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SQL Anywhere for PowerBuilder

This SQL Anywhere User’s Guide describes all the features of the SQL
Anywhere product. The version of SQL Anywhere that is inciuded in
PowerBuilder does not have all the features of the full SQL Anywhere
product. The following features, documented in the SQL Anywhere
User’s Guide are not available to PowerBuilder users:

¢

Embedded SQL, HLI, Open Client, and DDE interfaces
PowerBuilder users access SQL Anywhere through ODBC. The
chapters on the SQL Anywhere programming interfaces can be
ignored, and the Open Server Gateway to enable Open Client
connections can also be ignored.

SQL Preprocessor The SQL preprocessor is required only for
Embedded SQL, and is not needed by or provided for
PowerBuilder users.

SQL Remote The SQL Remote replication technology is not
included with PowerBuilder.

Multi-user network server Only a standalone database engine
is included with PowerBuilder. The multi-user network server is
not included in PowerBuilder.

Operating systems Only the version of SQL Anywhere for the
operating system you are using is included in PowerBuilder. The
SOL Anywhere User’s Guide describes all platforms for which
SQL Anywhere is available.

In addition, note that the sample database is referred to throughout by
the file name SADEMO.DB. This sample database is the same as the
Powersoft demo database (PSDEMODB.DB), and all examples in this
book will work against the Powersoft demo database.
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About This Manual

Subject

Audience

Where to find
information

This manual describes how to use the Sybase SQL Anywhere database
management system, and provides tutorial, task-based, and reference
material to assist you in learning all aspects of the product.

This manual is for anyone using SQL. Anywhere, whether as a developer or

as an administrator.

SQL Anywhere is a multi-platform DBMS with many different uses. The
table lists some of the starting points for using the SQL Anywhere User's

Guide.

If you want to...

Go to...

Get an overview of the SQL Anywhere
database management system

Learn how to create and manage
databases in a Windows 95 or Windows
NT environment.

Learn about the SQL language for
querying data.

Learn how to create and manage
databases in an OS/2 or command-line
environment.

Learn how to connect to a SQL
Anywhere database from a client
application.

Part One: Introduction to SQL
Anywhere

"Managing Databases with Sybase
Central"

Part Two: Tutorials

The chapter "Working with Database
Objects"

The chapter "Connecting to a
Database”

Xvii






PART ONE

Introduction to SQL Anywhere

This part provides an overview of the Sybase SQL Anywhere database
management system, previously called Watcom SQL. The part includes a
description of the new features in this release.






CHAPTER 1
Introduction

About this chapter This chapter introduces the SQL Anywhere and the SQL Anywhere User's
Guide.
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About SQL Anywhere

A full SQL
database
management
system

ODBC support

Developed on personal computers for personal computers, SQL Anywhere is
a full-featured transaction-processing SQL database management system
which has excellent performance while requiring fewer resources (memory
space, disk space, and CPU speed) than other database management
systems.

SQL Anywhere is available for Windows NT, Windows 95, Windows 3.x,
0S/2, NetWare, Solaris/Sparc, HP-UX, AIX, DOS, and QNX operating
systems.

SQL Anywhere can be used as a standalone database management system or
(on non-UNIX operating systems) as a network database server in a
client/server environment.

Database files are compatible between versions and across all operating
systems. The operating systems on which you are entitled to run SQL
Anywhere depends on your license agreement.

SQL Anywhere is a fast and efficient database for many environments, from
notebook computers to servers supporting large numbers of concurrent
users. It is a flexible and scalable solution for today's diverse needs.

With an efficient ODBC driver and full ODBC 2.1 level 2 support, as well
as other interfaces, SQL Anywhere is also an ideal database for developers.
Whether you are using C, PowerBuilder, or other application development
tools, and whether you are developing single-user or client/server
applications, SQL Anywhere provides you with all the capabilities you
expect from a full SQL database server.

Supplied components

Sybase SQL Anywhere is a multi-platform database management system
that is available in both Standard and Professional Editions, and which is
included as a part of several other products, including Powersoft
PowerBuilder, Optima++, and S-Designor. Depending on which operating
system you are using, and which particular product you have purchased, you
may have access to some or all of the features described in this manual.
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The components available to you depend on the operating system you are
running, and on the particular product you have purchased. This section
describes the contents of the SQL Anywhere Standard Edition. Additional
tools and components are included in SQL Anywhere Professional. If you
received SQL Anywhere as part of another product, consult the product
documentation to see which components are available to you.

SQL Anywhere The SQL Anywhere Standard Edition CD-ROM includes the following
components components. Your use of these components is subject to the software license

agreement.

¢ Standalone database engine For same-machine database access.

¢ Network server and client For client/server database access across a

network.

¢ SQL Remote Message-based replication technology.

¢ Sybase Central Graphical administration utility

¢ ISQL Interactive SQL utility.

¢ Command-line administration utilities For database management

tasks.

A DBMS for many platforms and environments

SQL Anywhere is available for the following operating systems:

L4

Windows and Windows NT The standalone database engine and
multi-user network server are available for each of Windows 3.x,
Windows 95, and Windows NT. The Sybase Central administration
utility is available for Windows 95 and Windows NT only.

0S/2 The standalone database engine and multi-user network server
are available for OS/2. These include a Presentation Manager version of
ISQL, and command-line administration utilities. Sybase Central is not
available for OS/2.

NetWare The network server is available as a NetWare Loadable
Module (NLM). The ISQL utility is also available as an NLM.

UNIX The standalone engine is available for Sun Microsystems
Solaris/Sparc, Hewlett Packard HPUX, and IBM AIX. This includes a
character-mode ISQL and command-line administration utilities.

QNX The network server only is available for QNX. This includes a
character-mode ISQL and command-line administration utilities.
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¢ DOS The standalone database engine and multi-user network server
are available for DOS. This includes a character-mode ISQL and
command-line administration utilities.

& For information about supported releases of these operating systems,
see your Read Me First.
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Upgrading databases to SQL Anywhere

Which databases
need to be
updated?

How to upgrade a
database

You do not need to upgrade your SQL Anywhere 5.0 databases to use SQL
Anywhere 5.5.

If you have databases created with Watcom SQL., you need to upgrade your
database to SQL Anywhere 5.0 or 5.5 if you wish to use some of the features
introduced in SQL Anywhere. The following summary describes the version
you must have in order to use some features.

¢ To use procedures and triggers, you must be using a database that is at
least release 4.0.

¢ Touse SQL Remote on existing databases, you must upgrade your
database to release 5.0.

¢ To access the Transact-SQL system procedures and system views, you
must upgrade your database to release 5.0.

The Upgrade utility is provided to upgrade Watcom SQL 4.0 databases to
SQL Anywhere format. The Upgrade utility is accessible either from Sybase
Central or as the DBUPGRAD command-line utility. The following
statement at the command line upgrades a 4.0 database file named
TEST.DB to a SQL Anywhere format:

dbupgrad -c "dbf=test.db;uid=dba;pwd=sgl"

If you wish to use replication on an upgraded database, you must also
archive your transaction log and start a new one on the upgraded database.
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About this manual

This manual describes how to build, run, and maintain databases using SQL
Anywhere, and how to build database applications that work with the SQL
Anywhere standalone database engine and network database server.

The manual includes the following sections.

¢ Tutorials

¢ Using SQL Anywhere

¢ Transact-SQL Compatibility

¢ The SQL Anywhere Programming Interfaces

¢ Reference

Platforms and products covered

This documentation applies to all supported platforms of SQL Anywhere.
Not all features are available on all platforms. The operating systems and
features you are entitled to use depends on the product you have purchased
and your license agreement.

If you have obtained SQL Anywhere as part of another product, such as
Powersoft PowerBuilder, S-Designor, or Optima++, you may not have
access to all features described in this manual.

Documentation overview

Tutorials

Using SQL
Anywhere

The Tutorials part provides a step by step introduction to the following:
¢ Managing databases with Sybase Central

¢ Using the Interactive SQL (ISQL) utility

¢ Structured Query Language (SQL).

The chapter "Using ISQL" shows you how to use ISQL, and the rest of the
tutorial introduces most of the important features of SQL, using a sequence
of examples based on the supplied sample database.

Each chapter in the part "Using SQL Anywhere" describes a different aspect
of the product. Taken together, they provide a guide to building, running,
and maintaining databases and database applications with SQL Anywhere.
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Transact-SQL
Compatibility

The SQL
Anywhere
Programming
Interfaces

Reference

Available formats

Transact-SQL Compatibility is for users wishing to develop applications
and databases compatible with Sybase SQL Server and the Transact-SQL
dialect of SQL it supports. The part describes the SQL Anywhere support
for Transact-SQL.

The SQL Anywhere Programming Interfaces explains how to use the
programming interfaces to SQL. Anywhere. The bulk of the section
describes the Embedded SQL and ODBC interfaces for use by C
programmers. Developers using ODBC-enabled application development
systems, such as Powersoft PowerBuilder, do not need to use this section:
the information in Using SQL Anywhere and Reference, together with your
application development system's documentation, cover all the information
needed to develop SQL Anywhere applications from ODBC-enabled
applications.

Reference is a complete reference guide to SQL Anywhere programs,
supported commands with complete syntax, error messages, and system
tables.

The contents of this manual are provided in print and as online Help,
accessible through Sybase Central, ISQL, and as a desktop icon. The online
Help version of the manual is more up to date than the printed
documentation.

Document conventions

This section lists the typographic and graphical conventions used in this
documentation.

Typographic conventions

The documentation uses the following typographic conventions:

Item Description
Code SQL and program code is displayed in a monospaced font
User entry Text entered by the user is displayed in a bold sans serif
typeface
new term New terms introduced in the text are displayed in a bold
serif typeface
emphasis Emphasized words are displayed in italic
SQL keywords SQL keywords are displayed in upper case
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Graphic icons

10

&~ For a description of syntax-formatting conventions, see "Syntax
conventions" in the chapter "Watcom-SQL Language Reference".

The following icons are used in this documentation:

Meaning

Clelvivglo

A database server, such as Sybase SQL Server or Sybase
SQL Anywhere.

A SQL Anywhere database engine, or a SQL Anywhere
network server and Client. All applications that work with a
SQL Anywhere standalone engine work identically with a
SQL Anywhere network server, via a SQL Anywhere Client.

A Sybase Replication Server.

A Replication Agent. A replication agent is required for a
database to act as a primary data site in Sybase Replication
Server installations.

A SQL Anywhere Log Transfer Manager.

A client application.
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Product installation

Installation instructions for SQL Anywhere are in the SQL Anywhere Read
Me First.

Contact information

Contact information for technical support and sales inquiries is provided on
the separate Contact Sheet in this package.

11






CHAPTER 2
New Featur

es in SQL Anywhere 5

About this chapter This chapter describes features new to SQL Anywhere 5.

Contents Topic Page
What's in a name? 14
New features overview 15
New features in the Watcom-SQL language 18
New sample database 21
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What's in a name?

14

Previous releases of this product were named Watcom SQL.

With the Sybase/Powersoft merger of February 1995, Watcom became a part
of Sybase, Inc. Watcom SQL is now a part of the Sybase System 11 Server
product line, and the new name of the product, SQL Anywhere, reflects that
change. The principal dialect of SQL supported by SQL Anywhere is named
Watcom-SQL.

The Sybase SQL Anywhere name reflects the versatility of the product, and
the emphasis on both scalability and mass deployment. Sybase SQL
Anywhere gives you the high performance and reliability of a transaction-
processing SQL server, the ability to scale from single users to many users,
and the flexibility to deploy on multiple platforms. It's a database designed
for the workplace.

The new features outlined in this chapter include data replication and
Transact-SQL-compatibility, along with many others. We think you will
agree that these new features, built on the proven foundations of Watcom
SQL, make SQL Anywhere a powerful workplace complement to Sybase
SQL Server in the System 11 Server product line.
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New features overview

While there have been many improvements and enhancements, the
following are major areas around which the new release has been designed.

Feature

Description

For more information

SQL Remote data
replication

Sybase Central
database
management tool

Transact-SQL
compatibility

ODBC 2.5
support

SQL Remote is a message-based
replication system for
replication between SQL
Anywhere databases. It is built
to be easy to use, centrally
administered, and ideal for
replication to laptop and other
occasionally-connected users'
personal databases.

Sybase Central is a graphical
database administration tool that
runs on the Windows 95 and
Windows NT 3.51 operating
systems. Sybase Central
conforms closely to the
Windows 95 interface
guidelines, making it easy to
learn and use.

SQL Anywhere 5.0 includes a
set of extensions to the Watcom-
SQL language from the Sybase
Transact-SQL dialect. This
makes the development of
compatible applications for SQL
Anywhere and SQL Server
database servers much more
straightforward, and also brings
new features to all SQL
Anywhere users.

SQL Anywhere 5.0 now
supports ODBC 2.5 at level 2
for the Windows 95 and
Windows NT operating systems,
and ODBC 2.1 for the Windows
3.x operating system.

See chapters
"Introduction to SQL
Remote Replication"
and "SQL Remote
Administration."

See the chapter
"Managing Databases
with Sybase Central"

See the chapters "Using
Transact-SQL with SQL
Anywhere" and
"Transact-SQL
Procedure Language".

15
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Feature

Description

For more information

Open Server
Gateway

Data replication
with Sybase
Replication
Server

Performance
improvements

System functions
and performance
monitoring

SQL extensions

Transaction log
mirroring

MAPI system
procedures

The Open Server Gateway.
allows client applications to
work with both SQL Server and
SQL Anywhere database servers

The Open Server Gateway
allows SQL Anywhere to act as
a replicate site database in
Sybase Replication Server
installations. A separate
product, the SQL Anywhere
Replication Agent, allows SQL
Anywhere databases to act as
primary data sites in Replication
Server installations

Performance enhancements do
not require extensive
documentation. However, there
are major improvements to the
speed of many tasks performed
by SQL Anywhere since the last
major release

An extensive set of system
functions allows access to
statistics concerning database
engine or server performance.
These are also available from
Sybase Central. Statistics from
the Windows NT engine and
network server can be viewed in
the NT Performance Monitor.

The Watcom-SQL language has
been extended in many areas to
provide more flexibility and
power to SQL Anywhere users

SQL Anywhere can optionally
maintain two identical
transaction logs. Transaction log
mirroring provides additional
protection against loss of data
due to disk failure

System external procedures are
supplied that allow MAPI e-mail
calls to be made from stored
procedures

See the chapter "Using
the Open Server
Gateway".

See the chapter
"Monitoring and
Improving Performance”.

See "New features in the
Watcom-SQL language"
on page 18.

For more information on
transaction log mirroring,
see the chapter "Backup
and Data Recovery".

See the chapter "Using
Procedures, Triggers,
and Batches".
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Feature I Description | For more information
Calls to external | You can now create procedures | See the chapter "Using
DLLs from that call external DLLs Procedures, Triggers,
procedures and Batches".

17
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New features in the Watcom-SQL language

Watcom-SQL is the dialect of SQL supported by the SQL Anywhere

standalone database engine and network server. The extensions to Watcom-

SQL in this release include improvements in several areas.

Feature

Description

For more information

Stored procedure
extensions

User-defined
functions

Batches

Statement level
triggers

New Watcom-
SQL language
elements

18

Stored procedures are easier to
create, have more flexible
parameter declarations
(including default values and
optional parameters in CALL
statements), and can return
status information.

With the new CREATE
FUNCTION statement you can
use the SQL Anywhere stored
procedure language to define
new functions, you can use just
like other functions.

This release introduces support
for batches of SQL statements.
Control statements (IF, LOOP,
and so on) are now available in
command files as well as in
procedures and triggers.

Triggers can be made to fire
once after each statement, as an
alternative to the row-level
triggers supported in previous
releases

These include global variables,
new operators, and new
comment specifiers

See the chapter "Using
Procedures, Triggers,
and Batches".

See the chapter "Using
Procedures, Triggers,
and Batches".

See the chapter "Using
Procedures, Triggers,
and Batches".

See the chapter "Using
Procedures, Triggers,
and Batches".

See "Watcom-SQL
language elements" in
the chapter "Watcom-
SQL Language
Reference".
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Feature

Description

For more information

New built-in
functions

User-defined data
types

Extensions to
data manipulation
statements

System stored
procedures

More flexible
column
constraints

New numeric, string, date and
time, and data type conversion
functions have been added, as
well as new system functions.
New functions include:

¢ PATINDEX for pattern
matching

¢ System functions describing
database properties

You can define your own data
types from the existing base data
types supported by SQL
Anywhere

The DELETE, and UPDATE
statements have been extended
to support criteria based on
joins.

SQL Server provides stored
procedures for carrying out
database management functions.
The system tables of SQL
Server and SQL Anywhere are
different, but several of the
system stored procedures are
provided to carry out analogous
actions on each.

Before this release, all
constraints associated with a
table, whether column
constraints or table constraints,
were held as a single table
constraint. Column constraints
are now held individually,
allowing them to be individually
deleted or replaced

See the section
"Watcom-SQL
Functions".

See the section "SQL
Anywhere Data Types".

See "DELETE
statement” in the chapter
"Watcom-SQL
Statements" and
"UPDATE statement" in
the chapter "Watcom-
SQL Statements".

See "ALTER TABLE
statement” in the chapter
"Watcom-SQL
Statements"
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Feature Description For more information
Other new Other new statements have been | See the listing in section
statements added: LOAD TABLE, "Watcom-SQL language

UNLOAD TABLE,
TRUNCATE TABLE,
MESSAGE, EXECUTE
IMMEDIATE, RETURN, and
others

elements" in the chapter
"Watcom-SQL Language
Reference".
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New sample database

The sample database has been changed in this release. The new sample
database contains employee, sales, product and financial information for a
small company. The database is a subset of the PowerBuilder demo
database. The following diagram illustrates the sample database structure.

A customer__ The sample database contset
id <plc integer id <plc  integer
fname char(15) last_name char(15)
Iname char20) first_name char(15)
address char(35) titie char2)
city char(20) street char30)
state charn2) city chan20)
zip chan(10) state char2y
phone char(12) zip char)
company_name char(35) phone char(10)
fax char(10)
sales_order employee
id <pl>  integer emp id <pk> integer
cust_id <fc  integer manager_id integer
order_date date emp_fname char20)
b=cutd fin_code_id <f> chan2) emp_Iname char20)
region char?) dept_id <fc integer
sales_rep  <f>  integer street chard0)
sales_order_items city char(20)
ine i <pl smallinf e EL
prod_id <t integer - (mp- ki P phone char(10)
quantity integer ook = h_cock 1 status char()
ship_date date ss_number char(i1)
salary numeric(20.3)
start_date date
termination_date date
birth date date
bene_health_ins char(1)
L fin_code bene_life_ins char(1)
proa code sple  chari2) bene_day_care char(1)
type char10) cex ohar1)
description char50)
dpt = dept K1
product Ok = Code emp_id= dept_kead_id
id <pk> integer I
name )
description ctan30) fin_data
size ctan18) year <pk> chard) department
color otarB) quater sple  char2) dept id <plo  integer
quantity integer code  <pkfe  chan2) dept_name char(40)
unit_price numeric(15,2) amount numeiio(@) dept_head_id <> integer

The sample database is called SADEMO.DB.
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CHAPTER 3
Overview of SQL Anywhere

About this chapter This chapter presents an overview of SQL Anywhere architecture on a
single computer and on a network.

An application developed in a standalone environment can be deployed in a
multiuser network environment with no alteration to the code whatsoever.

This chapter also introduces terminology for relational database
management systems, and describe the database management tools included
in your SQL Anywhere package.

Contents Topic

Page
The SQL Anywhere engine and the SQL Anywhere server 24
Running SQL Anywhere on a single computer 25
Running mixed operating systems on a single computer 32
SQL Anywhere programming interfaces 34
The SQL Anywhere programs 36
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The SQL Anywhere engine and the SQL
Anywhere server

24

SQL Anywhere includes two executables for managing databases:

¢ The network server, for managing databases using a client/server
arrangement on networks

¢ The database engine, for managing databases on a single computer in a
standalone mode

PowerBuilder and InfoMaker users

This chapter contains some information about connecting to a SQL
Anywhere network server. The SQL Anywhere network server is not
included with PowerBuilder and InfoMaker.

The SQL Anywhere server and SQL Anywhere engine manage databases in
exactly the same way and are completely compatible. However, the SQL
Anywhere engine has no support for network communications.

Server and engine

The terms engine and server are used in this manual to refer to the
database engine and database server. In contexts where either the engine
or the server could be used, the terms are used interchangeably. When the
engine and server need to be distinguished, the terms standalone engine
and network server are sometimes used to emphasize which is meant.

The following sections describes the architecture for running SQL
Anywhere on a single computer using the SQL Anywhere engine and for
running SQL Anywhere across a network using the SQL Anywhere network
server.

& For information on running more than one operating system on a
single computer, see the section "Running mixed operating systems on a
single computer" on page 32.
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Running SQL Anywhere on a single computer

Standalone SQL
Anywhere
components

The figure shows the architecture of a standalone SQL Anywhere
installation, running a single database engine and working with a single
database. All more complicated arrangements are elaborations of this basic
setup, so you should understand how the basic setup works, even if you are
operating a multiuser client/server installation.

The components of the basic standalone SQL Anywhere setup are:
¢ The client application

¢ The SQL Anywhere interface layer

¢ The SQL Anywhere database engine

¢ The database

Database users do not directly manipulate database files. Instead, their client
application communicates with the database engine, using a programming
interface supported by SQL Anywhere, and the database engine handles all
manipulation of the actual database.

& For information on a client application and a database server for
different operating systems running on the same computer, see the section
"Running mixed operating systems on a single computer" on page 32.

The client application

A client application communicating with the SQL Anywhere database
engine must do so using a programming interface supported by SQL
Anywhere. The client application calls functions from one of the SQL
Anywhere programming interfaces.

The client application together with the programming interface layer form
the client side of the setup.
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ODBC-enabled
application
development
systems

If you are building a client application from an ODBC-enabled application
development system, such as Powersoft PowerBuilder, or others, you do not
need the information in the section "Programming Interfaces". These
application development systems already implement an ODBC interface
internally. Application development systems form an extra layer that sits
between the application developer and the SQL Anywhere interface, and
you should consult your application development system's documentation to
understand how to communicate with a database engine.

PowerBuilder and InfoMaker use the ODBC interface.

If you are using one of the programming interfaces directly to develop client
applications, you should understand the SQL. Anywhere programming
interface you are using. The programming interfaces are described fully in
the section "Programming Interfaces".

The SQL Anywhere database engine

SQL Statements

Running an
application against
a SQL Anywhere
network server

26

The database engine and the database together form the server side of the
setup. A client application manipulates a database by sending requests to the
database engine.

Communications between a client application and a database engine take
the form of Structured Query Language (SQL) statements. For example, a
SELECT statement, or query, is used to extract information from a
database. An UPDATE statement may be used to modify the contents of one
of the database tables.

The client application sends the SQL statements and the database engine
processes them and sends the results back to the client application.

Running an application against a SQL Anywhere network server generally
requires an extra component to handle network communications from the
client computer (see "Running SQL Anywhere on a network" on page 29).
However, for applications on the same computer the database server can be
run in exactly the same manner as the standalone database engine described
here using a direct connection to the network server.

If a SQL Anywhere Client is running and the network server is running on
the same machine, the Client will not be used by client applications
connecting on the same machine; the connection will be direct.
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The database

Multiple databases
on a single
database engine

& For a discussion of running a client application and a database server
for different operating systems on a single computer, see "Running mixed
operating systems on a single computer” on page 32.

SQL Anywhere is a relational database system. The database itself is stored
on one or more disk drives, and consists of the following objects:

Database objects | Description

Tables Hold the information in the database

Keys Relate the information in one table to that in another
Indexes Allow quick access to information in the database

Views Are computed tables

Stored procedures Hold queries and commands that may be executed by any

client application (stored procedures are not available in
the SQL Anywhere Desktop Runtime system)

Triggers Assist in maintaining the integrity of the information in
the database (triggers are not available in the SQL
Anywhere Desktop Runtime system)

System tables Hold the information about the structure of the database

A single SQL Anywhere database engine can manage access to several
databases simultaneously. You can start and stop databases from database
administration tools or client applications, and you may connect to any of
the currently running databases on a database engine.

As far as the database user is concerned, interaction with a database engine
is always through a connection. Each time users connect to a database,
supplying valid user ID and password, they are connected to a specific
database on a specific database engine. Once a connection is established, it
provides a channel through which all communications go. The connection
insulates the user from the other components of a running database system
such as network sessions and interprocess communication mechanisms.
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Multifile databases

28

SQL Anywhere supports multifile databases. When a SQL. Anywhere
database is first initialized, it is composed of one file—the root file. As
tables and other database objects are added to the database, however, they
may be stored in different files, which may be on different disk drives from
the root file.

Users of the database (other than the database administrator) need not be
aware of the physical location of database files. The database engine handles
all access to the files and shields this complexity from the user.
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Running SQL Anywhere on a network

Client
application

SQL Anywhere
Data server

The SQL
Anywhere Client

SQL Anywhere Server products support connections from many users at a
time, over a network. In this case, the database engine runs on one computer
(the database server computer), while client applications run on other
computers (client computers).

The SQL Anywhere server supports multiuser network access to SQL
Anywhere. The SQL Anywhere standalone engine does not support
multiuser access or network communications.

PowerBuilder and InfoMaker users

This chapter contains some information about connecting to a SQL
Anywhere network server. The SQL Anywhere network server is not
included with PowerBuilder and InfoMaker.

—"he client side of the SQL Anywhere setup sends SQL queries and

commands over the network to the server side, which carries out commands
and sends the results of queries back to the client.

The SQL Anywhere Client is a program that handles network
communications to the SQL Anywhere database server. The SQL Anywhere
Client is a program named DBCLIENT (the Windows 3.x version is called
DBCLIENW). The SQL Anywhere Client communicates with the SQL
Anywhere network server. The standalone engine cannot handle
communications from the SQL Anywhere Client.

For QNX, the database client is different from other operating systems.
Instead of being a separate executable, the SQL Anywhere Client is a library
named dbclient, which is loaded dynamically by client applications.
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Standalone setup
versus network
setup

From the client application's point of view, there is no difference between
the standalone setup and the network setup. In the single-user setup, a client
application sends requests and commands to the database engine. In the
multiuser setup, these requests are sent to the SQL Anywhere Client instead.
In each case, the client application has a single point of contact with the
DBMS. The additional complexity of handling requests in a multiuser,
networked environment is hidden from the client application.

