0.822 0.747 0.681 0.621 0.567 0.519 0.402

6 0.790 0.705 0.630 0.564 0.507 0.456 0.335

7 0.760 0.665 0.583 0.513 0.452 0.400 0.279

8 0.731 0.627 0.540 0.467 0.404 0.351 0.233

9 0.703 0.592 0.500 0.424 0.361 0.308 0.194

10 0.676 0.558 0.463 0.386 0.322 0.270 0.162

11 0.650 0.527 0.429 0.350 0.287 0.237 0.135

12 0.625 0.497 0.397 0.319 0.257 0.208 0.112

13 0.601 0.469 0.368 0.290 0.229 0.182 0.093

14 0.577 0.442 0.340 0.263 0.205 0.160 0.078

15 0.555 0.417 0.315 0.239 0.183 0.140 0.065

16 0.534 0.394 0.292 0.218 0.163 0.123 0.054

17 0.513 0.371 0.270 0.198 0.146 0.108 0.045

18 0.494 0.350 0.250 0.180 0.130 0.095 0.038

19 0.475 0.331 0.232 0.164 0.116 0.083 0.031

20 0.456 0.312 0.215 0.149 0.104 0.073 0.026

30 0.308 0.174 0.099 0.057 0.033 0.020 0.004

40 0.208 0.097 0.046 0.022 0.011 0.005 0.001

Exhibit 18.1 PRESENT VALUE OF $1 = T1(i, n)
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The advantages of the NPV method are that it obviously
recognizes the time value of money and it is easy to com-
pute whether the cash flows form an annuity or vary from
period to period.

Internal Rate of Return
Internal rate of return (IRR), also called time-adjusted rate
of return, is defined as the rate of interest that equates I with

Periods 4% 6% 8% 10% 12% 14% 20%

1 0.962 0.943 0.926 0.909 0.893 0.877 0.833

2 1.886 1.833 1.783 1.736 1.690 1.647 1.528

3 2.775 2.673 2.577 2.487 2.402 2.322 2.106

4 3.630 3.465 3.312 3.170 3.037 2.914 2.589

5 4.452 4.212 3.993 3.791 3.605 3.433 2.991

6 5.242 4.917 4.623 4.355 4.111 3.889 3.326

7 6.002 5.582 5.206 4.868 4.564 4.288 3.605

8 6.733 6.210 5.747 5.335 4.968 4.639 3.837

9 7.435 6.802 6.247 5.759 5.328 4.946 4.031

10 8.111 7.360 6.710 6.145 5.650 5.216 4.192

11 8.760 7.887 7.139 6.495 5.938 5.453 4.327

12 9.385 8.384 7.536 6.814 6.194 5.660 4.439

13 9.986 8.853 7.904 7.103 6.424 5.842 4.533

14 10.563 9.295 8.244 7.367 6.628 6.002 4.611

15 11.118 9.712 8.559 7.606 6.811 6.142 4.675

16 11.652 10.106 8.851 7.824 6.974 6.265 4.730

17 12.168 10.477 9.122 8.022 7.120 6.373 4.775

18 12.659 10.828 9.372 8.201 7.250 6.467 4.812

19 13.134 11.158 9.604 8.365 7.366 6.550 4.844

20 13.590 11.470 9.818 8.514 7.469 6.623 4.870

30 17.292 13.765 11.258 9.427 8.055 7.003 4.979

40 19.793 15.046 11.925 9.779 8.244 7.105 4.997

Exhibit 18.2  PRESENT VALUE OF AN ANNUITY OF $1 = T2(i, n)

EXAMPLE 18.3  NET PRESENT VALUE

Consider the following investment:
Initial investment $12,950

Estimated life 10 years
After-tax annual cash inflows $3,000
Cost of capital (minimum required rate of 

return)
12%

The present value of the cash inflows is:
PV = A × T2(i, n)

= $3,000 × T2(12%,10 years)
= $3,000(5 × 650)

$16,950

Initial investment (I) $12,950
Net present value (NPV = PV – I) $ 4,000

Since the NPV of the investment is positive, the
investment should be accepted.
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the PV of future cash inflows. In other words, at IRR, I = PV
or NPV = 0.

Accept the project if the IRR exceeds the cost of capital.
Otherwise, reject it.

The advantage of using the IRR method is that it does
consider the time value of money and therefore is more
exact and realistic than the ARR method. The shortcomings
of this method are that (1) it is time-consuming to compute,
especially when the cash inflows are not even, although
most financial calculators and PCs have a key to calculate
IRR, and (2) it fails to recognize the varying sizes of invest-
ment in competing projects.

Can a Computer Help?
Spreadsheet programs can be used in making IRR calcula-
tions. For example, Excel has a function IRR (values, guess).
Excel considers negative numbers as cash outflows such as
the initial investment and positive numbers as cash inflows.
Many financial calculators have similar features. As in the
following table, suppose you want to calculate the IRR of a
$12,950 investment (the value 12,950 entered in year 0 fol-
lowed by 10 monthly cash inflows of $3,000). Using a guess
of 12% (the value of 0.12), which is in effect the cost of capi-
tal, your formula would be at IRR(values, 0.12), and Excel
would return 19.15%:

EXAMPLE 18.4 INTERNAL RATE OF RETURN 

Assume the same data given in Example 17-3 and set the
following equality (I = PV):

which stands somewhere between 18% and 20% in the
10-year line of Exhibit 18.2. The interpolation follows:

PV of an Annuity of $1 Factor

T2(i, 10 years)

18% 4.494 4.494
IRR 4.317
20% 4.192
Difference 0.177 0.302

Therefore,

Since the IRR of the investment is greater than the
cost of capital (12%), accept the project.

$12,950 $3,000 T4 I 10 years,( )×=

T4(I, 10 years) $12,950
$3,000

--------------------- 4.317= =

IRR 18% 0.177
0.302
--------------- 20% 18%–( )+=

18% 0.586 2%( ) 18= % 1.17% 19.17%=++=
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HOW DO INCOME TAXES AFFECT 
INVESTMENT DECISIONS?

Income taxes make a difference in many capital budgeting
decisions. The project that is attractive on a before-tax basis
may have to be rejected on an after-tax basis, and vice versa.
Income taxes typically affect both the amount and the tim-
ing of cash flows. Since net income, not cash inflows, is sub-
ject to tax, after-tax cash inflows are not usually the same as
after-tax net income.

How to Calculate After-Tax Cash Flows

Let us define:
S = Sales
E = Cash operating expenses
d = Depreciation
t = Tax rate

Then before-tax cash inflows (or cash savings) = S – E and
net income = S – E – d. By definition,

After-tax cash inflows = Before-tax cash inflows
– Taxes = (S – E) – (S – E – d)(t)

Rearranging gives the short-cut formula:

After-tax cash inflows = (S – E)(1 – t) + (d)(t) or
= (S – E – d)(1 – t) + d

The deductibility of depreciation from sales in arriving at
taxable net income reduces income tax payments and thus
serves as a tax shield:

Tax shield = Tax savings on depreciation = (d)(t)

EXAMPLE 18.5  AFTER-TAX CASH INFLOW

Assume:
S = $12,000
E = $10,000
d = $500 per year using the straight-line

method
t = 30%

Then

After-tax cash inflow = ($12,000 – $10,000) (1 – .3) + 
($500)(.3)

= ($2,000)(.7) + ($500)(.3)

= $1,400 + $150 = $1,550

Note that a tax-shield = tax savings on depreciation = 
(d)(t)

= ($500)(.3) = $150
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Since the tax shield is dt, the higher the depreciation
deduction, the higher the tax savings on depreciation.
Therefore, an accelerated depreciation method (such as
double-declining balance) produces higher tax savings than
the straight-line method. Accelerated methods produce
higher present values for the tax savings, which may make
a given investment more attractive.

HOW DOES MACRS AFFECT INVESTMENT 
DECISIONS?

Although traditional depreciation methods can still be used
for computing depreciation for book purposes, 1981 saw a
new way of computing depreciation deductions for tax
purposes. The current rule is called the Modified Acceler-
ated Cost Recovery System (MACRS) rule, as enacted by
Congress in 1981 and modified somewhat under the Tax
Reform Act of 1986. This rule is characterized as follows:

1. The concept of useful life is abandoned and depre-
ciation deductions are accelerated by placing all

EXAMPLE 18.6 MACHINE PURCHASE DECISION

The Navistar Company estimates that it can save $2,500
a year in cash operating costs for the next 10 years if it
buys a special-purpose machine at a cost of $10,000. No
residual value is expected. Depreciation is by straight-
line. Assume that the income tax rate is 30% and the
after-tax cost of capital (minimum required rate of
return) is 10%. After-tax cash savings can be calculated
as follows:

Depreciation by straight-line is $10,000/10 =
$1,000 per year.

Thus,

After-tax cash savings = (S – E)(1 – t)+(d)(t)

= $2,500(1 –.3) + $1,000(.3)

= $1,750 + $300 = $2,050

To see if this machine should be purchased, the net
present value can be calculated.

PV = $2,050 T4(10%,10 years) = $2,050 
(6,145) = $12,597.25

Thus,

NPV = PV – I = $12,597.25 – $10,000 = 
$2,597.25

Since NPV is positive, the machine should be bought.
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depreciable assets into one of eight age property
classes. This method calculates deductions, based on
an allowable percentage of the asset’s original cost
(see Exhibits 18.3 and 18.4). With a shorter asset tax
life than useful life, the company would be able to
deduct depreciation more quickly and save more in
income taxes in the earlier years, thereby making an
investment more attractive. The rationale behind the
system is that the government encourages the com-
pany to invest in facilities and increase its productive
capacity and efficiency. (Remember that the higher d
is, the larger the tax shield (d)(t).)

2. Since the allowable percentages in Exhibit 18.3 add
up to 100%, there is no need to consider the salvage
value of an asset in computing depreciation.

3. The company may elect the straight-line method. The
straight-line convention must follow the half-year
convention, which means the company can deduct
only half of the regular straight-line depreciation
amount in the first year. The reason for electing to use

Property Class

Year 3-year 5-year 7-year 10-year 15-year 20-year

1 33.3% 20.0% 14.3% 10.0% 5.0% 3.8%

2 44.5 32.0 24.5 18.0 9.5 7.2

3 14.8a 19.2 17.5 14.4 8.6 6.7

4 7.4 11.5a 12.5 11.5 7.7 6.2

5 11.5 8.9a 9.2 6.9 5.7

6 5.8 8.9 7.4 6.2 5.3

7 8.9 6.6a 5.9a 4.9

8 4.5 6.6 5.9 4.5a

9 6.5 5.9 4.5

10 6.5 5.9 4.5

11 3.3 5.9 4.5

12 5.9 4.5

13 5.9 4.5

14 5.9 4.5

15 3.0 4.4

16 4.4

17 4.4

18 4.4

19 4.4

20 4.4

21 2.2

Total 100% 100% 100% 100% 100% 100%

a Denotes the year of changeover to straight-line depreciation.

Exhibit 18.3 MODIFIED ACCELERATED COST RECOVERY SYSTEM 
CLASSIFICATION OF ASSETS
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the MACRS optional straight-line method is that
some firms may prefer to stretch out depreciation
deductions using the straight-line method rather than
to accelerate them. Those firms are just starting out or
have little or no income and wish to show more
income on their income statements.

4. If an asset is disposed of before the end of its class
life, the half-year convention allows half the depreci-
ation for that year (early disposal rule).

