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Preface

his revised edition of Introduction to Electronic Data Proc-

essing consists of three parts: (1) the main text, Chapters 1 to
11, which covers data processing and is independent of any pro-
gramming language; (2) Appendix One, the Language Supple-
ment (Chapters A to D), which presents simplified versions of
FORTRAN, COBOL, and BASIC; and (3) Appendix Two, the
Data Processing Applications and Flowcharting Supplement
(Chapter E), which presents a set of data processing case studies.
Because the main text does not rely on the supplements the in-
structor has complete flexibility as to when to introduce program-
ming and how much time to allocate to programming and flow-
charting.

The main text stresses the social impact of computer systems,
the basic concepts of data processing, the fundamental principles
of computer-based information systems, the role of the data proc-
essing professional, what data processing is, and what computers
do. A broad conceptual framework is developed, relying heavily on
illustrations and case studies. Many concepts are presented as flow-
charts to build a bridge between data processing and programming.

The programming approach in the supplements is based on trans-
lating flowcharts into computer programs. The material is presented
so that a typical student can write successful computer programs
within the first two weeks of the course. Enough complete pro-
grams, flowcharts, case studies, and exercises are included to give
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the student the immediate reward of a series of successful computer
runs.

A typical course allocates two thirds of classroom time to the
main text and one third to programming, using the supplements.
The text is flexible and fits a wide variety of curricula. The instructor
may choose to: (1) use the language supplement as a survey of
computer programming; (2) stress programming and take full ad-
vantage of the variety of simple case studies presented in the Data
Processing Applications and Flowcharting Supplement; or (3) use
and stress this supplement as a survey of simple data processing
case studies.

The detailed Table of Contents gives the outline of the text. Here
only the highlights and organization of the Revised Edition are dis-
cussed. This Revised Edition represents a major change from the
First Edition. It stresses modern concepts of data processing which
can prepare the student for the use of computer systems. To keep
the size of the book unchanged, material of lesser importance has
been condensed or deleted.

The changes in this Revised Edition are based on the comments
and advice of a group of consultants and reviewers as well as on a
most rigorous classroom testing and verification process. Chapters 1
to 4 are the foundation of the text, and are substantially new.
Chapter 1, which is entirely new, makes a case from the societal
point of view for data processing and the data processing profes-
sional. Chapter 2 is substantially new and develops a simple but
precise approach to data processing.

Chapter 3, which has been updated, illustrates the principal
concepts of information processing systems and Chapter 4 now
includes coverage of minicomputers, interrupt systems, distributed
computing, and other recent developments. Chapter 5 stresses
principles and methodology of programming including structured
programming. Chapter 6 covers data representation in an abbre-
viated form. Chapter 7 has been updated to describe new types of
input/output devices and other developments. Chapter 8 has been
simplified, and stresses remote processing, distributed systems,
and structured processes.

Chapter 9 starts with procedure-oriented languages, proceeds
with a discussion of structured programming, and ends with optional
sections on assembler language programming and input/output
control systems. Chapter 10 is a new, optional chapter on data base
management systems. Chapter 11 starts with a new statement of a
general principle of computer systems development, but remains
otherwise unchanged.

The supplements now include a man-machine dialog to teach
BASIC programming in a time-sharing mode.
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An extensive Study Guide with vocabulary drills, self-tests
(true-false, matching, and multiple choice), and essay-type questions
is available. A comprehensive Instructor’s Manual is available with:
(1) statement of objectives; (2) suggested approach; (3) objective
test questions; (4) answers to tests in the Study Guide; (5) trans-
parency masters of the most important illustrations; and (6) a
chapter on PL/I Programming.

ACKNOWLEDGMENTS

The author gratefully acknowledges the valuable help given by a
number of educators in the form of guidelines, general advice,
comments, and corrections. The following contributors have been
particularly helpful: Bob C. Cohoon, University of Alberta, Dan
O’Donnell, De Anza College, Robert Fedrick, El Camino College,
Robert B. Fetter, Yale University, Carl A. Grame, De Anza Col-
lege, John A. Guin, Riverside City College, Claude McMillan,
University of Colorado, Gerald E. Wagner, California State Poly-
technic University, Howard L. Morgan, University of Pennsyl-
vania, David Rosenberg, University of Hartford, Bruce M. Saulnier,
Quinnipiac College, William A. Shrode, Florida State University.

Special thanks are due to Herbert F. Spirer, University of Con-
necticut, whose innumerable comments and suggestions made a
profound impact both on the substance and appearance of this
Revised Edition.