Standalone applications work with the SQL Anywhere network
server

Once a client application is developed and working on a standalone SQL
Anywhere setup on a single computer, no changes are needed to the
application in order for it to work as a client application in a network
environment against a SQL Anywhere server.

&~ For more information on the SQL Anywhere network server, see the
SQL Anywhere Network Guide.

SQL Anywhere multiplatform support

The SQL Anywhere standalone database engine is available for the
Windows 3.x, Windows 95 and Windows NT, OS/2, and DOS operating
systems. The SQL Anywhere database server is available for Novell
NetWare, Windows 95 and Windows NT, OS/2, Windows 3.x, DOS, and
QNX operating systems.

One SQL Anywhere database server can support multiple clients operating
on different operating systems, communicating via different network
protocols.

Some database terms
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With a single database running on a single database engine, the default
settings make the engine name, the database name, and the database file the
same, apart from the path and extension associated with the file. In this
situation there is little ambiguity when talking about the database.

In environments with multiple databases, multiple database files, and
several database engines operating simultaneously, it is important to
distinguish among the different components that make up a running SQL
Anywhere DBMS.
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Terms used in this
documentation

Term

Description

Database file

Even though the tables of a database may be held in several
files on several disk drives, each database is identified by a
single root file. Throughout this book, when reference is made
to a database file, it is referring to the root file

Database name
or alias

A SQL Anywhere database engine or server can run several
databases simultaneously, managing access to each of them.
When a database is started on a database engine, it is assigned
a database name, also called the database alias. If no
database name is explicitly assigned, the database receives the
name of the root file with the path and extension removed

Server or
engine name

When a database server or engine is started, it is assigned a
server name or engine name. The server or engine name is
entirely distinct from the name of the database engine program
itself. By default, the server name is the first database name.
For example, if a database engine is started with database
C:APB\EX\PSDEMODB.DB and no name is explicitly given,
then the name of the engine is PSDEMODB

Clients and
servers

Both the client side and the server side of a SQL Anywhere
client/server setup consist of several components. The terms
client and server themselves are commonly used to describe
not only the computers on which each side of the setup sits, but
also the programs that are communicating, and also the
collection of software components on each of the computers.
Throughout this guide, the terms client and server are qualified
whenever possible to specify which of these meanings is used
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Running mixed operating systems on a single

computer

SQL Anywhere supports situations in which client applications and the
database engine run under different operating systems on the same
computer. This support requires a SQL Anywhere Client (DBCLIENT) for
the client application operating system. You can think of the mixed
operating system setup as a client/server network arrangement, with both
client and server sides residing on the same computer.

The situations where this can occur are:
¢ DOS or Windows client applications with an OS/2 engine

¢ DOS or Windows 3.x client applications with a Windows 95 or
Windows NT engine

Mixed operating systems can occur when running DOS or Windows 3.x
client applications with a Windows 95 or Windows NT engine

DOS or Windows client applications on 0S/2

Command lines for
DOS or Windows
3.x clients

Other servers

32

The OS/2 standalone engine or network server can be accessed from a DOS
or WIN-OS/2 client application on the same machine.

The client application communicates with the SQL Anywhere Client for the
client application operating system. (The DOS and Windows 3.x SQL
Anywhere Clients are installed with SQL Anywhere for OS/2 or as a
separate install with the DESKTOP RUNTIME SYSTEM FOR OS/2.) The
SQL Anywhere Client handles the communication with the OS/2 database
engine or server using named pipes or DDE.

The command line to run the DOS client is:
dbclient engine-name

The command line to run the Windows 3.x client is:
dbclienw engine-name

SQL Anywhere also supports access to network servers elsewhere on the
network simultaneously via a separate communication link in the SQL
Anywhere Client.
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& For more complete information, see the SQL Anywhere Network
Guide.

DOS or Windows 3.x clients on Windows 95 or NT

Command lines for
DOS or Windows
3.x SQL Anywhere
clients

Other servers

The Windows 95 or Windows NT database engine or server can be accessed
from a DOS or Windows 3.x client application on the same machine.

The client application communicates with the SQL Anywhere Client for the
client application operating system. (The DOS and Windows SQL
Anywhere Clients are installed with SQL Anywhere.) The SQL Anywhere
Client handles the communication with the Windows 95 or Windows NT
database engine or server, using named pipes (Windows NT) or DDE
(Windows 95).

The command line to run the DOS SQL Anywhere Client is:
dbclient engine-name

The command line to run the Windows 3.x SQL Anywhere Client is:
dbclienw engine-name

SQL Anywhere also supports access to network servers elsewhere on the
network simultaneously via a separate communication link in the SQL
Anywhere Client.

&> For more information, see the SQL Anywhere Network Guide.

33



SQL Anywhere programming interfaces

SQL Anywhere programming interfaces

The conversation between a client application and a database engine or
server takes place through a SQL Anywhere programming interface. The
available programming interfaces are:

¢ High level interfaces in ODBC-enabled application development
systems such as Powersoft PowerBuilder and in applications with
ODBC-enabled macro languages

¢ Low-level full-function interfaces: ODBC and embedded SQL
¢ High-level interfaces: WSQL DDE and WSQL HLI

This section describes the main characteristics of the high and low-level
interfaces.

&~ For more detailed information and guidelines to help you choose the
most appropriate interface, see "Programming Interfaces”.

Low-level programming interfaces

The ODBC
interface

34

ODBC and embedded SQL provide low-level interfaces to SQL Anywhere.

ODBC is supported by a wide range of DBMS and is implemented for
Windows, Windows NT, and OS/2 as a database driver: a dynamic link
library (DLL) that an application invokes to gain access to SQL Anywhere
databases. On other platforms, the ODBC interface is implemented as a
static library.

Embedded SQL is slightly quicker than ODBC and has a wider set of
functions. Embedded SQL is implemented as a C/C++ language
preprocessor, which translates SQL statements embedded in your code into
calls to the interface. The interface is implemented as a DLL for Windows,
Windows NT, and OS/2, and as a library on the other platforms.

The ODBC interface is the most widely-used interface to SQL Anywhere.

SQL Anywhere supports the Microsoft Open Database Connectivity
(ODBC) interface not only in the Windows and Windows NT
environments, but also on DOS, 0S/2, the Macintosh, and QNX. This low-
level interface provides almost all the functionality of embedded SQL with,
(in the SQL Anywhere implementation), only a small performance penalty.
Client applications using the ODBC interface can work with many different
RDBMS.
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The embedded
SQL interface

SQL Anywhere supports all of the ODBC Version 2.1 API functions (Core,
Level 1, and Level 2).

& For a full description of ODBC programming, see the chapter "ODBC
Programming".

The native programming interface of SQL Anywhere is embedded SQL.
SQL Anywhere comes with dynamic link libraries (normal libraries in DOS,
QNX, and NetWare) and a preprocessor to enable development of C and
C++ applications using embedded SQL.

& For a full description of embedded SQL programming, see the chapter
"The Embedded SQL Interface".

High-level programming interfaces

The DDE interface

The HLI interface

SQL Anywhere also provides two higher-level programming interfaces,
DDE (Windows and Windows NT only), and HLI (Windows, OS/2, and
Windows NT only). High-level interfaces to SQL Anywhere are also
provided by ODBC-enabled application development systems and
applications.

The DDE server is a Windows application that enables you to access and
alter data in SQL Anywhere databases using dynamic data exchange
(DDE). Many Windows applications, including leading spreadsheets and
word processors, support the DDE protocol.

The HLI is provided as a DLL for Windows, OS/2 and Windows NT and
can be used from any application or environment that can call DLLs. It is
simpler to use than ODBC, but also slower and supports less functionality.
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The SQL Anywhere programs

SQL Anywhere includes a set of database administration tools, as well as
the SQL Anywhere database engine itself.

Each of the database tools is a SQL Anywhere client application and
communicates with the database engine using the embedded SQL interface.

The Windows 3.x version of many of the programs has a slightly different
name (ending with a W) so that Windows 3.x applications can coexist in the
system path with Windows 95, DOS, 0OS/2, or Windows NT applications.

&~ For reference information about each of the utilities in your SQL
Anywhere package see the chapter "SQL Anywhere Components".

The SQL Anywhere database engine and server

36

At the core of SQL Anywhere is the database engine or database server,
which handles all requests from client applications and carries out all
manipulations of the database.

The name of the database engine or server executable depends on the
operating system, as follows:

Operating system Database Engine or Server Executable
SQL Anywhere, for DBENGS50W.EXE is a 32-bit database engine, and
Windows 3.x DBENG50S.EXE is a 16-bit database engine

provided for computers that can run Windows 3.x
only in standard mode

SQL Anywhere, for DBENGS50.EXE
operating systems other
than Windows 3.x

SQL Anywhere RTDSK50W.EXE is a 32-bit database engine, and
Desktop Runtime RTDSKS50S.EXE is a 16-bit database engine
System for Windows provided for computers that can run Windows 3.x
3.x only in standard mode. The runtime database

engines are distributable royalty-free on purchase
of the SQL Anywhere Desktop Runtime System
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Operating system Database Engine or Server Executable
SQL Anywhere RTDSKS50.EXE. The runtime database engine is
Desktop Runtime distributable royalty-free on purchase of the SQL
System, for operating Anywhere Desktop Runtime System

systems other than

Windows 3.x

SQL Anywhere DBSRV50W.EXE is a 32-bit database engine
database server for

Windows 3.x

SQL Anywhere DBSRV50.EXE, DBSRV50.NLM for the NetWare
database server, for Loadable Module and DBSERVER for QNX

operating systems other
than Windows 3.x

The SQL Anywhere Client, DBCLIENT.EXE, enables client applications to
communicate with the network database server. For Windows 3.x, the SQL
Anywhere Client executable is named DBCLIENW.EXE.

For QNX, the SQL Anywhere Client is a library named DBCLIENT, which
is loaded at run time.

The SQL Anywhere Desktop Runtime database engine

What is it?

The SQL Anywhere Desktop Runtime System contains a runtime SQL
Anywhere database engine that supports database manipulation language
(DML) SQL commands.

The runtime version of the database engine:

L

*

Is a transaction-processing database engine

Fully supports the DML subset of SQL commands, such as SELECT,
INSERT, UPDATE, and DELETE

Provides full referential integrity, including cascading updates and
deletes

Supports declared temporary tables
Allows users to be added to a database

Works with existing databases
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Runtime and
standalone
database engine
differences

38

The functions supported by the SQL Anywhere standalone database engine
that are not fully supported in the runtime database engine are as follows:

Standalone database
engine function

How it operates in the runtime database
engine

Replication

You cannot replicate data

ALTER statements

You cannot use:

¢ ALTER DBSPACE to modify the characteristics
of the main database file or extra dbspace

¢ ALTER TABLE to change table definitions

¢ ALTER PROCEDURE to change procedure
definitions

CREATE statements

You can use CREATE VARIABLE to create SQL
variables. SQL variables do not form part of the
database definition

You cannot use the following CREATE statements:

¢ CREATE DATATYPE to create user-defined data
types

CREATE DBSPACE to create new database files
CREATE INDEX to create indexes
CREATE PROCEDURE to create procedures

CREATE FUNCTION to create user-defined
functions

* & o o

¢ CREATE TABLE to create tables or temporary
tables

¢ CREATE TRIGGER to create triggers
¢ CREATE VIEW to create views

COMMENT statement

You cannot add comments to the system table

DROP statement

You cannot use the DROP statement to drop a
DATATYPE, DBSPACE, FUNCTION, INDEX,

TABLE, VIEW, PROCEDURE, or TRIGGER from
the system tables

CALL statement

You cannot invoke procedures
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Standalone database
engine function

GRANT statement

How it operates in the runtime database
engine

You can grant the special user permissions
(CONNECT, DBA, RESOURCE, GROUP,
MEMBERSHIP IN GROUP) using GRANT, but you
cannot change permissions on tables and views

REVOKE statement

You can revoke the special user permissions using
REVOKE, but you cannot change permissions on
tables and views

Triggers

Triggers will not be fired by the runtime database
engine

No transaction log

To simplify database administration, the runtime
database engine does not employ a transaction log,
Users of the runtime database engine should backup
their databases by making backup copies of their
database file itself

The database engine
options that refer to
transaction logs (-a,-f)

Not applicable to the runtime database engine

The DBBACKUP
options described in the
User's Guide that refer to
transaction logs ( -1, -t, -

X)

Not applicable to the runtime database engine

The Sybase Central database management program

Sybase Central is a graphical database management tool for Windows 95 or
for Windows NT 3.51 or later. Sybase Central is the recommended tool for
carrying out the tasks described in the following sections, including the

following:

¢ Creating and maintaining databases

Backing up databases

Working with compressed databases

L4
¢ Managing transaction log files
¢
*

Working with read-only databases
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¢ Compacting databases by unloading and reloading

SQL Anywhere administration utilities

40

&~ For a complete description of each of the utilities that come with your
SQL Anywhere package, see the chapter "SQL Anywhere Components".

You can access the administrative utilities from Sybase Central, which is
the recommended tool for managing SQL Anywhere databases, from ISQL,
or as command-line utilities.

Action

Utility

Description

Stopping a
database server

stop utility

Stops a running database server or SQL
Anywhere Client

Creating and initialization Creates a new database. If you wish to use

maintaining utility a customized sorting and comparison order

databases (collation) for a new database, you need to
use the collation utility.

Modifying erase utility Erases a database file, log file, or write file

Inspecting information Provides information about a database file

database files utility or write file

Modifying the
transaction log

transaction log
utility

Displays or changes the name of the
transaction log.

Transaction logs are a record of all changes
made to a database, and are an important
part of database backups. Transaction logs
can be translated into ASCII SQL command
file form by the log translation utility as
part of recovery from some forms of
database failure, and applied to a copy of
the database made at the time the
transaction log was started to restore the
database

Backing up backup utility Performs full or incremental online backup
databases of databases

Validating the | validation Checks the validity of all indexes on a
database utility database table, and should be used in

conjunction with backups to maintain the
integrity of information in a database
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Action Utility Description

Working with database Compresses a database file (compressed
compressed compression database files are usually 40 to 60 percent
databases utility of their original size)

uncompression | Expands a compressed file
utility Compressed databases are useful in
situations where file space is limited. The
SQL Anywhere database engine is not able
to update compressed database files
directly, however, and so compressed
databases need to be used in conjunction
with a write file created with the write file

utility.
Working with write file utility | Manages write files and provides a method
read-only of working with read-only databases.
databases

There are some situations where it is
necessary to work with databases that SQL
Anywhere cannot modify directly: read-only
databases. Database provided on CD-ROM
are a common class of read-only database.

Compressed databases are read-only
databases. If you wish to test new
applications without modifying a
production database, a write file is a useful
alternative.

All changes made to a read-only database
are made instead to a write file, leaving the
master database unchanged. The SQL
Anywhere standalone engine and network
server also produce a transaction log, which
maintains records of all changes made to
the write file. If, at a later point, you wish
to apply the changes in the write file to the
master database, you can do this by
applying the transaction log to the original
database using the log translation utility.
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Action

Utility

Description

Unloading and
reloading data

unload utility

Unloads the database. This program creates
a text command file named RELOAD.SQL.
This command file may be run from ISQL
to rebuild the database from scratch.

The size of a database file does not
decrease when rows are deleted (although
future insertions will use the space freed by
the deleted rows). You can rebuild a
database in order to reclaim the disk space
associated with deleted rows.

The REBUILD batch or command file (not
available in the Windows 3.x version of
SQL Anywhere) automates the process of
rebuilding a database.

Upgrading
databases

42

upgrade utility

Upgrades databases made using earlier
versions of SQL. Anywhere to SQL
Anywhere version 5.0 format.

& For information about upgrading
databases, see "The Upgrade utility" in the
chapter "SQL Anywhere Components".
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This part introduces you to the basics of the SQL language used to query and
modify databases. If you are already familiar with SQL, you will not need to read

this part.






CHAPTER 4
Managing Databases with Sybase Central

About this chapter This chapter introduces the Sybase Central database management tool and
is a brief introduction to how Sybase Central can be used for managing
database properties.

Detailed instructions on using Sybase Central are available in the Sybase
Central online Help. The online Help is arranged as a set of how to windows
leading you step by step through database management tasks. In addition,
context sensitive Help is available to explain the different interface

elements.

Contents

Topic Page
Sybase Central and database management 46
Navigating the main Sybase Central window 47
Adding a table to a database 52
Viewing and editing procedures 57
Managing users and groups 60
Backing up a database using Sybase Central 63
Using the Sybase Central online help 65

Before you begin Sybase Central requires Windows 95, or Windows NT 3.51 or later.
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Sybase Central and database management

Sybase Central is a database management tool that exposes SQL Anywhere
database settings, properties, and utilities in a graphical user interface.

Database administration tasks typically fall into two categories:
¢ Tasks carried out by sending SQL statements to the database engine.

¢ Tasks carried out by SQL Anywhere utilities.

Sybase Central provides an easy-to-use interface for both kinds of tasks.

Using Windows 95 For users with access to Windows 95 or NT, Sybase Central will make your
or NT database administration tasks easier and more efficient.
Other systems For SQL Anywhere users not running Windows 95 or Windows NT 3.5.1 or

later, all the tasks you can carry out with Sybase Central can be carried out
using ISQL to send SQL statements to the database engine or server, and
using the command-line versions of the SQL Anywhere utilities.

& For more information about SQL Anywhere utilities, see the chapter
"SQL Anywhere Components".
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Navigating the main Sybase Central window

This tutorial introduces the Sybase Central user interface. It also describes
how to start Sybase Central, how to connect to a database, and how to view
a database schema in Sybase Central.

After completing the tutorial you should feel comfortable exploring Sybase
Central's capabilities by yourself.

Start Sybase Central

¢ To start Sybase Central in Windows 95 or Windows NT 4.0, select
Start»Programs» SQL Anywhere» Sybase Central.

¢ To start Sybase Central from Windows NT prior to Version 4.0, double-
click Sybase Central in the SQL Anywhere Program Manager group.

The main Sybase Central window appears.

/8 SOL Central

50L Cantral

& ¥ Sybase SQOL Anywhere : Sybase SQL Anywhere
58 Utilities

The Sybase Central window is modeled after the Explorer in Windows 95
and Windows NT 4.0. The main window is split into two vertically-aligned
panels. The left panel displays a hierarchical view of database objects or
containers in a tree-like structure. A container is a database object that can
hold other database objects, including other containers. Sybase Central is at
the root of the tree. Plug-ins for Sybase Central, such as the Sybase SQL
Anywhere database management system, occupy the first level after the root
level.

The right panel displays the contents of the container that has been selected
in the left panel. The contents of a container can be viewed in the right
panel in several ways: as large icons, small icons, as a list, and alongside
their associated details. You can switch between these views by clicking the
buttons on the Tool Bar immediately below the Window menu.
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Connecting to a database from Sybase Central

This section describes how to connect to the sample database using the user
ID DBA and the password SQL.

Logging on

The sample database contains the user ID "DBA", a user with full
administration and resource creation rights. The password for this user is
llSQLH.

By default, all newly-created SQL Anywhere databases contain this user
ID and password. It is the responsibility of the database administrator to
provide the desired level of security by changing passwords and creating
other user IDs.

+ To connect to the sample database:

1 Start the sample database (SADEMO.DB) by selecting the Standalone
Sample Database menu item from the Sybase SQL Anywhere 5.0 menu.
Select Start>Programs>SQL Anywhere 5.0>Standalone Sample
Database.

The SQL Anywhere engine and sample database must be running for
any of the following steps to work properly.

2 From the same Sybase SQL Anywhere 5.0 menu, start Sybase Central
by clicking the Sybase Central menu item.
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You can save connection parameters as connection profiles to avoid
retyping often-used connection parameters. For information about
connection profiles, search the Sybase Central online help index for
"Connection Profiles".

Viewing a database schema

Expanding a
database container

A database schema is the collection of all objects in the database. Sybase
Central displays a database schema as a hierarchy of containers and their
contents. This section describes how to view the schema of a database.

There are a variety of methods for viewing the objects in a database,
including the following.

*

Click a container in the left panel to select that container. The right
panel then shows the contents of the selected container. Among the
contents of the server container are all the databases you've attached to,
including ones you have not yet connected to by entering a user ID and
password.

Click once on the plus or minus sign next to containers in the left panel
to expand or collapse the hierarchical tree of objects. This allows you to
view database objects at levels below the level of the currently selected
container. If no plus or minus sign appears next to a container it
contains no objects extending beyond the level of that container.

Press the plus or minus keys on the numeric keypad when the selected
container has a plus or minus sign beside it. This expands or contracts
the container.

SQL Central
# Sybase SQOL Anywhere

&4 Utilities contact DBA
customer DBA
department DBA

mployee DBA

fin_code DBA

_data DBA

roduct DBA

o sales_order DBA
-0 Users & Groups sales_order_items DBA

. User-defined Data Types
4 SQL Remote

DB Spaces

“-f3 Connected Users
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Navigating the main Sybase Central window

The left panel displays container objects only. The right panel displays the
contents of the container object selected in the left panel.

Viewing the tables The following illustrates the steps taken to examine the contents of a table

in a database folder in a database container.

< To examine the tables in a database:

Viewing database
object properties

50

1

Select the Tables folder. You may have to expand the server and
database objects in the hierarchical tree in the left panel in order to
view the Tables folder.

Each table in the Tables folder is itself a container. Select a table in the
left panel to reveal the contents of that table in the right panel. Each
table object contains folders for columns, foreign keys, relations,
indexes, and triggers.

| Referenced By -

saL etal

{3 Referenced By
ﬁ SQL Central
i ? Sybase SQL Anywhere
- Utilities
2 3 sademo
{23 Statistics

sales_order

i3 Triggers
i @2 department
employee

Expand the table object in the left panel to reveal its contents in the
hierarchical tree. Select each object in the table container by clicking on
it once in the left panel. The right panel will display the contents of the
table object selected in the left panel.

The properties of database objects such as a database or stored procedures,
can be viewed using any of the following methods. In all cases, a tabbed
dialog box called a property sheet will be displayed, revealing all editable
and non-editable properties.

¢ Using the right mouse button, click on a database schema. From the

pop-up menu choose Properties.
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While holding the Alt key, double-click database schema in the right
panel.

With a database schema selected in the right panel, press the Alt and
Enter keys simultaneously.

With a database object selected in either the left or right panel, choose
Properties from the File menu.

You can navigate a database by clicking or double-clicking in either panel.
Explore the contents of the other folders in the database. Every SQL
Anywhere database contains individual folders for the following:

¢

*

L4
*

.

Tables Base tables stored in the database.

Views Computed tables, stored in the database as a query and
evaluated when accessed.

Procedures & Functions for using a module-based language
consisting of SQL procedures.

User & Groups for administering who is permitted to use the
database.

User-defined Data Types for creating non-standard data types.
SQL Remote for administering replication of data in the database.

DB Spaces for creating more than one .DB file for the database.

You should explore the sample database until you are comfortable locating
database objects in the Sybase Central main window.
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Adding a table to a database

This tutorial takes you through the steps adding a table to the sample
database. This task includes adding columns to an existing table. The
tutorial covers the following interface skills:

¢ Using the table editor to add tables and columns
+ Using property sheets to add new object properties

¢ Using drag-and-drop techniques to add new objects

To add a table to your database you define the name and properties of your
table its columns using a tool called the table editor. The table editor
displays the table columns and their properties in a spreadsheet-like grid.
When these definitions are saved, the table is created.

Create a table and adding columns in Sybase Central

52

Tables are added or edited using the table editor, which displays column
properties in a grid: column properties are displayed along the top of the
grid while the columns are identified by rows, one for every column in the
table.

In this tutorial we create a table in the sample database. The new table will
describe different offices for the sample database.

< To create a table and columns:

1 Select the Tables folder in the left panel. This can be done by first
expanding the server and database containers, then clicking on the
Tables folder.

2 Double-click the Add Tables object in the right panel, causing the Table
Editor to appear.
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3 Type the new table name in the Name text box in the upper left corner
of the table editor. In this case, use the name office.

4 Click in the Column Name column of the first row to enter the name of
the first column in the table. Use the name office_id.

5 Under the Data Type column choose smallint from the drop down list of
standard data types.

6 Do not make any entries under the Size/Precision, Scale and Comments
columns. Ensure the entry under the Allow Nulls column is left
unchecked so this column can later be used as a primary key.

7 Click the Advanced Table Properties button on the toolbar and enter the
comment "Company offices" in the Comment text box. Comments are
an optional property.

8  Finish creating the table by clicking the Save and Close toolbar button.
The table editor disappears and the office table is added as another table
in the Tables folder. It can be viewed in the right panel by selecting the
Tables folder in the left panel.

The following section describes how to edit an existing column and add a
primary key to the table using the table editor.

Editing existing tables using the table editor

This section describes how to edit an existing table. The following steps will
add a primary key to a table created in the previous section named office.
This will be accomplished by turning a column named office_id into a
primary key. This column holds a numerical ID for each office.

< To edit an existing table using the table editor:

1 In the left panel, select the office table. You may have to expand the
server, database and the Tables containers to view the office table.

53



Adding a table to a database

[\

7

Using the right mouse button, click on the selected office table to
display the pop-up menu for the table object and select the Edit
Columns menu item (the same menu item is also available under File
menu on the menu bar). This causes the table editor to appear,
displaying one row for every column in the table.

Click once on the office_id row, under the Key column. The icon
changes to show the column named office_id is now also the primary
key for the table named office.

Primary key conditions

If a check box appears under Allow Nulls column, or if duplicate
values are stored in the office_id column, the column cannot be
changed to a primary key.

Click the Save toolbar button to commit the changes to the office table.
Pausing the mouse above a toolbar button causes a ToolTip to appear to
more easily identify toolbar buttons.

Click the Add Column toolbar button to create another row in the table
editor grid. This adds another column in the office table.

Edit the properties of the new column so that it's name is office_name,
its type is char, its size is 20 and its value can be equal to null.

Table office - SQL Central

Click the Save and Close toolbar button to commit the changes and
close the table editor.

The column is now present in the database, although it has no data. Sybase
Central does not include facilities for data entry.
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Dragging a column to a new table using Sybase Central

Notes

7
0.0

This section describes how to add a column to the office table created in a
previous section to hold the address of each office. The customer table in the
same sample database already has an address column, which can be copied
and added to the office table. These steps will copy the attributes, including
the name, of a column in one table to another table, but will not copy data
from one table to another.

To drag a column to a table:

1

In the left panel, click and expand the customer table to expose the
Columns folder. You may have to expand the database container and
the Tables folder to do this.

Select the Columns folder. The right panel will adjust to display the
columns in the customer table.