Property Class and 
Depreciation 
Method

Useful Life (ADR 
Midpoint Life)a  Examples of Assets

3-year property 
200% declining 
balance

4 years or less  Most small tools are 
included; the law 
specifically excludes 
autos and light trucks 
from this property class.

5-year property 
200% computers, 
declining balance

More than 4 
years to less 
than 10 years

Autos and light trucks, 
typewriters, copiers, 
computers, duplicating 
equipment, heavy 
general-purpose trucks, 
and research and 
experimentation 
equipment are 
included.

7-year property 
200% and 
declining balance

10 years or more 
to less than 16 
years

Office furniture and 
fixtures. Most items of 
machinery and 
equipment used in 
production are 
included.

10-year property 
200% declining 
balance

16 years or more 
to less than 20 
years

Various machinery and 
equipment, such as 
that used in petroleum 
distilling and refining 
and in the milling of 
grain, are included.

15-year property 
150% declining 
balance

20 years or more 
to less than 25 
years

Sewage treatment 
plants, telephone and 
electrical distribution 
facilities, and land 
improvements are 
included.

20-year property 
150% declining 
balance

25 years or more Service stations and 
other real property 
with an ADR midpoint 
life of less than 27.5 
years are included.

27.5-year property 
straight-line

Not applicable All residential rental 
property is included.

31.5-year property 
straight-line 

Not applicable All nonresidential 
property is included.

aADR midpoint life means the useful life of an asset in a business
sense; the appropriate ADR midpoint lives for assets are designated
in the tax regulations.

Exhibit 18.4 MACRS TABLES BY PROPERTY CLASS
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EXAMPLE 18.7 MACHINE PURCHASE DECISION 
UNDER THE MACRS RULE

A machine costs $10,000. Annual cash inflows are
expected to be $5,000. The machine will be depreciated
using the MACRS rule and will fall under the 3-year
property class. The cost of capital after taxes is 10%. The
estimated life of the machine is 5 years. The salvage
value of the machine at the end of the fifth year is
expected to be $1,200. The tax rate is 30%. Should you
buy the machine? Use the NPV method.

The formula for computation of after-tax cash inflows
(S – E) (1 – t) + (d)(t) needs to be computed separately.
The NPV analysis can be performed as follows:

Present 
Value 
Factor 
@ 10%

Present 
Value

(S-E)(1 -t):

$5,000 $5,000 (1 - .3) = 
$3,500

For 5 
years

For 5 years $3,500 3.791(a) $13,268.50

(d)(t):

Year Cost MACRS% d (d)(t)

1 $10,000 × 33.3% $3,330 $999 909(b) 908.09

2 $10,000 × 44.5 1,335 826(b) 1,102.71

4,450 444 .751(b) 333.44

3 $10,000 × 14.8

1,480

4 $10,000 × 7.4 740 222 .683(b) 151.63

Salvage value:

$1,200 in $1,200(1 -.3) = $840 .621(b) 521.64

Year 5: $840(c) in year 5 Present 
value (PV)

$16,286.01

(a) T2 (10%, 4 years) = 3.170 (from Exhibit 18.2).

(b) T1 values (year 1, 2, 3, 4, 5) obtained from Exhibit 18.1.

(c) Any salvage value received under the MACRS rules is a
taxable gain (the excess of the selling price over book value,
$1,200 in this example), since the book value will be zero at the
end of the life of the machine.

Since NPV = PV – I = $16,286.01 – $10,000 = $6,286.01
is positive, the machine should be bought.
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ECONOMIC FEASIBILITY STUDY FOR A 
NEW INFORMATION SYSTEM

Determining economic feasibility requires a careful investi-
gation of the costs and benefits of a proposed information
system. The basic framework for feasibility analysis is the
capital budgeting model in which cost savings and other
benefits, as well as initial outlay costs, operating costs, and
other cash outflows, are translated into dollar estimates.

The estimated benefits are compared with the costs to
determine whether the system is cost-effective. Where pos-
sible, benefits and costs that are not easily quantifiable
should be estimated and included in the feasibility analysis.
If they cannot be accurately estimated, they should be
listed, and the likelihood of their occurrence and the
expected impact on the organization should be evaluated.
Some of the tangible and intangible benefits a company
might obtain from a new system are cost savings; improved
customer service, productivity, decision making, and data
processing; better management control; and increased job
satisfaction and employee morale.

Equipment is an initial outlay cost if the system is pur-
chased and an operating cost if it is rented or leased.
Equipment costs vary from a few thousand dollars for
microcomputer systems to millions of dollars for enormous
mainframes. They are usually less than the cost of acquiring
software and maintaining, supporting, and operating the
system. Software acquisition costs include the purchase
price of software as well as the time and effort required to
design, program, test, and document software. The person-
nel costs associated with hiring, training, and relocating
staff can be substantial. Site preparation costs may be
incurred for large computer systems. There are costs involved
in installing the new system and converting files to the appro-
priate format and storage media.

The primary operating cost is maintaining the system.
There may be significant annual cash outflows for equip-
ment replacement and expansion and software updates.
Human resource costs include the salaries of systems ana-
lysts, programmers, operators, data entry operators, and
management. Costs are also incurred for supplies, over-
head, and other operating expenses. Initial cash outlay and
operating costs are summarized in Exhibit 18.5.

During systems design, several alternative approaches
to meeting system requirements are developed. Various fea-
sibility measures such as technical, operational, legal, and
scheduling feasibility are then used to narrow the list of
alternatives. Economic feasibility and capital budgeting tech-
niques, which were discussed earlier, are used to evaluate
the benefit-cost aspects of the alternatives.
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Hardware

Central processing unit

Peripherals

Special input/output devices

Communications hardware

Upgrade and expansion costs

Software

Application, system, general-purpose, utility, and 
communications software

Updated versions of software

Application software design, programming, modification, and 
testing

Installation

Freight and delivery charges

Setup and connection fees

Conversion

Systems testing

File and data conversions

Parallel operations

Documentation

Systems documentation

Training program documentation

Operating standards and procedures

Site preparation

Air-conditioning, humidity, and dust controls

Physical security (access)

Fire and water protection

Cabling, wiring, and outlets

Furnishing and fixtures

Staff

Supervisors

Analysts and programmers

Computer operators

Input (data conversion) personnel

Recruitment and staff training

Maintenance/backup

Hardware/software maintenance

Backup and recovery operations

Power supply protection

Supplies and overhead

Preprinted forms

Data storage devices

Supplies (paper, ribbons, toner)

Utilities and power

Others

Legal and consulting fees

Insurance

Exhibit 18.5  INITIAL CASH OUTLAY AND OPERATING COSTS
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EXAMPLE 18.8  INFORMATION SYSTEM 
PROJECT

Sophie, an information systems (IS) project manager for
the MYK chain of discount stores, is contemplating
installation of a new IS system that is flexible, efficient,
timely, and responsive to user and customer needs. The
new system aims at improving the company’s business
processes. After the analysis, Sophie’s IS project team
members decided they wanted the corporate office to
gather daily sales data from each store. Analyzing the
prior day’s sales will help the company adapt quickly to
customer needs. Providing sales data to suppliers will
help avoid stockouts and overstocking.

Coordinating buying at the corporate office will help
MYK to minimize inventory levels and negotiate lower
wholesale prices. Stores will send orders electronically
the day they are prepared. Based on store orders, the
previous day’s sales figures, and warehouse inventory,
MYK will send purchase orders to suppliers. Suppliers
will process orders and ship goods to regional ware-
houses or directly to the stores the day that orders are
received. Each store will have the flexibility to respond
to local sales trends and conditions by placing local
orders. Accounts payable will be centralized so that the
firm can make payments electronically.

Sophie’s team members conducted an economic fea-
sibility study and determined that the project makes
excellent use of funds. As shown in Exhibit 18.6, they
estimated that initial outlay costs for the system are
$4.66 million (initial systems design and new hardware
$1.8 million each, software $375,000, training, $185,000,
and site preparation and conversion $250,000 each).

The team members estimated what it would cost to
operate the system for its estimated six-year life, as well as
what the system would save the company. The following
recurring costs were identified: hardware expansion,
additional software and software updates, systems main-
tenance, added personnel to operate the system, commu-
nication charges, and overhead. The system will also
save the company money by eliminating clerical jobs,
generating working capital savings, increasing sales and
profits, and decreasing warehouse costs. The costs and
savings for years 1 through 6, which are expected to rise
from year to year, are shown in Exhibit 18.6.

Sophie calculated the annual savings minus the recur-
ring additional costs, then calculated the annual after-
tax cash savings under the MACRS tax rule. The $4.66
million system can be depreciated over the six-year
period. For example, the depreciation in year 1 of $932,000
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reduces net income by that amount. Since the company
does not have to pay taxes on the $1 million, at its tax
rate of 34% the company ends up saving an additional
$316,880 in year 1. Finally, Sophie calculated the net sav-
ings for each year.

Sophie used MYK’s cost of capital of 10% to calcu-
late the net present value (NPV) of the investment,
which is about $3.15 million. The internal rate of return
(IRR) is a respectable 26.26%. Sophie realized how advan-
tageous it would be for the company to borrow the
money (at 10% interest) in order to produce a 26.26%
return on that borrowed money. In addition, payback
(the point at which the initial cost is recovered) occurs
in the fourth year. NPV and 1RR are calculated as shown
in Exhibit 18.6.

Sophie presented the system and its cost-benefit cal-
culations to top management. Challenges to her esti-
mates (various what-if scenarios) were plugged into the
Excel model so that management could see the effect of
the changed assumptions. This spreadsheet analysis
was intended to ensure a positive return of the new sys-
tem under future uncertainty.

EXAMPLE 18.8  INFORMATION SYSTEM 
PROJECT  (continued)
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CHAPTER 19

IT PROJECT MANAGEMENT

Information technology (IT) managers must have the orga-
nizational skills needed to manage projects. Projects are excep-
tions to routine work. In a project, you usually deal with
unique problems, have a set of constraints, and often work
with deadlines. Projects may involve extensive interaction
with various departments within your organization. You are
likely to encounter the following elements in all projects:

❍ Time schedule: A project has a specific life span. It has
a starting point and a stopping point. Controls must
be used to ensure that all phases of a project are com-
pleted in a timely manner.

❍ Budgetary constraints: A project’s budget is often sepa-
rate from a departmental budget and gives the project
team some independence. Capital budgets may be
required in addition to expense budgets. The project
manager assumes responsibility for the budget and
any variance.

❍ Results-oriented activities: Projects are results oriented.
They are undertaken to achieve a specific objective.
The project manager should identify and define the
specific tasks that would lead to the desired results.

PROJECT MANAGEMENT GOALS

The project manager is responsible for the following goals:

❍ Complete the project on time: The customer expects to
receive the system within a predetermined period of
time. If time overruns are expected, the project man-
ager should notify the customer ahead of time and
explain the reasons for delay.

❍ Complete the project within the budget: Managing the
project budget is as important as managing the tech-
nical aspects of systems development. As with time
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overruns, budget overruns must be communicated
and immediately explained to top management. If
budget overruns entail a request for changing the
price to the client, the new estimate and its conse-
quences must be explained.

❍ Meet requirements: The developers must ensure that
the new system complies with the requirements spec-
ified at the beginning of the project.

❍ Meet expectations: Beyond the mere compliance with
stated requirements and technical specifications, the
new system must meet the users’ expectations, even
if those expectations exceed the work agreed on. If
the users’ expectations are not met, they will tend to
not use the system. Even the best system is a failure
when not used.

