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This book is about managing data i in organizations, Tt presumes the usé of computers.
Managing data involves the use of a Database Management System (DBMS) on the
computer and a human Database Administrator (DBA). Hence the dual thrust of this
book into both the !echnology of DBMS and the admnmstranve dimension of develop—
ing, using, and controlling data resources.

Several thmgs afe dnfferenl about thns book:

* Takes a broad, comprehensive view of DBMS going far beyond those systems which
simply augment programming languages (such as COBOL) with some verbs to manipulate
@ database one record at a time. In this book, a DBMS includes high-level languages for
defining and manipulating databases, producing reports with statistics and graphics, and
handling data entry screens and menus. Such a view of DBMS encompasses what have been
called ““fourth generation languages” and “apphcanon development systems.”’
* Focus on tfié functions of database management rather than the more tradluonal focus
on datd structures—hierarchical, network, and relational. -
¢ Strong on the conceptual, Wwith a clear organizatiori of material, and understandable
~explandtions of some difficult technical issues in DBMS: ‘
* 8trong on tfe administrative aspects of managing dats. With this emphasis, some have
used the term ‘‘Information Resource Managernent (IRM)” to differentiate it from
Database Management.
*; Up-to-date wmawmﬁmm”;lew&emofDBMSmmmm-
computers, distributed systems, and database machines. .

The Importance of Information

Information is -the lubricant for the opemuons and decmons camed out in:modem
organizations. Through the use of “‘mind-amplifying’’ computers we are entering an
era of information-intensive production. Hamessing and. using information resources
can make both labor and capital equipment more productive. Information is an increas-
ingly valuable organizational resource that must be managed.

xi
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Today, there is substantial disparity between the needs of organizations to manage
apd make-available their data resources and the existing state of the technology in
curreritly available DBMSs. The disparity exists for users at all levels—clerks, manag-
ers, analysts, and computer systems personnel who develop and maintain management
information systems (MIS).

Purpose and Focus

A basic goal in writing this text is to close the gap between the available DBMS
technology and the needs of users. The book should:

stretch DBMS builders,
guide DBMS documenters,
humble DBMS vendors,
armor DBMS buyers,
excite DBMS users,
encourage DBMS administrators, and
educate DBMS students. \

This text tells a modern organization how to get a handle on us data resources. The
answer lies in appointing a responsible manager of these resources and using computer-
based facilities for managing data. This llok then, has two major thrusts: organiza-
tional and technological—the management of data resources, and the technology of
DBMS,

In 1980, Frost and Sullivan, a market analysis firm in New Yonk ommated the
DBMS market at $137 million, increasing 30% annually to over $1 biltien by 1987.
Their study calls DBMS ‘‘the single most signific cant software product to come along
since the advent of computer operating systems . . . lts use in time will _permeate the
EDP world."" A similar study by International Data Corp (Framifigham, MA) in 1983,
entitled The DBMS Marketplace, predicted that by 1987 the market for DRMS. prod-
ucts would climb to $1.75 billion. They further predicted that PBMS programs for
desktop microcomputer - wduld capture a 12% share of that market. In angther study,
Strategic Inc. of San Jese, CA, fomcgsted 3.600% increase mihe DBMS. mafket during
* the 1980s, to over $4 billion by 1989. -

For some readers this text will generate great expectatxons for DBMS When they
seek to-acquire a commerciatly available DBMS, they may become disappointed. The
material should help steer an organization away from ™hé/poor #ysteris, and give them
realistic expectations for the system they do acquire before they actually use it. A
comparison of any DBMS against the material hese will reveal its weaknesses and
indicate where the organization will have to compensate for them. At least a company
cari avoid buying & system becaude it is pOpuiai‘ or oversold. The potential of a well-
designed, comprehensive DBMS can make us optnmwuc about the future: This book
seeks to:present the full potential ofDBMS andthe admimstrati’ve chatlenges of using a
DBMS effectively.

A comprehensive DBMS enables an organization to define and create databases,
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to maintain established databases with the timely capture and processing of update
transactions, to retrieve data from estahllshpd databases, to maintain t.h; integrity and
quality of the data, and to revise the established databases (and related processes) as
needs change. A DBMS enables direct end users to acqess organizational data re-
sources, provides a building block of functional capabilities used to develop informa-
tion systems, and provides the tools for an organization to manage and control its data
résources.