Click the address column in the right panel, and drag it to the office
table in the left panel. The Copy Column Definition window is
displayed.

Click OK to add the column to the office table. It will have the same
attributes as the address column of the customer table but will contain
no data.

To see the new column, select and expand the office table in the left
panel, then select the Columns folder. The right panel will display the
columns of the office table. The newly-added address column should be
visible in the right panel.

To see the attributes of the address column, double-click the address
column in the right panel. The address properties sheet appears.

Change the name of the column to office_address by typing this in the
Name text box. This modification applies to the address column of the
office table only. Once a column has been copied there is no longer any
connection between the original column and the new column.

Drag and drop is available for several kinds of database management
task. For example, you can add users to user groups by dragging, or
drag a table to another table to create a foreign key relationship. For a
complete list of drag-and-drop operations, look up drag and drop
summary in the Sybase Central online help.
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¢ Add Object icons are used to add other objects besides tables to a
database. Stored procedures, triggers, indexes, users, user groups, and
columns are among the database objects that you can add with an Add
Object icon.

Deleting tables using Sybase Central

Tables can be deleted, or dropped, from a database. The office table created
in a previous section can be dropped from the sample database, restoring the
database to its original state.

< To delete the office table from the sample database:
1  Using the right mouse button, click the office table.

2 Select Delete from the pop-up menu.
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Viewing and editing procedures

Stored procedures are kept in a folder within the database container object.
This tutorial shows how to view and alter the contents of a procedure, and
how to create new procedures using the Sybase Central code editor.

The Sybase Central code editor is a separate window for displaying and
editing the code of triggers, procedures, and views.

Beyond text-editing functions, it provides:

¢

.
*
.
.

Automatic syntax highlighting.

Automatic formulation of DDL statements.

Unlimited Undo and Redo.

Ability to find and replace text, and to jump to specific line numbers.

Ability to execute the DDL code against the database.

Viewing stored procedure code with Sybase Central

There are several stored procedures included in the sample database. The
following steps explain how to view and edit stored procedures.

< To view the contents of a procedure:
1

3

Select the Procedures & Functions folder from the sample database in

the left panel. You may have to expand the database container to do
this.

In the right panel, double-click sp_customer_list in the right panel. The
Sybase Central code editor appears, displaying the text of the
procedure.

cumeOL SQL Cent

alter procedure
i sp_customer_list()
| result(id integer, company_name char(35))
| begin
select id,company_name from customer
{ end

A call to this procedure returns a set of customer IDs and company
names from the Customer table.
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Viewing
procedures in
Watcom-SQL or
Transact-SQL

Notes

Setting
permissions on
procedures
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SQL Anywhere supports two alternative syntaxes for stored procedures. The
native SQL Anywhere syntax (Watcom-SQL) is based on the ISO draft
standard. SQL Anywhere also supports the Sybase Transact-SQL syntax.
You can enter procedures in either syntax, and SQL Anywhere can
automatically translate between the two syntaxes.

Not all procedure statements may translate. Untranslated statements appear
as comments in the translated procedure.

To view the alternative syntaxes of a procedure:

1  With the right mouse button, click on the sp_customer_list procedure.
A pop-up menu appears.

2 Click Open to view the procedure in the syntax in which it was entered.
This is the syntax in which the procedure is stored in the database.

3 Click Open as Watcom-SQL to view the procedure in Watcom-SQL
syntax.

4 Click Open as Transact-SQL to view the procedure in Transact-SQL
syntax.

¢ The Sybase Central code editor is used to display and create views and
triggers as well as stored procedures.

Stored procedures have permissions associated with them. In order to
execute a procedure you either need to be granted permission to execute a
procedure, or you need to be a member of a user group that has permission
to execute the procedure.

+ To view and alter the permissions on a procedure:

1  Using the right mouse button, click on the sp_customer_list procedure.
A pop-up menu appears.

2 Select Properties from this menu. The properties sheet for
sp_customer_list appears.

3 Click the Permissions tab to see which user IDs have been granted
permissions on this procedure. Currently none do, as the only user for
the sample database is DBA, who automatically has execute
permissions as owner of the procedure.
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sp_customer_|

Grant Permission

Click the Grant Permissions button tab to grant users or groups
permission to execute this procedure. Grant permission to execute this
procedure to the Public user group by selecting the Public user group
icon and clicking the Grant Permission button.

Click the OK button to accept the changes to the sp_customer_list
permissions or Cancel to undo the changes.
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Managing users and groups

In SQL Anywhere, both users and groups are objects within the database.
However, groups are also containers, capable of containing users (making
users a member of that group) and other groups.

In this structure, permissions granted to a group are inherited by those users
and groups which have membership in the group. SQL Anywhere allows
you to create users and groups permitted to use a database and grant
membership to groups.

This tutorial demonstrates how to create a group for the database, create an
individual user, and make the user a member of the group.

Adding a group to the database

In this section we add a sales group to the sample database.

+ To add a group to a database:

1  Select the Users & Groups folder in the left panel. You may need to
expand the sample database container in the left panel to do this.

2 Double-click Add Group in the right panel. The New Group wizard
appears.

3 Type the name Sales in the top text box. This is the name of the user
group.

4  Enter a password (for example, Sales), confirm it by entering it again,
and click Next to show the following page of the wizard.
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6

Check the Resource authorities option, and uncheck the DBA and
Remote DBA option, for this group. Then click Next to show the
following page of the wizard.

Click Finish to create the new group.

The sales group appears in both panels. Groups are container objects, and so
appear in the left panel.

Adding a user to the database

This section describes how to add a user to a database.

+ To add a new user to the sample database:

1

2

Select the Users & Groups folder in the left panel. You may need to
expand the sample database container in the left panel to do this.

Double-click Add User in the right panel. The new user wizard appears.

Create a New User

Type the name Sandy in the top text box. This is the user ID for the
new user.

Type a password, and confirm it by retyping it. For example, you could
use the password Sandy. Click OK to confirm the entries.

Follow the instructions to complete the wizard choosing the default
options.

An icon appears in the right panel, showing the new user. There is no
icon in the left panel, as individual user ID's are not containers.
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Adding a user to a group

Restoring the
sample database
to its original state
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Sybase Central provides two ways to add a user to a group. You can use the
individual user's Properties sheet, which has a Membership tab. Or you can
use a drag and drop method.

In this section we add two users to a group using drag and drop.

To add users to a group:

1  Ensure that the Sales group is shown in the left panel and that the users
DBA and Sandy are shown in the right panel. You may need to select
the Users & Groups folder to do this.

Click Sandy to select this user.
While holding down the Ctrl key, click DBA to select this user as well.

Click and drag the users to the Sales group in the left or right panel.

wn h WN

Select the Sales group in the left panel to show its members.

To restore the database to its original state, you can delete the Sales group
and the user Sandy. For each of the two icons:

1  Using the right mouse button, click the icon.

2 Select Delete from the pop-up menu.
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Backing up a database using Sybase Central

Sybase Central includes a set of database utilities for carrying out common
database administration tasks. Wizards are provided to help carry out the
task step-by-step.

To see all the database utilities provided with Sybase Central, click the
Database Ultilities folder at the top of the left panel. A list of the utilities
appears in the right panel.

Fg SOL Central
= F Sybase SQL Anywhere

Create Database

Upgrade Database

Backup Database

%% Compress Database

% Uncompress Database

148 Create Wiite File

Translate Log

% Change Log File Information

5 Validate Database
Erase Database
1SaL

{3 Connected Users

Some of the utilities are used on database files, while others can be used
with running databases. Those utilities that can be used on a running
database are shown on a pop-up menu by right mouse clicking on the
database icon. In this lesson, we back up the sample database.

« To back up a running database

1 Using the right mouse button, click the sample database and select
Backup from the pop-up menu. The Backup Wizard appears.

2 You do not need to alter anything on the first page of the wizard. Click
Next to move to the second page.
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3 You should already have the user ID DBA filled in, together with the
password. Click Next to move to the next page of the wizard.

4  Type a directory in the text box indicating where you wish to back up
the database to. As this is a tutorial only, you may wish to choose a
temporary file directory such as CATEMP.

5 Check the Main Database File and Transaction Log File options, and
uncheck the Database Write File option. Then click Next to take you to
the next page of the Wizard.

6  Select the bottom option button from the three options presented, and
click Next to take you to the next page of the Wizard.

7  Review the choices you have made, and click Finish to back up the
database. A window displays the progress of the backup.

Wizards are available for several other database administration tasks. You
may wish to try creating a database by selecting the Database Ultilities folder
in the left panel and then double-clicking the Create Database tool in the
right panel.
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Using the Sybase Central online help

The main documentation for Sybase Central is available as online help
separate from the SQL. Anywhere User's Manual. This tutorial introduces
you to the Sybase Central online help.

The online help is presented as a set of topics. You can find topics about a
subject of interest using the Contents, the Index, or by searching the text of
the online Help.

Using the online help Contents

Notes

+ To see the Sybase Central online help contents:

1

Select Help Topics from the Sybase Central Help menu. The Sybase
Central online help Help Topics window appears.

The Help Topics window has three tabs: Contents, Index, and Find.
Click the Contents tab.

Q Connecting to a Database
@ Using the Main Window
[ 3 Managing Servers

The online help Contents are displayed as a set of books. To open a book,
click the book and click Open. The following example illustrates the
organization of the help topics.

To find out how to add a group:

1

With the Contents tab showing on the Help Topics window, click
Managing Users & Groups to open the book.

Click Creating A New User Or Group to display the topic.

Many topics have a Related Topics link at the end of the topic, which
can take you to related topics in the Sybase Central online help and in
the online version of this book.

You can use the Browse buttons (with arrows) to take you back and
forward through related topics.
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¢ You can configure some aspects of the appearance of the online help by
clicking Options.

You should spend some time browsing through the Contents window to
familiarize yourself with the online help organization.

Using the online help Index

The Index provides an alternative way to search for information in the
online Help. This section shows how to find information about creating
users using the index.

+ To find a topic using the Index:
1 Open the Help Topics window, and click the Index tab.

2 Type "users" in the box numbered 1. In box 2, the Users & Groups
index entry is highlighted.

3 The index is a two-level index. Click Creating under Users & Groups,
and click Display to show the topic.

Notes If there is more than one topic indexed under the entry you display, a list of
topics is displayed.

Searching the text of the online help

If you cannot find the information you are looking for using the Contents or
the Index, you may want to try searching the text of the online Help.

< To find a topic by searching text:
1  Open the Help Topics window, and click the Find tab.

2 When you have built your word list, type "user" in the box numbered 1.
As you type, a list of matching words is shown in the box numbered 2.

3 Click user in box 2.

4 Click Creating A New User Or Group in the topic list in box number 3,
and click Display to show the topic.
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CHAPTER 5

Using ISQL

About this chapter This chapter discusses how to run ISQL (Interactive SQL) under Microsoft
Windows, Microsoft Windows NT, or IBM OS/2. Ideally, you should run
the software on your computer as you work through this chapter.

This chapter presents the various facilities offered by the ISQL
environment. The chapter "Selecting Data from Database Tables" starts an
in-depth tutorial of the SQL language and the SQL Anywhere database
engine.
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The SQL Anywhere program group

The SQL Anywhere program group

68

After the software is installed, you will have a SQL Anywhere program
group, containing icons for the components of the SQL Anywhere software
(the SQL Anywhere client installation gives a subset of these icons). The
program group for Windows 95 is displayed in the figure:

Sybase SQL Anywhere 5.0

AL, s?'
Standalone  Server Sample 1SAL Sybase 50L

Sample D atabase Anpwhere
Database o Manual

| Client Sample ~~ ODBC Uningtall 1
Administrator '
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Starting SQL Anywhere

Start the database engine on the sample database by double clicking on the
SQL Anywhere icon labeled Standalone Sample Database.

The SQL Anywhere window appears displaying some startup information.
After a few seconds, the window automatically reduces to an icon on the
bottom of the screen.

Once the database engine is running, start ISQL by double clicking on the
ISQL icon. The ISQL window appears.
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Connecting to the sample database from ISQL
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When you start ISQL, it is not connected to any database. When a database
is running, ISQL displays the SQL Anywhere Log On window.

1 You must enter a number of connection parameters in the Connection
window.

¢ UserID For the sample database, use the user ID dba.

¢ Password The password for the dba user ID is sql.

Connect

The password does not appear when you type it. This prevents
someone else from seeing your password

¢ The connect dialog contains a button labeled More>>. Click
More>> to reveal a larger dialog box which contains more options
for connecting to databases. These options are not needed for
connecting to a database when only one database is running. (For
the purposes of this tutorial, the options revealed by clicking More
are not needed).

2 After entering the user ID and password, press ENTER (or click OK) to
connect to the sample database.

If you have made typing mistakes or the sample database is not found, an
error message appears. You can use the tab key to move to the field in error
and correct the problem using the cursor keys and the backspace key.

After connecting to the database, ISQL displays the database name, user ID,
and server name for the connection on the title bar.
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Accessing Help from ISQL

Help is available by pressing the F1 key, or by choosing Help» Help from the
menu bar. The Help system can also be activated with the HELP command.
The Help files contain help on many topics—most of this manual is
contained in the Help files.

&> For more information on using Help, choose Help» Using Help from the
menu bar.
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The ISQL command window

72

The Command window appears at the bottom of the ISQL screen. It is a
standard edit control for typing ISQL commands. If more lines are typed
than will fit in this window, the window automatically scrolls. You can
scroll the window using the cursor keys or the scroll bar on the right side of
the window. This window can also be made larger and maximized to full
screen size in the standard Windows or OS/2 fashion.

Commands are executed by pressing the execute key (F9) or you can click
the Execute button.

Multiple commands can be entered at once by separating them with
semicolons. Commands can be stored to an ASCII file or loaded from an
ASCII file by choosing File»Save or Open from the menu bar.
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Leaving ISQL

When you have finished working with ISQL, the EXIT command returns
you to the operating system (or choose File» Exit from the menu bar). You
can then stop the database engine by clicking on the SQL Anywhere icon
and selecting the Close menu item.

If you leave ISQL now, you will have to restart ISQL to continue with the
tutorial.
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Displaying data in ISQL

Notes
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One of the principal uses of ISQL is to look at information in databases.

The database used in this tutorial is for a fictional company. The sample
database contains information about employees, departments, sales orders,
and so on.

All this information is organized into a number of tables, consisting of
rows and columns.

You display information from a database using the SELECT statement. The
following example shows the command to type in the ISQL command
window. Once you have typed the command, you must click Execute to
carry out the command. The example displays the first several columns and
rows of the results of the query, which are displayed in the ISQL data
window. The format is used throughout this manual.

To list all the columns and rows of the employee table:

¢ Type the following:

SELECT *
FROM employee

emp_id manager_id emp_Iname emp_fname
102 501 Fran Whitney

105 501 Matthew Cobb

129 902 Philip Chin

148 1293 Julie Jordan

160 501 Robert Breault

¢ SQL statements are case insensitive. SELECT is the same as select is
the same as Select. In the examples, SQL keywords are shown in upper
case, but you do not have to type them in upper case.

¢ SQL statements can be typed on more than one line. You can type the
statements all on one line, or break them over several lines as you wish.
Some SQL statements, such as the SELECT statement, consist of
several parts, called clauses. In many examples, each clause is placed
on a separate line, but you do not have to type them this way.
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The ISQL Data window displays a set of rows and columns containing
information about the employees. Each row contains information about one
employee, and each column contains a particular piece of information for all
employees.

Scrolling the data window

Viewing other
columns

Viewing other rows

When you type the command

SELECT * FROM employee

in the ISQL command window, the visible portion of the ISQL data window
cannot hold the entire employee table.

The visible portion of the data window does not display all the information
about each employee, and does not display the entire list of employees.

To see more information about each employee (that is, other columns) you
use the scroll bar at the bottom of the data window. This is a standard
Windows or OS/2 scroll bar.

To see more information on other employees (that is, other rows), use the
scroll bar to the right of the data window. The employee table in the sample
database has information on about 75 employees.

Sometimes, the vertical scroll bar behaves slightly differently than standard
scroll bars, as the number of rows in the result may be unknown. In this
case, a guess as to the number of rows is used. If ISQL determines that its
guess is wrong, the guess is adjusted and the slider "jumps".

75



Command recall in ISQL

Command recall in ISQL

More recall keys
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Let's execute another command.

1 Type the following:
SELECT * FROM department

2 Press F9.

The contents of the department database table are displayed in the Data
window. As you execute commands with ISQL, they are saved in a
command history. To recall commands, choose Command» Recall from the
menu bar. This activates the command recall window.

mmand Recall

The command recall window displays the first line of the last 15 commands
executed. Use the cursor up and down keys to scroll through the commands.

Position the cursor on the first command that you executed, which was:

SELECT *
FROM employee

and press the ENTER key. The cursor returns to the command window with
the selected command in it. You can now re-execute that command or
modify it to make a new command.

The following keys can also be used to recall previous commands:
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Key sequence

Description

CTRL+R

CTRLA+P

CTRL+N

Brings up the command recall window

Cycles backwards through previously executed
commands. Retrieved commands are placed into the
command window

Cycles forward through previously executed commands
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Function keys

ISQL uses some function keys and special keys as follows:

Function key Description

Fl Help

F5 Move data to the left by one column in the data window

SHIFT+F5 Move data to the left by one character

F6 Move data to the right by one column

SHIFT+F6 Move data to the right by one character

F7 Display a list of the tables in the database. The cursor up
and down keys can be used to scroll through the table names
changing the highlighted table name. With the list displayed,
pressing ENTER will insert the current table name into the
command window at the cursor position. The F7 key can be
used while the table list is displayed, and a list of columns
will be displayed for the highlighted table. Again, ENTER can
be used to select the highlighted column name and put it
into the command window at the cursor position.

F9 Execute the command that is in the command window. This
operation can also be performed with the mouse by clicking
Execute.

F10 Activate the menus

PGUP Move data up a page

PGDN Move data down a page

CTRL+PGUP Move to top of data

CTRL+PGDN Move to bottom of data
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Canceling an ISQL command

Reported errors

The Stop button is used to cancel a command.

A Stop operation stops current processing and prompts for the next
command. If a command file was being processed, you are prompted for an
action to take (Stop command file, Continue, or Exit ISQL). These actions
can be controlled with the ISQL ON_ERROR option (see "SET OPTION
statement” in the chapter "Watcom-SQL Statements").

When an abort is detected, one of three different errors will be reported
depending upon when the abort is detected.

1

If the abort is detected when ISQL is processing the request (as opposed
to the database engine), then the following message is displayed:

ISQL command terminated by user
stops processing immediately and the database transaction is left alone.

If the abort is detected while the database engine is processing a data
definition command (CREATE, DROP, ALTER, etc.), the following
message appears:

Terminated by user -- transaction rolled back

Since data definition commands all perform a COMMIT automatically
before the command starts, the effect of the ROLLBACK is to just
cancel the current command.

This message also occurs when the database engine is running in bulk
operations mode executing a command that modifies the database
(INSERT, UPDATE, and DELETE). In this case, ROLLBACK cancels
not only the current command, but everything that has been done since
the last COMMIT. In some cases, it may take a considerable amount of
time for the database engine to perform the automatic ROLLBACK.

If the cancel is detected by the database engine while processing a
standard data manipulation command (SELECT, INSERT, DELETE,
etc.) and the engine is not running in bulk operations mode, then the
following message is displayed.

Statement interrupted by user.

The effects of the current command are undone, but the rest of the
transaction is left intact.
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What's next?

Once you are familiar with the basics of ISQL, you should proceed to the
chapter "Selecting Data from Database Tables" for a tutorial on the SQL
language.
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CHAPTER 6

Using Character-Mode ISQL

About this chapter This chapter discusses how to run ISQL (Interactive SQL) under those
operating systems for which a character-mode ISQL is provided: DOS,
QNX, or NetWare.

You should actually run the software on your computer as you work through
this chapter. This chapter presents the various facilities offered by the ISQL

environment.
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What next? 97
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DOS: First, you should be in the subdirectory containing the SQL Anywhere
software. This directory is chosen at installation time (usually
C:\SQLANYS50). The commands

c:
cd \sglany50\dos

will get you there. The sample database, SADEMO.DB, will be located in
the parent directory (C:\SQLANYS50).

Alternatively, you may want to copy the sample database used in this
tutorial into a different working directory. The only file you need to copy is:
SADEMO.DB. In this case, you need to have SQL Anywhere in your PATH
(this is done for you at installation time).

QNX: copy or link the sample database to a working directory
You should copy the sample database to your working directory or create
a link to it. For example,

cp /usr/lib/sglany50/sample/sademo.db .
or

In /usr/lib/sglany50/sample/sademo.db .
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Starting the SQL Anywhere software

To start ISQL in DOS or QNX, type the command:
isqgl
To start ISQL on a NetWare machine, type the command:

load isqgl.nlm

This command loads ISQL.
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ISQL initially is not connected to any database. To connect, type the
command

connect
and press the Execute key.

ISQL prompts you for a number of connection parameters. These include a
user identification (user ID), password and database file Type the user ID
DBA, then press the TAB key to move to the next field.

Type in the password SQL. The password does not appear when you type it.
This prevents someone else from seeing your password.

Press the TAB key again to move to the database file field and enter
SADEMO.DB. This is the sample database that you will use in the tutorial.

Now press the ENTER key (or click the OK button using a mouse) to connect
to the database. If you have made typing mistakes or the sample database is
not found, an error message will appear. You can use the tab key to move to
the field in error and correct the problem using the cursor keys and the
backspace key.

If you have typed everything correctly, the problem could be that the
database SADEMO.DB is not in your current directory. You should return
to the beginning of this chapter, making sure that the software has been
installed correctly and that you have followed the instructions in "Tutorial
files" on page 82.

If you successfully connect to the database, the statistics window displays
the message Connected to database.
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ISQL menu selection

Throughout this book, you will be instructed to choose items from pull-
down menus. The pull-down menus are located at the top of the screen.

To illustrate their use, we will choose Help from the Help menu. :option.

+ To choose a menu item using the keyboard:
1 Press the ALT key.

2 Press the highlighted letter in the name of the menu (H). The Help
menu will "pull down".

3 Press the highlighted letter in the name of the item (H).

+ To choose a menu item using the mouse:
1 Position the mouse on the name of a pull-down menu (Help).

2 Press and release (click) the left mouse button. The Help menu will
"pull down".

3 Position the mouse on the correct item and click the left mouse button
again.

To leave the Help system, press the ESCAPE key, or click on the Cancel
button.
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Obtaining help from ISQL

Help is available by pressing the F1 key, or by choosing Help from the Help
menu. The help system can also be activated with the HELP command. The
help files contain help on many topics — most of this manual is contained
in the help files.
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The ISQL command window

The command window appears at the bottom of the screen. It has four lines
for typing ISQL commands. If more than 4 lines are typed, the window
scrolls automatically. You can scroll the window using the cursor keys or
the scroll bar on the right side of the window. This window can also be
made larger and zoomed to full screen size by choosing the appropriate item
from the Command menu.

Grow Window (CTRL+G) to grow window one line up to a maximum of
half the screen.

Shrink Window (CTRL+S) to shrink window one line down to a minimum
of 3 lines.

Zoom Window (CTRL+Z) to zoom window to full screen and back again.
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When you have finished working with ISQL, the EXIT command returns
you to the operating system (or choose Exit from the File menu). Since
ISQL started the database engine, the database engine is automatically
stopped by ISQL on exit. If you exit from ISQL, you will have to start ISQL
again to continue with the tutorial.
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Displaying data in ISQL

Notes

One of the principal uses of ISQL is to look at information in databases.

The database used in this tutorial is for a fictional company. The sample
database contains information about employees, departments, sales orders,
and so on.

All this information is organized into a number of tables, consisting of
rows and columns.

You display information from a database using the SELECT statement. The
following example shows the command to type in the ISQL command
window. Once you have typed the command, you must click Execute to
carry out the command. The example displays the first several columns and
rows of the results of the query, which are displayed in the ISQL data
window. The format is used throughout this manual.

To list all the columns and rows of the employee table:

¢ Type the following statement:

SELECT *cd2
FROM employee

emp_id manager_id emp_lname emp_fname
102 501 Fran Whitney

105 501 Matthew Cobb

129 902 Philip Chin

148 1293 Julie Jordan

160 501 Robert Breault

¢ SQL statements are case insensitive. SELECT is the same as select is
the same as Select. In the examples, SQL keywords are shown in upper
case, but you do not have to type them in upper case.

¢ SQL statements can be typed on more than one line. You can type the
statements all on one line, or break them over several lines as you wish.
Some SQL statements, such as the SELECT statement, consist of
several parts, called clauses In many examples, each clause is placed on
a separate line, but you do not have to type them this way.
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The ISQL Data window displays a set of rows and columns containing
information about the employees. Each row contains information about one
employee, and each column contains a particular piece of information for all
employees.
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Command window keys in ISQL

If you make a spelling mistake, you can correct it using the following keys:

CURSOR LEFT  moves the cursor left over top of any characters already
typed.

CURSOR RIGHT moves the cursor right.
HoOME moves the cursor to the start of the line.
END moves the cursor past the last character of the line.

INs toggles Insert mode. When Insert mode is on, the cursor is different
(usually fatter), and any characters typed will be inserted where the cursor
is, pushing characters to the right of the cursor further to the right.

DEL deletes the character at the cursor, and moves the rest of the line back
to fill the vacant position.

BACKSPACE deletes the character immediately to the left of the cursor. If
this key is pressed at the beginning of a line, it will join the current line to
the previous one.

CTRL+END erases from the cursor position to the end of the line.
ENTER moves the cursor to the beginning of the next line.

CURSOR DOWN  moves the cursor down one line. If you are on the last line
of the command window and there are more lines below the window, the
text will scroll up one line so that you can see the next line.

CURSOR Up moves the cursor up one line. If you are on the first line of
the command window and there are more lines above, the text will scroll
down one line so that you can see the previous line.

Esc clears the entire command from the command window.

SHIFT+CURSORUP, SHIFT+CURSORDOWN, SHIFT+PGUP, SHIFT+PGDN  used
to mark an area (set of lines). This can also be done by pressing the left
mouse button and holding it down while you drag the mouse over the lines
to be marked.

CTtrRL+X cuts the marked area to the edit clipboard. The lines are removed
from the current position and can be pasted back anywhere using the Ctrl+V
key combination.

CTRL+V  pastes the contents of the edit clipboard into position following
the current line.
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CTRL+C copies the marked area to the edit clipboard. This is different
than the CTRL+X key combination in that it does not delete the marked
area. There are also items in the Edit menu that can be used instead of these
key combinations.