December 1976 ANDREW VAZSONYI

Xi



1 Why study data processing? The

social implications, 3

Opportunity and dilemma. Reactions
to the computer: The enthusiastic
view. The pessimistic view. The
rational view. The power of the
computer. The issue of automation.
Protecting personal privacy. The
users of computer systems. The
manager and the computer. Resolution
of the dilemma: The knowledge
worker. The world of the data
processing professional: Computer
operators. Application programmers.
Systems analysts. Systems
programmers. Data base
administrators. Directors of data
processing. The joys of data
processing. The challenge: Toward a
positive future.

What is data processing? The
conceptual framework, 37

A simple calculation: The account-
balancing problem: Input/output (I/O).

Contents

The concept of the flowchart. Logical
computations: The commission
problem: Alternate flowcharts. More
about flowcharts: How to construct a
flowchart. More about assignment
statements. The dynamics of
flowcharts. Concepts of data
processing systems: The structure of
data. Differences between data and
information. Other basic data
processing operations. Economic
benefits of data processing and
information systems. Balancing costs
and benefits.

Computer-based information
systems in action, 69

The pyramid of information systems.
Transaction processing systems:
Accounting and recordkeeping.
Airline reservation systems. Airline
reservation systems compared to
accounting and recordkeeping. Online,
real-time administrative systems.
Operational planning and control:
Electronic retailing. Management

xiii



Xiv

Contents

information systems for strategic and
policy planning: A corporation “war
room.” University information
systems. Systems to support
quantitative decision making: Decision
making with time sharing. Computer
simulation. The National Crime
Information Center (NCIC).
Scientific and engineering computing.
Automation: The automatic factory.
Further applications of computers:
Hospital services. Medical diagnosis
and research. Ground and air

traffic control. Telephone service.
Computer-assisted instruction

(CAI). Map making. Pollution
control. Product-injury checks. A
computerized stock exchange.
Computerized typesetting and
composing. Fire safety systems.
Safeguards against criminals.

Overview of computer hardware
and software, 103

Early history of computing: Music
machines compared with computing
machines. Computing instruments.
The classical computer: Binary
representation of data. Organization
of classical computers. Functions of
the control unit. Computer systems:
Generations of computers.
Performance of computer systems.
Peripheral units. Computer costs.
Data communication. Organization of
modern computer systems: An example
of an interrupt system. Central and
distributed computer systems.
Programming and software:
Assembler language programming.
Procedure-oriented programming.
Software development.

Principles of programming
development, 137

Programming practices and
environment. System flowcharts:
Why system flowcharts are used.

Hierarchical structures and top-down
development. How to develop a
computer program: System analysis
and design. Program planning,
programming, and coding. Testing
and debugging. Documentation.
System operation and maintenance.
Flowcharting techniques: Standard
flowchart symbols. Flowcharting
work sheet. Computer-prepared
flowcharts. “Blowing up” a flowchart.
A case study: Invoice preparation:
Hierarchy plus Input-Process-Output
(HIPO). Flowcharts for processing
invoices manually. Computerized
input and output. Direct-access
approach. Sequential-processing
approach. Layout charts and grid
charts. Decision tables: When is a
leap year? How to fill out ticket
orders. Advantages and
disadvantages of decision tables.
Productivity and economics of
programming. The human side of
programming: Chief programmer
teams. Structured walk-throughs.

@ Data representation, 183

Number systems. The binary number
system: Converting a decimal into a
binary number. Advantages and
disadvantages of the binary number
system. The hexadecimal number
system. Binary coded decimal systems:
The four-bit BCD system. The eight-
bit EBCDIC system. The ASCII
code.

Input/output, peripherals, and
communications, 201

Overview of input/output and
peripherals. Punched cards: The card
reader. The card punch. Multifunction
card machine MFCM). The IBM
96-column card. Advantages and
disadvantages of punched cards.
Punched paper tape: Punched paper-
tape coding. Input|output equipment.



Advantages and disadvantages of
punched paper tape. Magnetic tapes:
Magnetic tape coding. Magnetic tape
equipment. Advantages and
disadvantages of magnetic tape.
Magnetic drums: Advantages and
disadvantages of magnetic drums.
Magnetic disks. Diskettes or floppy
disks: Advantages and disadvantages
of magnetic disks. Cassette decks.
Mass storage devices: Magnetic
cards and strips. Automated tape
libraries. Combining tapes and

disks. Magnetic ink character
recognition (MICR): Advantages and
disadvantages of MICR. Optical
character recognition (OCR):
Advantages and disadvantages of
OCR. High-speed printers: Impact
printers. Laser electrophotographic
printer. Key-driven input/output
devices. Cathode-ray tube (CRT)
visual displays: Graphic display CRT
tubes. Computer output to microfilm
(COM): Advantages and
disadvantages of COM. Data
communications: Data sets or
modems. Multiplexing. Dataphone
and voice response. Teletype and
typewriterlike terminals. Other
communication equipment.
Communication facilities. How to
choose a communication service.