PLANNING AND CONTROLLING 
A PROJECT

The purpose of the project should be clearly defined. The
management of a project requires proper planning and con-
trol of a project’s completion time, budgetary resources, and
desired results. Without proper planning and control, it is
highly unlikely that the project will be completed within the
deadline or within resources, or that the desired results will
be achieved. In planning and controlling a project, ask the
following questions:

Project Objective
❍ What are the desired results?
❍ What do we expect to achieve by undertaking this

project?
❍ What problems are likely to be encountered?
❍ How will those problems be solved?

Time Considerations
❍ What is the magnitude of the project?
❍ Is it a large project or a small project?
❍ If it is a large project, how can it be divided into a

series of shorter tasks?
❍ How long will it take to complete the project?
❍ What is the project’s deadline?
❍ What are the consequences of a delay in deadline?
❍ For longer projects, when should each phase of the

project be completed?

Financial Considerations
❍ What is the project’s budget?
❍ What are the major categories of expenses?
❍ Will capital expenditures be undertaken?
❍ How much of the budget should be allocated to

planned expenses?
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298 It Project Management

❍ How much of the budget should be allocated to unex-
pected expenses and contingency planning?

❍ What are the consequences of going over or under
budget?

❍ What resources, including human resources, are
needed to complete the project?

❍ What tools and methods will be used to ensure that
the project is within budget?

Management
❍ What is my responsibility?
❍ Who will be on my project team?
❍ What is the responsibility of each team member?
❍ Who will manage and coordinate the various activi-

ties in a project and ensure that they are proceeding as
planned and will be completed before their deadline?

❍ Who will monitor that the project is proceeding as
planned and within budget?

❍ How will variances be identified and corrected for?

Interim Analysis
❍ Are the intermediate results consistent with the final

desired results?
❍ Is the project achieving the desired results at each

major step along its completion path?
❍ How will you accelerate the pace of the work if your

team falls behind schedule?
❍ How will you reduce expenses if actual costs exceed

the budget?
❍ If problems are developing, what actions will be

taken to correct them?

Final Report
❍ How will the results of the project be documented?
❍ What type of final report will be prepared and for

whom?

To successfully complete the project, the project manager
must have a clear understanding of the desired results and
how these results will satisfy the needs of the end user.
Project managers should assume a leadership position. Their
aim should be not only to supervise but more importantly to
coordinate the efforts of the team members. This often
requires direct involvement in the major phases of the task
so that the team works together, budgets do not show signif-
icant variances, schedules are kept, and deadlines are met.

A schedule of work should be prepared outlining
responsibilities. Everything should be written down. Check-
lists should be used to ensure that all team members know
their responsibilities and when the job must be completed.
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Team members sometimes work on several projects
simultaneously. Under these conditions, there may be con-
flicts among priorities, especially if they are working under
different project managers. To minimize such conflicts,
team members should be asked to let project managers
know about scheduling conflicts in advance. Team mem-
bers may then be reassigned to different tasks.

Team members should be given detailed instructions,
and participation should be encouraged from the begin-
ning. Their input should be solicited. Let the members pro-
pose solutions and assist in implementation. Active
participation will motivate the project team. When the ideas
are good, the entire project benefits.

Conducting the Initial Meeting
Before starting the project, the project manager should meet
with the team to set a positive tone and define the project’s
purpose. The meeting can help avoid misunderstandings,
saving time and effort later. It also clarifies the nature of the
assignment, as well as the authority and responsibility of
each individual.

Meetings should then be scheduled at regular intervals
but limited in time and frequency. If the project team spends
all its time in meetings, not much else will be accomplished.
At the same time, it is important to get together to review
progress, resolve problems, and ensure adherence to bud-
gets and schedules.

At the initial meeting, each team member should iden-
tify the problems he or she anticipates in working on the
project. A list should be prepared of possible problems and
team members should generate solutions. If additional data
is needed, discuss who will research the data and from
what sources. How will this information be verified? Possi-
bly some of the data may be inaccurate, obsolete, or some-
one may have misinterpreted the data. Be sure to consider
how much time it will take to gather additional data or to
conduct research.

A list of initial tasks should be prepared and assigned to
appropriate individuals. Whenever possible, let the team
members volunteer; they are likely to be more motivated if
they define their own roles. The entire team should gain an
understanding of the scope of the entire project at the initial
meeting.

For all major phases of the project, prepare an initial
schedule. For each phase, as well as for the overall project,
establish the anticipated start and completion dates. Some
phases, of course, may overlap. Subgroups of the team may
be working independently, and the work of one subgroup
may not depend on the work of another subgroup. Nonlin-
earity in a project and its overlapping phases offer tremen-
dous flexibility in scheduling activities.
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While deadlines should be established in the initial sched-
ule, maintaining flexibility is also important. It is highly
unlikely that everything will happen according to schedule.
Furthermore, as the team starts its work, the members will
gain a better understanding of the problems, and the sched-
ule and budget may have to be modified.

An initial financial budget should be prepared for each
phase of the project after considering human, financial, and
information resources. For capital expenditures, consider
both purchasing and leasing, as appropriate. Variance anal-
ysis should be conducted at the end of each phase by com-
paring the actual to budget figures for costs, time, and
productivity. This allows you to monitor actual expendi-
tures and time, and to take corrective action, if necessary, to
keep the project within budget.

Assembling the Project Team
The project team is a major determinant of the success or
failure of a project. As the team increases in size, its diver-
sity increases, the managing tasks become more difficult
and complex, and the potential for conflict increases. There
might be misunderstandings in communication. Different
individuals have different motives and goals.

TEAM ASSIGNMENT

As a project manager, you may or may not have control
over the staff members assigned to the project team. If a
team is being imposed, you should communicate with
senior management employees and request that they allow
you involvement in the selection process. For example, you
could give them a list of individuals with whom you have
worked successfully in the past. Emphasize the importance
of having a cohesive project team and that such a team is
critical to a project’s success.

Of course, sometimes it is just not possible to put together
a team of your choice and you have to do the best with those
you are given. These individuals may be perfectly capable of
doing the job. They may have been assigned to this project
only because they were available. It is also possible that these
individuals were assigned because of their interest or talent.
In any event, you should give each employee a chance to do
the best possible work—you may be pleasantly surprised.

It is important to inspire and motivate team members.
Your aim should be to help team members understand how
the success of the project will affect their success. Primarily
interested in themselves, team members will not commit to
the project if they do not anticipate personal gain. You need
to specifically identify the benefits to the team members to
motivate them and to focus their energies on the project. An
ideal team member understands the desired result and is
committed to making it happen.
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JOB ASSIGNMENT

It is generally best to break a large project into several
phases and each phase into distinct tasks. Each team mem-
ber should then be assigned the responsibility of executing
one or more of those tasks, which should not be highly
structured. To motivate team members, assign them the
responsibility for a given job and let them approach it the
way they believe is best. This, of course, does not mean that
you should not supervise them or give them guidance.
Coordinate the activities and make sure the team members
understand the goals and aims of the task. However, by
providing team members with responsibility for certain
tasks, you give them an incentive to put in their best efforts.
This also lets them know that you trust them and that you
have confidence in their abilities.

DELEGATING DUTIES

If you are too assertive and too controlling, you may stifle
the freedom of your project team and impede its creativity.
An effective project manager knows how to delegate the
work. You should not insist that the project be done your
way. Your role should be to monitor the team’s work and
coordinate its efforts, while watching the budget and the
time schedule of each phase of the project. Of course, you
should be available to help your team members, especially
if they come to you with a problem.

CONFLICT RESOLUTION

Conflicts sometimes develop among team members or
groups of team members. For example, individuals may dif-
fer as to how to approach the project or to solve a problem,
or groups may compete for credit for some work. As the
project manager, your aim is to resolve conflicts and to make
sure they do not destroy the project. Emphasize to your team
that the success of the project is more important than the
success of any individual. Stress that everyone benefits from
the project’s success and everyone loses from its failure.

SELF-DIRECTED WORK TEAMS

The self-directed team structure is an alternate to the tradi-
tional team structure and has become popular. A self-directed
team is a group of well-trained workers with full responsi-
bility for completing a well-defined segment of work, which
may be the entire finished product or an intermediate part
of the whole. Every member of the team shares equal respon-
sibility for the entire segment of work. Conceptually, self-
directed teams are the opposite of traditional teams that work
in an assembly-line manner. In an assembly line, each worker
assumes responsibility for only a narrow technical function.
In self-directed teams, each worker is equally responsible
for the entire segment. This, of course, requires that the
team members receive extensive training in administrative,
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technical, and interpersonal skills to maintain a self-managing
group. Self-directed teams have many more resources avail-
able to them compared with traditional teams.

Traditional teams assign a narrow function to each mem-
ber. Since a large number of people contribute to the finished
product, individual workers see little relationship between
their efforts and the finished product. This leads to apathy
and alienation. All members in self-directed teams receive
extensive cross-training, and they share in the challenging as
well as routine activities for their segment of work.

Obtaining Senior Management Buy-in
Obtaining the cooperation of senior management is essen-
tial. Senior management’s involvement and attitude toward
projects differ from company to company and from person
to person. Senior management might be very supportive of
the project or could not care less about it. Senior manage-
ment’s attitudes may be classified as follows:

❍ “It is your project. You have to solve your own prob-
lems. I don’t want to be bothered until it is completed.”

❍ “I would be happy to work with you and resolve any
problem you encounter.”

❍ “Although I would like to help, there is nothing I can
do. You will have to resolve this problem on your
own.”

❍ “Keep me apprised of the situation and any problems
you encounter.”

Regardless of senior management’s attitude, you should
be prepared to complete the project without any help. Fre-
quently, you will have no choice but to do the best you can
with available resources.

Developing a Feasible Budget
The budgeting process may be a source of confusion and
frustration for many project managers. There may be a great
deal of pressure to remain within the budget. A budget is
simply an estimate of the sources and uses of cash and other
resources. Since the budget is an estimate, it is unlikely that
the final expenditures will be exactly equal to the budget.

Preparing the budget at a realistic level is important.
Agreeing to an inadequate budget is unwise. While it may
be convenient at the formation stage to reduce or minimize
conflict, you and your project will eventually suffer. You
will be expected to explain unfavorable variances to senior
management. Moreover, you will be perceived negatively
when your project goes over budget.

The budget should always be developed by the project
manager. It is unrealistic to work with an imposed budget.
The project manager is generally in the best position to know
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what the project should cost and is responsible for explain-
ing any resulting variances. Accordingly, you should always
insist on developing your own budget and should not settle
for an inadequate budget simply to minimize conflict at the
outset. Otherwise, both you and your project will suffer in
the long run.

Project budgets are typically more difficult to prepare
and adjust than departmental budgets. Projects typically
consist of nonroutine activities. Departmental budgets are
generally prepared annually and are often revised quarterly
or semiannually. In contrast, project budgets are generally
for the life of the project and are not related to a fiscal year.
Revisions to project budgets are uncommon in the absence
of a mistake in the original budget or a major change in the
scope of the project. Unfavorable variances in a project usu-
ally are noticed more than unfavorable variances in a
departmental budget. At the departmental level, variances
are often accepted as being inevitable, but similar variances
in a project are often frowned upon. In general, a project
manager is typically held to a higher level of accountability
than a department manager.

The major expense in most projects is likely to be for
human resources. When estimating labor expense, consider
both the labor hours and the skill levels needed to complete
each phase of the project. Multiplying the hours by the
labor rate at each level will give the total labor cost.