The following keys are also useful shortcut keys, but they will only work on
newer keyboards.

ALT+INS insert a new line after the current line.
ALT+DEL delete the current line.

Commands are executed by pressing the execute key (F9). The right mouse
button also executes the current command.

Multiple commands can be entered at once by separating them with
semicolons. Commands can be stored to an ASCII file or loaded from an
ASCII file by choosing Save or Open from the File menu.
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Scrolling the data window

When you type the command
SELECT * FROM employee

in the ISQL command window, the visible portion of the ISQL data window
cannot hold the entire employee table.

The visible portion of the data window does not display ail the information
about each employee, and does not display the entire list of employees.

To see more information about each employee (that is, other columns) you
use the move left and move right operations. These operations can be done
by choosing Left and Right from the Data menu. If your computer has a
mouse, you can also move right by using the scroll bar at the bottom of the
data window.

The employee table in the sample database has information on 75
employees. To see more information on other employees (that is, other
rows), use the PAGE DOWN and PAGE Up keys. Try pressing the PAGE DOWN
key, and observe that a new screen full of employees is shown. Continue
pressing PAGE DOWN. and eventually the screen contains only the column
names with no rows. Pressing PAGE UP. at this point will bring back the last
screen full of employees in the employee table.

If your computer has a mouse, you can also move the information up and
down using the scroll bar on the right side of the screen. Sometimes, this
scroll bar behaves slightly differently than standard scroll bars when the
number of rows in the result is unknown. In this case, a guess as to the
number of rows is used. When ISQL determines that the guess is wrong, it
will be adjusted and the slider "jumps".

The Data menu contains items for moving up and down a line. It also has
items for going to the top and bottom of the query. These actions can also be
performed with CTRL+PAGE DOwN and CTRL+PAGE Up. CTRL + PAGEG
DowN is actually two keys; hold down the CTRL key and press the PAGE
DownN key. When you do this, ISQL displays the last screen of employees in
the employee table. Similarly, CTRL+PAGE Up will display the first screen of
employees. You can move back to the original position by using
CTRL+PAGE UP and then pressing the Left Arrow key until the emp_id
column appears.
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Let's execute another command. Type the following and then press &doit.:

SELECT *
FROM department

The contents of the department database table are displayed in the Data
window. As you execute commands with ISQL, they are saved in a
command history. To recall commands, choose Recall from the Command
menu. This activates the command recall window. The window displays the
first line of the last 15 commands that you have executed. Use the cursor up
and down keys to scroll through the commands. As you do so, the full
command appears in the command window at the bottom of the screen.

Position the cursor on the first command that you executed, which was:

SELECT *
FROM employee

Now press the ENTER key. The cursor will return to the command window
with that command in it. You can now re-execute that command or you can
modify it to make a new command.

The following keys can also be used to recall previous commands:
CTRLA+R bring up the command recall window.

CTRL+P cycles backwards through previously executed commands.
Retrieved commands are placed into the command window.

CTRL+N cycles forward through previously executed commands.
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Function keys

ISQL uses some function keys and special keys as follows:

F1 Help.

F5 Move data to the left by one column in the data window.
Shift+F5 Move data to the left by one character.

F6 Move data to the right by one column.

Shift+F6 Move data to the right by one character.

F7 Display a list of the tables in the database. The cursor up and down
keys can be used to scroll through the table names changing the highlighted
table name. With the list displayed, pressing &enter. will insert the current
table name into the command window at the cursor position. The
:key.F7:ekey. key can be used while the table list is displayed, and a list of
columns will be displayed for the highlighted table. Again, &enter. can be
used to select the highlighted column name and put it into the command
window at the cursor position.

F9 Execute the command that is in the command window. This operation
can also be performed with the mouse by pressing the right mouse button or
clicking Execute.

F10 Activate the menus.

PgUp Move data up a page.

PgDn Move data down a page.
Ctri+PgUp Move to top of data.
Ctrl+PgDn Move to bottom of data.
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The CTRL+BREAK combination is used to abort a command.

A Stop operation stops current processing and prompts for the next
command. If a command file was being processed, you are prompted for an
action to take (Stop command file, Continue, or Exit ISQL). These actions
can be controlled with the ISQL ON_ERROR option.

&~ For more information on ISQL options, see "SET OPTION statement"
in the chapter "Watcom-SQL Statements".

When an abort is detected, one of three different errors will be reported
depending upon when the abort is detected.

1  If the abort is detected when ISQL is processing the request (as opposed
to the database engine), then the following message is displayed:

ISQL command terminated by user

2 ISQL stops processing immediately and the database transaction is left
alone.

3 If the abort is detected while the database engine is processing a data
definition command (CREATE, DROP, ALTER, etc.), the following
message is displayed: Terminated by user—transaction rolled back
Since data definition commands all perform a COMMIT automatically
before the command starts, the effect of the ROLLBACK is to just
cancel the current command.

4  This message also occurs when the database engine is running in bulk
operations mode executing a command that modifies the database
(INSERT, UPDATE, and DELETE). In this case, ROLLBACK cancels
not only the current command, but everything that has been done since
the last COMMIT. In some cases, it may take a considerable amount of
time for the database engine to perform the automatic ROLLBACK.

5 If the abort is detected by the database engine while processing a
standard data manipulation command (SELECT, INSERT, DELETE,
etc.) and the engine is not running in bulk operations mode, then the
following message is displayed. Statement interrupted by user The
effects of the current command are undone, but the rest of the
transaction is left intact.
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What next?

Once you are familiar with the basics of ISQL, you should proceed to
"Selecting Data from Database Tables" for a tutorial on the SQL language.
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CHAPTER 7
Selecting Data from Database Tables

About this chapter This tutorial introduces the SELECT statement, the statement you use to
retrieve information from databases. SELECT statements are commonly
called queries, because they ask the database engine about the information
in a database.

Contents Topic Page
Looking at the information in a table 101
Ordering query results 103
Selecting columns from a table 104
Selecting rows from a table 105
Comparing dates in queries 106
Compound search conditions in the WHERE clause 107
Pattern matching in search conditions 108
Matching rows by sound 109
Short cuts for typing search conditions 110

Before you begin the tutorial

The SELECT statement is a versatile command. SELECT statements can
become highly complex in applications retrieving very specific
information from large databases. This tutorial uses only simple SELECT
statements: more advanced queries are described in later tutorials.

&> For more information about the full syntax of the select statement,
see "SELECT statement" in the chapter "Watcom-SQL Statements".

Notes Ideally, you should be running the SQL Anywhere software on your
computer while you read and work through the tutorial lessons.
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Each lesson instructs you to type commands into the computer and describes
what you will see on your computer screen. If you cannot run the software as
you read the tutorials, you will still be able to learn about SQL but you will
not have the opportunity to experiment on your own.

This tutorial assumes that you have already started ISQL and connected to
the sample database. If you have not already done so, see the chapter
"Using ISQL" or "Using Character-Mode ISQL".
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Looking at the information in a table

The database you use in this tutorial is for a fictional company. The
database contains information about employees, departments, sales orders,
and so on. All the information is organized into a number of tables.

Using the SELECT
statement

In this lesson, you look at one of the tables in the database. The command
used will look at everything in a table called employee. Execute the
command:

SELECT * FROM Employee

Case sensitivity The table name employee is shown starting with an upper case E, even
though the real table name is all lower case. SQL Anywhere databases can
be created as case-sensitive or case-sensitive in their string comparisons, but
are always case insensitive in their use of identifiers. For information on
creating databases, see the chapter "Initializing a database" in the chapter
"Working with Database Objects", or the description of the DBINIT

command in the chapter "SQL Anywhere Components".

You can type select or Select instead of SELECT. SQL Anywhere allows
you to type keywords in uppercase, lowercase, or any combination of the
two. In this manual, uppercase letters are generally used for SQL keywords.

The SELECT statement retrieves all the rows and columns of the employee
table, and the ISQL Data window lists those that will fit:

emp_id | manager_id emp_fname emp_Iname | dept_id
102 501 Fran Whitney 100
105 501 Matthew Cobb 100
129 902 Philip Chin 200
148 1293 Julie Jordan 300
160 501 Robert Breault 100

You will also see some information in the ISQL statistics window. This
information is explained later.

The employee table contains a number of rows organized into columns.
Each column has a name, such as emp_lname or emp_id. There is a row
for each employee of the company, and each row has a value in each
column. For example, the employee with employee ID 102 is Fran Whitney,
whose manager is employee ID 501.

Manipulation of the ISQL environment is specific to the operating system
you are running in.
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&>~ For information on how to scroll the data and manipulate the ISQL
environment, see the chapter "Using ISQL" or "Using Character-Mode
ISQL".
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Ordering query results

Notes

®
%

Unless otherwise requested, SQL Anywhere displays the rows of a table in
no particular order. Often it is useful to look at the rows in a table in a more
meaningful sequence. For example, you might like to see employees in
alphabetical order.

The following example shows how adding an ORDER BY clause to the
SELECT statement causes the results to be retrieved in alphabetical order.

To list the employees in alphabetical order:

¢ Type the following:

SELECT * FROM employee ORDER BY emp_lname

emp_id | manager._id emp_fname emp_Ilname | dept_id
1751 1576 Alex Ahmed 400
1013 703 Joseph Barker 500
591 1576 Irene Barletta 400
191 703 Jeannette Bertrand 500
1336 1293 Janet Bigelow 300

The order of the clauses is important. The ORDER BY clause must follow

the FROM clause and the SELECT clause.
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Selecting columns from a table

Rearranging
columns

Ordering rows

104

Often, you are only interested in some of the columns in a table. For
example, to make up birthday cards for employees you might want to see the
emp_Iname, dept_id, and birth_date columns.

List the last name, department, and birthdate of each employee:

¢ Type the following:

SELECT emp_lname, dept_id, birth_date
FROM employee

emp_lname dept_id birth_date
Whitney 100 1958-06-05
Cobb 100 1960-12-04
Chin 200 1966-10-30
Jordan 300 1951-12-13
Breault 100 1947-05-13

The three columns appear in the order in which you typed them in the
SELECT command. If you want to rearrange the columns, simply change
the order of the column names in the command. For example, to put the
birth_date column on the left, use the following command:

SELECT birth_date, emp_lname , dept_id
FROM employee

You can order rows and look at only certain columns at the same time as
follows:

SELECT birth_date, emp_lname , dept_id
FROM employee
ORDER BY emp_lname

As you might have guessed, the asterisk in
SELECT * FROM employee

is a short form for all columns in the table.
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Selecting rows from a table

Apostrophes and
case-sensitivity

Notes

R
L4

Sometimes you will not want to see information on all the employees in the
employee table. Adding a WHERE clause to the SELECT statement allows
only some rows to be selected from a table.

For example, suppose you would like to look at the employees with first
name John.
List all employees named John:

¢ Type the following:

SELECT *
FROM employee
WHERE emp_fname = 'John'

emp_id | manager_id emp_fname emp_Iname | dept_id

318 1576 John Crow 400
862 501 John Sheffield 100
1483 1293 John Letiecq 300

¢ The apostrophes (single quotes) around the name 'John' are required.
They indicate that John is a character string. Quotation marks (double
quotes) have a different meaning. Quotation marks can be used to make
otherwise invalid strings valid for column names and other identifiers.

¢ The sample database provided with SQL Anywhere is not case
sensitive, so you would get the same results whether you searched for '
'JOHN', 'john’, or 'John'.

Again, you can combine what you have learned:

SELECT emp_fname, emp_lname, birth_date
FROM employee

WHERE emp_fname = 'John'

ORDER BY birth_date

¢ How you order clauses is important. The FROM clause comes first,
followed by the WHERE clause, and then the ORDER BY clause. If you
type the clauses in a different order, you will get a syntax error.

¢ You do not need to split the statement into several lines. You can enter
the statement into the command window in any format. If you use more
than the number of lines that fit on the screen, the text scrolls in the
Command window.
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72
*%*

Sometimes, you will not know exactly what value you are looking for, or
you would like to see a set of values. You can use comparisons in the
WHERE clause to select a set of rows that satisfy the search condition. The
following example shows the use of a date inequality search condition.

To list all employees born before March 3, 1964"

¢ Type the following:

SELECT emp_lname, birth_date
FROM employee
WHERE birth_date < 'March 3, 1964'

emp_Iname birth_date
Whitney 1958-06-05
Cobb 1960-12-04
Jordan 1951-12-13
Breault 1947-05-13
Espinoza 1939-12-14
Dill 1963-07-19

SQL Anywhere knows that the birth_date column contains a date, and
converts 'March 3, 1964’ to a date automatically.
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Compound search conditions in the WHERE

clause

®,
0.0

So far, you have seen equal (=) and less than (<) as comparison operators.
SQL Anywhere also supports other comparison operators, such as greater

than (>), greater than or equal (>=), less than or equal (<=), and not equal
(<>).

These conditions can be combined using AND and OR to make more
complicated search conditions.

To list all employees born before March 3, 1964, but exclude the
employee named Whitney:

¢ Type the following:

SELECT emp_lname, birth_date
FROM employee

WHERE birth_date < '1964-3-3"
AND emp_lname <> 'whitney'

emp_lname birth_date
Cobb 1960-12-04
Jordan 1951-12-13
Breault 1947-05-13
Espinoza 1939-12-14
Dill 1963-07-19
Francis 1954-09-12
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Another useful way to look for things is to search for a pattern. In SQL, the
word LIKE is used to search for patterns. The use of LIKE can be explained
by example.

To list all employees whose last name begins with BR:

¢ Type the following:

SELECT emp_lname, emp_fname
FROM employee
WHERE emp_lname LIKE 'br%'

emp_Iname emp_fname
Breault Robert
Braun Jane

The % in the search condition indicates that any number of other characters
may follow the letters BR.

To list all employees whose surname begins with BR, followed by
zero or more letters and a T, followed by zero or more letters:

¢ Type the following:

SELECT emp_lname, emp_fname
FROM employee
WHERE emp_lna -me LIKE 'BR%T%'

emp_Iname | emp_fname

Breault l Robert

The first % sign matches the string eaul, while the second % sign matches
the empty string (no characters).

Another special character that can be used with LIKE is the _ (underscore)
character, which matches exactly one character.

The pattern BR_U% matches all names starting with BR and having U as
the fourth letter. In Braun the _ matches the letter A and the % matches N.



Chapter 7 Selecting Data from Database Tables

Matching rows by sound

With the SOUNDEX function, you can match rows by sound, as well as by
spelling. For example, suppose a phone message was left for a name that
sounded like "Ms. Brown". Which employees in the company have names
that sound like Brown?

% To list employees with surnames that sound like Brown:
¢ Type the following:

SELECT emp_lname, emp_fname
FROM employee

WHERE SOUNDEX( emp_lname ) = SOUNDEX( 'Brown' )
emp_Iname I emp_fname
Braun l Jane

Jane Braun is the only employee matching the search condition.
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Short cuts for typing search conditions

Using the SQL has two short forms for typing in search conditions. The first,
shortform BETWEEN, is used when you are looking for a range of values. For
BETWEEN example,

SELECT emp_lname, birth_date

FROM employee

WHERE birth_date BETWEEN '1965-1-1"'
AND '1965-3-31"

is equivalent to:

SELECT emp_lname, birth_date
FROM employee

WHERE birth_date >= '1965-1-1"
AND birth_date <= '1965-3-31"

Using the short The second short form, IN, may be used when looking for one of a number
form IN of values. The command

SELECT emp_lname, emp_id
FROM employee
WHERE emp_lname IN ('yeung', 'bucceri', 'charlton')

means the same as:

SELECT emp_lname, emp_id
FROM employee

WHERE emp_lname = 'yeung'
OR emp_lname = 'bucceri’
OR emp_lname = 'charlton'
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CHAPTER 8

Joining Tables

About this chapter This chapter describes database queries that look at information in more
than one table. To do this, SQL provides the JOIN operator. There are
several different ways to join tables together in queries, and this chapter
describes some of the more important ones.

Contents Topic Page
Displaying a list of tables 112
Joining tables with the cross product 114
Restricting a join 115
How tables are related 117

Join operators

118
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Displaying a list of tables

112

In the chapter "Selecting Data from Database Tables", you looked only at
the employee table in the database. The sample database consists of nine
tables, storing information about our fictional company.

. customet_ The sample database . contad _
id <ple  integer id <pk>  integer
fhame char(15) last_name char(15)
Iname char(20) first_name char(15)
address char35) title chan2)
city char(20) street char30)
state char2) city char20)
zip char10) state char2)
phone char(12) zip char5)
company_name char(35) phone char(10)
fax char(10)
sales_order employee
id <plo integer emp id <plc integer
cust_id <f>  integer manager_id integer
order_date date emp_fname char20)
W-eutd fin_code_id <fc>  chan2) emp_Iname char20)
region chan?) dept_id <k integer
sales_rep <> integer street chart40)
sales_order_items city char(20)
i skde ntager T S eode pro
ine i <pk>  zmallin S zin_
prod_id i integer o $0P-H17 kS P phone char(10)
quantity integer ook = Th_ooce_H status char(t)
ship_date date ss_number char(11)
salary numeric(20,3)
start_date date
termination_date date
bitth date date
- bene_health_ins char(1)
mpg 1 fin code bene_life_ins char1)
proa code spk>  chas2) bene_day_care char(1)
type chari10) cox charly
description char50)
dept K= dept |
product code = code emp_id= dépt_kead &1
id <pk>  integer
name ctar(15)
description chan30) fin_data
size ctar(18) year <pk>. char(4) department
color ctar@) ater <pk=  chal dept id <plo  integer
quantity integer code  <pkfe  char2) dept_name char(40)
unit_price numerie(15,2) amount numeiio(d) dept_head_id <> integer

Each box in the diagram represents a table in the database. The list of
names in each box are the column names for the table.

In ISQL, you can display a list of tables by pressing the F7 key. The tables
for the database are prefixed with dba (the owner of the tables).
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The cursor keys can be used to scroll through the list of tables. Each table in
the list is prefixed with a user name. This prefix is the ID of the user that
created the table—the owner of the table.

Positioning the highlight on a particular table and pressing the Column List
button displays the list of columns for that table. The ESCAPE key takes you
back to the table list and pressing it again will take you back to the
command window. Pressing ENTER instead of ESCAPE copies the highlighted
table or column name into the command window at the current cursor
position.

Press ESCAPE to leave the list.
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Joining tables with the cross product

Example
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One of the tables in the sample database is sales_order, which lists the
orders placed to the company. Each order has a sales_rep column,
containing the employee ID of the sales representative responsible for the
order. There are 648 rows in the sales_order table.

You can get information from two tables at the same time by listing both
tables in the FROM clause of a SELECT query.

The following example lists all the data in the employee table and the
sales_order table:

SELECT *
FROM sales_order, employee

The results of this query, displayed in the ISQL data window, match every
row in the employee table with every row in the sales_order table. Since
there are 75 rows in the employee table and 648 rows in the sales_order
table, there are 48,600 rows in the result of the join. Each row consists of all
columns from the sales_order table followed by all columns from the
employee table. This join is called a full cross product.

The cross product join is a simple starting point for understanding joins, but
not very useful in itself.
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Restricting a join

Example 1

Example 2

Correlation names

The most natural way to make a join useful is to insist that the sales_rep in
the sales_order table be the same as the one in the employee table in every
row of the result. Then each row contains information about an order and
the sales rep responsible for it.

To do this, add a WHERE clause to the previous query to show the list of
employees and their course registrations:
SELECT *

FROM sales_order, employee
WHERE sales_order.sales_rep = employee.emp_id

The table name is given as a prefix to identify the columns. Although not
strictly required in this case, using the table name prefix clarifies the
statement, and is required when two tables have a column with the same
name. A table name used in this context is called a qualifier.

The results of this query contain only 648 rows (one for each row in the
sales_order table). Of the original 48,600 rows in the join, only 648 of them
have the employee number equal in the two tables.

The following query is a modified version that fetches only some of the
columns and orders the results.
SELECT employee.emp_lname, sales_order.id,
sales_order.order_date
FROM sales_order, employee

WHERE sales_order.sales_rep = employee.emp_id
ORDER BY employvee.emp_lname

If there are many tables in a SELECT command, you may need to type
several qualifier names. This typing can be reduced by using a correlation
name.

Correlation names are created by putting a short form for a table name
immediately after the table name, separated by the word AS. The short form
is then used as a qualifier instead of the corresponding table name, as
follows:

SELECT E.emp_lname, S.id, S.order_date

FROM sales_order as S, employee as E

WHERE S.sales_rep = E.emp_id
ORDER BY E.emp_lname

Here, two correlation names S and E are created for the sales_order and
employee tables.
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If you try changing E.emp_id back to employee.emp_id, SQL Anywhere
reports an error. If you make a correlation name for a table, you must use
the correlation name when qualifying which table a column is from; you
cannot use the original table name anymore.
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How tables are related

In order to understand how to construct other kinds of joins, you must first
understand how the information in one table is related to that in another.

The primary key for a table identifies each row in the table. Tables are
related to each other using a foreign key.

This section shows how primary and foreign keys together Iet you construct
queries from more than one table.

Rows are identified by a primary key

Every table in the employee database has a primary key. A primary key is
one or more columns that uniquely identify a row in the table. For example,
an employee number uniquely identifies an employee—emp_id is the
primary key of the employee table.

The sales_order_items table is an example of a table with two columns that
make up the primary key. The order ID by itself does not uniquely identify a
row in the sales_order_items table because there can be several items in an
order. Also, the line_id number does not uniquely identify a row in the
sales_order_items table. Both the order ID name and line_id are required to
uniquely identify a row in the sales_order_items table. The primary key of
the table is both columns taken together.

Tables are related by a foreign key

Foreign key

There are several tables in the employee database that refer to other tables in
the database. For example, the sales_order table has a sales_rep column to
indicate which employee is responsible for an order. Only enough
information to uniquely identify an employee is kept in the sales_order
table. The sales_rep column in the sales_order table is a foreign key to the
employee table.

A foreign key is one or more columns that contain primary key values from
another table. Each foreign key relationship in the employee database is
represented by an arrow between two tables. The arrow starts at the foreign
key side of the relationship and points to the primary key side of the
relationship.
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Join operators

Many common joins are between two tables related by a foreign key. The
most common join restricts foreign key values to be equal to primary key
values. The example you have already seen restricts foreign key values in
the sales_order table to be equal to the primary key values in the employee
table.

SELECT emp_lname, id, order_date
FROM sales_order, employee
WHERE sales_order.sales_rep = employee.emp_id

The query can be more simply expressed using a KEY JOIN.

Joining tables using key joins

Key joins are an easy way to join tables related by a foreign key. For
example:

SELECT emp_lname, id, order_date
FROM sales_order
KEY JOIN employee

gives the same results as a query with a WHERE clause that equates the two
employee number columns:
SELECT emp_lname, id, order_date

FROM sales_order, employee
WHERE sales_order.sales_rep = employee.emp_id

The join operator (KEY JOIN) is just a short cut for typing the WHERE
clause; the two queries are identical.

If you look at the diagram of the employee database, foreign keys are
represented by lines between tables. Anywhere that two tables are joined by
a line in the diagram, you can use the KEY JOIN operator.

Joining two or Two or more tables can be joined using join operators. The following query

more tables uses four tables to list the total value of the orders placed by each customer.
It connects the four tables customer, sales_order, sales_order_items and
product using the lines between the tables.

SELECT company_name,
CAST( SUM(sales_order_items.quantity *
product .unit_price) AS INTEGER) AS value
FROM customer
KEY JOIN sales_order
KEY JOIN sales_order_items
KEY JOIN product
GROUP BY company_name

118



Chapter 8 Joining Tables

company_nhame value
Able Inc. 6120
AMF Corp. 3624
Amo & Sons 3216
Amy's Silk Screening 2028
Avco Ent 1752

The CAST function used in this query converts the data type of an
expression.

Joining tables using natural joins

Example

Errors using
NATURAL JOIN

The NATURAL JOIN operator joins two tables based on common column
names. In other words, SQL Anywhere generates a WHERE clause that
equates the common columns from each table.

For example, for the following query:

SELECT emp_lname, dept_name
FROM employee
NATURAL JOIN department

the database engine looks at the two tables and determines that the only
column name they have in common is dept_id. The following WHERE
clause is internally generated and used to perform the join:

WHERE employee.dept_id = department.dept_id

This join operator can cause problems by equating columns you may not
intend to be equated. For example, the following query generates unwanted
results:

SELECT *

FROM sales_order

NATURAL JOIN customer
The result of this query has no rows.

The database engine internally generates the following WHERE clause:

WHERE sales_order.id = customer.id
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The id column in the sales_order table is an ID number for the order. The
ID column in the customer table is an ID number for the customer. None of
them matched. Of course, even if a match were found, it would be a
meaningless one.

You should be careful not to use join operators blindly. Always remember
that the join operator just saves you from typing the WHERE clause for a
foreign key or common column names. You should be conscious of the
WHERE clause, or you may be creating queries that give results other than
what you intend.
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Obtaining Aggregate Data

About this chapter

Contents

This chapter describes how to construct queries that tell you aggregate
information. Examples of aggregate information are:

¢ The total of all values in a column
¢ The number of distinct entries in a column

¢ The average value of entries in a column

Topic Page
A first look at aggregate functions 122
Using aggregate functions to obtain grouped data 123
Restricting groups 125
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Suppose you want to know how many employees there are. The following
statement retrieves the number of rows in the employee table:

SELECT count( * )
FROM employee

count( *)

75

The result returned from this query is a table with only one column (with
title count( * )) and one row, which contains the number of employees.

The following command is a slightly more complicated aggregate query:

SELECT count ( * ),
min( birth_date ),
max ( birth_date )

FROM employee

count( *) | min( birth_date ) | max( birth_date )

75 l 1936-01-02 | 1973-01-18

The result set from this query has three columns and only one row. The
three columns contain the number of employees, the birthdate of the oldest
employee, and the birthdate of the youngest employee.

COUNT, MIN and MAX are called aggregate functions. Each of these
functions summarizes information for an entire table. In total, there are six
aggregate functions: MIN, MAX, COUNT, AVG, SUM, and LIST. All but
COUNT have the name of a column as a parameter. As you have seen,
COUNT has an asterisk as its parameter.
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Using aggregate functions to obtain grouped

data

A common error
with GROUP BY

In addition to providing information about an entire table, aggregate
functions can be used on groups of rows.

To list the number of orders each sales representative is responsible
for:

¢ Type the following:

SELECT sales_rep, count( * )
FROM sales_order
GROUP BY sales_rep

sales_rep count(*)
129 57

195 50

299 114

467 56

667 54

The results of this query consist of one row for each sales rep ID number,
containing the sales rep ID, and the number of rows in the sales_order table
with that number.