The central processing unit and
programming concepts, 251

The approach to hardware. Symbolic
language programming: The input
unit. The arithmetic/logic unit. The
output unit. Review of symbolic
language programming. Machine
language programming. How the
computer system operates: Storing
the program in the computer and
executing instructions. Alternate
operations codes. The three
components of the CPU. Memory
units: Magnetic cores. Semiconductor

10

Contents XV

storage devices. Virtual memory and
storage hierarchies. The arithmetic/
logic unit. The control unit: Interrupt-
driven systems. Reliability control.
The computer console. Simultaneous
peripheral operations: Buffer storage.
Channels. Modern computer systems:
Multiprogramming. Multiprocessing.
Microprogramming. Hardware versus
software. Computer configurations.
Future hardware systems.

Programming and software
systems, 289

Procedure-oriented languages:
FORTRAN. COBOL. BASIC.

PL/I. How to choose a programming
language. Special-purpose
programming languages: Simulation
languages. Operating systems:

The operator and the operating
system. Stacked-job processing.
Summary of functions of the operating
system. Software packages. Structured
programming: GOTO-less
programming. Advantages of
structured programming. Assembler
language programming: Input/output
and operation instructions. The
commission calculation in fixed-point
operations. Branching. Defining
storage operations. Advantages and
disadvantages of assembler language
programming. Emulation. Input/
output control systems (IOCS): What
IOCS does. Macroinstructions.
Report Program Generator (RPG).

Data base management
systems, 327

Data versus processing. Process
orientation: The traditional approach.
Data base orientation. Data structures.
Data base management systems:
Characteristics of data base
management systems. Types of data



XVi

11

Contents

base management systems.
Components of data base
management systems. The six steps
of data transfer. Implications of data
base management systems:
Managerial implications. Costs

and disadvantages. An example:
The Mark 1V File Management
System. Sequential access method:
Sequential approach to invoice
preparation. Information retrieval.
Updating a master file. Merging two
files. Indexed sequential access
method. Direct-access methods.
Network structures and access
methods.

The selection, design, and use of
computer systems, 369

A principle of computer system
development. The Marshall
Corporation: A case study: Sidney H.
Marshall, chairman of the board and
president. Nelson K. Horn, vice
president, finance. Merv Marks, vice
president, administration. Albert
Reed, director of systems and
procedures. Malcolm A. Stocker,
vice president, manufacturing.
Robert Anderson, vice president,
marketing. The feasibility study:
First meeting of the study team.
Cost estimates. Intangibles.
Executive briefing. Second executive
briefing. System study: Executive
briefing. System justification:
Executive briefing. System design:
Executive briefing. System
implementation and operation:
Management functions. Controlling
data processing operations. User
conversion and resistance to change.
Parallel operation. Executive briefing.

System maintenance and modification:

Executive briefing. Postscript.

Epilog: Your stake in the
future, 397

The last discussion question. The
last assignment.

Appendix one: Language
supplement, 401

A. The punched card and the
keypunch machine, 405

How to operate a keypunch machine:
How to punch cards one at a time.
Additional information.

B. Introduction to FORTRAN
programming, 411

An example: The account-balancing
problem. Some rules of FORTRAN-
SUBSET. The WRITE statement:
FORMAT statements. Printing literals
and headers. The READ statement.
Summary of rules for FORTRAN-
SUBSET. How to prepare a
FORTRAN program. Simple
illustrative programs: Invoice
calculation. Sales analysis. The
shipping bill calculation. Branching
problems: Decision making and
logical operations: Commission
calculation: The logical IF statement.
Multiple branching: The classification
problem. Commission calculation:
The arithmetic IF statement.
Controlling loops with the DO
statement. What complete FORTRAN
can do for you.

C. Introduction to COBOL
programming, 439

General description of a COBOL
program: COBOL coding form. The
identification division. The
environment division. The data
division. The procedure division.
Writing a COBOL-SUBSET
program: The verbs MOVE, ADD,



SUBTRACT, MULTIPLY, and
DIVIDE. The COMPUTE verb.
How to translate a flowchart into
COBOL. The account-balancing
problem: The working-storage section.
Numeric variables. Display variables.
Negative numbers. The procedure
division. Reserved words of COBOL.
The DISPLAY verb. Summary rules
of COBOL-SUBSET. How to prepare
a COBOL program. Some illustrative
COBOL programs: The invoice
calculation. Sales analysis. Counting,
keeping a running total, and
computing the average. Branching
problems: Decision making and
logical operations: Commission
calculation. Nonnumeric comparisons.
Multiple branching: A classification
problem. Further COBOL features:
Mixed alphabetic and numeric input.
Mnemonic notation. Avoiding
auxiliary records. Printing literals,
headers, and blank lines. The
PERFORM verb. What complete
COBOL can do for you.