Audien ce

This text is almed at professionals in busjness and governmm orgamzauons, “and
students of business administration and computers preparing to develop or use informa-
tion systems in orgamzanons It is for those who have or expect to have a responsibility
for or an interest in the effective management of organizational data resources.

For persons who both use and control the yse of DBMS, this text is detailed
enough to foster appreciation for the more technical aspacts of database management.
For the technical information specialist it reviews the major objectives, functional
capabllmes, and organizational issues of database management. The specmhst can
beiter understand how technical problems and functional capabilities relate to manage-
ment needs. The book, then, esablishes common understanding between the special-
ist, and the users and managers of information systems.

Since the mid 1950’s, several hundred DBMSs have been developed, with many
still commaercially available and more still being. developed Even so, all systems fall
short of the model presented here. This text aims to stlmulatg apd guide the future
development of DBMSs which better serve the orgamizational need to manage and
make available data resources. The industry must. strive to perfect a tool for database
manggement which satisfies the fundamental objectives and adoguately meets the real
needs of modern organizations.

Also since the mid 1950’ s, several thousand orgamz,ﬁms have installed and used
DBMSs with varied success. With the advent of microcomputers, this number is bemg
multiplied many times over. This text seeks to encourage and direct the professionals
who select and acquire DBMSs, who build application information systems using
database management facilities, and who use DBMSs to access orgamzatlonal data
resources. : :

anhwund Assutsied Background e

This tex1 1s pom!macd to the ptqpoampn tha; it ui,no longer necessary to know how
data is.physically stored, manipulated, and acpgswd before learning how to establish,
query, and update databases and 1o manage data regources, Therefore, the text does not
attempt {0 qover,data storage stmctmes and access methiods. These methods can differ
widely. fxwpomsyatemto anothqandkammsthﬁmc#qmckly bog the stude1.t down
in unnecessary detail. Mostumdonot(xleastwdnm)needmknwhowm
stored on secondary devices and accessed within the comgiguter system. Instmctorg who
feel their students do not adequately appreciate basic storage structure concepts may
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add outside readings—including a look at the storage structure for the DBMS available
to the students for class projects: Understaiding how COBOL stores and accesses data
" files can provide a uséful example but would ot be necessary. It would ensble those
who already know COBOL to relate that kriowledge to the raterial in the text.

This text also takes the position that it is nd'longer necéssary to know high-level
programming languages (such as COBOL and FORTRAN) before learning dbout data-
bases, and high-level data definition languages and data processing langudges. This
* extends the accepted view that you need not learn assembly language programming
before learning a high-level programming language. An average high-level,janguage
programmer using an optimizing compiler can usually produce better object code at
less cost than can an assembly language programmer. Comprehensive, high-level data
languages for defining and manipulating data, and éffectivé DBMS, eliminate the need
to learn low-level data languages first. Only the specu(hﬁ éoticesned with the effi-
ciency of a specialized process beyond the capabnhtles of the DBMS ‘heeds 1ow-level
languages. Unfortunately, many of today’s DBMSs lack comprehétisive” functional
capabilities and high-level data languages.

This text has been used experimentally in colleges over ten years. Students are
assumned to have a background in computers aiid data processing (as foufid in an
introductory text, e.g., Davis, Computer Data Processing, McGraw-Hill, 1973); with
some appreciation for the role of information systems in orgénizatiohs (ds in Davns and
Olson, Management Information Systems, McGraw-Hill, 1985).

Thiis text seldom mentions specific DBMSs. Its fociis on general coiicepts, func-
tional capabilities, and languéges trafiscends the ever changing software matketplace.
Readers already familiar with a DBMS ‘can easily refate tlis text to-their 8wn under-
standing and experience. To eithance learning, an instructor éan supplemént this text
with the marual for an“existing DBMS. The student can see a consistéfit, practical
example of a DBMS and can use the Systemn to design, create, query, and fiianiputate
databases in class projects. The Instructor’s Manual contains suggestions for usmg this
text and constructmg a course on data management.