Whenever GROUP BY is used, the resulting table has one row for each
different value found in the GROUP BY column or columns.

A common error with groups is to try to get information which cannot
properly be put in a group. For example,

SELECT sales_rep, emp_lname, count( * )

FROM sales_order

KEY JOIN employee
GROUP BY sales_rep

gives the error

column 'emp_lname' cannot be used unless it is in a
GROUP BY.

SQL does not realize that each of the rows for an employee with a given ID
have the same value of emp_Iname. An error is reported since SQL does not
know which of the names to display.
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However, the following is valid:

SELECT sales_rep, max( emp_lname ), count( * )
FROM sales_order

KEY JOIN employee
GROUP BY sales_rep

The max function chooses the maximum (last alphabetically) surname from
the detail rows for each group. The surname is the same on every detail row
within a group so the max is just a trick to bypass a limitation of SQL.
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Restricting groups

You have already seen how to restrict rows in a query using the WHERE
clause. You can restrict GROUP BY clauses by using the HAVING
keyword.

To list all sales reps with more than 55 orders:

¢ Type the following:

SELECT sales_rep, count( * )
FROM sales_order

KEY JOIN employee

GROUP BY sales_rep

HAVING count( * ) > 55

sales_rep count(*)
129 57
299 114
467 56
1142 57

Order of clauses
GROUP BY must always appear before HAVING. In the same manner,
WHERE must appear before GROUP BY.

HAVING clauses and WHERE clauses can be combined. When combining
these clauses, the efficiency of the query can depend on whether criteria are
placed in the HAVING clause or in the WHERE clause. Criteria in the
HAVING clause restrict the rows of the result only after the groups have
been constructed. Criteria in the WHERE clause are evaluated before the
groups are constructed, and save time.

To list all sales reps with more than 55 orders and an ID of more than
1000:

¢ Type the following:

SELECT sales_rep, count( * )
FROM sales_order

KEY JOIN employee

WHERE sales_rep > 1000
GROUP BY sales_rep

HAVING count( * ) > 55

The following statement produces the same results.
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< To list all sales reps with more than 55 orders and an ID of more than

1000:

¢ Type the following:

SELECT sales_rep, count( * )
FROM sales_order

KEY JOIN employee

GROUP BY sales_rep

HAVING count( * ) > 55

AND sales_rep > 1000

The first statement is faster because it can eliminate making up groups for
some of the employees. The second statement builds a group for each sales
rep and then eliminates the groups with wrong employee numbers. For
example, in the first statement, the database engine would not have to make
up a group for the sales rep with employee ID 129. In the second command,
the database engine would make up a group for employee 129 and eliminate
that group with the HAVING clause.

Fortunately, SQL Anywhere detects this particular problem and changes the
second query to be the same as the first. SQL Anywhere performs this
optimization with simple conditions (nothing involving OR or IN). For this
reason, when constructing queries with both a WHERE clause and a
HAVING clause, you should be careful to put as many of the conditions as
possible in the WHERE clause.
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Updating the Database

About this chapter This chapter describes how to make changes in the contents of a database. It
includes descriptions of how to add rows, remove rows, and change the
contents of rows, as well as how to make changes permanent or back out of
changes you have made.

Contents Topic Page
Adding rows to a table 128
Modifying rows in a table 129
Canceling changes 130
Making changes permanent 131
Deleting rows 132
Validity checking 133
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Adding rows to a table

Suppose that a new eastern sales department is created, with the same
manager as the current Sales department. You can add this information to
the database using the following INSERT statement:

INSERT

INTO department ( dept_id, dept_name, dept_head_id )
VALUES ( 220, 'Eastern Sales', 902 )

If you make a mistake and forget to specify one of the columns, SQL
Anywhere reports an error.

The NULL value is a special value used to indicate that something is either
not known or not applicable. Some columns are allowed to contain the
NULL value, and others are not.

A short form for There is a short form that can be used if you are entering values for all the
INSERT columns in a table in the order they appear when you SELECT * from the
table (the same as the order in which they were created). The following is
equivalent to the previous INSERT command:
INSERT

INTO department
VALUES ( 220, 'Eastern Sales', 902 )

Caution
You should use this form of INSERT with caution; it will not work as
expected if you ever change the order of the columns in the table or if
you add or remove a column from the table.
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Modifying rows in a table

Example: using the
WHERE clause

The UPDATE and
INSERT
commands

In most databases, you need to update data stored in the database. For
example, suppose that the employee named James Klobucher (employee ID
467) is transferred from the sales department to the marketing department.
In SQL, this is done using the UPDATE statement:

UPDATE employee

SET dept_id = 400
WHERE emp_id = 467

The WHERE clause identifies which employee to update.

SQL can update more than one column at a time. For example, the manager
ID should change when employees are transferred between departments, as
well as the department ID. The following statement carries out both updates
at the same time for employee Marc Dill (employee ID 195):

UPDATE employee

SET dept_id = 400,

manager_id = 1576

WHERE emp_id = 195

The UPDATE and INSERT commands are two of the few places in SQL
Anywhere where uppercase letters and lowercase letters are distinguished.
New character values set by the UPDATE command are stored in the
database exactly as they are entered.

SQL allows more than one row to be updated at one time. For example, if a
group of sales employees are transferred into marketing and have their
dept_id column updated, the following statement sets the manager_id for all
employees in the marketing department to 1576.

UPDATE employee

SET manager_id = 1576
WHERE dept_id = 400

For employees already in the marketing department, no change is made.

It is also possible that an UPDATE statement updates no rows. For example,
suppose you had made a mistake typing the employee ID in the first
UPDATE statement above:

UPDATE employee

SET dept_id = 400
WHERE emp_id = 194

No rows would be updated since there is no employee with the employee ID
194.
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Canceling changes

The ROLLBACK
statement

130

You may be a little concerned about all of the changes you have made to the
employee table. However, SQL allows you to undo all of these changes with
one command:

ROLLBACK
The ROLLBACK statement undoes all changes you have made to the

database since the last time you made changes permanent (see COMMIT in
the next section).

The default action in ISQL is to do a COMMIT on exit. This can be
controlled with the ISQL option COMMIT_ON_EXIT.

&~ For more information on ISQL options, see "SET OPTION statement"
in the chapter "Watcom-SQL Statements".
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Making changes permanent

Making changes
permanent in ISQL

The SQL statement
COMMIT

makes all changes permanent.

Use COMMIT with care

When trying the examples in this tutorial, be careful not to COMMIT
any changes until you are sure that you want to change the database
permanently.

The default action in ISQL is to do a COMMIT on exit. This can be
controlled with the ISQL option COMMIT_ON_EXIT.

& For more information on ISQL options, see "SET OPTION statement"
in the chapter "Watcom-SQL Statements".

ISQL has another option, named AUTO_COMMIT. If this option is on,
ISQL does a COMMIT operation after every command. The default for this
option is OFF. Usually you will want it OFF, giving you the opportunity to
ROLLBACK the changes (if, for example, an update or delete operation
doesn't produce the intended results).
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Deleting rows

Example: using the
DELETE command

132

Sometimes you will want to remove rows from a table. Suppose Rodrigo
Guevara (employee ID 249) leaves the company. The following statement
deletes Rodrigo Guevara from the employee table.

DELETE

FROM employee
WHERE emp_id = 249

You can delete more than one row with one command. For example, the
following statement would delete all employees who had a termination date
that is not NULL from the employee table.

DELETE

FROM employee
WHERE termination_date IS NOT NULL

This example would not remove any employees from the database as the
termination_date column is NULL for all employees.

With UPDATE and DELETE, the search condition can be as complicated as
you need. For example, if the employee table is being reorganized, the
following statement removes from the employee table all employees in the
617 area code with employee ID 902 as manager. This WHERE clause is a
compound search condition including a function (LEFT).

DELETE
FROM employee
WHERE LEFT( phone, 3 ) = '617"'

AND manager_id = 902

Since you have made changes to the database that you do not want to keep,
you should undo the changes as follows:

ROLLBACK
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Validity checking

SQL Anywhere automatically checks for some common errors in your data.

Inserting duplicate data

Primary key

For example, suppose you attempt to create a department but supply a
dept_id value that is already in use:

To do this, enter the command:

INSERT
INTO department ( dept_id, dept_name, dept_head_id )
VALUES ( 200, 'Eastern Sales', 902 )

The INSERT is rejected, as it would make the primary key for the table not
unique.

A primary key is a set of columns that uniquely identifies each row in a
table. For example, the dept_id column is the primary key for the
department table; given a valid department ID number, there is exactly one
row in the department table with that number. The primary key for the
sales_order_items table is composed of the id and line_id columns, meaning
that there should never be two items in the same order with the same line
number.

Inserting incorrect values

Foreign key

Another mistake is to type an incorrect value. The following statement
inserts a new row in the sales_order table, but incorrectly supplies a
sales_rep ID that does not exist in the employee table.

INSERT

INTO sales_order ( id, cust_id, order_date,

sales_rep)
VALUES ( 2700, 186, '1995-10-19', 284 )

The primary key for the employee table is the employee ID number. The
sales rep ID number in the sales_rep table is a foreign key for the employee
table, meaning that each sales rep number in the sales_order table must
match the employee ID number for some employee in the employee table.

When you try to add an order for sales rep 284 you get an error message:

no primary key for foreign key 'ky_so_employee_id' in table 'sales_order'
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There is no employee in the employee table with that ID number. This
prevents you from inserting orders without a valid sales rep ID. This kind of
validity checking is called referential integrity checking, as it maintains
the integrity of references among the tables in the database.

Errors on DELETE or UPDATE

Example: DELETE
errors

Example: UPDATE
errors

134

Foreign key errors can also arise when doing update or delete operations.
For example, suppose you try to remove the R&D department from the
department table.

DELETE

FROM department
WHERE dept_id = 100

An error is reported indicating that there are other records in the database
that reference the R&D department, and the delete operation is not carried
out.

primary key for row in table 'department' is referenced in another table
In order to remove the R&D department, you need to first get rid of all
employees in that department:

DELETE
FROM employee
WHERE dept_id = 100

You can now perform the deletion of the R&D department.

You should cancel these changes to the database (for future use) by entering
a ROLLBACK statement:

ROLLBACK WORK
All changes made since the last successful COMMIT WORK will be

undone. If you have not done a COMMIT, then all changes since you started
ISQL will be undone.

The same error message is generated if you perform an update operation
that makes the database inconsistent.

For example, the following UPDATE statement causes an integrity error:

UPDATE department
SET dept_id = 600
WHERE dept_id = 100

In all of the above examples, the integrity of the database was checked as
each command was executed. Any operation that would result in an
inconsistent database is not performed.
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Example: checking
the integrity after
the COMMIT
WORK is complete

It is possible to configure the database so that the integrity is not checked
until the COMMIT WORK is done. This is important if you want to change
the value of a referenced primary key; for example, changing the R&D
department's ID from 100 to 600 in the department and employee tables. In
order to make these changes, the database has to be inconsistent in between
the changes. In this case, you must configure the database to check only on
commits.

&> For information on the WAIT_FOR_COMMIT database option, see
"SET OPTION statement" in the chapter "Watcom-SQL Statements".

You can also define foreign keys in such a way that they are automatically
fixed. In the above example, if the foreign key from employee to department
were defined with ON UPDATE CASCADE, then updating the department
ID would automatically update the employee table.

In the above cases, there is no way to have an inconsistent database
committed as permanent. SQL. Anywhere also supports alternative actions if
changes would render the database inconsistent.

&>~ For more information, see the chapter "Ensuring Data Integrity".
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CHAPTER

11

Introduction to Views

About this chapter

Contents

It is often impractical to repeatedly type complicated queries. SQL provides
views, that allow you to give names to frequently executed SELECT
commands. A view is a computed table which is useful for security

purposes, and for tailoring the appearance of database information to make
data access straightforward.

This chapter introduces you to views.

Topic | Page
Defining a view 138
Using views for security 140
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Suppose that you frequently need to list a summary of employees and the
departments they belong to. The following query produces the information
you need.

To list employees and the departments to which they belong:

¢ Type the following:

SELECT emp_fname, emp_lname, dept_name
FROM employee JOIN department
ON department.dept_id = employee.dept_id

emp_fname emp_Iname department
Fran Whitney R&D
Matthew Cobb R&D
Robert Breault R&D
Natasha Shishov R&D
Kurt Driscoll R&D

You can create a view that produces the results of this command as follows:

CREATE VIEW emp_dept AS

SELECT emp_fname, emp_lname, dept_name
FROM employee JOIN department

ON department.dept_id = employee.dept_id

This command creates a view called emp_dept that looks in many respects
just like any other table in the database.

You can list everything in this view just as you do from a table:

To list employees and the departments to which they belong:

¢ Type the following:

SELECT *
FROM emp_dept

emp_fname emp_Iname department
Fran Whitney R&D
Matthew Cobb R&D
Robert Breault R&D
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Providing names
for the view
columns

More about views

emp_fname emp_Iname | department
Natasha Shishov R&D
Kurt Driscoll R&D

It is important to remember that the information in a view is not stored
separately in the database. Each time you refer to the view, SQL executes
the associated SELECT statement to find the appropriate data.

On one hand, this is good; it means that if someone modifies the employee
table or the department table, the information in the emp_dept view will be
automatically up to date. On the other hand, if the SELECT command is
complicated it may take a long time for SQL to find the correct information
every time you use the view.

You can provide names for the view columns explicitly. First you must get
rid of the original view definition as follows:

DROP VIEW emp_dept

You can redefine the view with the new column name as follows:

CREATE VIEW emp_dept (FirstName, LastName,
Department) AS

SELECT emp_fname, emp_lname, dept_name
FROM employee JOIN department

ON department.dept_id = employee.dept_id

You have changed the names of the columns in the view by specifying new
column names in parentheses after the view name.

Views can be thought of as computed tables. Any SELECT command can be
used in a view definition except commands containing ORDER BY. Views
can use GROUP BY clauses, subqueries, and joins. Disallowing ORDER
BY is consistent with the fact that rows of a table in a relational database
are not stored in any particular order. When you use the view, you can
specify an ORDER BY.

You can also use views in more complicated queries. Here is an example
using a join:

SELECT LastName, dept_head_id
FROM emp_dept, department
WHERE emp_dept.Department = department.dept_name
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Views can be used to restrict access to information in the database. For
example, suppose you wanted to create a user ID for the sales department
head, Moira Kelly, and restrict her user ID so that it can only examine
information about employees in the sales department.

First you need to create the new user ID for Moira Kelly using the GRANT
statement. From ISQL, connected to the sample database as dba, enter the
following:

GRANT CONNECT TO M_Kelly
IDENTIFIED BY SalesHead

Next you need to grant user M_Kelly the right to look at employees of the
sales department.

CREATE VIEW SalesEmployee AS

SELECT emp_id, emp_lname, emp_fname
FROM "dba".employee

WHERE dept_id = 200

The table should be identified as "dba".employee for the M_Kelly user ID to
be able to use the view.

Now you must give M_Kelly permission to look at the new view by
entering:

GRANT SELECT ON SalesEmployee TO M_Kelly

Connect to the database as M_Kelly and now try looking at the view:

CONNECT USER M_Kelly IDENTIFIED BY SalesHead ;
SELECT * FROM "dba".SalesEmployee

emp_id emp_lname emp_fname
129 Chin Philip

195 Dill Marc

299 Overbey Rollin

467 Klobucher James

641 Powell Thomas

However, you do not have permission to look directly at the employee and
department tables. If you execute the following commands, you will get
permission errors.

SELECT * FROM "dba".employee ;
SELECT * FROM "dba".department
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This chapter shows how to use the results of one query as part of another
SELECT statement. This is a useful tool in building more complex and

informative queries.
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Sometimes it is useful to use the results of one statement as part of another
statement.

For example, suppose that you need a list of order items for products that
are low in stock.

You can look up the products for which there are less than 20 items in stock
in the product table.

To list all products for which there are less than 20 items in stock:

¢ Type the following:

SELECT id, description, quantity
FROM product
WHERE gquantity < 20

id | description | quantity

401 I Wool cap I 12

This query shows that only wool caps are low in stock.

You can list all the order items for wool caps with the following query:

To list all orders for wool caps, most recent first:

¢ Type the following:

SELECT *

FROM sales_order_items
WHERE prod_id = 401
ORDER BY ship_date DESC

id line_id prod_id quantity ship_date
2082 1 401 48 1994-07-09
2053 1 401 60 1994-06-30
2125 2 401 36 1994-06-28
2027 1 401 12 1994-06-17
2062 1 401 36 1994-06-17

This two-step process of identifying items low in stock and identifying
orders for those items can be combined into a single query using subqueries.
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A simple subquery

Example 1

Example 2

0.0

SQL provides another way to find orders for items low in stock. The
following query incorporates a subquery.

To list order items for products low in stock:

¢ Type the following:

SELECT *
FROM sales_order_items
WHERE prod_id IN

( SELECT id
FROM product
WHERE quantity < 20 )
ORDER BY ship_date DESC

id line_id prod_id quantity ship_date
2082 1 401 48 1994-07-09
2053 1 401 60 1994-06-30
2125 2 401 36 1994-06-28
2027 1 401 12 1994-06-17
2062 1 401 36 1994-06-17

By using a subquery, the search can be carried out in just one query, instead
of using one query to find the list of low-stock products and a second to find
orders for those products.

The subquery in the statement is the phrase enclosed in parentheses:

( SELECT id
FROM product
WHERE quantity < 20 )

The subquery makes a list of all values in the id column in the product table
satisfying the WHERE clause search condition.

Consider what would happen if an order for ten tank tops were shipped so
that the quantity column for tank tops contained the value 18. The query
using the subquery, would list all orders for both wool caps and tank tops.
On the other hand, the first statement you used would have to be changed to
the following:

SELECT *

FROM sales_order_items

WHERE prod_id IN ( 401, 300 )
ORDER BY ship_date DESC
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The command using the subquery is an improvement because it still works
even if data in the database is changed.

As another example, you can list orders for everything except those products
in short supply with the query:

SELECT *
FROM sales_order_items
WHERE prod_id NOT IN

( SELECT id

FROM product

WHERE quantity < 20 )
ORDER BY ship_date DESC
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Two tables in the sample database are concerned with financial results. The
fin_code table is a small table holding the different codes for financial data
and their meanings:

To list the contents of the fin_code table:

¢ Type the following:

SELECT *
FROM fin_code

code type description

el expense Fees

e2 expense Services

e3 expense Sales & Marketing
c4 expense R&D

eS expense Administration

rl revenue Fees

2 revenue Services

The fin_data table holds financial data for each financial code for each
quarter.

To list the contents of the fin_data table:

¢ Type the following:

SELECT *
FROM fin_data

year quarter code amount
1992 Ql el 101

1992 Ql e2 403

1992 Q1 e3 1437
1992 Q1 e4 623

1992 Q1 es 381
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The following query uses a subquery to list just the revenue items from the
fin_data table.

To list the revenue items from the fin_data table:

¢ Type the following:

SELECT *

FROM fin_data

WHERE fin_data.code IN
( SELECT fin_code.code
FROM fin_code

WHERE type = 'revenue' )
year quarter code amount
1992 Q1 rl 1023
1992 Q2 rl 2033
1992 Q3 rl 2998
1992 Q4 rl 3014
1993 Q1 rl 3114

This example has used qualifiers to clearly identify the table to which the
code column in each reference belongs. In this particular example, the
qualifiers could have been omitted.

Subqueries are restricted to one column name listed between SELECT and
FROM: one select-list item. The following example does not make sense,
since SQL would not know which column from fin_code to compare to the
fin_data.code column.

SELECT *

FROM fin_data

WHERE fin_data.code IN
( SELECT fin_code.code, fin_code.type
FROM fin_code
WHERE type = 'revenue' )

Further, while subqueries used with an IN condition may return several
rows, a subquery used with a comparison operator must return only one row.
For example, the following command will result in an error since the
subquery returns two rows (r/, and r2):

SELECT *
FROM fin_data
WHERE fin_data.code =
( SELECT fin_code.code
FROM fin_code
WHERE type = 'revenue' )
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The IN comparison allows several rows. Two other keywords can be used as

qualifiers for operators to allow them to work with multiple rows: ANY and
ALL.

The following query is identical to the successful query above:

SELECT * s

FROM fin_data

WHERE fin_data.code = ANY ( SELECT fin_code.code
FROM fin_code
WHERE type = 'revenue' )

While the = ANY condition is identical to the IN condition, ANY can also
be used with inequalities such as, or, to give more flexible use of subqueries.

The word ALL is similar to the word ANY. For example, the following
query lists financial data that is not revenues:
SELECT *

FROM fin_data
WHERE fin_data.code <>

ALL ( SELECT fin_code.code
FROM fin_code
WHERE type = 'revenue' )

This is equivalent to the following command using NOT IN:

SELECT *
FROM fin_data
WHERE fin_data.code NOT IN
(  SELECT fin_code.code
FROM fin_code
WHERE type = 'revenue' )
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Using subqueries instead of joins

Suppose you need a chronological list of orders and the company that placed
them, but would like the company name instead of their customer ID. You
can get this result using a join as follows:

Using a join . . ;
9al < To list the order id, date, and company name for each order since the
beginning of 1994:
¢ Type the following:
SELECT sales_order.id,
sales_order.order_date,
customer.company_name
FROM sales_order
KEY JOIN customer
WHERE order_date > '1994/01/01"
ORDER BY order_date
id order_date company_name
2473 1994-01-04 Peachtree Active Wear
2474 1994-01-04 Sampson & Sons
2036 1994-01-05 Hermanns
2106 1994-01-05 Salt & Pepper's
2475 1994-01-05 Cinnamon Rainbow's
Using a subquery The following statement obtains the same results using a subquery instead
of a join:

SELECT sales_order.id,
sales_order.order_date,
( SELECT company_name FROM customer
WHERE customer.id = sales_order.cust_id )
FROM sales_order
WHERE order_date > '1994/01/01"
ORDER BY order_date

The subquery refers to the cust_id column in the sales_order table even
though the sales_order table is not part of the subquery. Instead, the
sales_order.cust_id column refers to the sales_order table in the main body
of the statement. This is called an outer reference. Any subquery that
contains an outer reference is called a correlated subquery.
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Using an outer join
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A subquery can be used instead of a join whenever only one column is
required from the other table. (Recall that subqueries can only return one
column.) In this example, you only needed the company_name column so
the join could be changed into a subquery.

If the subquery might have no result, this method is called an outer join.
The join in previous sections of the tutorial is more fully called an inner
join.

To list all customers in Washington State together with their most
recent order ID:

¢ Type the following:

SELECT company_name, state,

( SELECT MAX( id )

FROM sales_order

WHERE sales_order.cust_id = customer.id )
FROM customer

WHERE state = 'WA'
company_name | MAX(id) state
Custom Designs 2547 WA
It's a Hit! (NULL) WA

The It's a Hit! company placed no orders, and the subquery returns NULL
for this customer. Companies who have not placed an order would not be
listed if an inner join was used.

You could also specify an outer join explicitly. In this case a GROUP BY
clause is also required.

SELECT company_name;

MAX ( sales_order.id ), state
FROM customer

KEY LEFT OUTER JOIN sales_order
WHERE state = 'WA'
GROUP BY company_name, state

149






CHAPTER

13

Command Files

About this chapter

Contents

This chapter describes how to use the ISQL command window to enter

multiple commands at a time and to process files consisting of a set of
commands.
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Entering multiple statements in the ISQL
Command window

SQL commands can get quite large. You have already seen how to use the
editor to enter commands on several lines. The ISQL environment also
allows multiple commands to be entered at the same time. This is done by
ending each command with a semi-colon (;).

You may want to grow the Command window:
¢ In DOS, OS/2 or QNX, choose Command»Zoom from the menu bar.

¢ In Windows or Windows NT, click the maximize button.

Example: entering . . .
multiple + To enter multiple statement in the ISQL Command Window

statements 1  Try entering the following three commands into the Command window.

UPDATE employee
SET dept_id = 400,
manager_id = 1576
WHERE emp_id = 467;

UPDATE employee
SET dept_id = 400,
manager_id = 1576
WHERE emp_id = 195;

SELECT *
FROM employee
WHERE emp_id IN ( 195, 467 )

2 Press the execute key (F9). All three of these commands are executed.
After execution, the commands are left in the Command window.

You can modify the commands if there are errors.
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You can also save the commands entered in the previous section to a
command file. This keeps a permanent record of the SQL commands so they
can be used later if you wish.

To save statements as a command file:

1 Choose File »Save As from the menu bar. You are then prompted for a
filename.

2 Type transfer and press ENTER.

3 The command file can be run using the ISQL READ command, but you
should rollback the changes first. Press the ESCAPE key to clear the
editor and then execute the ROLLBACK WORK command.

4  Now enter the following command:

READ transfer

This command executes the command file transfer which contains the
three commands that we saved previously. As each command is
executed, it flashes up in the Command window.

5  You can load command files back into the Command window by
choosing File »Open from the menubar.

6  Enter transfer when prompted for the file name. Notice that the
commands have been loaded back into the editor just the way they were
when they were saved.

Command files are just ASCII files containing the ISQL commands as you
see them in the editor. You can use any editor you like to create command
files. You can include comment lines along with the SQL statements to be
executed. Comments begin with a percent sign (%). The ISQL READ
command is used to execute command files. Alternatively, they can be
loaded into the ISQL Command window and executed directly from there.

The Command window in ISQL has a limit of 500 lines. For command files
larger than this, you should use a generic editor capable of handling large
files. The READ command has no limit on the number of lines that can be
read.
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An example of a command file that would take a parameter is a command
file to show the department an employee belongs to, providing the
employee's name as a parameter.

To create a command file with parameters:

1  Create a command file as listed below.
The PARAMETERS command is used to give names to the parameters
passed to a command file. In this case, we are giving the first parameter
the name employee_name. The parameters are then used in the rest of
the command file by enclosing them in braces ({ }). Save the command
file to emp_dept.sql.

% This command file has one parameter
parameters employee_name;

select emp_lname, dept_name
from employee
NATURAL JOIN department
where emp_lname = {employee_name};

2 Run this command file by typing:
READ emp_dept.sqgl
3 You will be prompted for the employee_name. Enter the following
value, including the single quotes:
'Whitney'

You should now see that the employee with surname Whitney is in the
R&D department.