D. Introduction to BASIC
programming, 477

The commission calculation in
BASIC. More about BASIC.
Interactive computer programs.
Controlling loops with FOR and
NEXT. What full BASIC can do
for you. Man-machine programming

Contents XVii

dialog: How to get on. How to get
off. How to escape. How to edit. A
terminal session: Exhibits.

applic
suppler

ent, 497

An invoice calculation. Sales analysis:
How to summarize. Computation of a
shipping bill. Keeping your own
checkbook. Counting and keeping a
running total. Multiple branching:
How to classify. Totaling data and
editing. Account balancing with
overdraw. Retrieving and listing
records. Sequence checking.
Simplified tax computation. Sorting
three numbers. Weekly sales
analysis. Computing average grades
for school classes. Computing
subtotals. Average salary rate of
male and female employees. Salary
analysis by group and division.
Shipping bill calculation by table
look-up. Solving percent problems.
Determining who is the heaviest
person. Computing a moving
average. Multiplying rabbits. Interest
calculation.

Se

peric

Index, 547



Revised edition

Introductioh to
Electronic
data processing

ANDREW VAZSONYI

Professor of Computer and Management Science
University of Rochester

1977

RICHARD D. IRWIN, INC. Homewood, lllinois 60430
Irwin-Dorsey Limited Georgetown, Ontario L7G 4B3



Opportunity and dilemma
Reactions to the computer
The enthusiastic view
The pessimistic view
The rational view
The power of the computer
The issue of automation
Protecting personal privacy
The users of computer systems
The manager and the computer
Resolution of the dilemma: The
knowledge worker
The world of the data processing
professional
Computer operators
Application programmers
Systems analysts
Systems programmers
Data base administrators
Directors of data processing
Skills required
The joys of data processing
The challenge: Toward a positive
future

T

i




Why study data
processing? The
social implications

During the past quarter century there has developed a new
resource of great importance, described by words like com-
puter, data, information, processing, and system' combined into
expressions like information systems, data processing, and computer
and information technology. This resource is bringing about signifi-
cant changes in society, as it will continue to do in the future. If we
are to appreciate the significance of the societal changes brought
about by computer systems we cannot think of the computer merely
as a calculating machine. It must be considered an entirely new
resource, potentially capable of bettering our lot (Figure 1.1a and b).

OPPORTUNITY AND DILEMMA

We usually think in terms of supplying and supporting our needs
by material resources, but we have begun to realize that the material
resources of the earth are limited. Our material resources are
harnessed by energy, and we have learned that the energy resources
of the earth are also limited. Thus it appears that our horizons have
been foreshortened by the limitations of available resources. If
information is compared with energy, however, it can be considered
a new resource. The instrument of this new type of energy — mental
energy is the computer. In the sense that our material and energy
resources alike are controlled by information, this third resource
may be the most important one (Figure 1.2). Information is also a

! Terms printed in color are defined at the end of the chapter.




Courtesy Control Data Corporation.

virtually unlimited resource, and we have only begun to explore it.

While material and energy resources have contributed to our
welfare, our use of them can bring about destructive social con-
sequences and raise serious doubts and inspire fears. Information,
the new resource, can be harnessed to benefit us or misapplied to
deter us from our goals. Qur challenge is to harness the power of
this new invention to the benefit of the human race. The computer
can become an agent of social progress, but it can also create social,
political, cultural, and economic problems. However optimistic
we may be about the possible accomplishments of the computer,
we cannot reap its full benefits unless we recognize both its poten-
tialities and its pitfalls. While to an extent this awareness can be
gained only through experience, an educational foundation is
essential to a balanced knowledge of the subject.

In the past, most members of our society were involved in
producing material goods and services. Today society is rapidly
turning from concern only with the production of physical goods to
an equal concern with the production of information and knowledge.
The purpose of this book is to provide introductory knowledge about
computers and data processing. Mastery of this subject will start



Opportunity and dilemma

FIGURE 1.1b
Modern portable
computer.

Courtesy IBM.

you on the road to becoming a data processing professional or a
manager knowledgeable in the use of computers.
In summary, there are four reasons you should study data

processing:

1. To fulfill your responsibilities as a citizen in helping assure
that the new technology will be beneficial and not harmful to
society.

2. To enable you to cope with the expanding use of computers,
which is necessary if you are to be an effective, productive
member of modern society.

3. To enable you, as a manager, to use the computer as an in-
strument in decision making.

4. To start you on the road to becoming a data processing pro-
fessional.

In the first chapter of this book we stress the societal impact
of this new resource and the role the data processing professional
plays in its development and application. Technical discussion of
data processing and computers is reserved for subsequent chapters.