Also for each phase of the project, prepare a detailed
budget listing the materials, supplies, and equipment
requirements, which vary widely. Some projects consist
essentially of administrative tasks and do not require any
special materials or supplies. Other projects may require
considerable expenditures on property, plant, or equipment.

Fixed and variable overhead is another major category
of expenses for most projects. Companies differ in how they
allocate fixed overhead, but it is usually by formula. Over-
head may be allocated based on labor hours, labor cost,
machine hours, square feet, and so on. Variable overhead is
allocated to the project like other project-specific expenses.
In general, overhead is more likely to be allocated for
longer-term projects. For shorter-term projects, senior man-
agement may decide not to allocate overhead expenses. It is
essential to identify significant variances from budgeted
amounts. Most companies require formal variance analysis
at the end of the project. You should do variance analysis at
each phase of the project and take corrective action. If a
phase is long, consider doing monthly variance analyses.
All significant variances, whether favorable or unfavorable,
should be investigated.

If actual expenses exceed budgeted expenses, investigate
the cause. Budgets are closely tied to work schedules. Cer-
tain phases might be taking longer than estimated. You may
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have no choice but to demand more work from your team
members. Also, your original assumptions and estimates
might be wrong or a significant change might have occurred
in the scope of the project. You could request senior man-
agement to revise the project budget. It is sometimes possi-
ble to absorb unfavorable variances from one phase into the
next phase. Your personal involvement in future phases of
the project might also enhance productivity. You may need
to initiate budgetary controls to curb spending.

It is important to investigate all significant variances, not
just the unfavorable ones. Sometimes expenses turn out to
be less than budgeted. Examine why you are under budget.
Is your team more productive than anticipated? Was there a
significant decline in the price of materials, supplies, or
equipment? Were your original estimates accurate? Is qual-
ity being sacrificed in any way to obtain cost savings? Do
you expect to incur expenses in later phases that might
wipe out any savings from the earlier stages?

Detailed Time-Schedule Preparation
Prepare a schedule for each phase of the project. You will be
unable to complete your project on time without planning
and controlling the time budget. Even a small delay in one
phase of a project can have a significant effect on the overall
completion time. Many tasks in a project are interdepen-
dent. A small isolated delay might not be a problem. How-
ever, when activities are interdependent, a small delay might
throw off the entire schedule.

The schedule should be reasonable and realistic. Some
projects are plagued by delays. If you have been unable to
complete the initial phases on time, it is unlikely that you
will complete the project on time. An effective project man-
ager knows how to set up a realistic time budget and how
to follow through on it. Time management skills are essen-
tial for a good project manager.

When planning the initial schedule, budget a little slack.
However, project deadlines are often imposed and you may
have no choice but to work within the imposed guidelines.
Sometimes a delay in one phase of the project simply has to
be overcome in a later phase.

As the project manager, you are responsible for staying
on schedule and meeting the deadline. It does not matter
what caused the delay. You are personally responsible for
controlling the activities, monitoring progress, anticipating
problems, and taking corrective actions before delays cause
you to miss the final project deadline.

Although your goal should be to meet the project dead-
line, it is unwise to let the quality of the project suffer. Your
final results should be accurate and of high quality, even if
it means that you need to request an extension. You should
try, of course, to work faster, put in overtime, or modify
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your original plan to meet the deadline. However, if the
trade-off is between meeting the deadline and doing quality
work, the project’s quality must not be sacrificed.

Project Scorecard
A project scorecard measures the characteristics of the deliv-
erables produced by a project. It also measures the progress
of the internal project processes that create those deliver-
ables. The following table provides examples of the types of
metrics that could be reported. This information is not
exhaustive by any means but may help provide additional
ideas for you.

Balance 
Category Sample Metrics

Cost Actual cost vs. budget (variance) for project, 
for phase, for activity, etc.

Total support costs for X months after solution is 
completed

Total labor costs vs. nonlabor (vs. budget)
Total cost of employees vs. cost of contract vs. 

cost of consultant (vs. budget)
Cost associated with building components for 

reuse
Total cost per transaction
Ideas for cost reductions implemented and cost 

savings realized
Effort Actual effort vs. budget (variance)

Amount of project manager time vs. overall effort 
hours

Duration Actual duration vs. budget (variance)
Productivity
(Difficult to 

measure 
accurately 
unless 
function 
points are 
counted)

Effort hours per unit of work/function point
Work units/function points produced per effort 

hour
Effort hours reduced from standard project 

processes
Effort hours saved through reuse of previous 

deliverables, models, components, etc.
Number of process improvement ideas 

implemented
Number of hours/dollars saved from process 

improvements

Quality of 
deliverables

Percentage of deliverables going through quality 
reviews

Percentage of deliverable reviews resulting in 
acceptance the first time

Number of defects discovered after initial 
acceptance

Percentage of deliverables that comply 100% 
with organization standards

Percentage of deliverables that comply with 
organization architectural standards

Number of customer change requests to revise 
scope

Number of hours of rework to previously 
completed deliverables

Number of best practices identified and applied 
to the project

Number of successfully mitigated risks
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Scheduling Tools and Techniques
Presenting the schedule information in a visual form helps
you and your team understand the project work flow and
time requirements.

GANTT CHARTS

A Gantt chart is a tool to monitor progress. Showing both
planned and actual outcomes for each phase, a Gantt chart
allows you to isolate and solve scheduling problems in a
methodical manner. While the project as a whole might be
overwhelming, a Gantt chart helps in managing a large
project by breaking the project into a series of smaller phases.
As each phase is completed, you can see if the final deadline
is likely to be met. If you are behind schedule, you can
attempt to get back on track by absorbing the delay in one
phase and making it up in another phase. This tool should be
used not only by the project manager but by the entire team.

Customer 
satisfaction 
with 
deliverables

Overall customer satisfaction with deliverables in 
terms of (survey)

Reliability
Minimal defects
Usability
Response time
Ease of use
Availability
Flexibility
Intuitiveness
Security
Meets customer needs
Easy-to-understand messages
User documentation
Application response time (calculated by the 

system)
Number of approved business requirements 

satisfied by the project
Customer 

satisfaction 
with project 
team

Overall customer satisfaction with the project 
team in terms of (survey)

Responsiveness
Competence
Accessibility
Courteous
Good communication
Credibility
Knowledge of the customer
Reliable/follows through on commitments
Professionalism
Training provided
Overall customer satisfaction
Turnaround time required to answer customer 

queries and problems
Average time required to resolve issues
Number of scope change requests satisfied 

within original project budget and duration

Business value Based on the cost-benefit analysis or the value 
proposition that was created when the project 
was approved and funded

Balance 
Category Sample Metrics
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A Gantt chart may be constructed using several tech-
niques involving different combinations of lines and sym-
bols. The actual and planned beginning and ending points
for each phase are plotted along a timeline. The first phase
is plotted at the top and the last phase is plotted at the bot-
tom. Gantt charts may be constructed by hand or through
computer software packages.

Exhibit 19.1 shows a Gantt chart of IT project planning.
Project activities are listed down the page and time across
the page. The heavy lines show how much of each activity
has already been done. You can use this chart to visualize
the progress and to adjust your project activities. As you
can see, one of the strengths of project scheduling with
Gantt charts is the simplicity of the schematic model.

NETWORKS

Most large projects can be represented by a network of
activities. PERT (program evaluation and review technique)
and CPM (critical path method) network techniques are
used extensively to aid in the planning and scheduling of
large projects. PERT and CPM are probably the most com-
monly used of all quantitative techniques in management.
Many extensions and modifications have been made to
these tools to increase their usefulness and application.

PERT is a useful tool for planning and scheduling large
projects involving a large number of activities with uncer-
tainty about completion time. The activities are indepen-
dent of each other and must be completed in a certain order.
CPM is closely related to PERT. Its focus is on the trade-off
between cost and completion time for large projects. CPM
considers the relationship between the cost of using addi-
tional resources and their effect on reducing the completion
time of jobs within a project.

Unlike PERT, CPM assumes that the time to complete a
job is known with certainty. It also assumes that the rela-
tionship between the amount of resources utilized and the
amount of time needed to complete the project is known.
CPM is concerned simply with the time–cost trade-offs.

The differences in the two techniques make them suitable
for different applications. PERT is used more extensively in
research and development projects, where completion times
are uncertain. CPM is used more widely in projects where
the organization has experience in similar projects. Both
techniques, however, require the project to consist of a set of
independent activities that must be performed in a specific
order.

PERT
Gathering and analyzing data are familiar tasks for the IS
professional. Assume you are gathering and analyzing data
and your project consists of five independent activities, or
jobs. The project starts with determining the aim and scope
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of the project. Next, you prepare a mailing list of people to
be surveyed. Note that you can start preparing the survey
instrument while obtaining the mailing list. Neither activity
is dependent on the other. After preparing the survey, you
pilot-test the survey and correct the flaws. Finally, surveys
are mailed and data is collected and analyzed.

Exhibit 19.2 shows the activities and describes their flow.
The immediate predecessor activity or group of activities is
also shown. Note that each activity is represented by a let-
ter. The table shows the amount of time needed to complete
each one. A PERT network may be generated from this
information, as shown in Exhibit 19.3.

The minimum time required for completion of the whole
project is given by the longest path in the network and is
known as the critical path. As Exhibit 19.3 shows, there are
two paths in this project: a-b-e and a-c-d-e. The completion
time for a-b-e is 16 weeks and the completion time for a-c-d-e
is 24 weeks. The path a-c-d-e is the critical path because it is
the longer path in the network. Slack is determined by sub-
tracting the completion time for the noncritical paths from
the completion time for the critical path. Therefore, the slack
for path a-b-e is 8 weeks. Slack information is extremely use-
ful to project managers. It tells how much flexibility you
have in scheduling various activities.

Activity 
Name Description

Immediate 
Predecessors

Time 
(Weeks)

a Define the aim and scope 
of project.

— 2

b Identify participants and 
prepare a mailing list.

a 4

c Prepare a survey 
questionnaire.

a 5

d Do pilot-testing and fix flaws 
in questionnaire.

c 7

e Mail survey; collect and 
analyze data.

b, d 10

Exhibit 19.2 PERT ACTIVITIES AND FLOW

Exhibit 19.3 SAMPLE PERT NETWORK

eba

4.7 7.5

7.0

10.0

c 5.2 d
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More complex projects can have multiple critical paths.
If there are two critical paths with no common activities,
then at least two activities, one on each path, must be short-
ened to reduce the project’s completion time. If the critical
paths share one or more of the activities, shortening that
activity reduces the entire project’s completion time.

PERT specifically takes into account uncertainties inher-
ent in completing activities. An estimate is made of the most
likely, pessimistic, and optimistic completion times by a
knowledgeable individual. The pessimistic estimate is based
on a familiar assumption: Everything that can go wrong will
go wrong. However, this estimate does not include the effect
of catastrophic or highly unusual events such as earthquakes
or fires. The optimistic estimate is based on the assumption
that everything goes right, and it represents the shortest pos-
sible time for the completion of the activity.

While not always easy to prepare, the three estimates
give important information about the expected uncertain-
ties. The three estimates will be close together for some activ-
ities and cover a narrow range; the estimates may be over a
wide range for other activities. These estimates may or may
not be symmetrical around the mean.

The expected completion time for each activity is calcu-
lated using the beta distribution, which is not based on
empirical data. Since many projects occur only once, it is
not possible to use historical data to empirically determine
probabilities. Under these conditions, using the beta distri-
bution is generally the best possible option.