Contrast with Existing DBMS Literature

To those somewhat familiar with the literature, this text will initially appear to be out of
the mainstream of thought in database management technology. For example.the text
is not organized around what many consider to be the major basis for classifying
DBMS: hierarchical, network, and relational datd structures. Readets are cautioned not
to reject the approach taken here without examining the arguments and the alterhative
classification presented. The chosen data structure classes miust be rooted in fundamen-
tal not spurious differences, and muist be related to theif correspondiiig, high-level data
languages. The taxonomies developed in this text ‘wefe carefully thought through.

Most students ofeDBMS will readﬂy dccépt the classiﬁcauons used herem and find

‘them supétior to existing ones.
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Consider how this book differs fram current database management texts:

* Emphasis on concepts and principles. - o :
- * Focus on the logical aspect$ of data structtires, with minimizm discussion of physical
data storage and access methods. d :
* Description of logical data structures which transcends the minor differerices be-
‘tween “‘network’’ and ‘‘relational’’ data structures. . = e
* Focus on high-level data languages for definition and manipulation, with ittle atten-
tion to low-level, one-record-at-a-time navigational languages. T
» Little discussion of existing DBMSs which become obsolete quickly, or represent at
best a since-improved-upon technology. i .
s Emphasis on the database management functions to serve the needs of end users and
matlagement. AR 5
; * Brogd covefdgt of organizational acquisition, iise, and administration of DBMS.

»
/ Organization of the Chapters

After an introductory chapter, this text is organized into three parts. Chapter 1 answers
the “‘why”’ and ‘‘so what can I hope to achieve’’ with database management tech-
nology. o

Part I provides both a foundation and overview of DBMS by exploring several
different . >finitions and classifications of DBMS. :

Chapter 2 identifies several factors which motivate -an organization. to consider
DBMS. It outlines the objectives.an organization would hope to achieve by applying
database technology, perhaps acquiring a DBMS, and embracing the philosophy.and
principles of database management. It conclydes with a. brief loak at the evolution of
the database approach to managing data in organizations., : . ,

Chapter 3 develops a conceptual model of DBMS based upon different user types,
and the functions performed. This chapter also relates DBMS to other types of systems
oriented to processing other forms of data, and relates a DBMS to other functions
within a computer environment. . :

Chapter 4 differentiates DBMS based upon the underlying data structure class (or
‘‘data model’’) which can be defined with a DBMS.

Chapter 5 explores differences in DBMS based upon user interface, language, and -
modes of operation. ”

The casual reader or one new to the field can focus on the development of the
conceptual model in Chapter 3, skimming the rest of the material in Part 1. Those
previously exposed to database literature or familiar with DBMS will want to read Past
I in more detail to set their present state of knowledge in perspective.

Part 11 consists of nine chapters covering the major technological functions of a
comprehensive DBMS.

Chapter 6 focuses on the design and definition of a database structure. i

Chapters 7 and 8 describe database retrieval using high-level facilities, first on &
single flat file, then extended in Chapter 8 to retrieve from hierarchical and multifile
structures. '
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Chapter 9 covers the functions for getting data irito the database—initial creation
and ongoing update—still using high-leyel functional capabilities. .

Chapter 10 considers the functions and interface for programming users who build
an information system using the DBMS as a development tool.

Chapter 11 discusses the meaning and means of data independence, an important
characteristic of DBMS providing for evolvability. Data independence implies a differ-
ence in the way data is viewed, and therefore, the need for a family of data conversion
processes. Once the database has been eéstablished and used for a time, the revision
process becomes increasingly important.

Chapters 12, 13, and 14 cover the DBMS functiogs for maintaining database
integrity-—backup and recovery, quality control through data validation and coneurrent
update control, and access control through identification, authorization,.encryption,
and threat monitoring.

Part III looks at the administrative side of database management.

Chapter 15 details the organization, functions, and tools of database administra-
tion.

Chapter 16 explores the legal issues pertaining to database administration, particu-
larly the organizational response to laws relating to the right to privacy, due process,
and public access.

Chapter 17 gives some guidelines for evaluating, selecting, and acquiring a DBMS.

