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Preface

DB2 has madtured consxderably in’ the year and a half since thxs boo wksA

first published. In that time IBM added support, if only partial, for: dlstnb-

uted database management and referential integrity enforcement and madev
a number of other significant enhancements DB2 users also matured in
their use of the product. Many now are no longer learning DB2 as much as
they are discovering its nuances. For that reason, in addition to updmng‘

the book to cover features delivered in the newer releases—up through-Ver-

sion 2.2=~we have also added considerable detail to previously covered sub- -

~¢ts. Along with new chapters on referential integrity and distributed data-

ase management there are expanded sections on composite indexes, date
and time calculations, mass updates in batch programs, data type conver-
sions, and so forth. We hope that this additional depth will be useful to
veteran, developers without impeding the learning of beginners.

The book still attempts to address an essential condition of DB2. Its
power and the ease with which it can be used mask a number of subtleties
that must be mastered before it can be used to its potential. When imple-
mented fully, E.F. Codd’s relational database model, upon which DB2 is
based, will free developers and users from many of the concerns addressed
in‘this book. The model’s conceptual elegance has already opened the world
‘of database management to more data-processing and business profession-
als than ever before. Although DB2 implements the model more completely
than other database management systems, however, its failure to adhere to
the model fully means that usérs must approach the product with consider-
able knowledge. This edition attempts to provide an introduction to DB2
for newcomers to database management and an indepth exploration for
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iv  Preface

DB2 veterans—information both groups need to get the best possible per-
formance from their applications.

The book is meant to operate on several levels. It is designed as a text
for learning about database management, as a guide to DB2, and as a re-
source for its continued use. When a book attempts to cover such wide
territory, its structure is important. Readers interested in a resource will
probably not need the background information required by a learner. We
dealt with this problem in two ways. First we provided some of the back-
" ground information in separate chapters. Then we combined teaching about
basic principles with detailed information about the specific subject to
which the principles apply-as unobtrusively as we could.

For example, two chapters focus on SQL. Chapter 7 describes how to
use SQL’s data manipulation facilities at a beginner’s level. Those familiar
with the language may want to skip this chapter or use it for reference or
review. Chapter 9 describes how to use DB2’s implementation of SQL for
optimal performance, providing crucial information for both SQL learners
and experts. Although knowing howto normalize a database design is es-
sential to the use of DB2, those already familiar with normalization shouid
have to visit Chapter 2 on that subject only briefly.

We also felt that the blending of underlying principles with details of
DB2’s use is not only an effective approach to teaching the principles but
also a spur to the proper use of DB2. Although users need not know the
reason for a prescribed action in order to take it, most feel more comfort-
able when they do know. Understanding the principles allows users to apply
them to problems they confront that may not be specifically addressed in
this book or in any other. We have assumed that readers have a minimal
knowledge of programming. We trust that parenthetical definitions of basic
terms and occasional longer expositions on ‘basic material will not hinder
more experienced professionals.

Because we believe the days of DB2 Version 1 are rapldly slipping into
data processing history, we have made little attempt to identify differences
between the earlier and current releases. In a few cases, we did contrast the
old with the new as a way of illustrating a point. In general, however, we
have assumed users are moving to current releases and have little interest
in outmoded facilities.
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Concepts and Components

1.1 INTRODUCTION

A database management system (DBMS) physically stores information in
electromagnetic form and makes it available for sharing by users or pro-
grams. The DBMS must provide ways for developers to define the data to
the system and for users or programs to retrieve or change them. A DBMS
must also provide facilities for security, recovery, and other tasks dictated
by practical necessity. And it should relieve users of the work of maintain-
ing the information’s consistency throughout the database as parts of it are
changed. But the data definition, physical storage, and access capabilities
are the essential business of a DBMS.

The database’s physical structure, constrained by requirements of stor-
age devices and input/output processes, must be relatively fixed and usually
very different from the structure of the information as database users, in-
cluding programmers, think of it. The DBMS translates a data request—
ideally made in the user’s terms—into a search through the physical struc-
ture to fulfill the request. To be as useful as possible, the DBMS should
make it easy for users to formulate their requests, requiring them to know
little or nothing about the database’s physical structure. The relational
model, proposed by E. F. Codd at IBM in 1969, frees users from having to
know the database structure or refer to it in their database requests. This
is a valuable advance over the design of earlier DBMSs, which require users

1
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2 Concepts and Components

I3

to include details of the physical database structure in their requests for
data.
DB2 ard the Relational Model

¢ . -
The relational database model is the foundation upon which DB2 has been
built and in fact provides its reason for being. Because of its advantages,

" the relational model has become the technology of choice for DBMSs. In

1981, I3M announced SQL/DS, a DBMS based on the rélational madel for
computers running urider the DOS/VSE and later the VM/CMS operating
systems. Other companies have also based their DBMS products on the
model. But IBM’s announcement in 1983 of DB2 for computers. runmng
under MVS, its most advanced operating system for large computers, gave
the movement toward the relational model perhaps its greatest impetus.