The beta distribution assumes that the pessimistic and
optimistic activity times occur with equal frequency. The
most likely estimate occurs with a probability four times
more likely than either the pessimistic or the optimistic.
Applying these weights,

The expected completion time te is equal to the sum of the
optimistic time estimate to, the pessimistic time estimate tp
and four times the most likely time estimate tm divided by 6.

Continuing with our earlier example, assume the esti-
mates shown in Exhibit 19.4 were obtained for the optimistic

Activity to tm tp te St Vt

a 2 4 10 4.7 1.3 1.8

b 2 8 11 7.5 1.5 2.3

c 4 5 7 5.2 0.5 0.3

d 6 6 12 7.0 1.0 1.0

e 4 10 16 10.0 2.0 4.0

EXHIBIT 19.4 NEW DISTRIBUTION ESTIMATES

te
to tm tp+ +

6
-----------------------------=
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to, most likely tm, and pessimistic tp times. Based on the beta
distribution, the expected completion time te has been calcu-
lated. The standard deviation St and variance Vt are also
shown. The network based on these new time estimates is
shown in Exhibit 19.5.

Standard deviation and variance are commonly used as
measures of variability. The variance is the average squared
difference of all the numbers from their mean, and standard
deviation is simply the square root of variance. The calcula-
tion of standard deviation and variance in PERT are even sim-
pler because the beta distribution is represented by only three
values. Standard deviation St can be estimated as follows:

In other words, St is one-sixth of the difference between the
pessimistic and optimistic time estimates. The greater the
uncertainty, the greater the range and the higher the St. A
high standard deviation means that there is a great likeli-
hood that the time to complete the activity will differ signif-
icantly from the expected completion time te. Variance V is
the square of standard deviation.

The expected completion time and variance for a
sequence of independent activities is the sum of their sepa-
rate times and the sum of individual variances. The critical
path and the expected completion time and variance for the
project may be calculated by adding the time and variance
for each activity along the path. If a project has more than
one critical path, select the one with the largest variance.

CPM
CPM was developed to solve scheduling problems, and it is
less concerned with the uncertainty problems of PERT.
CPM is concerned with minimizing the costs of project
scheduling. It is a deterministic model, unlike PERT, which
is a probabilistic model. CPM recognizes that most activities
can be completed in a shorter time by utilizing additional

Exhibit 19.5 NETWORK BASED ON NEW TIME ESTIMATES

St
tp to–

6
----------------=

eba

4.7 7.5

7.0

10.0

c 5.2 d
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resources, thus increasing the cost of the project. If the
advantages outweigh the incremental costs, a job should be
expedited, or “crashed.” In contrast, if a job has significant
slack and there is no reason to shorten it, the job should pro-
ceed at its normal or most efficient pace with fewer
resources. Thus, only critical jobs should be expedited or
crashed, and CPM is used to determine which jobs to crash
and by how much.

Project costs may be classified into two categories. Direct
costs are associated with individual activities in a project.
Indirect costs are overhead items and fixed expenses. If a
project’s duration is shortened, direct costs increase and
indirect costs decrease. This relationship is illustrated in
Exhibit 19.6.

To illustrate the concept, assume that the time–cost
trade-off is linear and that the relationship can be repre-
sented by a straight line. Exhibit 19.7 shows the time–cost
trade-off for a typical job. The slope of the line gives us the
cost of expediting an activity: the steeper the slope, the
higher the cost. A vertical line represents an activity that
cannot be shortened regardless of the extra resources. The
vertical line in Exhibit 19.7 suggests that it is not possible to
shorten the activity, no matter what additional resources are
expended. A horizontal line indicates that shortening or
expediting a job would require no extra resources. The hori-
zontal line in Exhibit 19.7 indicates that slowing down the
activity would decrease the direct costs only up to a certain
extent beyond which no additional savings would be
obtained. Costs may even start to increase if the activity is
slowed excessively. Typically, we expect a line to slope

Exhibit 19.6 DIRECT AND INDIRECT COSTS VERSUS DURATION

Expedited
Duration

Project Cost

Normal

$120,000

$100,000

$80,000

$60,000

$40,000

$20,000

$-

C
o

st

Direct Cost Indirect Cost Total
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downward to the right. The negative slope of the line indi-
cates that there is a negative association between cost and
time; costs go up as duration is shortened.

Using CPM, we can determine the optimum project
length, striking a balance between shortening jobs and not
shortening them to minimize the direct and indirect costs. A
preliminary schedule with maximum time length and nor-
mal resources is generated. This schedule is reduced by
expediting one or more activities at an additional cost. If
these additional costs are less than the savings in indirect
costs from expediting the project, then the activities should
be expedited. A new schedule is then generated and addi-
tional activities are expedited. This continues while net sav-
ings are realized in total cost. Improvements continue to be
made using a stepwise method.

Only activities along the critical path affect a project’s
length, and thus only these activities are considered for
crashing. The cost–time slope for each activity along the
critical path is examined, and the one with the smallest
slope is selected because it can be shortened with the least
expenditure. Cost-benefit analysis is conducted to deter-
mine if net savings exist. This process is repeated until
either no activity on the critical path can be shortened or the
cost of shortening would exceed the resultant savings from
shortening the project duration.

Consider a basic project with four activities, as shown in
Exhibit 19.8. The normal and crash duration times, as well
as the cost to crash, is given in Exhibit 19.9 for each activity.
The activity’s normal time represents the number of weeks
needed to complete the activity at an efficient pace. The
crash time represents the minimum time that results from
the use of additional resources. It is possible to have other
times between the normal and crash durations. However,
reducing the project time beyond the crash duration is not
possible. The cost of crashing is the cost of the additional
resources needed to shorten the activity completion time by

Exhibit 19.7 TIME–COST TRADE-OFF

Crash Normal

Duration

D
ir

ec
t 
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st
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1 week. Exhibit 19.10 shows the cost–time trade-off for each
activity. Recall that it is more expensive to crash activities
with steeper slopes. As Exhibit 19.10 shows, activity a has
the steepest slope, followed by activity c, activity d, and
activity b.

The critical path is represented by a-c-d. It takes 15
weeks to complete this project. Assume that the time-related
indirect expenses for this project are $6,500 per week. If we
do not expedite the project, total relevant cost is:

Total relevant cost= Cost of crashing + Cost of overhead

= $0 + $6,500 × 15 weeks

= $97,500

The total relevant cost is not necessarily the same as total
cost. When considering the relevant cost for decision-mak-
ing purposes, we can ignore the base cost of the project. The
base cost has to be paid regardless of whether the project is
expedited and is thus irrelevant.

The critical path is a-c-d, and since activity d has the
smallest slope on the critical path, it is the least expensive to
shorten. Activity b has 2 weeks of slack; therefore, d can be
shortened by 2 weeks before activity b becomes critical. By
shortening d by 2 weeks, the project can now be completed
in 13 weeks and its cost is as follows:

Total relevant cost= Cost of crashing + Cost of overhead

= $3,000 × 2 weeks + $6,500 × 13 weeks

= $90,500

Exhibit 19.8 BASIC PROJECT DIAGRAM

Activity Normal Crash
Cost of 

Crashing

a 4 2 $6,000

b 9 4 $2,000

c 5 2 $5,000

d 6 3 $3,000

Exhibit 19.9 CRASH AND DURATION TIMES

a b

c d
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Although we incurred $6,000 for crashing activity d, we
saved $13,000 by reducing overhead costs and realized a net
savings of $7,000 ($90,500 versus $97,500).

Now we have two critical paths, a-b and a-c-d. Both
paths must be reduced if we want to shorten our schedule.
We have several choices, as shown in Exhibit 19.11. Activity
a is common to both paths, and reducing it will shorten the
overall project. Alternatively, we can reduce activities b and
c or activities b and d. Clearly, the best alternative is to crash
activities b and d; they have the lowest combined cost of
crashing. Keep in mind that d can be crashed only 1 addi-
tional week, since d cannot be less than 3 weeks and we
have previously reduced it by 2 weeks. The total relevant
cost for crashing b and d by 1 week is:

Total relevant cost

= Cost of crashing b and d + Cost of overhead

= b → $2,000 × 1 week + $6,500 × 12 weeks

d → $3,000 × 3 weeks

= ($2,000 + $9,000) + $78,000

= $89,500

Exhibit 19.10 COST-TIME TRADE-OFF FOR EACH ACTIVITY

Crash Activity Cost of Crashing (Per Week)

a $6,000

b and c $2,000 + $5,000 = $7,000

b and d $2,000 + $3,000 = $5,000

EXHIBIT 19.11 ACTIVITY VERSUS COST

a b c d

1 2 3 4 5 6 7 8 9 10

Duration

0

$2,000

$4,000

$6,000

$8,000

$10,000

$12,000

$14,000

$16,000

C
os

t
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As shown in Exhibit 19.12, we now have two choices.
Activity a can be shortened from four to two weeks:

Total relevant cost

= Cost of crashing a, b, and d + Cost of overhead

= b → $2,000 × 1 week + $6,500 × 10 weeks

d → $3,000 × 3 weeks

a → $6,000 × 2 weeks

= ($2,000 + $9,000 + $12,000) + $65,000

= $88,000

The only alternative left is to shorten b and c. Recall b has
already been shortened by 1 week, but it can be shortened
by another 4 weeks. Activity c, however, can be shortened
by only 3 weeks. If we reduce b and c by 3 weeks, then:

Total relevant cost

= Cost of crashing a, b, c, and d + Cost of overhead

= b → $2,000 × 4 week + $6,500 × 7 weeks

d → $3,000 × 3 weeks

a → $6,000 × 2 weeks

c → $5,000 × 3 weeks

= ($8,000 + $9,000 + $12,000+15,000) + $45,000

= $89,500

It does not make sense to crash b and c, since the cost
exceeds the benefit. Hence, our final schedule consists of 10
weeks and requires crashing activities a, b, and d. The total
relevant cost for the project is $88,000.

COMPUTER SOFTWARE FOR PROJECT 
MANAGEMENT

Most project management applications today use computers
extensively. The management of projects is enhanced by
tools such as Gantt charting, the program evaluation and
review technique (PERT), and the critical path method
(CPM). These tools are easily computerized and indeed
there are dozens of commercial packages on the market.
The user inputs activity time estimates and procedure infor-
mation, program output slack for each activity, duration
and variance for critical paths, and other useful project
management information. Many project management soft-
ware packages, such as Microsoft Project, let planners enter

Crash Activity Cost of Crashing (Per Week)

a $6,000

b and c $2,000 + $5,000 = $7,000

EXHIBIT 19.12 RELEVANT ACTIVITY VERSUS COST
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defined activities, events, and times only once, then present
either a Gantt or a PERT chart—or both—on the computer’s
monitor. The project manager can then see how changing
parameters will alter the charts and completion times. Some
managers prefer using Gantt charts, some prefer PERT
charts, and others use both for the same projects. The prefer-
ence depends on the personality of the manager and on pre-
sentation needs rather than on the nature of the project. The
types of project management software are described below:

❍ Project- and resource-tracking software: With these appli-
cations, you enter each task and subtask of the project
as well as each subproject, then define resources, such
as employees and contractors, and assign them. Most
of these tools let you define priorities and set the order
in which subprojects or individual parts of the project
must be done. Many good specialized project-tracking
tools are available, but remember that spreadsheets
and even text editors can do the job in a pinch. The
quality of your project management depends more on
your skill and attentiveness than on the tools you
choose to use.

❍ Time-tracking software: These applications let you track
in detail the amount of time it takes to implement
your project. Keeping abreast of this information over
time will help you improve your estimating skills.