Parameters can also be specified on the READ command. Try the following
command:

READ emp_dept.sgl 'whitney'
In this case you have specified the parameter on the READ command, so
ISQL will not prompt for it. ISQL will only prompt for parameters that are

named in the PARAMETERS command but are not supplied on the READ
command.
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System Tables

About this chapter This chapter describes the system tables, several special tables found in
every SQL Anywhere database. These system tables describe all the tables
and columns in the database. The SQL Anywhere software automatically
updates the system table as the database structure is changed.

This chapter introduces the system tables.
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The first system table lists all the tables in the database.

To view the contents of the SYSCATALOG table for the sample
database:

1 Type the following command:

SELECT *
FROM sys.syscatalog

The first screen of tables lists some of the system tables found in SQL
Anywhere.

2 Scroll through the ISQL data window a few times, you will see the
tables that make up the company database.

The creator of the system tables is the special user ID, SYS and the creator
of the company tables is dba. In addition, there is a set of views owned by
the special user ID DBO, which provide an emulation of the Sybase SQL
Server system catalog; these tables are not discussed in this section.

(Recall that dba is the user ID you used when connecting to the database
from ISQL.) So far, you have simply typed the table names employee and
department; SQL looked in SYSCATALOG for tables with those names
created by dba. In this example, by typing SYS.SYSCATALOG you
specified that SYSCATALOG was created by the user ID SYS. Note the
similarity to the way column names are qualified, such as employee.emp_id.

The other columns in this table contain other important information. For
example, the column named Ncols is the number of columns in each table,
and the column named tabletype identifies the table as a permanent table
(also called a base table) or a view.
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The SYSCOLUMNS table

Another important system table is called SYSCOLUMNS describing all the
columns in all the tables in the database. To see the contents of this table,
type the command:

SELECT *
FROM sys.syscolumns
WHERE tname = 'employee

This command lists all the columns in the employee table. If you look at the
columns to the right, you can see from the Coltype column that some
columns in the employee table contain character information; others contain
integer and date information.
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Other system tables

There are several other system tables in the database that will not be
described in the tutorial. You can find out their names by examining
SYS.SYSCATALOG and look at them if you want.

&~ For a full description of each of the system tables, see the chapter
"SQL Anywhere System Tables".
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Using SQL Anywhere

This part describes how to use the SQL Anywhere database management
system.






CHAPTER 15
Connecting to a Database

About this chapter This chapter describes how client applications connect to SQL Anywhere
databases and contains all the SQL. Anywhere-specific information about
connecting to databases from ODBC-enabled applications and application
development systems.

If you are writing a program directly using one of the programming
interfaces to SQL Anywhere, see "Programming Interfaces" for
implementation details.

Contents Topic Page
Connection overview 162
Connecting from the SQL Anywhere utilities 168
Connecting from an ODBC-enabled application 169
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Connection overview

Any client application that uses a database must establish a connection to
that database before any work can be done. While the user may be prompted
to enter a user ID, a password, and other parameters, the connection is
established by the client application through one of SQL Anywhere's
programming interfaces.

Once the connection is established, it forms the channel through which all
the activity you engage in from the client application takes place. For
example, the permissions you have to carry out actions on the database are
determined by your user ID—and the database engine is aware of your user
ID because it is part of the request to establish a connection.

Database connection parameters

Connection
parameters used
with SQL
Anywhere
databases

Methods used to
specify connection
parameters
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When an application connects to a database, it uses a set of connection
parameters, collected together in a connection string, to define the
connection. For example, connection strings specify a user ID and
password, as well as other optional information; all connections using
ODBC must supply a Data Source name.

A large class of client applications uses a very similar set of connection
parameters when attempting to connect to a SQL. Anywhere database. These
are:

+ All applications connecting to SQL. Anywhere databases through the
ODBC interface using the SQLDriverConnect function. This includes
many ODBC-enabled application development systems, as well as
applications developed using those systems.

¢ The SQL Anywhere database utilities ISQL, DBBACKUP,
DBWATCH, DBUNLOAD, and DBVALID.

¢  All other embedded SQL applications connecting using the
db_string_connect function, which is the recommended way to connect
to a database in embedded SQL.

The way you specify the connection parameters depends on the particular
client application you are working from. Applications may use one of the
following methods:

¢ ODBC-enabled applications use a Data Source configuration, which
may be entered using the ODBC Administrator program
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Keywords used in
connection strings

Connection keyword meanings

& For more information on adding an ODBC data source using the
ODBC Administrator, see "Adding an ODBC data source" on page 174.

¢ You may be prompted to fill in fields in a dialog box

¢ You may be required to enter command-line arguments

¢ The application may look in prespecified files to find the parameter

values

¢ The application may use environment variable settings

¢ The application may have a fixed set of parameters built in permanently

All these applications use a connection string consisting of a list of
parameter settings, each of the form keyword=value, delimited by
semicolons. The keywords must come from the following table.

Verbose keyword | Short form Argument
Agent Agent string (Client or Engine)
AutoStop AutoStop YES/NO
ConnectionName * CON string
DatabaseFile DBF string
DatabaseName DBN string
DatabaseSwitches DBS string
DatasourceName #** | DSN string
EngineName ENG string
Password ** PWD string

Start Start string
Userid ** 8]1D) string

* Not supported in ODBC connections

# Supported in ODBC connections only

** Verbose form of keyword not supported in ODBC connection parameters

& For information on other ODBC-specific connection parameters, see
"Adding an ODBC data source", on page 174.

The meaning of each of the connection parameter keywords is as follows:
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Keyword

Description

Agent

If you have both a standalone engine and a client available,
and you wish to ensure that you correct to one of these, you
can specify Agent=client or Agent=engine to ensure a
connection to the appropriate agent..

AutoStop

You should supply an AutoStop keyword only if you are
connecting to a database that is not currently running. If
AutoStop is set to yes then the database is unloaded
automatically as soon as there are no more open
connections to it.

ConnectionName

An optional parameter, providing a name for the particular
connection you are making. You may leave this unspecified
unless you are going to establish more than one connection,
and switch between them. ConnectionName is not used
when connecting through ODBC

DatabaseFile

The root file of the database to which you want to connect

You should supply a DatabaseFile only if you are
connecting to a database that is not currently running.

For example, to start and connect to the sample database
(installed in directory c:\sqlany50), use a DatabaseFile
entry of c:\sqlany50\sademo.db.

DatabaseName

When a database is started, it is assigned a database name.
The default database name is the name of the database file
with the extension and path removed.

& For more information about the database name see
"Some database terms" in the chapter "Overview of SQL
Anywhere".

& For information on this field, see "How client
applications connect to a database" on page 166
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Keyword

Description

DatabaseSwitches

You should supply DatabaseSwitches only if you are
connecting to a database that is not currently running.
When the engine starts the database specified by
DatabaseFile, the engine uses the supplied
DatabaseSwitches as command line options to determine
startup options for the database.

Only database switches can be supplied using this
keyword. Engien or server switches must be supplied using
the START connection parameter.

& For more information about database switches, see
"The database engine" in the chapter "SQL Anywhere
Components".

DataSourceName

The DataSourceName tells an ODBC application where to
look in ODBC.INI to find information about the database
to which you want to connect.

DataSourceName is used only by ODBC-enabled
applications, and is compulsory for this class of application

EngineName

The name of a running database engine or server to which
you want to connect. You need to supply a server name
only if more than one database engine is running.

& For more information about the engine name see
"Some database terms" in the chapter "Overview of SQL
Anywhere".

In the Sybase Central and ISQL Connect dialog box, and in
the ODBC Administrator, this is the Server Name field

Password

Your database password. You must always supply a
password when connecting to a database

Start

You should supply a Start keyword only if you are
connecting to a database engine that is not currently
running. The Start parameter is a command line to start a
database engine.

& For a detailed description of available command line
switches, see "The database engine" in the chapter "SQL
Anywhere Components".

Userid

The user ID with which you log on to the database. You
must always supply a user id when connecting to a database
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& For a detailed description of how client applications use the connection
parameters when connecting to a database, see "How client applications
connect to a database" next.

How client applications connect to a database

Once you have specified the connection parameters, using whatever method
your client application requires, the application attempts to connect to a
database. The procedure the client follows is exactly the same for each of
two important sets of client application:

¢ Any ODBC-enabled client application. Many application development
systems, such as Powersoft PowerBuilder, belong to this class of
application.

¢ Any client application using embedded SQL and using the
recommended function for connecting to a database
(db_string_connect). All the SQL Anywhere database tools, including
ISQL, are a part of this set.

Connecting to a Connecting to a database is of fundamental importance: you cannot do any
database work on a database without first connecting to it. For this reason, the
process followed by client applications is described in detail:

1 The application tries to find the appropriate database engine or server.

+ If EngineName is specified, the application looks for a local
database engine with that name, and then for a SQL Anywhere
Client (DBCLIENT) with that server name. For QNX, the
application looks on the network for an engine or server.

¢ If EngineName is not specified, the application tries to connect to
the default local engine. (If there is only one engine running, it is
the default, otherwise the default choice is operating-system
specific.)

2 If no matching local database engine is found, and the SQL. Anywhere
Client is not running, the application starts a database engine or SQL
Anywhere Client using the Start parameter.

¢ If no Start parameter is specified, but DatabaseFile is specified, the
application attempts to start a database engine on the named file,
using a default start parameter.

&~ For more information about database engine parameters, see "The
database engine" in the chapter "SQL Anywhere Components".
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If the application successfully finds or starts a database, the application
tries to connect to the database. (If no engine has yet been found or
started, the attempt to connect fails at this point)

¢ If neither a DatabaseName nor a DatabaseFile is given, the
application attempts to connect to the default database on the
engine, using the specified Userid, Password, and ConnectionName
parameters.

¢ If the database named by DatabaseName is running, the application
attempts to connect to the database using the specified Userid,
Password, and ConnectionName parameters.

¢ If DatabaseName is not specified, but DatabaseFile is, the
application attempts to connect to a database whose name is the
root of DatabaseFile.

¢ If no running database is found, but a database specified by the root
of DatabaseFile is running, the application attempts to connect to
the database using the specified Userid, Password, and
ConnectionName parameters.

¢ If the database corresponding to DatabaseFile is not running, the
application sends a request to the engine or network server to start
a database using the DatabaseFile, DatabaseName, and
DatabaseSwitches parameters. (The AutoStop parameter
determines if the database automatically stops when the last
connection to the database is disconnected.) The application then
attempts to connect to the database using the specified Userid,
Password, and ConnectionName parameters.

¢ If no connection is made, the attempt fails at this point.

CONNECT statement from ISQL

The ISQL utility has a different behavior from the default embedded SQL
behavior when a CONNECT statement is issued while already connected
to a database. If no database or engine is specified in the CONNECT
statement, ISQL connects to the current database, rather than to the
default database. This behavior is required for database reloading
operations.

&~ For an example, see "CONNECT statement" in the chapter
"Watcom-SQL Statements".
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How database
tools obtain
connection
parameter values

168

All SQL Anywhere database utilities that communicate with the database
engine (rather than acting directly on database files) do so using embedded
SQL, and follow the procedure outlined in "How client applications connect
to a database" on page 166 when connecting to a database.

Many of the database tools obtain the values of the connection parameters in
the following way:

1

If there are values specified on the command line, those values are used
for the connection parameters. For example, the following command
starts a backup of the default database on the default database engine
using the user ID DBA and the password SQL:

DBBACKUP -c "UID=DBA;PWD=SQL" c:\backup

If any command line values are missing, the application looks at the
setting of the SQLCONNECT environment variable. This variable is
not set automatically by SQL Anywhere. If you use a single set of
connection parameters frequently, you may want to place a
SQLCONNECT environment variable in your AUTOEXEC.BAT file
(under DOS and Windows 3.x), your CONFIG.SYS file (under OS/2),
the Control Panel (under NT) or the login file (under QNX).

& For a description of the SQLCONNECT environment variable, see
"Registry entries and environment variables" in the chapter "SQL
Anywhere Components".

If parameters are not set in the command line (if applicable), or the
SQLCONNECT environment variable, then by the connection
procedure described above, the application prompts for a user ID and
password to connect to the default database on the default database
engine

&~ For a description of command line switches for each database tool, see
chapter "SQL Anywhere Components".
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Connecting from an ODBC-enabled application

The Open Database Connectivity (ODBC) interface is defined by
Microsoft Corporation, and is a standard interface for connecting client
applications to database management systems in the Windows and Windows
NT environments. Many client applications, including application
development systems, use the ODBC interface to access a wide range of
database systems. These are ODBC-enabled applications. SQL Anywhere
supports the ODBC interface.

This section describes how to connect to SQL Anywhere from ODBC-
enabled applications.

&" For information about how to write an ODBC program, see the chapter
"ODBC Programming".

ODBC-enabled applications use a set of connection parameters in the
manner described above. However, they obtain values for those parameters
in a different manner to embedded SQL applications. ODBC defines data
sources. Each data source description contains several of the required
connection parameters. The other connection parameters are obtained from
the user (for instance, you may be presented with a dialog box to enter a
user ID and password), or internally by the client application.

SQL Anywhere support for ODBC

With Windows and
Windows NT

With DOS and
QNX

SQL Anywhere provides ODBC Version 2.5 support at conformance Level
2, which is the highest level of support for ODBC Version 2.5.

For Windows and Windows NT, SQL Anywhere ODBC support takes place
using the Microsoft ODBC driver manager, installed as part of the SQL
Anywhere installation. The ODBC driver manager enables different ODBC
drivers to run at the same time and allows an ODBC-enabled application to
communicate with more than one ODBC driver and data source.

&" For more information about using ODBC under Windows and
Windows NT, see "Using ODBC under Windows and Windows NT" on
page 170.

For DOS and QNX, SQL Anywhere supports ODBC as an API (application
programming interface) only.

&= For more information about using ODBC under DOS and QNX, see
"Using ODBC under DOS and QNX" on page 180.
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With OS/2

SQL Anywhere supports ODBC as an application programming interface
for OS/2. Additional software from third party vendors does allow the use of
the SQL Anywhere ODBC driver from ODBC-enabled client applications
through the third party ODBC driver manager.

For more information about using ODBC client applications under OS/2,
see "Using ODBC under OS/2" on page 179

Using ODBC under Windows and Windows NT

All the information about installed ODBC database management systems
and databases on your machine is held in two files (in Windows 3.x) or in
the registry (in Windows 95 and NT). ODBCINST.INI holds the
information about different ODBC DBMS drivers installed on your system,
including SQL Anywhere. ODBC.INI holds information about available
data sources.

You can look at and alter the information in these files using the ODBC
Administrator. The SQL Anywhere installation for Windows operating
systems installs the ODBC Administrator as one of the icons in your SQL
Anywhere group.

Files needed for ODBC connections

170

The files needed for ODBC client applications to connect to a SQL
Anywhere database are as follows for the case of a Windows 95 or NT
setup:

ODBCINST.INI i




Chapter 15 Connecting to a Database

The SQL
Anywhere ODBC
driver

Windows and DOS
default character
set

OEM to ANSI
character set
translation

Under Windows and Windows N'T, ODBC-enabled client applications call
the ODBC driver manager. For Windows 3.x, the ODBC driver manager is
ODBC.DLL, installed in your Windows SYSTEM subdirectory; for
Windows 95 and NT this is ODBC32.DLL, installed in your NT
SYSTEMB32 subdirectory or your Windows 95 SYSTEM subdirectory. A
third-party driver manager is available from Intersolv, Inc., providing
similar functionality for OS/2.

Each ODBC-supporting DBMS, including SQL Anywhere, supplies its own
ODBC driver, which is called by the ODBC driver manager. Each ODBC
driver is a DLL.

The SQL Anywhere ODBC driver is installed as part of your SQL
Anywhere setup.

¢ For Windows 3.x, this driver is WODS0W.DLL. The SQL Anywhere
installation places the WOD50W.DLL file in the WIN subdirectory of
your SQL Anywhere installation directory.

¢ For Windows 95 and NT, the driver is WOD50T.DLL. The SQL
Anywhere installation places the WODS0T.DLL file in theWIN 32
subdirectory.

¢ For OS/2, the driver is WODS502.DLL. The SQL Anywhere installation
places the WODS502.DLL file in the OS2 subdirectory.

The location of the SQL. Anywhere ODBC driver is recorded in
ODBCINST.INI, which is kept in your Windows directory or in the registry.

The default Windows character set differs in some cases from that used by
DOS in the default (code page 437). The Windows character set is
sometimes called the ANSI character set, and the DOS code page is
sometimes called the OEM character set.

A translation DLL can be used to convert characters from the ANSI
character set (used by a Windows application) to the default character set in
use by the database (code page 437), and vice versa. This translation DLL
is:

¢ For Windows 3.x, WTR50W.DLL
¢ For Windows 95 or NT, WTR50T.DLL
¢ For 0S/2, WTR502.DLL

OEM to ANSI character set translation does not affect the alphabetic and
numeric characters. It does affect some graphics characters that occupy
higher positions in the collation.
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Additional files
required by the
SQL Anywhere
ODBC driver

The
ODBCINST.INI file

SQL Anywhere
driver description
in Windows 3.x
ODBCINST.INI
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The SQL Anywhere ODBC driver requires additional files. Under
Windows, DBL50W.DLL needs to be in the DOS path, under Windows 95
or NT, DBL50T.DLL is required; and under OS/2; DBL502.DLL is
required. These files are installed in the Windows, NT, or OS2
subdirectories of your SQL Anywhere installation directory.

A language DLL is also required, as specified in the SQLANY.INI file or
registry. For Windows 3.x, SQLANY.INI should be in your Windows
directory; for Windows 95 and NT SQLANY.INI is a registry. The SQL
Anywhere installation does not install SQLANY.INI; but it is created when
you run ISQL or Sybase Central. The default language DLL is
WL50EN.DLL (English); other languages must be specified separately.

A file or registry entry named ODBCINST.INTI holds information about all
the ODBC drivers on the computer. When SQL Anywhere is installed, it
adds a description of the SQL Anywhere ODBC driver to ODBCINST.INI,
which is held in the Windows 3.x system subdirectory, and in the Windows
95 or NT registry. If you start the ODBC Administrator, and click the
Driver button, you should see Sybase SQL Anywhere 5.0 listed among the
installed ODBC drivers.

You should not have to make any modifications concerning the SQL
Anywhere driver.

The description of the SQL Anywhere driver in the Windows 3.x
ODBCINST.INI includes the following:

[ODBC Drivers]
Sybase SQL Anywhere 5.0=Installed

[ODBC Translators]
Sybase SQL Anywhere 5.0 Translator=Installed

[Sybase SQL Anywhere 5.0]
Driver=c:\sglany50\win\wod50w.dl1l
Setup=c:\sglany50\win\wod50w.d1l1l

[Sybase SQL Anywhere 5.0 Translator]
Translator=c:\sglany50\win\wtr50w.d1l1
Setup=c:\sglany50\win\wtr50w.dl1l

The corresponding information is held in the Windows 95 or NT registry.
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Working with ODBC data sources

For each database that you want to access from an ODBC client application
on your computer, you need to enter a Data Source in the ODBC.INI file or
registry. In Windows and Windows NT, you can enter the Data Source
description using the ODBC Administrator. The information contained
about each Data Source in ODBC.INI includes several of the connection
parameters needed to connect to a database.

Some application development systems, such as PowerBuilder, add this
information automatically if you create a data source from within the
system. In this case you do not need to use the ODBC Administrator.

The SQL Anywhere sample database information is automatically installed
into this file during SQL Anywhere setup. You can see the Data Source
information for the sample database using the ODBC Administrator.

If you are having trouble connecting to a SQL Anywhere database from an
ODBC-enabled client application, check that the information in the Data
Source definition is correct.

Using the ODBC Administrator

Although you can add, remove and modify data source information by
directly editing the ODBC.INI file in Windows or by using the registry
editor in Windows NT, it is much easier to use the ODBC Administrator
program.

Data Sources

here 5.0 Sample (Sybase SQOL Anywhere 5.0)

The left side of the Administrator window lists the available data sources
including the SQL Anywhere sample database.
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If you have other ODBC software installed on your computer, you may have
other data sources available. Pressing the Drivers button will display a list of
the currently installed ODBC drivers, and allow you to install new ODBC
drivers or remove drivers.

The following actions are available for data sources:
¢ Adding a data source
¢ Modifying a data source

¢ Removing a data source

These are discussed in the following sections.

Adding an ODBC data source

The SQL Anywhere ODBC driver can access databases through local SQL
Anywhere engines or SQL Anywhere network servers.

Database must exist

To add a data source for a database file, the database must already exist.
See "Working with Database Objects" for information on creating a new
database. You must create a database before using the ODBC
Administrator program to add a data source for the database.

< To add a new data source:

1  If you want to add a new data source, click Add. A list of the available
drivers is displayed.

2 Select the SQL Anywhere driver from the list and click OK. The SQL
Anywhere ODBC Configuration window is displayed:
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ODBC

Configuration
dialog box - field

descriptions

Data Source Name: | R ug O
Description: ISybase SQAL Anywhere Sample Datab ]

[~ Connection Information

SQL Any\:/here ODBC Coﬁﬁguraﬁon

UserlID: [ ]
Password: [ I
Server Name: I(deiaulb ]
Database Name: | 7
~Datab o P
Database File: |c:\sqlany50\wsample.db
O Local O Network @ Custom
~ Additional Ci ion Options
I ranslator Name: [(Nu Iranslator>

[J Microsoft Applications (Keys in SQLStatistics)
I:l Prevent Driver not Capable errors

D Delay AutoCommit until statement close

The SQL Anywhere ODBC Configuration window contains the
following fields, which correspond to connection parameters in a
connection string.

&> For a description of connection parameters and a description of
the manner in which they are used to establish a connection with a
database, see "Database connection parameters" on page 162.

Field

The following table lists the fields in the SQL Anywhere ODBC
Configuration window.

Description

Data Source
Name

This should be a short name for the data source, such as
Orders or Accounts Payable

Description A longer description of the data source

User ID (Optional) The user name to be used when connecting. If
the user ID is omitted, most applications prompt you for a
user ID and password when connecting to the data source

Password (Optional) The password for the supplied User ID. Since

the password supplied is stored in ODBC.INI, setting the
password here may be a security risk. If the password is
omitted, most applications prompt you to enter your
password when connecting to the data source
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Field Description

Server Name | The name of a SQL Anywhere database engine or server.
If not specified, the default engine is used. This field
corresponds to the EngineName connection parameter

Database If specified, this corresponds to the name of a database

Name already running on a SQL Anywhere database engine or
SQL Anywhere network server. This field corresponds to
the DatabaseName connection parameter.

Database File | If specified, this contains the name of a database file—
such as C:\sqlany50\sademo.db. You can use the Browse
button to locate a database file name to place in this field.
This field corresponds to the DatabaseFile connection
parameter.

Local, The command used to run the database software when the

Network, named database engine or server is not already executing.

Custom You can select Local or Network, as appropriate, if the
default settings are satisfactory. Otherwise, select Custom
and enter the command including any command line
parameters by pressing the Options button

Microsoft The ODBC specification states that primary and foreign

Applications | keys should not be returned by SQLStatistics. Some

(Keys in programs (including Microsoft Visual Basic V3.0 and

SQLStatistics | Microsoft Access V1.0 and V1.1) assume that primary and

) foreign keys are returned by SQLStatistics. Checking this
option makes the SQL Anywhere ODBC driver mimic the
required behavior so these applications work properly

Prevent The SQL Anywhere ODBC driver returns a "Driver not

Driver not Capable" error code because it does not support qualifiers.

Capable Some ODBC applications do not handle this error

Errors properly. Checking this box disables this error code,
allowing these applications to work.

Delay The ODBC standard specifies that the default mode of

AutoCommit | operation is to run in auto-commit mode (each statement is

until committed immediately after it is executed). Some

statement applications do not provide a way for users to override this
close behaviour. Checking this option causes the SQL Anywhere

ODBC driver to delay the commit operation until the
statement is closed.

The following example shows the description of the SQL. Anywhere sample
database and a sample SQL Anywhere client in the Windows ODBC.INL:

[ODBC Data Sources]
SQL Anywhere 5.0 Sample=Sybase SQL Anywhere 5.0
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[SQL Anywhere 5.0 Sample]
driver=c:\sqglany50\win\wod50w.dl1l
description=Sybase SQL Anywhere Sample Database
DatabaseFile=c:\sglany50\sademo.db
Start=c:\sglany50\win\dbeng50w -d

[SQL Anywhere 5.0 Sample Client]
driver=c:\sglany50\win\wod50w.dl1l
description=SQL Anywhere Client/Server
EngineName=place_server_name_here

Start=c:\sglany50\win\dbclienw

Some sample ODBC data sources

Sample data
source for
connecting to a
running engine

This section presents some sample SQL Anywhere ODBC data source
descriptions. The descriptions are presented as settings in the SQL
Anywhere ODBC Configuration window.

The parameters Description, User ID, and Password are not described here.
The Description parameter is not required, and the User ID and Password
can be provided at connection time from the client application.

The examples describe a data source running the sample database
(SADEMO.DB), running as a database named sademo on an engine named
SampleServer.

The following settings describe an ODBC data source for a standalone
database engine running on the local machine. The database is assumed to
be running when the application connects; there is no provision in this data
source description for starting up a database engine or for loading a
database on the engine.

Parameter Setting

Data Source Name Sample Name
Server Name SampleServer
Database Name sademo
Database File No entry
Local / Network / Local

Custom option

Translator No entry
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Sample data
source for a
named database
file

Sample data
source for a
network server
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The following settings describe an ODBC data source for a named database
file. The description loads the database file on the default local database
engine, or connects to a database with the name sademo if it is already

running.

Parameter

Setting

Data Source Name

Sample Name

Server Name No entry

Database Name No entry

Database File C:\SQLANY50\SADEMO.DB
Local / Network / Local

Custom option

Translator No entry

The following settings describe an ODBC data source for a database
running on a network server. The database is assumed to be running when
the application connects; there is no provision in this data source for
starting up a database server or for loading a database on the server.

To use this data source you need the SQL Anywhere Client, which is
installed with the SQL Anywhere Network Server.

PowerBuilder and InfoMaker users

This chapter contains some information about connecting to a SQL
Anywhere network server. The SQL Anywhere network server is not
included with PowerBuilder and InfoMaker.

Parameter

Setting

Data Source Name

Sample Name

Server Name

SampleServer

Database Name sademo
Database File No entry
Local / Network / Network
Custom option

Translator No entry
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Modifying an existing ODBC data source

< To modify an existing data source:
1 Select the data source in the ODBC Administrator.

2 Press the Setup button. You can modify any of the attributes set when
the data source was added.

& For a description of the attributes, see "Adding an ODBC data source"
on page 174.