~ The model provides an uncomplicated, intuitive way for developers and
users to think about and work with the information the DBMS manages.
The model’s basic elements are tables in which columns represent things
and the attributes that describe them and rows represent specific instances
of the things described. In Fig. 1.1, for example, the columns show that
the table contains information about employees—their names, ages, project
assignments, and salaries. Each row provides that information for a given
employee. ,

The model also provides for operators for generating new tables from
old, which is the way users manipulate the database and retrieve informa-
tion from it. The language providing these operators for DB2 is SQL (struc-
tured query language), which has become the standard for all relational
DBMSs. SQL also prov:des for the definition and control of DB2 data—
bases

EMPLOYEE TABLE
EMPL_NUMBER NAME AGE |- SALARY ASSIGNMENT
29145 SMITH, J 55 45000 BOOSTER
36201 THOMAS, H 29 32000 BOOSTER
12596 GEORGE, R 46 94000 ACCOUNTING
42578 SMITH, T 32 50000 DESIGN
23820 JONES, 1L 34 25000 REENTRY .
26899 RALPH, T 50 | . 36000 ACCOUNTING
41020 PETERS, J |, 41- 26000 DESIGN

Fig. 1.1 A relational table



1.2 DB2’s Key Components 3

. The tables and operators are the basic elements of the relational model.
! The model includes many more elements, of course, many relating to the
‘need for the DBMS to maintain various kinds of logical consistency as the
- data are manipulated. No current DBMS, including DB2, fully implements
the model as Codd defined it, although IBM and other vendors have said
_they are working toward it.

We will cover SQL’s data-manipulation capablllues in detail in two
chapters and provide two brief introductory examples in this chapter. We
-will also review normalization, the database design method that is closely
‘related to the relational model. And although a detailed examination of the
relational model is beyond this book’s scope, we will visit a number of its
elements in the discussion of a variety of DB2 features.

Although this book provides a grounding in the relational model, its
primary purpose is to describe how to employ effectively DB2’s implemen-
tation of the relational model, including SQL. Our examinations will cover
facilities and techniques for creating and controlling the use of databases,
loading and backing up data, programming DB2 applications, and momtor-

"ing dnd tuning for performance.

1.2 DB2’S KEY COMPONENTS

DB2 cooperates with-—attaches to is the technical term—any of three MVS
subsystem environments: IMS, CICS, and TSO. These subsystems cooper-
ate with DB2 facilities to provide such services as data communications and

- control of transactions, which are groups of database operations that must
be coordinated to avoid the introduction of errors. CICS is a teleprocessing
monitor, a program for controlling online transactions—those that execute
as they are entered from a terminal—allowing users to interact with the
computer. IMS/DB/DC is a well-established nonrelational DBMS, which
includes a teleprocessing monitor. DB2 can use CICS only for online appli-
cations, but DB2 transactions running under CICS and IMS may access
DB2 and IMS databases simultaneously (Fig. 1.2). A fourth attach, the call
attach facility, allows an application to interact with DB2 without the help
of the three subsystems, leaving many transaction management activities to
the developer. TSO also contains a teleprocessing monitor that can be used
by DB2. DB2 applications running under TSO may be online or batch, and
they may not access IMS databases:

DB2 provides two primary online facilities: Query Management Faclhty
(QMF) under the call attach facility and DB2 Interactive (DB2I) under TSO.
QMF, an optional product, is designed primarily to help novices or occa-
sional users formulate database requests and format reports. It has also

!

proved useful for testing during application development. DB21I c_omes‘with .

PR



4 Concepts and Components

Applif:ations QMF DB2I Appli?ations Applications Applu.:atlons
(Online or (Onii (Online) (Online or (Online) {Online or
Batch) nline) niine Batch) ‘ Batch)

_ Cali Attach TSO Attach CICS Attach IMS Attach
DB2 Database : IMS Database -

Fig. 1.2 Subsystem attaches

DB2 and is directed primarily at allowing data processing-professionals to
enter SQL statements interactively through a component called SPUFI and
at helping them prepare programs and utilities for execution. ,
Detailed knowledge of the subsystem environments is not required,
however, to understand DB2 and develop databases and applications for it.
Nor is it necessary for developers to have a detailed understanding of DB2’s
internal components. Subsequent chapters will present the necessary details
during discussions of how to develop applications using DB2. The following
overview of components provides a groundwork for those discussions.

Bind

DB2 translates database requests into code for. fulfilling them through a
process called bind, illustrated in Fig. 1.3. Bind reads and analyzes an SQL
statement, determines an access path through the database’s physical struc-
ture to the data in"question, and generates machine code calls for locating
and acting on the data, called an application plan. The access path depends
on a number of characteristics of the data’s structure—the sizes of tables,
the number of distinct values in particular columns, and so on.

Bind automatically creates an application plan for each interactive
query or update entered from a terminal. For application programs, the
application plan covers all of the program’s SQL statements. The plan is
saved in a component called a directory, to be used when needed as a pro-
~ gram runs. Initially the developer invokes bind while preparing a program
for execution. On subsequent executions of the program, if the data’s struc-
ture has been changed in a way that makes the ‘previous application plan
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Fig. 1.3 The bind process

unusable, DB2 automatically rebinds the plan to create a new one. It knows
about the change by consulting with a component called the caralog, which
keeps track of such things.

If the developer believes that the data’s structure has been changed to
provide a more efficient access path, he or she can choose to rebind the
plan to take advantage of it. Because SQL statements are separated from
the rest of a program’s code in a precompile process, an entire program
need not be recompiled when an application plan is changed. The plan is -
simply rebound.

Catalog Tables, Statistics, and the Optimizer

The bind process eases the maintenance burden on programmers by allow-
ing the database to be changed without requiring the programs that use it
to be changed. It also saves programmers the trouble of determining access
paths for their requests. Bind’s intelligence for carrying out these tasks
comes from a component called the optimizer, which estimates the most
efficient access path for each request. It does this by applying rules for
weighing database access options to statistics describing the particular data-
base being accessed.

When tables and other elements of a DB2 database, called objects, are
created, altered, or dropped, DB2 stores information about them in catalog