❍ Bug-tracking and source-code version-control software:
These applications are not just for software develop-
ment projects. You can use these products to control
changes to documentation, keep on top of the ver-
sions of vendor software that are in your standard
desktop image, and track problems with every por-
tion of your project.

Below is a list of project management software:
Artemis International Solutions Corporation
http://www.artemisintl.com
Artemis Views 5
Computer Associates International
http://www.cai.com
AllFusion Process Management Suite
Integrated Strategic Information Systems Pvt. Ltd.
http://www.iPlanEnterprise.com
iPlan Enterprise 4.3; iPlan Web 1.3
Microsoft Corp.
http://www.microsoft.com
Microsoft Project 2000
Microsoft Visio Standard 2002
Pacific Edge Software
http://www.pacificedge.com
The Edge Solution w/Portfolio Edge & Project Office
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PlanView
http://www.myplanview.com
PlanView
Primavera Systems
http://www.primavera.com
Primavera TeamPlay
Welcom
http://www.welcom.com
Cobra 3.5
Open Plan 2.6
WelcomHome 2.5
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APPENDIX A

COMPLIANCE SOFTWARE BUYER’S GUIDE

Below is a comparison of 16 vendors now offering soft-
ware to help companies meet the requirements of Sarbanes-
Oxley Section 404.
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GLOSSARY

802.11 a family of specifications developed by the U.S. Insti-
tute of Electrical and Electronics Engineers (IEEE). There are
currently three specifications in the family (802.11a, 802.11b,
and 802.11g), with more being developed. The 802.11b stan-
dard, often referred to as Wi-Fi, is currently more wide-
spread. However, hardware manufacturers are increasingly
offering multistandard equipment that can work with vari-
ous standards.

application program computer software written specifically
to process data in an information system. It performs tasks
and solves problems applicable to a manager’s work.

artificial intelligence (AI) thinking and reasoning software
based on information input into it by a human expert. The
reasoning process involves self-correction. Significant data is
evaluated and relevant relationships uncovered. The com-
puter learns which kind of answers are reasonable and
which are not. Artificial intelligence performs complicated
strategies that determine the best or worst way to accom-
plish a task or avoid an undesirable result. Examples of
applications of AI are tax planning and capital budgeting
analysis.

audit software computer programs designed to examine
and test a company’s accounting records. Some packages aid
in gathering evidence, performing analytical tests, sampling
data, appraising internal control, audit scheduling, and
printing exception reports. The software is used by internal
auditors.

automatic programming process of using one program to
prepare another program.

automatic recovery program program enabling a system to
continue functioning even though equipment has failed.

background processing lower-priority programs are exe-
cuted when the system is not being used by higher-priority
programs.

balanced scorecard approach using multiple measures to
evaluate managerial performance. These measures may be

bgloss.fm  Page 332  Thursday, August 4, 2005  5:11 PM



Glossary 333

financial or nonfinancial, internal or external, and short term
or long term. The scorecard allows a determination as to
whether a manager is achieving certain objectives at the
expense of others that may be equally or more important.
There are four different perspectives: (1) financial, (2) cus-
tomer, (3) process, and (4) the learning and growth.

baud serial information transfer speed with which a modem
receives and sends data.

block diagram diagram using symbols to explain the inter-
connections and information flow between hardware and
software.

budgeting models computer-based mathematical models
generating all kinds of corporate budgets (e.g., cash flow, prof-
itability). The models help managers look at a variety of what-
if questions. The resultant calculations provide a basis for
choice among alternatives under conditions of uncertainty.

buffer area of a computer’s memory set aside to hold infor-
mation temporarily.

business intelligence a business strategy that integrates and
analyzes operational data from an array of internal sources
to improve decision making and competitiveness.

business performance management (BPM) the use of busi-
ness intelligence-derived operational metrics, ranging from
ad hoc yardsticks to Six Sigma or balanced scorecard, to mea-
sure company performance.

business process reengineering (BPR) approach aiming at
making revolutionary changes as opposed to evolutionary
changes by eliminating nonvalue-added steps in a business
process and computerizing the remaining steps to achieve
desired outcomes.

catalog directory of locations of files.

chain links series of linked data items.

corporate planning model computer-based integrated busi-
ness planning model in which production and marketing
models are linked to the financial model. It is a description,
explanation, and interrelation of functional areas of a busi-
ness (accounting, finance and investments, marketing, pro-
duction, management, economics) expressed in terms of
mathematical and logical equations so as to generate a vari-
ety of reports including financial forecasts. Corporate plan-
ning models may also be used for risk analysis and what-if
experimentation. The goals of the model include improving
the quality of planning and decision making, reducing the
decision risk, and favorably influencing the future corporate
environment.
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customer relationship management (CRM) software. soft-
ware that automates customer service and support. It also
provides for customer data analysis and supports e-commerce
storefronts.

cyber investing investing through telecommunications, such
as online trading on the Internet.

cyberspace originally used in Neuromancer, William Gibson’s
novel of direct brain-computer networking, refers to the col-
lective realms of computer-aided communication.

data interchange format (DIF) file system to transfer com-
puter files from one program to another.

data warehouse a database structured to tactical information
that can be used to answer specific questions about transac-
tional company history.

database management software computer programs used to
manage data in a database. It is a set of programs that pro-
vide for defining, controlling, and accessing the database.
The software allows managers to enter, manipulate, retrieve,
display, select, sort, edit, and index data.

debug process of tracing and correcting flaws in a software
program or hardware device. Computerized routines may be
used to find bugs.

decision support system (DSS) branch of a management
information system that provides answers to management
problems and that integrates the decision maker into the sys-
tem as a component. DSS software provides support to the
manager in the decision-making process. It analyzes a spe-
cific situation and can be modified as the manager desires.
Examples of applications include planning and forecasting.

enterprise resource planning (ERP) software system that
grew out of material requirements planning (MRP) systems
to computerize inventory control and production planning.
Key features include an ability to prepare a master produc-
tion schedule, a bill of materials, and purchase orders.

expert systems computer software involving stored reason-
ing schemes and containing decision-making processes of
business experts in their specialized areas. The software
mimics the way human experts make decisions. The expert
system appraises and solves business problems requiring
human intelligence and imagination that involve known and
unknown information. The components of the expert system
include a knowledge base, inference engine, user interface,
and knowledge acquisition facility.

Extensible Business Reporting Language (XBRL) formerly
code named XFRML, a freely available electronic language
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for financial reporting. It is an XML-based framework that
provides the financial community with a standards-based
method to prepare, publish in a variety of formats, reliably
extract, and automatically exchange financial statements of
publicly held companies and the information they contain.

file server computer providing access to files for remote
users.

financial analysis software software capable of taking finan-
cial data (e.g., online information on the World Wide Web)
and performing trend and ratio calculations. Investment and
credit decisions are based on the analysis results.

financial model a functional branch of a general corporate
planning model. It is essentially used to generate pro forma
financial statements and financial ratios. A financial model is
a mathematical model describing the interrelationships
among financial variables of the firm. It is the basic tool for
budgeting and budget planning. Also, it is used for risk anal-
ysis and what-if experiments. Many financial models of
today are built using special modeling languages such as
IFPS or spreadsheet programs such as Excel.

gateway application specific node that connects incompati-
ble networks.

gopher browser and searching program for the Internet.

graphic software program showing business information in
graphic form, including charts and diagrams. This enhances
the understanding of the information in terms of trends and
relationships.

hotspot provides high-speed wireless Internet access in con-
venient public locations or at home. Using either a laptop or
PDA that is 802.11 wirelessly enabled, people can download
their e-mail attachments, watch a live Webcast, or listen to
streaming audio.

hyperlink a connection between different information
sources.

hypertext database approach linking related data, programs,
and pictures.

integrated software software package that combines many
applications in one program. Integrated packages can move
data among several programs utilizing common commands
and file structures. An integrated package is recommended
when identical source information is used for varying mana-
gerial purposes and activities.

intelligent agents personal assistant software enabling a
manager to work more efficiently and productively, reduce

bgloss.fm  Page 335  Thursday, August 4, 2005  5:11 PM



336 Glossary

costs, and save time. The software learns from instruction,
examples, and practices. Intelligent agents can interact with
each other. A workstation management agent conducts desk-
top activities such as reviewing and replying to e-mail mes-
sages, managing schedules and calendars, and making notes
from meetings. A task coordinator agent simplifies and orga-
nizes complicated functions. It aids in planning, coordinat-
ing, and managing resources. A teacher/peer agent explains
complex information. An information overhead agent han-
dles users’ problems and answers questions.

interface means of interaction between two computer
devices or systems that handle data (e.g., formats, codes) dif-
ferently. An interface is a device that converts signals from
one device into signals that the other device needs.

Internet international network connecting smaller networks
linking computers of different entities.

Intranet internal company Web sites. It is developed by the
company itself.

knowledgement managenent a broad strategic approach to
identifying and using a company’s knowledge to improve its
efficiency. One subset of knowledge, structured data, can be
managed using business intelligence tools.

local area network (LAN) linking of computers and other
devices for intersite and intercompany applications in a
small geographic area.

management information system (MIS) a computer-based
or manual system that transforms data into information use-
ful in the support of decision making.

material requirements planning (MRP) computerized data
processing system whose function is to schedule production
and control the level of inventory for components with
dependent demand.

multitasking simultaneous execution of two or more com-
puter functions.

network (1) interconnected nodes (points) where working
units interreact (link) with others. (2) connection of comput-
ers and devices.

neural networks a technology in which computers actually
try to learn from the database and operator what the right
answer is to a question. The system gets positive or negative
response to output from the operator and stores that data so
that it will make a better decision the next time. While still in
its infancy, this technology shows promise for use in fraud
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detection, accounting, economic forecasting, and risk
appraisals.

online analytical processing (OLAP) powerful tools that
take a complex, multidimensional view of aggregated data
to quickly yield strategic information. The power of OLAP
tools is predictive in answering why? and what-if questions.

online searching using a computer retrieval system to
obtain information from a database such as on the Internet.

optical character recognition computer tool that recognizes
typed or printed characters on paper so that they can be
recorded on disk.

real time computer processing of data in connection with
another process outside the computer.

relational database a database consisting of relationships
between data items.

simulation an attempt to represent a real-life system via a
model to determine how a change in one or more variables
affects the rest of the system, also called what-if analysis.

speech recognition software program in which verbal com-
mands activate the computer to perform functions.

spreadsheet table of numbers arranged in rows and columns
to make accounting, finance, marketing, and other business
calculations. Spreadsheets facilitate end-result summary
numbers, what-if experimentations, and projections.

statistical software computer program making quantitative
calculations such as standard deviation, coefficient of varia-
tion, regression analysis, correlation, and variance analysis.

structured data subset of a company’s data that is stored elec-
tronically in databases and thus can be accessed by data field.

supply-chain management management of the integration
of the functions, information, and materials that flow across
multiple firms in a supply chain—i.e., buying materials,
transforming materials, and shipping to customers.

tag a command inserted in a document that specifies how
the document or a portion of the document should be for-
matted. Tags are used by all format specifications that store
documents as text files. This HTML.

tax software tax modules preparing federal and state income
tax returns. Tax planning modules exist to examine tax
options and alternatives to minimize the company’s tax lia-
bility in current and future years. What-if tax situation sce-
narios may be evaluated.
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template computer-based worksheet that includes the rele-
vant formulas for a particular application but not the data. It
is a blank worksheet on which data is saved and filled in as
needed for a future business application and to solve prob-
lems. Templates are predefined files, including cell formulas
and row and column labels for specific spreadsheet applica-
tions, or style sheets and macros in word processing. Tem-
plates allow for the referencing of cells and formulations of
interrelated formulas and functions. They are reused to ana-
lyze similar transactions.

terminal input-output device allowing a user to communi-
cate directly with a computer.

thinking software computer programs used by managers to
prepare written reports, including specialized analyses of
corporate operations. The software contains aids to improve
writing skills and idea formulation so that managers can bet-
ter create an outline and written report. The information is
labeled, organized, and structured.

time software computer program that tracks hours worked
by employees by function, operation, or activity. It prepares
an analysis of the variance between budgeted and actual
hours as well as prepares trends in actual hours over a stated
time period (e.g., quarterly comparisons).

utility program program supporting the processing of a
computer such as diagnostic and tracing programs.

wide area network (WAN) network connecting sites in a
large geographic area.