Finally, Chapter 18 examines future developments ia database technology, includ-
ing distributed databases, database machines, and standards activities.

Each chapter ends with a summary, 3 set of exercises for students {o test their own
comprehension and to apply and extend the material in the chapter, and a selected,
amotated bibliography for further reading. The text extetisively uses ﬁgnres to orga-
nize, exemplify, and summarize. Each figtire with its caption should be self-explana-
tory. The figures and accompanying captions provide a unique and efficient way of
overviewing or reviewing the major concepts in the text.

A special thanks to those who took the time to réview this manusctipt or portions
thereof in various stages of its development: Gordon B, Divis, University of Minne-
sota; Donald L. Davis; James C. Emery, Univetsity of Pennsylvania, for his early
encouragement; David Jefferson, NBS; Hugh F. Juergens, formerly University of
Wisconsin, Madison; Salvatore March, UnivetSity of Minnesota; G. M. Nijssen,
University of Queensland, Australia; T. William Olle; Craig Roger; George M. Scott,
University of Connecticut, Storrs; James A. Senn, Georgia State_ University; Ben
Shneiderman, University of Maryland; James L. Sniith, Northwesterti College;
Ronald Teichman, Pennsylvania State University; Yannis Vassifici, New York
University; Eric A. Weiss; and Gio Wiederhold, Stanford University. I am dlso
indebted to many former graduate students at the University of anesota who
provided detailed feedback on prior versions of this text, as well as attendees at the
University of Michigin Summer Engineering Conferences. Finally, a special thanks
to Nancy Rudisill and Mary Jo Grégory at York Production Services for their
patience and their responsiveness to my réquests.

The pioneering emphases of this text in a relatively new field make feedback very
important. You are encouraged to write or call with any comments or suggestions.

Gordon C. Everesi
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2 EVEREST: DATABASE MANAGEMENT

‘T know you have last year’s employment statistics somewhere in the com-
puter system. Why can’t you get them for me-quickly?”’ :

. «*“Why must I always consult a programmer to get the data I want?”’

“I just want to knew how many. electrical- engineers are in the company,
where they are in the organization, and the projects they're currently working on.
Why 801 Have to specify alt ‘this formatting infofmation and tefl the system how to
search for the data?”’

*‘It would sure be nice if 1 ceuld write my own little computer program for my
unique data needs; the existing facilities are so awkward and inefficient.”’
f

.
“‘Don’t expect me to use the:data from the corporate database. It’s old and
inaccurate; I can’t depend on it to do my job properly.”’

*‘Why can’t I simply tell the system what the data is supposed to look like and
have the system ensure that the actual data conforms?”’

**With all that effort just to revise the database structure and add a few more
items, '}l bunld my own database for this new application, even though-it's -
redundant.’ .

Complaints of thss sort are common in most organizations today and reflect a need
to manage and make available data resources. A well designed, comprehensive
database management system (DBMS) can fulfil] .these needs. The principles of
database management are universal, even if an organization chooses not to use a
DBMS.

Data is an important r€source in the operation and management of an organization.
Effective data resource management makes an organization responsive and successful.
Through a basé of data, the organization has an image of itself and its environment, its
past and its future. This image stimulates and conditions the response of the organiza-
tion. With a timely and accurate image, daily operations run more smoothly People in
the organization make better decisions and respond more confidently to organizational
change and environmental demands. ‘ )

This text looks at data within an organizational context, including both technical
and administrative conmderatnons——the machine aspects and the human aspects of data
management.

Gathering and using data in organizations is not new. However, the recent use of
computers has forced greater discipline on the manageinent of data. The computer
enables an organization to better respond to internal demands for data as well as
external demands from governmental and public agericies. After near¥yf three decades,
the computer industry and users have gaified solid experience in using computers to
process and manage data. This text synthesizés this past experience and indicates
future directions for development.

. This chapter introduces major database concepts apd terminology. Later chapters
“build on this base and context for understanding. Remaining sections in this chapter
discuss the meaning of data, database, the database approach, database management,
database management systems, database administration, and finally, the context of
DBMS—organizations, managers, and,MIS.
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1.1 FOUR COMPONENTS OF A DATA‘llROCESSlNG SYSTEM .