Removing an ODBC data source

< To remove an ODBC data source:
1 Select the data source in the ODBC Administrator.

2 Press the Delete button. You are prompted to confirm the deletion.

Database file is not deleted

Removing a data source does not delete the database file. It simply
deletes the description of the data source from the ODBC.ini file or
Windows NT registry. It can be added back as described above.

Using ODBC under 0S/2

An ODBC Administrator program and an ODBC driver manager are
available for OS/2 and can be acquired from INTERSOLYV, Inc. It provides
the same functionality as the ODBC Administrator program and
ODBC.DLL driver manager under Windows or Windows NT. The
Administrator program is not supplied with SQL Anywhere.

Even if you are not using the ODBC Administrator, the file ODBC.INI is
still used to describe the available data sources. Under OS/2, ODBC.INI is
a binary file. As such, it is not easily editable. The SQL Anywhere
installation creates this file with a definition of the sample data source. The
installation also includes an OS/2 command file, ODBCINI.CMD that uses
the REXX API to modify the file. This command file can be modified and
run to create additional data sources.
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Using ODBC under DOS and QNX

The file ODBC.INI is still used to describe the available data sources. This
file must be located somewhere in your path. The following example
contains a data source definition for the SQL Anywhere sample database:

[ODBC Data Sources]

SQL Anywhere 5.0 Sample=Sybase SQL Anywhere 5.0

[SQL Anywhere 5.0 Sample]

Driver=C:\sglany50\win\wod50w.dl1

Description=Sybase SQL Anywhere Sample Database

DatabaseFile=C:\sglany50\sademo.db

Start=C:\sglany50\dos\dbeng50

The first section of the file ((ODBC Data Sources]) lists all of the currently
defined data sources. In this case there is only one, called SQL Anywhere

5.0 Sample.
Fields in the The second section of the file ([SQL Anywhere 5.0 Sample]) describes the
second section of data source named SQL Anywhere 5.0 Sample. This section contains the
SQL Anywhere 5.0 following fields:
Sample file
Fields Description
Description A longer description of the data source
UID (Optional) The user name to be used when connecting. If it is
omitted, most ODBC applications will prompt you for a User ID
and Password when connecting to the data source
PWD (Optional) The password for the supplied User ID. Setting the
password here may be a security risk because it is easily viewed.
If the password is omitted, most applications will prompt you to
enter your password when connecting to the data source
DatabaseFile | The name of a SQL Anywhere database file
Start The command used to run the database software when the
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Designing Your Database

About this chapter

Contents

SQL Anywhere is a relational database management system. This chapter
introduces the basic concepts of relational databases and gives you step-by-
step suggestions for designing your database.

While designing a database is not a difficult task for small and medium
sized databases, it is an important one. Bad database design can lead to an
inefficient and possibly unreliable database system. As client applications
are built to work on specific parts of a database, and rely on the database
design, a bad design can be difficult to revise at a later date.

This chapter is not specific to SQL Anywhere. If you already have a
database, you may wish to go to the next chapter.

Topic Page
Relational database concepts 182
Planning the database 185
The design process 187
Designing the database table properties 199

& This chapter covers database design in a cursory manner. For more
information, you may wish to consult an introductory book such as A
Database Primer by C. J. Date. If you are interested in pursuing database
theory, C. J. Date's An Introduction to Database Systems is an excellent
textbook on the subject.
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Relational database concepts

Database tables

Characteristics of
database tables
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This section introduces some of the terms and concepts that are important in
talking about relational databases.

In a relational database, all data is held in tables, which are made up of
rows and columns.

Each table has one or more columns, and each column is assigned a specific
data type, such as an integer number, a sequence of characters (for text), or
a date. Each row in the table has a value for each column.

A typical fragment of a table containing employee information may look as
follows:

emp_ID emp_Ilname emp_fname emp_phone
10057 Huong Zhang 1096
10693 Donaldson Anne 7821

The tables of a relational database have some important characteristics:
¢ There is no significance to the order of the columns or rows
¢ Each row contains one and only one value for each column
¢ No two rows contain the same set of values
*

Each value for a given column is of the same type

The following table lists some of the formal and informal relational
database terms describing tables and their contents, together with their
equivalent in other nonrelational databases. This manual uses the informal
terms.

Formal Informal Equivalent
relational term relational term nonrelational term
Relation Table File

Attribute Column Field

Tuple Row Record
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Keys in relational databases

Primary and foreign keys enable each row in the database tables to be
identified, and enable relationships between the tables to be defined. These
keys define the relational structure of a database.

Each table has a primary key

Examples

Each table in a relational database has a primary key. The primary key is a
column, or set of columns, that allows each row in the table to be uniquely
identified. No two rows may have the same value of a primary key.

In a table holding information about employees, the primary key may be an
ID number assigned to each employee.

In the sample database, the table of sales order items has the following
columns:

¢ An order number, identifying the order the item is part of.
¢ A line number, identifying each item on any order.

¢ A product ID, identifying the product being ordered.

¢ A quantity, showing how many items were ordered.
L4

A ship date, showing when the order was shipped. In order to identify a
particular item, both the order number and the line number are
required. The primary key is made up of both these columns.

Tables are related by foreign keys

Example

The information in one table is related to that in other tables by foreign key
relations.

The sample database has one table holding employee information and one
table holding department information. The department table has the
following columns:

¢ dept_id (an ID number for the department that is the primary key for
the table)

¢ dept_name (holding the name of the department)
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To find out a particular employee's department, there is no need to put the
name of the employee's department into the employee table. Instead, the
employee table contains a column holding the department ID of the
employee's department. This is called a foreign key to the department table.
A foreign key references a particular row in the table containing the
corresponding primary key.

In this example, the employee table (which contains the foreign key in the
relationship) is called the foreign table or referencing table. The department
table (which contains the referenced primary key) is called the primary table
or the referenced table.

If a primary key is not assigned, the combination of all columns in the table
becomes the primary key. This can lead to a very large transaction log.

Other database objects

184

A relational database holds more than a set of related tables. Among the
other objects that make up a SQL Anywhere relational database are:

¢ Theindex Indexes allow quick lookup of information
¢ Theview Views are computed tables

¢ The stored procedure and the trigger These are routines held in the
database itself that act on the information in the database

All these objects are in some way built on top of the base tables that hold the
information. A base table is a table that is stored permanently in the
database. This chapter discusses only how to decide what tables you need
and what each table needs to hold.
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Planning the database

Entity-Relationship
design

Entity

Relationship

Relationships
between tables

In designing a database you plan what tables you require and what data they
will contain. You also determine how the tables are related.

You must determine what things you want to store information about (each
one is an entity) and how these things are related (by a relationship). A
useful technique in designing your database is to draw a picture of your
tables. This graphical display of a database is called an Entity-Relationship
(E-R) diagram. Usually, each box in an E-R diagram corresponds to a table
in a relational database, and each line from the diagram corresponds to a
foreign key.

Entity-Relationship design (E-R design) is an example of top-down design
of databases. There are now sophisticated methods and tools available to
pursue E-R design of databases in great detail. This chapter is an
introductory chapter only, but it does contain enough information for the
design of fairly straightforward databases.

Each table in the database describes an entity; it is the database equivalent
of a noun. Employees, order items, departments and products are all
examples of entities represented by a table in a database. The entities that
you build into your database arise from the activities for which you will be
using the database, whether that be tracking sales calls, maintaining
employee information, or some other activity.

A relationship between entities is the database equivalent of a verb. An
employee is associated with a department, or an office is located in a city.
Relationships in a database may appear as foreign key relationships between
tables, or may appear as separate tables themselves. We will see examples of
each in this chapter.

The relationships in the database are an encoding of rules or practices
governing the data in the table. If each department has one department
head, then a single column can be built into the department table to hold the
name of the department head. When these rules are built into the structure
of the database, there is no provision for exceptions: there is nowhere to put
a second department head, and duplicating the department entry would
involve duplicating the department ID, which is the primary key. This is not
allowed.

There are three kinds of relationships between tables:

¢ One-to-many relationships
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The design process

There are five major steps in the design process.

* & & o o

Step 1: identify entities and relationships
Step 2: identify the required data

Step 3: normalize the data

Step 4: resolve the relationships

Step 5: verify the design

& For information about implementing the database design, see the
chapter "Working with Database Objects".

Step 1: identify entities and relationships

+ To identify the entities in your design and their relationship to each
other:

1

Define high-level activities. Identify the general activities you will use
this database for. For example, you may want to keep track of
information about employees.

Identify entities. For the list of activities, identify the subject areas you
need to maintain information about. These will become tables. For
example, hire employees, assign to a department, and determine a skill
level.

Identify relationships. Look at the activities and determine what the
relationships will be between the tables. For example, there is a
relationship between departments and employees. We give this
relationship a name.

Break down the activities. You started out with high-level activities.
Now examine these activities more carefully to see if some of them can
be broken down into lower-level activities. For example, a high-level
activity such as maintain employee information can be broken down
into:

¢ Add new employees
¢ Change existing employee information

4 Delete terminated employees
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Example

Define high-level
activities

Identify the entities
and relationships
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5 Identify business rules. Look at your business description and see what
rules you follow. For example, one business rule might be that a
department has one and only one department head. These rules will be
built into the structure of the database.

ACME Corporation is a small company with offices in five locations.
Currently, 75 employees work for ACME. The company is preparing for
rapid growth and has identified nine departments, each with its own
department head.

To help in its search for new employees, the personnel department has
identified 68 skills that it believes the company will need in its future
employee base. When an employee is hired, the employee's level of expertise
for each skill is identified.

Some of the high-level activities for ACME Corporation are:
Hire employees

Terminate employees

Maintain personal employee information

Maintain information on skills required for the company
Maintain information on which employees have which skills

Maintain information on departments

*® & & ¢ o o o

Maintain information on offices

We can identify the subject areas (tables) and relationships that will hold the
information and create a diagram based on the description and high-level
activities.

We use boxes to show tables and diamonds to show relationships. We can
also identify which relationships are one-to-many, one-to-one, and many-to-
many.

This is a rough E-R diagram. It will be refined throughout the chapter.
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Department .

Associated
. With

Works In

Break down the The lower-level activities below are based on the high-level activities listed
high-level activities above:

¢ Add or delete an employee

¢ Add or delete an office

¢ List employees for a department
Add a skill

Add a skill for an employee
Identify skills for an employee

Identify an employee's skill level for each skill

*® & & oo o

Identify all employees that have the same skill level for a particular
skill

¢ Change an employee's skill level

These lower-level activities can be used to identify if any new tables or
relationships are needed.

Identify business Business rules often identify one-to-many, one-to-one, and many-to-many
rules relationships.

The kind of business rules that may be relevant include the following:
¢ There are now five offices; expansion plans allow for a maximum of 10.
¢ Employees can change department or office

¢ Each department has one department head
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+ Each office has a maximum of three telephone numbers
¢ Each telephone number has one or more extensions

¢ When an employee is hired, the level of expertise in each of several
skills is identified

¢ Each employee can have from three to 20 skills

¢ An employee may or may not be assigned to an office

Step 2: identify the required data

Identify supporting
data

190

% To identify the required data:
1  Identify supporting data.

2 List all the data you will need to keep track of. The data that describes
the table (subject) answers the questions who, what, where, when, and
why.

Set up data for each table.
List the available data for each table as it seems appropriate right now.

Set up data for each relationship.

N W W

List the data that applies to each relationship (if any).

The supporting data you identify will become the names of the columns in
the table. For example, the data below might apply to the Employee table,
the Skill table, and the Expert In table:

Employee Skill Expert In

Employee ID Skill ID Skill level

Employee first name Skill name Date skill was acquired
Employee last name Description of skill

Employee department

Employee office

Employee address

If you make a diagram of this data, it will look like this:
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Things to
remember

Employee

Skill level
Skill name Date acquired Employee last name
Skill description Employee ID
Employee department
Employee office
Employee address

When you are identifying the supporting data, be sure to refer to the
activities you identified earlier to see how you will need to access the
data.

For example, if you know that you will need a list of all employees
sorted by last name, make sure that you specify supporting data as Last
name and First name, rather than simply Name (which would contain
both first and last names).

The names you choose should be consistent. Consistency makes it
easier to maintain your database and easier to read reports and output
windows.

For example, if you choose to use an abbreviated name such as
Emp_status for one piece of data, you should not use the full name
(Employee_ID) for another piece of data. Instead, the names should be
Emp_status and Emp_ID.

It is not crucial that the data be associated with the correct table. You
can use your intuition. In the next section, you'll apply tests to check
your judgment.

Step 3: normalize the data

Normal forms

Normalization is a series of tests you use to eliminate redundancy in the
data and make sure the data is associated with the correct table or
relationship. There are five tests. In this section, we will talk about the three
tests that are usually used.

&~ For more information about the normalization tests, see a book on
database design.

Normal forms are the tests you usually use to normalize data. When your
data passes the first test, it is considered to be in first normal form, when it
passes the second test, it is in second normal form, and when it passes the
third test, it is in third normal form.
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Data and keys

192

+ To normalize the data:

1
2

14

List the data:

Identify at least one key for each table. Each table must have a primary
key.

Identify keys for relationships. The keys for a relationship are the keys
from the two tables it joins.

Check for calculated data in your supporting data list. Calculated data
is not normally stored in the database.

Put data in first normal form:

Remove repeating data from tables and relationships.

Create one or more tables and relationships with the data you remove.
Put data in second normal form:

Identify tables and relationships with more than one key.

Remove data that depends on only one part of the key.

Create one or more tables and relationships with the data you remove.
Put data in third normal form:

Remove data that depends on other data in the table or relationship and
not on the key.

Create one or more tables and relationships with the data you remove.

Before you begin to normalize (test your data), simply list the data and
identify a unique primary key for each table. The key can be made up of
one piece of data (column) or several (a concatenated key).

The primary key is the set of columns that uniquely identifies rows in a
table. The primary key for the Employee table is the Employee ID column.
The primary key for the Works In relationship consists of the Office Code
and Employee ID columns. Give a key to each relationship in your database
by taking the key from each of the tables it connects. In the example, the
keys identified with an asterisk are the keys for the relationship:

Relationship Key

Office *Qffice code

Office address

Phone number

Works in *Qffice code
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Putting data in first
normal form

Relationship Key
*Employee ID

Department *Department ID

Department name

Heads *Department ID

*Employee ID

Assoc with *Department ID

*Employee ID

Skill *Skill ID
Skill name

Skill description

Expert in *Skill ID
*Employee ID
Skill level

Date acquired

Employee *Employee ID
Employee last name
Employee first name
Social security number
Employee street
Employee city
Employee state
Employee phone

Date of birth

¢ Remove repeating groups.

¢ To test for first normal form, remove repeating groups and put them
into a table of their own.

¢ In the example below, Phone number can repeat. (An office can have
more than one telephone number.) Remove the repeating group and
make a new table called Telephone. Set up a relationship called
Associated With between Telephone and Office.
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Putting data in
second normal
form

Putting data in
third normal form

194

i Phone number

#'Office code

Remove data that does not depend on the whole key.

Look only at tables and relationships that have more than one key. To
test for second normal form, remove any data that does not depend on
the whole key (all the columns that make up the key).

In this example, the original Employee table specifies a key composed
of two columns. Some of the data does not depend on the whole key; for
example, the department name depends on only one of those keys
(Department ID). Therefore, the Department ID, which the other
employee data does not depend on, is moved to a table of its own called
Department, and a relationship called Assigned To is set up between
Employee and Department.

de
Office address

Office code
“* Phone number

Telephone

% Phone number 5

Remove data that doesn't depend directly on the key.

To test for third normal form, remove any data that depends on other
data rather than directly on the key.

In this example, the original Employee table contains data that depends
on its key (Employee ID). However, data such as office location and
office phone depend on another piece of data, Office code. They do not
depend directly on the key, Employee ID. Remove this group of data
along with Office code, which it depends on, and make another table
called Office. Then we will create a relationship called Works In that
connects Employee with Office.
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Employee Employee
*E oyee ID
Employee last name Employee last name
Employee first name Employee first name
+ Office location : e
: Office phone : / \
fensssssmstsumrmsmanmna \\]:Morks ln
: * Emplayee ID
Office code

* Office code
Office location

Step 4: resolve the relationships '

Resolving
relationships that
carry data

When you finish the normalization process, your design is almost complete.
All you need to do is resolve the relationships.

Some of your relationships may carry data. This situation often occurs in
many-to-many relationships.

Employee

*Employee ID
skill ID
Skill level

Expertise Employee

. Employee ID
*Skill ID
Skill level

When this is the case, change the relationship to a table. The key to the new
table remains the same as it was for the relationship.
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Resolving
relationships that
do not carry data

196

In order to implement relationships that do not carry data, you need to
define foreign keys. A foreign key is a column or set of columns that
contains primary key values from another table. The foreign key allows you
to access data from more than one table at one time.

There are some basic rules that help you decide where to put the keys:

One to many In a one-to-many relationship, the primary key in the one is
carried in the many. In this example, the foreign key goes into the Employee
table.

Employee

*Empluyée ID
*Office code

Employee

One to one In a one-to-one relationship, the foreign key can go into either
table. If it is mandatory on one side, but not on the other, it should go on the
mandatory side. In this example, the foreign key (Head ID) is in the
Department table because it is mandatory there.

Department

*Employee
*Department ID

Department

Employee

P m :
Head ID (foreign key)
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Many to many In a many-to-many relationship, a new table is created
with two foreign keys. The existing tables are now related to each other
through this new table.

e

Expert In

Skill Employee

Skill ID

Expertise Employee

*Emplovee ID W*Employee ID

*Skill ID

Step 5: verify the design

Final design

Before you implement your design, you need to make sure it supports your
needs. Examine the activities you identified at the start of the design process
and make sure you can access all the data the activities require:

¢ Can you find a path to get all the information you need?
¢ Does the design meet your needs?

¢ Is all the required data available?

If you can answer yes to all the questions above, you are ready to implement
your design.

The final design of the example looks like this:
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Expertise Department

Employee

Telephone

& For more information about creating a database in PowerBuilder or
InfoMaker, see the PowerBuilder User's Guide or InfoMaker User's Guide.
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Designing the database table properties

The database design specifies which tables you have and what columns each
table contains. This section describes how to specify each column's
properties.

For each column, you must decide the column name, the data type and size,
whether or not NULL values are allowed, and whether you want the
database to restrict the values allowed in the column.

Choosing column names

Column names can be any set of letters, numbers or symbols. However, if
the column name contains characters other than letters, numbers, or
underscores, or it does not begin with a letter, or it is a keyword (see
"Alphabetical list of keywords" in the chapter "SQL Anywhere Keywords"),
then whenever the column name is used, it must be enclosed in double
quotes.

Choosing data types for columns

The data types supported by SQL Anywhere include:
Integer data types (int, integer, smallint)
Decimal data types (decimal, numeric)

Floating-point data types (float, double)

Binary data types (binary, long binary)

*

*

¢

¢ Character data types (char, varchar, long varchar)
.

¢ Date/time data types (date, time and timestamp)
*

User-defined data types

For a description of data types, see the section "SQL Anywhere Data
Types". The data type of the column affects the maximum size of the
column. For example, if you specify SMALLINT, a column can contain a
maximum value of 32,767. If you specify INTEGER, the maximum value is
2,147,483,647. In the case of CHAR, the maximum length of a value in the
column must be specified.
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NULL and NOT
NULL

The long binary data type can be used to hold information such as images
(for instance, stored as bitmaps) or word-processing documents in a
database. These types of information are commonly called binary large
objects, or BLOBS.

For a complete description of each data type, see "SQL Anywhere Data
Types".

When the column value is mandatory for a record, you define the column as
being NOT NULL. Otherwise, the column is allowed to contain the NULL.
value which represents no value. The default in SQL is to allow NULL
values; you should explicitly declare columns to be NOT NULL unless there
is a good reason to allow NULL values.

For a complete description of the NULL value, see "NULL value" in the
chapter "Watcom-SQL Statements". For information on its use in
comparisons, see "Search conditions" in the chapter "Watcom-SQL
Language Reference".

Choosing constraints

& For more
information

Example
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Although the data type of a column restricts the values allowed in that
column (for example, only numbers or only dates), you may want to further
restrict the allowed values.

You can restrict the values of any column by specifying a CHECK
constraint. You can use any valid condition that could appear in a WHERE
clause to restrict the allowed values, although most CHECK constraints use
either the BETWEEN or IN conditions.

For more information about valid conditions, see "Search conditions" in the
chapter "Watcom-SQL Language Reference". For more information about
assigning constraints to tables and columns, see the chapter "Ensuring Data
Integrity".

The sample database has a table called department, which has columns
named dept_id, dept_name, and dept_head_id. Its definition is as follows:

Column Data Type Size Null/Not Null Constraint
dept_id integer — not null None
dept_name char 40 not null None
dept_head_id | integer — not null None
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Notice that "not null" is specified for each column. In this case, data for all
columns is required for every row in the table.

Choosing primary and foreign keys

The primary key is the column or columns that uniquely identify the rows in
the table. If your tables are properly normalized, a primary key should be
defined as part of the database design.

A foreign key is a column or set of columns that contains primary key
values from another table. Foreign key relationships build one-to-one and
one-to-many relationships into your database. If your design is properly
normalized, foreign keys should be defined as part of your database design.
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CHAPTER 17

Working with Database Objects

About this chapter This chapter describes the mechanics of creating, altering, and modifying
database objects. The set of definitions of the database objects form the

database schema: you can think of the schema as the database without any
data.

This chapter also discusses creating and working with other database
objects, (such as indexes and views).

& Procedures and triggers are also database objects, and are discussed in
the chapter "Using Procedures, Triggers, and Batches".

Contents Topic Page
Using Sybase Central to work with database objects 204
Using ISQL to work with database objects 205
Working with databases 206
Working with tables 211
Working with views 217
Working with indexes 223
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Using Sybase Central to work with database objects

Using Sybase Central to work with database
objects

Sybase Central is the primary tool for working with database objects in SQL
Anywhere. You can use SQL Anywhere to create, modify, and delete all
kinds of database objects, including tables, procedures, triggers, views,
indexes, users and groups, and so on.

This chapter is concerned with the SQL statements for working with
database objects. If you are using Sybase Central, these SQL statements are
generated for you. The primary source of information about Sybase Central
is the Sybase Central online Help. In this chapter, only brief pointers are
given for tasks you can carry out using Sybase Central.

& For an introduction to using Sybase Central, see the chapter
"Managing Databases with Sybase Central".
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Using ISQL to work with database objects

1ISQL command
file

ISQL is a utility for entering SQL statements, supplied with SQL
Anywhere. If you are using ISQL to work with your database schema,
instead of executing the SQL commands one at a time, you should build up
the set of commands in an ISQL command file. This file can then be
executed in ISQL to build the database.

If you are using a tool other than ISQL, all the information in this chapter
concerning SQL statements still applies.

If you have not created your database using command files, you can create a
command file that would recreate your database by unloading the database.

&~ For a description of the DBUNLOAD utility, see "The Unload utility"
in the chapter "SQL Anywhere Components".

An ISQL command file is a text file with semicolons placed at the end of
commands (see the chapter "Command Files") as shown below.
CREATE TABLE tl ( .. );

CREATE TABLE t2 ( .. );
CREATE INDEX 12 ON t2 ( .. );

An ISQL command file is usually given a name with the extension SQL. To
create your database using a command file, you can either paste it into the
ISQL command window (for files with less than 500 lines), or execute the
saved command file by entering a command to read the file into the ISQL
command window. For example:

read makesdb

will read the ISQL commands in the file MAKEDB.SQL.
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Working with databases

Some application design systems, such as Powersoft PowerBuilder, contain
facilities for creating databases. These tools construct SQL statements that
are submitted to the SQL Anywhere engine, typically through its ODBC
interface. If you are using one of these tools, you do not need to construct
SQL statements to create tables, assign permissions, and so on.

This chapter describes the SQL statements supported by SQL Anywhere.
You can use these statements directly if you are building your database from
an Interactive SQL tool, such as ISQL. Even if you are using an application
design tool, you may want to use SQL statements to add features to the
database if they are not supported by the system's database design tool.

Initializing a database

Accessing the
initialization utility

206

Initializing a database creates the root file for storing your database and the
system tables, which hold the schema definition as you build your database.

Database files are compatible among all versions of SQL. Anywhere. A
database created from any operating system can be used from another
operating system by copying the database file(s). A database created with a
standalone database engine can be used with any SQL Anywhere network
server as long as the server is not an earlier release.

You create a database using the database initialization utility. Database
initialization is not controlled by SQL statements. Once the database is
initialized, you can connect to it and build the objects in the database using
SQL statements. If you are using Sybase Central, the SQL statements are
constructed for you and you do not have to enter them yourself.

A full description of the initialization utility, with the options available
when you create a database is given in "The Initialization utility" in the
chapter "SQL Anywhere Components". The initialization utility can be
accessed in the following ways:

¢ In Sybase Central, click the Database Utilities folder in the left panel,
then double-click Create Database to start the Create Database Wizard,
which leads you through the process.
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¢ For Windows 3.x and 0S/2, use the ISQL Database Tools window. To
open this window, select the Database Tools menu item from the
Window menu. Select Create Database from the Tools list, and enter
the path and name of the file in which you wish to store the database in
the Database File field. It is recommended that you give the database
file the standard filename extension of DB. Press the Create button.
This displays another dialog box for specifying options such as page
size and collation sequence.

¢ Use the DBINIT command (DBINITW for Windows). For a full
description of the DBINIT command, see "The Initialization utility" in
the chapter "SQL Anywhere Components".

For example, the following command will create a database called
COMPANY.DB:

dbinit company.db

¢ Command line parameters allow different options for the database. For
example, the following command creates a database with a 4K page
size:
dbinit -p 4096 company.db

¢ Use the ISQL DBTOOL statement. The database utility programs are
available from within ISQL using the DBTOOL command. For
example, the following command creates a database called
COMPANY.DB:

DBTOOL CREATE DATABASE 'company.db'

¢ The following command creates a database with 4K pages:

DBTOOL CREATE DATABASE 'company.db' PAGE SIZE
4096

Adding database files

When a database is initialized, it is composed of one file. This first database
file is called the root file. All database objects and all data are placed in the
root file. For many databases, it is convenient to keep the database as a
single file. This section is intended only for users of large databases.