Wi-Fi short for “wireless fidelity,” the popular term for a
high-frequency wireless local area network. The Wi-Fi tech-
nology is rapidly gaining acceptance in many companies as
an alternative to a wired LAN. It can also be installed for a
home network. 

wireless technology a variety of technologies to communi-
cate without wires, namely radio transmissions. Examples
are cellular, microwave, infrared, and satellite.

W-LAN enables a mobile user to connect to a local area net-
work (LAN) through a wireless (radio) connection. A stan-
dard, 802.11, specifies the technologies for wireless LANs. 

World Wide Web (WWW) Internet system for worldwide
hypertext linking of multimedia documents, making the
relationship of information that is common between docu-
ments easily accessible and completely independent of phys-
ical location.

XBRL see Extensible Business Reporting Language (XBRL) 
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XML a general-purpose markup (tagging) standard for cre-
ating languages to standardize the data exchange between
different computing platforms and applications. XML uses
tags (markup) to identify pieces of data, and leaves the inter-
pretation of the data to the user, such as one who is review-
ing the financial numbers and their significance for a
database management application.
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INDEX

A
Access point (AP), 267
Accounting packages, 118–119

audit software, 129–128
compliance software, 143–144
extensible business reporting language (XBRL), 136–138
software in, 119

ABC, 134–136
market leaders, 121–124
modules in, 119–121

spreadsheets, 130–131
risk management, 132–134
selection criteria, 131

tax preparation software, 126–128
market leaders, 127–128

value-chain management software, 138–143
windows interface benefits, 118–119
write-up software, 126

major products of, 126
Activity-based costing (ABC) system. See also Cost systems

software, 134–136
ALU. See Arithmetic/logic unit
America Online, 102
Application program, 49
Arithmetic/logic unit (ALU), 37–38
Artificial intelligence (AI). See also Expert systems, 224–225
Audit software, 129–130
Automatic programming, 232

B
Bankruptcy

Altman's prediction model, 159
forecast of, 158–163
Z-score model of, 159–160

Baud, 91
Bluetooth, 41, 263–265

piconet, 264
promoter members of, 271

Bridge, 95
Budgeting and planning (B&P) software

latest generation of, 178–180
Budgeting. See also Planning

Excel and, 151–158
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financial modeling and, 166
IFPS and, 151
software for, 172–180
Up Your Cash Flow and, 151–158

Buffer, 92
Bulletin board systems (BBSs), 90
Business intelligence, 143
Business process management (BPM), 144

C
CAD. See Computer-assisted design
CAM. See Computer-aided manufacturing
Capital budgeting, 278
CASE. See Computer-aided software engineering
Central processing unit (CPU)

and bus lines, 39
capacity of, 38
and computing power, 41
and system clock, 38
function of, 37

Common gateway interface (CGI), 115
Communication media. See also Data communications

modems, 82
wired

coaxial cable, 80
fiber optical cable, 80
TPW, 79

wireless
GPS, 82
microwave systems, 80
pagers/cellular phones, 82
satellite systems, 81–82

Compliance software, 143–144
technologies that assist, 143–144

CompuServe, 102
Computer networks, 93–95

advantages of, 94
bridge, 95
data flow in, 94–95
data switching equipment, 94
dedicated server, 95
electronic databases, 101–102
full-duplex system, 94
half-duplex transmission, 94
interfacing advantages, 100
interfacing disadvantages, 101
medium selection for, 93–94
network servers and, 37
nondedicated server, 95
simplex transmission, 94
topologies of, 95

hierarchical, 96
horizontal (bus), 96–97
mesh, 99
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Computer networks (continued)
ring, 98–99
star, 97–99

WANs/LANs, 100
Computer security

audit trail and, 254
communications security, 249–250
Computer Fraud and Abuse Act, 262
controls for, 250–253
environmental security and, 255
and financial loss/cost-benefit criteria, 243–244
network security and, 255–257
personnel security and, 253–254
physical security and, 244–245

fire, 247
physical access control, 245–246
sabotage, 247–249

risks, 242–243
in EDI, 253

security administrator and, 258–261
Computer systems. See also Microcomputer systems; Operating 

systems
programming language processors, 51
software, 49
utility programs, 51

Computer-aided manufacturing (CAM), 191–192
Computer-aided software engineering (CASE) tools, 58
Computer-assisted design (CAD), 31, 191
Computers. See also Microcomputers

application software, 4
computing power of, 41
hardware

mainframe computers, 3
minicomputers, 3
personal computers, 2
servers, 2
supercomputers, 3

and information systems, 1–2
system software, 4
technologies for business, 8

Contribution margin (CM)
LP and, 25
optimization models and, 25
standard deviation and, 28

Cost systems. See also Profit/loss
ABC software and, 134–136
financial MISs and, 148

CPM (critical path method), 307, 311–316
Customer relationship management systems (CRM), 141–143

D
Data communications

computer conferencing, 88
digital data vs. analog data, 78
digital signals vs. analog signals, 78
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digital transmission vs. analog transmission, 78–79
GPS, 82
Internet, 85–87
Intranets, 87
LAN, 83–84
microwave systems, 80
modems, 82
multimedia, 88–89

applications, 88–89
network software, 87
network topologies, 84–85
pagers/cellular phones, 82
satellite systems, 81–82
WAN, 84
wired communication media, 79–80
wireless communication media, 80–82

Data mining 262
Data switching equipment, 94
Data. See also Database

dictionary, 74
digital vs. analog, 78
in MIS, 4

Database administrator (DBA)
and DBMS, 62
description of, 75–76
languages required by, 62
responsibilities of, 76

Database management software, 74
Database management system (DBMS), 6

advantages of, 68–69
data dictionary in, 74
database recovery, 75
utility programs for, 75

Database(s)
business, 101
definition of, 68–69
design of, 73–74
electronic, 101–102
faxback services, 102
files

description of, 69
direct, 70
indexed sequential, 69
sequential, 69
types of, 69–70

foreign key field, 72
hierarchical, 71
languages, 62
network, 71
object oriented, 71
primary key field, 72
relational, 70
secondary key field, 72
software, 61–62
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Debug, 74
Decision making, 14

decision matrix and, 29–30
decision tree and, 30–31
information needed for

corporate goals/policies, 146–147
from external sources, 147
from transaction processing system, 146

Decision making
long-term asset decisions, 171
long-term financing decisions, 171–172
management levels and, 18
MISs and, 7, 17

models, 33
short-term decisions, 170–171

Decision support systems (DSSs), 217–218
applications of, 219–221
and decision making, 6
and EIS, 216–217
and ES, 216
and MIS, 216–217
Palisades Decisiontools Suite, 218–219
and TPS, 216

Dialog, 103
Digital service line (DSL), 268
Dow Jones News Retrieval, 103
DSSs. See Decision support systems

E
EDI. See Electronic data interchange
EISs. See Executive Information Systems
Electronic commerce, 86
Electronic data interchange (EDI), 253
Electronic mail (e-mail), 85
Enterprise resource planning (ERP) systems, 12, 138–141
ES. See Expert Systems
Executive information systems (EISs)

applications of, 222–223
characteristics of, 221–222
limitations of, 222
when to use, 7

Expert systems (ES), 225
and accounting systems, 233–235
applications of, 230–232
and automatic programming, 232
benefits of, 238–239
for capital expenditures planning, 235
case-based, 227–228
components of, 225–228
for credit/loan applications analysis, 235–236
disadvantages of, 239
and fuzzy logic, 232
in global financial market, 238
and insurance, 237
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in marketing, 236
neural networks in, 239–241
for portfolio management, 237
rule based, 227
shells/products of, 228–229
in trading advising, 237–238
uses of, 229–230

Extensible Authentication Protocol (EAP), 267
Extensible business reporting language (XBRL), 136–138

applications of, 137–138
statement creation, 137

F
File server, 2, 83
Financial analysis

and planning, 169–170
ratio analysis, 167–168
with spreadsheets, 166

Financial management information systems, 145–146
and depreciation method, 168–169
budgeting/planning software, 172–180
financial modeling languages, 166
and forecasting financial needs, 147, 164–166
long-term asset decisions, 171
long-term financing decisions, 171–172
maximum vs. minimum profits, 168
outputs, 147

budgeting, 151
forecasting, 147
funds management, 150–151
intelligence, 148–150

planning/forecasting, 169–170
prediction models

percent of sales, 164–166
Z-score, 158–163

and ratio analysis, 167–168
short-term decisions, 170–171
subsystems

cost systems, 148
profit/loss systems, 148

Z-score model, 159–160
applications of, 160
precautions in using, 160, 163

Flexible manufacturing systems (FMSs), 194
FMSs. See Flexible manufacturing systems
ForeCalc, 212
Forecast Pro, 214
Forecast! GFX, 211
Forecasting

and marketing management, 199
bankruptcy, 158–163
financial, 147
percent-of-sales method, 164–166
and planning, 169–170
software for, 211–215
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Full-duplex system, 94
Fuzzy.logic. See also Risk assessment, 232

G
Gantt charts, 306–307
Global positioning system (GPS), 82
Goal programming (GP), 25
Gopher, 102
GPS. See Global positioning system
Graphical user interface (GUI), 35, 87, 114

H
Half-duplex transmission, 94
Hoover’s online, 103
Hotspot, 276
HTML. See HyperText Markup Language
Hyperlink, 137
Hypertext, 101
HyperText Markup Language (HTML), 87, 114–115

I
Information processing cycle, 1
Information resources management, 8–11

in-house operation, 8
outsourcing, 8

advantages of, 9–10
risks of, 10–11

Information system (IS), 111
business technologies, 8
components of

computer hardware, 2–3
computer software, 3–4
data, 4
personnel, 4
procedures, 5

defined, 1–2
economic feasibility study for, 289–295
strategic plan, development of, 11–12

Information technology (IT), 112, 296
project management, 296

goals of, 296–297
software for, 316–318

projects
budgeting, 302–304
control of, 297
final report in, 298–299
financial considerations in, 297–298
interim analysis, 298
management of, 298
meetings in, 299–300

Information technology (IT)
objectives of, 297
planning of, 297–316
project team, 300–302
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scheduling techniques, 306–316
scheduling tools, 306–316
senior management buy-in, 302
time considerations in, 297
time-scheduling, 304–305

scheduling techniques
networks, 307–316

Integrated services digital network (ISDN), 84
Integrated software, 67
Intelligent agents, 8
Interface, 49
Internal rate of return (IRR), 281–282
Internet

and business, 8
business applications of, 85
development tools for, 87
online services, 101
and WAN, 85–86