A computer-based data processing system has four basw companents (see Figure
1-1): machines, programs, data and people. Machinés and prograrfis are-also cilled
‘‘hardware’’ and ‘‘software.’

The invention of modern computers during the late 19405 led to an industry that
produced and marketed such machines.

As business organizations responded to the computq,r Yevolution, they concen-
trated on selecting and installing equipment, training programmers and analysts, and
mechanizing existing office procedures. They devised sophisticated algorithms to ex-
tend the numerical and scientific capabitities of the new machines, developed higher-
level languages to more efficiently utilize humap resoutces, and evolved supervisory
and operating systems to more efficiently use the machine. Both the computer industry
and using organizations have worked hard to develop better pregramming techniques
(to tell a computer what to do). High-level programming languages have been devel-
oped to such a degree that today the dcfmmtm of h process* can be qmte machine
independent. ° ,

1.1.1 The Problem of Data

" Data are ‘‘facts’’ represented by values—nunibers, eharacter strings, or symbols
which carry meaning in a certain context. These values can be punched into cards,
stored on secondary storage devices (such as magnetic tape or disk), or stored in the
central memory of a computer. Programs direct the movement and manipulation of
data within a computer system.

Since the tiid-1950s computer professionals have strives to develop programming

languages ihdepéndent of machines and geated to users. Yet they made relativély little
effort to do the same for data. Only réceritly has thére beeit a significant effott toward
‘developinig machine-independent, high-levél data languages. This effort has been
‘pattly fostered by the emergence of the’ mlcrocompmer industry. Could the comptter
industry have focused on data first? Pi'obably not. Effective computer use required an
ittitial eihphasis on programming and programmmg languages because without pro-
grams the computet does 1idthing.

Figure 1-2 illustrates the relationships between machines, programs, data, and
people. Notice that data is not well decoupled from programs which use it or machines
whiich ‘store it. This is the problem of data in most organizations today.

. Several problems stem from data dependent programs and machine dependent

**‘Process’ is used in this text in a very precisé sense: a sequence of operationis scheduled and executed
‘-@ver time. A computer program (or set of programs) defines a process to be carried out on a machine. A
program consists of a sequence of statements or commands written in some programming language. A
procedure defines a process to be carried out by a person. An intuitive definition of process is provided by
Butler W. Lampson, ‘A Schedulig Philosophy for Multiproceséing Systéiié,”*: Commanications of -the
ACM (11:5), 1968 May, page 347; and an extended, formal definition is given by J. J. Horning and B.
Randell, ‘‘Process Structuring,”” Computing Surveys (5:1), 1973 Mitch, pages 5-30.



4 EVEREST: DATABASE MANAGEMENT

PROCEDURSS ..

direct the
actions of

PEOPLE

access & manipulate

write and use (through programs)

- access & manipulate ]
PROGRAMS DATA
h Figure 1-1. Components of a Data Proc-
essing System. .
. ) Until recently, the focus has been
:é:;:\st ’c‘»ef ‘ 2?:3?\,;’“ largely on the machine and the programs it
executes, perhaps explaining the popular-
MACHINE ity of the terms ‘‘hardware”” and ‘“soft-
ware.”’ RS '

data. Sharing data among applications and transferring data across machines and sys-
tems create data problems. €0 new systems are installed to roplace existing hard-
ware and/or software, organizations must transfer (conyert) their existing programs and

data over to the new system. People in the computer industry anepmdxcpng data

rapidly being conmverted to méchjne,-p;mecssahle forms Moving to a new.computer
system now involves ‘converting both programs (made easigr with ‘high-level lan-

8uages) and large volumes of data. As our investment in machinable data increases, the
problem of data increases the cost of shifting to new machines and to new technology,

(Figure 1-3). The growing interest in data, data structures, database design, high-level
data languages, menu-driven facilities for the online database user, and’managing data
Tesources in organizations suggests such a:trend. RIS

1.1.2 A Copernican Revolution in Data Processing .
The problem of data is caysing a Coperﬁican revolution in data p_roc,éssing. At first
the profession seemed to focus exclqsively On programs, viewing input and output of