Internet dangers
protection from, 257

Internet provider (IP), 268
Intranet, 8, 87

applications for, 112–114
benefits of, 111
calendar-driven vs. event-driven strategy, 111–112
content for, 116
cost reduction, 112
enhancements, 116
features of, 111
vs. groupware, 117
growth of, 110
motivation for, 111
setting up, 116

Inventory planning
EOQ model, 189–190
LP, 190

Investment decisions
affected by income taxes, 284–285
affected by MACRS, 285–288

ISDN. See Integrated services digital network
just-in-time (JIT), 192

IT project
investment measure, 278–283

internal rate of return (IRR), 281–282
net present value (NPV), 280–281
payback period, 278–279
spreadsheet programs for, 282–283

L
LAN. See Local area network
Laptop

selection of, 40–41
LEXIS/NEXIS, 103–104
LINDO. See Linear Interactive and Discrete Optimization
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Linear programming (LP)
applications of, 25
formulation of, 25–27
in optimization models, 27
for sales promotion, 205–207

Local area network (LAN), 37
application software for, 87
and conferencing, 88
components of, 83–84
digital signals in, 78
and Intranet, 112
system software for, 87
topologies of, 84–85, 100
types of, 83

LP. See Linear programming

M
Magnetic ink character recognition (MICR), 44
Management

functions of, 14
of information resources, 8
levels of, 8–11

and decision-making, 21
and MRSs, 6
PERT and, 31

Management information systems (MISs)
classification of, 15–17
data in, 4
and decision making, 23–33
description of, 13–15
and DSSs, 17
information vs. data, 14
and management activities, 14
and management task hierarchy, 8–11
model types, 23–25
modeling in, 21–23

decision analysis models, 28–31
financial models, 23
graphical models, 31
management models, 31
model base, 23–33
optimization models, 24
project planning models, 31
simulation models, 32–33
statistical models, 23–24

need for, 7
and organizational levels, 17–18
personnel for, 4
procedures for, 5
report generation by, 15
software for, 3–4
systems concept, 15
and TPS, 6
and what-if questions, 15–17
types of, See also specific types, 5
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Management reporting systems (MRSs)
TPS and, 6
when to use, 5–6

Manufacturing information systems. See also Manufacturing 
intelligence
CAD/CAM, 191–192
and fabrication, 183
and facility design/scheduling, 182
FMSs, 194
inventory planning/control, 189

EOQ model, 189–190
LP, 190

JIT, 192
models of, 181–184
MRP/MRPII, 190
and product engineering, 181
production control, 189
production planning, 187–189
and quality control, 183–184
TQM, 192–193

Manufacturing intelligence, 185–187
expert systems, 184–186

benefits/limitations of, 185
knowledge base, 185

and neural networks, 186–187
and robotics, 186

Manufacturing Resources Planning (MRPII), 190
Marketing Management Information Systems, 195–196

comprehensive sales planning, 199–210
forecasting, 201–202
inputs to, 196–199

corporate strategic plan, 196
external information sources, 197–199
internal company information, 197
TPS, 197

software for, 211–215
subsystems

forecasting, 199
marketing research, 203–204
place planning, 204–205
pricing, 207–210
product development, 204

Marketing Management Information Systems
promotion planning, 205–207
regression analysis, 202–203
sales analysis, 209

Top Line testing, 200–201
Material requirements planning (MRP), 190
MBMS. See Model base management system
Microcomputer systems. See also Computer systems, 35, 35–36, 47

input technologies, 42–44
bar code readers, 44
image scanner, 44
keyboard, 43
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Microcomputer systems (continued)
magnetic ink character recognition (MICR), 44
mouse, 43
penbased input, 44
selection of, 44
touch screens, 44
trackball, 43
video capture, 44
voice recognition device, 44

large-system computing, 36
network servers, 37
output devices, 45–46
output technologies, 45

audio format, 45
graphical format, 45
selection of, 45–46
text format, 45
video format, 45

storage devices, 46–48
system unit, 37

bus lines, 39
cache memory, 38
CPU, 37–38
expansion slots/boards, 39
main memory, 38
ports, 40
power supply, 39
RAM, 38
ROM, 38
system board, 37
system clock, 38–39

Microsoft network (MSN), 104
MicroTSP, 214
MISs. See Management information systems
Model base management system (MBMS), 6
Model management software (MMS), 23
Modeling, 21–23

Altman's predictive model, 159
decision analysis models, 28–31
financial model languages, 166
financial models, 23
for planning, 151–158
graphical models, 22, 31
management models, 31
mathematical models, 22–23
narrative models, 22
optimization models, 24

LP and, 25–27
physical models, 22
project planning models, 31
simulation models, 32–33
statistical models, 23–24
Z-score model, 158–163
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Modems, 82
features of, 91
selection of, 91–92

Modified Accelerated Cost Recovery System (MACRS), 278, 285
MRP. See Material Requirements Planning
MRPII. See Manufacturing Resources Planning
MRSs. See Management reporting systems
Multimedia

applications
animation, 89
database storage, 89
presentations, 89
training, 89

components of, 88
Multitasking, 35

N
Net present value (NPV), 280–281
Network address translation (NAT), 268
Networks. See also Computer networks; Local area network; 

Wide area network
software for, 87
topologies, 95

bus, 84, 96–97
horizontal, 96–97
hybrid, 85
mesh, 99
ring, 84, 98–99
star, 84, 97–99

Neural networks, 186

O
Office information systems (OISs), 7
Online services

business databases, 107–109
commercial, 102–104
government STAT-USA, 104–106
Internet, 101
research, 92–93

Operating systems (OS), 49–51
functions of, 50–51
IBM-compatible, 50, 52–53
Linux, 54
Macintosh, 53
Netware, 54
program language processors, 51
single tasking vs. multitasking, 55
single user vs. multiuser, 54
UNIX, 53
utility programs, 51

P
Payback period, 278–279
PERT (program evaluation and review technique), 307, 307–311
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Planning. See also Budgeting
capacity, 188
computer models for, 151–158
financial analysis and, 145
financial forecasting and, 147
financial MISs and, 146
location, 188
process, 188
production, 187
short term vs. long term, 188
software for, 172–180
specific vs. directional, 188
strategic vs. operational, 187

Production planning. See Planning
Profit/loss systems

financial MISs and, 148
and maximum vs. minimum profit, 168

Program evaluation and review technique (PERT), 31
Programming languages 

Ada, 57
application generators, 57
BASIC, 56
C/C++, 56–57
CASE tools, 58
COBOL, 57
evolution of, 55–58
FORTRAN, 57
natural language, 58
object-oriented languages (OOLs), 58
object-oriented programming (OOP), 58
PASCAL, 56
QBE, 62
query languages, 57
SQL, 62, 77

Project scorecard, 305–306
Public Wi-Fi, 268–269

Q
QBE. See Query by Example
Quality control

TQM, 192–193
Query by example (QBE), 

62, 77
Query languages, 76

R
Random access memory (RAM), 38
Read only memory (ROM), 38
Real time, 94
Relational database, 124
Remote Access Dial-Up User Service (RADIUS), 268
Risk assessment

and computer security, 258–261
fuzzy analysis and. See also Fuzzy logic, 132–134
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S
Sales Planning

vs. forecasting, 200
Sibyl/Runner, 214–215
Simplex transmission, 94
Simulation, 182
SmartForecasts, 213
Software. See also Operating systems; Programming languages; 

Spreadsheets, 61, 66
accounting, 119

accounts payable, 120
accounts receivable, 120
fixed assets, 121
general ledger, 119
inventory, 120
invoicing, 120
job costing, 121
market leaders, 121–124
payroll, 120
purchase order processing, 120
selection of, 125–126
write-up, 126

application, 59–67
assistance for, 64–65
audit, 128–129
budgeting, 172–180
communication, 62, 66
costing system, 134–136
customized, 63–64
database, 61–62, 66
desktop publishing, 63
financial management

spreadsheet, 166–172
for marketing MISs, 3–4, 211–215
forecasting, 211–215

toolkit for, 211
freeware, 60
graphics, 63
main types of, 60–63
packaged, 63

when to use, 66
presentation, 61, 65
programming language processors, 51
proprietary, 60
in public domain, 60
for regression analysis, 202–203
release, 59
semicustomized, 64
spreadsheets, 61, 65

and risk management, 132–134
and what-if scenarios, 130–131
Excel, 202–203

statistical, 212–213, 215
tax preparation, 126–128
types of, 60–63
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Software (continued)
versions, 59–60
word processing, 61, 65

Spam
avoidance of, 261–262

Spreadsheets. See also Software, 61, 65
and risk management, 132–134
and what-if questions, 130–131
for marketing MISs, 202–203
FuziCalc, 132–134
major products, 131
selection criteria, 131

Statistical Analysis System (SAS), 23
Statistical Packages for Social Scientists (SPSS), 23
Statistical software, 211
StatPlan IV, 212
Storage devices

CD-ROM, 48
CD-RW, 48
DVD-R, 48
DVD-RW, 48
floppy disk, 47
hard disk, 47
magnetic disks, 47
magnetic tape, 47
optical disks, 48

erasable, 48
USB keychain hard drives, 48
WORM, 48

Strategic planning, 11
Structured query language (SQL), 77
Supply-chain management (SCM) systems, 141

T
Tag, 137
Tax preparation

depreciation method, 168–169
software, 126–128

market leaders, 127–128
Tax software, 127
Telecommunications

BBSs, 90
CD-ROM business databases, 102
commercial services, 90, 102–104
description of, 90
direct connection, 90
faxback services, 102
government, 104–106
Internet services, 101
online business databases, 107–109
online services, 90, 102–104
types of, 92–93

e-mail, 85, 92
file transfer, 92
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online research, 92–93
online transactions, 93
real-time conferencing, 92

Template, 131
Terminal, 36
Tomorrow, 213–214
Total online tax and accounting library (TOTAL), 104
Total quality management (TQM), 192–193
TPSs. See Transaction processing systems
TPW. See Twisted-pair wire
TQM. See Total quality management
Transaction processing systems (TPSs)

and MISs, 6
when to use, 5

Twisted-pair wire (TPW), 79
vs. coaxial cable, 80
vs. fiber optical cable, 80

U
Universal serial bus (USB), 266
Utility program, 49

V
Value-chain management software, 138–143

customer relationship management systems (CRM), 141–143
enterprise resource planning (ERP) systems, 138–141
supply-chain management (SCM) systems, 141

Virtual private network (VPN), 267

W
WAN. See Wide area network
West Law Tax, 104
What-if questions

and forecasting, 169–170
financial modeling and, 166
mathematical models and, 22–23
MISs and, 17

What-if questions
spreadsheets and, 130–131
tax preparation software and, 126

Wide area network (WAN), 37, 62, 84
and conferencing, 88
Internet, 85–86
ISDN, 84
topologies of, 100

Wi-Fi alliance
members of, 271

Wi-Fi Protected Access (WPA), 267
Wired Equivalent Privacy (WEP), 267
Wireless

vs. wired network, 269–271
Wireless Fidelity (Wi-Fi), 265–269
Wireless networking, 263
Wireless personal area network (WPAN), 264
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Wireless technology
accountant’s role in, 273–274
Bluetooth, 263–265

networks, 264
uses of, 265

business using, 273
expected growth of, 271–277
Wireless Fidelity (Wi-Fi), 265–269

range, 266–268
security, 266–268

W-LAN, 276
World Wide Web (WWW). See also Internet, 87, 101
WORM. See storage devices
WWW. See World Wide Web

X
XML, 136

Z
Z-score

and bankruptcy prediction, 159–160
applications of, 160
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