Each SQL Anywhere database file has a maximum size of 2 GB, so you may
wish to divide large databases among more than one file. (On Windows NT,
this limitation is removed, and files can be up to a terabyte). You create a
new database file, or dbspace, using the CREATE DBSPACE statement. A
new dbspace may be on the same disk drive as the root file or on another
disk drive. You must have DBA authority to create new database files.
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When created, a new dbspace has no contents. When you create a new table
you can place it in the new dbspace with an IN clause in the CREATE
TABLE statement. For information on creating tables, see "Creating tables"
on page 211. If no IN clause is used, the table is placed in the root file. Each
table must be contained in a single dbspace, and SQL Anywhere has a
maximum of twelve dbspaces per database. By default, indexes are placed in
the same dbspace as their table, but they can be placed in a separate dbspace
by supplying an IN clause.

Example The following command creates a new dbspace called library in the file
LIBRARY.DB in the same directory as the root file:

CREATE DBSPACE library
AS 'library.db'

To create a table and place it in the library dbspace, you can use the
following command:
CREATE TABLE Library_Books (
title char(100),
author char(50),

isbn char(30)
) IN library

If you wish to split existing database objects among several dbspaces, you
need to unload your database and modify the command file for rebuilding
the database. To do so, add IN clauses to specify the dbspace for each table
you do not wish to place in the root file.

Creating a . .
dbspace in Sybase ¥ To create a dbspace in Sybase Central:
Central 1 Connect to the database.

Click the DB Spaces folder for that database.
Double-click Add DB Space in the right panel.

Enter the dbspace name and filename

wn A W N

Click OK to create the dbspace.
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Preallocating space for database files

Preallocating disk
space in Sybase
Central

L <4

SQL Anywhere automatically takes new disk space for database files as
needed. Unless you are working with a large database with a high rate of
inserts and deletes, you do not need to worry about explicitly allocating
spaced for database files. SQL Anywhere does allow preallocation of disk
space for database files or for transaction logs for those cases where rapidly
changing database files could lead to excessive file fragmentation on the
disk, and possible performance problems.

You can preallocate disk space for a database file or for the transaction log
using the ALTER DBSPACE statement. For more information on this
statement, see "ALTER DBSPACE statement" in the chapter "Watcom-SQL
Statements".

For example, the following statement adds 200 pages to the database file
with dbspace name library. (The database page size is fixed when the
database is created.)

ALTER DBSPACE library
ADD 200

Running a disk defragmentation utility after preallocating disk space helps
ensure that the database file is not fragmented over many disjoint areas of
the disk drive. Performance can suffer if there is excessive fragmentation of
database files.

To preallocate disk space for a dbspace in Sybase Central:
1  Connect to the database.

2 Click the DB Spaces folder for that database.

3 Double-click the dbspace in the right panel.

4 Click Add Pages, and enter the number of database pages to
preallocate.

5 Click OK.

Erasing a database

Erasing a database deletes all tables and data from disk, including the
transaction log that records alterations to the database.

All SQL Anywhere databases are marked as read-only to prevent accidental
modification or deletion of the database files.
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Accessing the
Erase utility

210

& You can erase database files using the Erase utility. For a full
description of the Erase utility, see "The Erase utility" in the chapter "SQL
Anywhere Components".

You can access the Erase utility using any of the following methods:

L

Using Sybase Central. Click the Database Utilities folder, and double-
click Erase Database to display the Erase Database Wizard, which leads
you through the process.

Using the ISQL Database Tools window. To open this window, select
the Database Tools menu item from the Window menu. Select Erase
Database or Write File from the Tools list, and enter the name of the
database file in the Database File field. The database is erased when you
press the Erase button.

Using the DBERASE command-line utility (DBERASEW for
Windows). The following command erases the database company.db
and its transaction log:

dberase company .db

You will be asked to confirm that you really want to erase the files. To
erase the files, type y and press ENTER.

Using the DBTOOL statement. All the database utility programs are
available from within ISQL using DBTOOL. For example, the
following command erases the database company.db and its transaction
log: DBTOOL DROP DATABASE company.db

& The Erase utility can also be used to erase write files and log files. For
a description of write files, see "The Write File utility" in the chapter "SQL
Anywhere Components".
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Working with tables

Creating tables

Creating tables in
Sybase Central

Creating tables in
1ISQL

When the database is initialized, the only tables in the database are the
system tables which hold the database schema.

This section describes how to create, alter, and delete tables from a database
The examples can be executed in ISQL, but the SQL statements are
independent of the administration tool you are using.

You should create command files containing the CREATE TABLE and
ALTER TABLE statements that define the tables in your database.

To create a table in Sybase Central you first create an empty table, and then
add columns, specify primary keys and constraints, and so on:

To create an empty table:

I Connect to the database.

Click the Tables folder for that database.

Double-click Add Table in the right panel.

Fill out the dialog box.

hn A WP

Click OK to create an empty table.

To add a column to a table:

1 Double-click the new table.
Double-click the Columns folder.
Double-click Add Column.

Fill out the dialog box.

Click OK to the column.

hn A W

There are two ways to create new tables using ISQL:
¢ Type a CREATE TABLE statement in ISQL.

¢ Create a command file that contains the CREATE TABLE commands
for your database. (This allows you easily to recreate your database and
provides some documentation of the structure of your database)
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Altering tables

Example 1

212

This section describes how to create tables interactively using ISQL. The
examples in this section use the sample database. To try the examples, run
ISQL and connect to the sademo.db database with userid dba and password
SQL.

&~ For information on connecting to a database from ISQL, see
"Connecting from the SQL Anywhere utilities" in the chapter "Connecting
to a Database".

You can create tables from other tools in addition to ISQL. The SQL
statements described here are independent of the tool you are using.

The following command creates a new table to describe qualifications of
employees within a company. The table has columns to hold an identifying
number, a name, and a type (say technical or administrative) for each skill.

CREATE TABLE skill (
skill_id INTEGER NOT NULL,

skill_name CHAR( 20 ) NOT NULL,
skill_type CHAR( 20 ) NOT NULL
)

You can execute this command by typing it into the ISQL command
window. and pressing the execute key (F9). Note the following:

¢ Each column has a data type. The skill_id is an integer (like 101), the
skill_name is a character string containing up to 20 characters, and so
on.

¢ All columns are mandatory as indicated by the phrase NOT NULL after
their data types.

Before creating the table, SQL Anywhere makes all previous changes to the
database permanent by internally executing the COMMIT statement. There
is also a COMMIT after the table is created.

& For a full description of the CREATE TABLE statement, see
"CREATE TABLE statement" in the chapter "Watcom-SQL Statements".
For information about building constraints into table definitions using
CREATE TABLE, see the chapter "Ensuring Data Integrity".

This section describes how to change the structure of a table using the
ALTER TABLE statement.

The following command adds a column to the skill table to allow space for
an optional description of the skill:
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Example 2

Example 3

Example 4

Altering tables in
Sybase Central

ALTER TABLE skill
ADD skill_description CHAR( 254 )

This statement adds a column called skill_description that holds up to a few
sentences describing the skill.

Column attributes can also be modified with the ALTER TABLE statement.
The following statement shortens the skill_description column of the sample
database from a maximum of 254 characters to a maximum of 80:

ALTER TABLE skill
MODIFY skill_description CHAR( 80 )

Any current entries that are longer than 80 characters are trimmed to
conform to the 80-character limit, and a warning is displayed.

The following statement changes the name of the skill_type column to
classification:

ALTER TABLE skill
RENAME skill_type TO classification

The following statement deletes the classification column.

ALTER TABLE skill
DELETE classification

As a final example, the following statement changes the name of the entire
table:

ALTER TABLE skill
RENAME qualification

These examples show how to change the structure of the database. The
ALTER TABLE statement can change just about anything pertaining to a
table—foreign keys can be added or deleted, columns can be changed from
one type to another, and so on.

& For a complete description of the ALTER TABLE command, see
"ALTER TABLE statement" in the chapter "Watcom-SQL Statements". For
information about building constraints into table definitions using ALTER
TABLE, see the chapter "Ensuring Data Integrity".

The property sheets for tables and columns display all the table or column
attributes. You can alter a table definition in Sybase Central by displaying
the property sheet for the table or column you wish to change, altering the
property, and clicking OK to commit the change.
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Deleting tables

The following DROP TABLE command deletes all the records in the
Absence table and then removes the definition of the Absence table from the
database

DROP TABLE skill
Like the CREATE command, the DROP command automatically executes a

COMMIT statement before and after dropping the table. This makes all
changes to the database since the last COMMIT or ROLLBACK permanent.

&~ For a full description of the DROP statement, see "DROP statement"
in the chapter "Watcom-SQL Statements".

< To drop a table in Sybase Central:

1  Connect to the database.
2 Click the Tables folder for that database.

3 Right-click the table you wish to delete, and select Delete from the
popup menu.

Creating primary and foreign keys

Creating a primary
key

Creating a primary
key in Sybase
Central

214

The CREATE TABLE and ALTER TABLE statements allow many
attributes of tables to be set, including column constraints and checks. This
section shows how to set table attributes using the primary and foreign keys
as an example.

The following statement creates the same skill table as before, except that a
primary key is added:

CREATE TABLE skill (

skill_id INTEGER NOT NULL,

skill_name CHAR( 20 ) NOT NULL,

skill_type CHAR( 20 ) NOT NULL,

primary key( skill_id )

)

The primary key values must be unique for each row in the table which, in
this case, means that you cannot have more than one row with a given
skill_id. Each row in a table is uniquely identified by its primary key.

Columns in the primary key are not allowed to contain the NULL value.
You must specify NOT NULL on the column in the primary key.
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Creating foreign
keys

Single and double
quotes in SQL

% To create a primary key in Sybase Central:

1 Connect to the database.
2 Click the Tables folder for that database.

3 Right-click the table you wish to modify, and select Properties from the
popup menu, to display its property sheet.

4 Click the Columns tab, and add columns to the primary key, or remove
them from the primary key.

&~ For more information, see the Sybase Central online Help.

You can create a table named emp_skill, which holds a description of each
employee's skill level for each skill in which they are qualified, as follows:
CREATE TABLE emp_skill (
emp_id INTEGER NOT NULL,
skill_id INTEGER NOT NULL,
"skill level" INTEGER NOT NULL,
PRIMARY KEY( emp_id, skill_id ),
FOREIGN KEY REFERENCES employee,
FOREIGN KEY REFERENCES skill
)

The emp_skill table definition has a primary key that consists of two
columns: the emp_id column and the skill_id column. An employee may
have more than one skill, and so appear in several rows, and several
employees may possess a given skill, so that the skill_id may appear several
times. However, there may be no more than one entry for a given employee's
level at a particular skill:

The emp_skill table also has two foreign keys. The foreign key entries
indicate that the emp_id column must contain a valid employee number
from the employee, and that the skill_id must contain a valid entry from the
skill table.

The skill level contains a space and is surrounded by quotation marks
("double quotes"). SQL Anywhere allows column names and table names to
contain any characters, but the names must be enclosed in quotation marks
if any characters other than letters, digits or underscore are used, or if the
name does not begin with a letter, or if the name is a keyword.

Remember, in SQL:

+ Single quotes (apostrophes) are used to indicate database values (for
example, 'SMITH', '100 Apple St.", '1988-1-1").

¢ Double quotes (quotation marks) are used to indicate table or column
names (for example, "skill level"”, "emp_id", "skill_type").
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Creating a foreign
key in Sybase
Central

¢ To include a single quote inside a string, use two single quotes:

'"*Plankton'' said the cat'

A table can only have one primary key defined, but it may have as many
foreign keys as necessary.

&~ For more information about using primary and foreign keys, see the
chapter "Ensuring Data Integrity".

To create a foreign key in Sybase Central:

1 Connect to the database.

2 Click the Tables folder for that database.

3 Click the primary key table, and drag it to the foreign key table.
4

When the primary key table is dropped on the foreign key table, the
Foreign Key Wizard is displayed, which leads you through the process
of creating the foreign key.

&~ For more information, see the Sybase Central online Help.

Table information in the system tables
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All the information about tables in a database is held in the system tables.
The information is distributed among several tables. For more information,
see "SQL Anywhere System Tables".

You can use Sybase Central or ISQL to browse the information in these
tables. Type the following command in the ISQL command window to see
all the columns in the SYS.SYSTABLE table:

SELECT *
FROM SYS.SYSTABLE

< To display the system tables in Sybase Central:

1 Connect to the database.

2 Right-click the database, and select Show System Objects from the
popup menu.

3 When you view the database tables or views with Show System Objects
checked, the system tables or views are also shown.
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Working with views

Similarities
between views and
base tables

Differences
between view and
permanent tables

Benefits of tailoring
access

Creating views

Views are computed tables. You can use views to provide to database users
exactly the information you want to present, in a format you can control.

Views are similar to the permanent tables of the database (a permanent table
is also called a base table) in many ways:

¢ You can assign access permissions to views just as to base tables.
¢ You can perform SELECT queries on views.

¢ You can perform UPDATE, INSERT, and DELETE operations on
some views.

¢ You can create views based on other views.

There are some differences between views and permanent tables:

¢ You cannot create indexes on views.

¢ You cannot perform UPDATE, INSERT, and DELETE operations on
all views.

¢ You cannot assign integrity constraints and keys to views.

¢ Views are recomputed each time they are invoked. Views refer to the
information in base tables, but do not hold copies of that information.

Views are used to tailor access to data in the database Tailoring access
serves several purposes:

+ Improved security: by not allowing access to information that is not
relevant.

¢ Improved usability: by presenting users and application developers with
data in a more easily understood form than in the base tables.

¢ Improved consistency: by centralizing in the database the definition of
common queries.

A SELECT statement operates on one or more tables and produces a result
set that is also a table: just like a base table, a result set from a SELECT
query has columns and rows.

A view gives a name to a particular query, and holds the definition in the
database system tables.
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Using views
Restrictions on

SELECT
statements
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Suppose that you frequently need to list the number of employees in each
department. You can get this list with the following command:
SELECT dept_ID, count (*)

FROM employee
GROUP BY dept_ID

You can create a view containing the results of this command as follows:

CREATE VIEW DepartmentSize AS
SELECT dept_ID, count (*)

FROM employee

GROUP BY dept_1ID

The information in a view is not stored separately in the database. Each
time you refer to the view, SQL Anywhere executes the associated SELECT
statement to retrieve the appropriate data. On one hand, this is good because
it means that if someone modifies the Employee table, the information in
the DepartmentSize view will be automatically up to date. On the other
hand, if the SELECT command is complicated it may take a long time for
SQL to find the correct information every time you use the view.

To create a view in Sybase Central:

1 Connect to the database.

2 Click the Views folder for that database.
3 Double-click Add View.
4

Enter the CREATE VIEW statement in the Sybase Central editor, and
click Execute Script to save the view.

&~ For more information, see the Sybase Central online Help.

There are some restrictions on the SELECT statements that you can use as
views. In particular, you cannot use an ORDER BY clause in the SELECT
query. It is a characteristic of relational tables that there is no significance to
the ordering of the rows or columns, and using an ORDER BY clause would
impose an order on the rows of the view. You can use the GROUP BY
clause, subqueries, and joins in view definitions.

To develop a view, you should tune the SELECT query by itself until it
provides exactly the results you need in the format you want. Once you have
the SELECT query just right, you can add a

CREATE VIEW viewname AS



Chapter 17 Working with Database Objects

phrase in front of the query to create the view.

Updating views UPDATE, INSERT, and DELETE statements are allowed on some views,
but not on others, depending on its associated SELECT statement.

Views containing aggregate functions, such as COUNT(*), cannot be
updated. Views containing a GROUP BY clause in the SELECT statement
cannot be updated. Also, views containing a UNION operation cannot be
updated. In all these cases, there is no way for the database engine to
translate the UPDATE into an action on the underlying tables.

Using the WITH CHECK OPTION clause

Even when INSERT and UPDATE statements are allowed against a view, it
is possible that the inserted or updated row or rows in the underlying tables
may not meet the requirements for the view itself: the view would have no
new rows even though the INSERT or UPDATE does modify the underlying

tables.
Examples using The following set of examples illustrates the meaning and usefulness of the
the WITH CHECK WITH CHECK OPTION clause. This optional clause is the final clause in
option clause the CREATE VIEW statement.

72

+ To create a view displaying the employees in the sales department.

¢ Type the following commands:

CREATE VIEW sales_employee

AS SELECT emp_id,
emp_fname,
emp_lname,
dept_id

FROM employee

WHERE dept_id = 200 ;

The contents of this view are as follows:

SELECT *
FROM sales_employee

emp_id | emp_fname emp_Ilname dept_id
129 Philip Chin 200
195 Marc Dill 200
299 Rollin Overbey 200
467 James Klobucher 200
641 Thomas Powell 200
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The check option
is inherited
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The following UPDATE statement modifies this list, but in such a way that
the modified row no longer meets the criterion for the view, and so vanishes
from the view.

¢ Transfer Philip Chin to the marketing department. This view
update causes the entry to vanish from the view, as it no longer meets
the view selection criterion.
UPDATE sales_employee

SET dept_id = 400
WHERE emp_id = 129

¢ List all employees in the sales department.

SELECT *
FROM sales_employee

emp_id emp_fname | emp_lname dept_id
195 Marc Dill 200
299 Rollin Overbey 200
467 James Klobucher 200
641 Thomas Powell 200
667 Mary Garcia 200

When a view is created WITH CHECK OPTION, any UPDATE or INSERT
statement on the view is checked to ensure that the new row does match the
view condition. If it does not, the operation causes an error and is rejected.

The following modified sales_employee view rejects the update statement,
generating an error message "invalid value for column 'dept_id' in table
'employee"".
¢ Create a view displaying the employees in the sales department
(second attempt).
CREATE VIEW sales_employee
AS SELECT emp_id, emp_fname, emp_lname, dept_id
FROM employee
WHERE dept_id = 200
WITH CHECK OPTION;

If a view (say V2) is defined on the sales_employee view, any updates or
inserts on V2 that cause the WITH CHECK OPTION criterion on
sales_employee to fail are rejected, even if V2 is defined without a check
option.
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Modifying views

To modify a view, you need to first remove it from the database using the
DROP statement, and then create a replacement using the CREATE VIEW
statement.

For example, to replace the base table column names with more informative
names in the DepartmentSize view, you would first drop the view using the
DROP VIEW command (see "Deleting views" on page 221) and then create
a new view with the same name (see "Creating views" on page 217):

CREATE VIEW DepartmentSize (Dept_ID, NumEmployees)

AS

SELECT dept_ID, count (*)

FROM Employee
GROUP BY dept_1ID

Permissions are lost when you modify views

All permissions governing access to the view are lost when you execute
the DROP VIEW command. You need to reassign permissions when you
modify views.

Permissions on views

Deleting views

With release 5.0, a change has been made to permissions on views. Before
release 5.0, permissions on the underlying tables were required in order for
permissions to be granted on views. Permissions can now be granted on
views without permissions on the underlying tables.

An INSERT, DELETE, or UPDATE operation is allowed either if
permission on the view has been granted or if permission on the underlying
tables has been granted. Previously permissions on both the table and the
view were required.

UPDATE permissions can be granted only on an entire view. Unlike tables,
UPDATE permissions cannot be granted on individual columns within a
view.

To delete a view from the database, you use the DROP statement. The
following command removes the DepartmentSize view:

DROP VIEW DepartmentSize
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Dropping a view in To drop a view in Sybase Central, right-click the view you wish to delete
Sybase Central and select Delete from the popup menu.

&>~ For more information, see the Sybase Central online Help.

Views in the system tables

All the information about views in a database is held in the system table
SYS.SYSTABLE. The information is presented in a more readable format
in the system view SYS.SYSVIEWS. For more information about these, see
"SYSTABLE system table" in the chapter "SQL Anywhere System Tables"
and "SYS.SYSVIEWS" in the chapter "SQL Anywhere System Views".

You can use ISQL to browse the information in these tables. Type the
following command in the ISQL command window to see all the columns in
the SYS.SYSVIEWS view:

SELECT * FROM SYS.SYSVIEWS
To extract a text file containing the definition of a specific view, use a
command such as the following:

SELECT viewtext FROM SYS.SYSVIEWS
WHERE viewname = 'Marks';
OUTPUT TO viewtext.sgl FORMAT ASCII
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Working with indexes

Performance is an important consideration when designing and creating
your database. Indexes can dramatically improve the performance of
database searches (operations using SELECT, UPDATE and DELETE
commands) on specified columns.

When to use An index is similar to a telephone book which first sorts people by their last

indexes name, and then sorts all the people with the same last name by their first
name. Telephone books are indexed on the last name and first name. This
speeds up searches for phone numbers given a particular last name. Just as a
standard telephone book is, however, no use at all for finding the phone
number at a particular address, so an index is useful only for searches on a
specific column or columns.

Indexes get more useful as the size of the table increases. The average time
to find a phone number at a given address increases with the size of the
phone book, while it does not take much longer to find the phone number
of, say, K. Kaminski, in a large phone book than in a small phone book.

Use indexes for Indexes share one other feature with a phone book: they can take up a great

frequently- deal of space for large data sets. For this reason, you should build indexes

searched columns only for columns that are searched frequently or when disk space is not an
issue.

If a column is already a primary key or foreign key, searches will be fast
on this column because SQL Anywhere has facilities to optimize searches
on these key columns. Thus, creating an index on a key column is not
necessary and generally not recommended. If a column is only part of a key,
an index may help.

When indexes on primary keys may be useful

One case where an index on a key column may assist performance is
when a large number of foreign keys reference a primary key. The
performance increase is because of SQL. Anywhere storage of key
indexes.

SQL Anywhere automatically uses indexes to improve the performance of
any database command whenever it can. There is no need to refer to indexes
once they are created. SQL Anywhere also automatically updates the index
when rows are deleted, updated or inserted.

Indexes are created on a specified table. You cannot create an index on a
view.
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Example

& For more
information

Creating and
dropping indexes
in Sybase Central

0,
0’0

If an index is no longer required, you can remove it from the database using
the DROP command.

In order to speed up a search on employee surnames in the sample database,
you could create an index called EmpNames with the following statement:

CREATE INDEX EmpNames
ON employee (emp_lname, emp_fname)

The following statement removes the index from the database:

DROP INDEX EmpNames

¢ For more information about improving database performance, including
the use of indexes, see the chapter "Monitoring and Improving
Performance".

¢ For a detailed description of the CREATE INDEX command, including
syntax and permission requirements, see "CREATE INDEX statement"
in the chapter "Watcom-SQL Statements".

¢ For a detailed description of the DROP command, including syntax and
permission requirements, see "DROP statement" in the chapter
"Watcom-SQL Statements".

To create an index on a table in Sybase Central:

1 Connect to the database.

2 Double-click the table you wish to modify.

3 Double-click the Indexes folder, and then double-click Add Index.
4  Fill in the dialog box and click OK to complete.

You can drop an index in Sybase Central by right-clicking it, and selecting
Delete from the popup menu.

& For more information, see the Sybase Central online Help.

Indexes in the system tables
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All the information about indexes in a database is held in the system tables
SYS.SYSINDEX and SYS.SYSIXCOL. The information is presented in a
more readable format in the system view SYS.SYSINDEXES. You can use
Sybase Central or ISQL to browse the information in these tables.



CHAPTER 18
Ensuring Data Integrity

About this chapter This chapter describes SQL Anywhere's facilities for ensuring that the data
in your database is valid and reliable. Building integrity constraints right
into the database is the surest way to make sure your data stays in good
shape.

Several types of integrity constraints can be enforced in SQL. Anywhere
databases. You can ensure individual entries are correct by imposing
constraints and CHECK conditions on tables and columns. Setting column
properties by choosing an appropriate data type or setting special default
values assists this task.

The SQL statements in this chapter use the CREATE TABLE statement and
ALTER TABLE statement, basic forms of which were introduced in the
chapter "Working with Database Objects".

Contents Topic Page
Data integrity overview 226
Using column defaults 230
Using table and column constraints 235
Enforcing entity and referential integrity 239
Integrity rules in the system tables 244
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Data integrity overview

For data to have integrity means that the data is valid—correct and
accurate—and that the relational structure of the database is intact. The
relational structure of the database is enforced through referential integrity
constraints. These are rules that maintain the consistency of data between
tables.

SQL Anywhere supports stored procedures, which allow you detailed
control over how data gets entered into the database. SQL Anywhere also
allows you to create triggers: custom procedures stored in the database that
are invoked automatically when a certain action, such as an update of a
particular column, is carried out. Procedures and triggers are discussed in
the chapter "Using Procedures, Triggers, and Batches".

How data can become invalid

Examples

226

Here are a few examples of how the data in a database may become invalid
if proper checks are not made. Each of these examples can be prevented by
SQL Anywhere facilities described in this chapter.

¢ Incorrect information

¢ A sales transaction takes place, but the operator entering the date of the
transaction does so incorrectly

¢ A zero is missed off a salary entry, making an employee's salary ten
times too small

¢ Duplicated data

¢ A new department has been created, with dept_id 200, and needs to be
added to the department table of the organization's database—but two
people enter this information into the table

¢ Foreign key relations invalidated

¢ In areorganization, the department identified by dept_id 300 is closed
down.

Each employee record for employees in this department is given a new
dept_id entry, and then the department 300 row is deleted from the
department table. But one employee was missed, and still has dept_id
300 in their record.
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Integrity constraints belong in the database

Build integrity
constraints into
database

In order to ensure that the data in a database are valid, you need to
formulate checks that define valid and invalid data and design rules to
which data must adhere. The rules to which data must conform are often
called business rules. The collective name for checks and rules is
constraints.

Constraints built in to the database itself are inherently more reliable than
those built in to client applications, or spelled out as instructions to database
users. Constraints built into the database are part of the definition of the
database itself and enforced consistently across all applications.

Setting a constraint once, in the database, imposes it for all subsequent
interactions with the database, no matter from what source. In contrast,
constraints built into client applications are vulnerable every time the
software is altered, and may need to be imposed in several applications, or
several places in a single client application.

How database contents get changed

Information in SQL Anywhere database tables is changed by submitting
SQL statements from client applications. Only a few SQL statements
actually modify the information in a database.

¢ Information in a row of a table may be updated, using the UPDATE
statement.

¢ An existing row of a table may be deleted, using the DELETE
statement.

¢ A new row may be inserted into a table, using the INSERT statement.

Data integrity tools in SQL Anywhere

Defaults

To assist in maintaining data integrity, SQL Anywhere provides defaults,
data constraints, and constraints that maintain the referential structure of
the database.

SQL Anywhere allows you to assign default values to columns, to make
certain kinds of data entry more reliable. For example:

¢ A column can have a current date default for recording the date of
transactions with any user or client application action.
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¢ A particular kind of default allows column values to be incremented
automatically whenever a new row is entered. Items such as purchase
orders, for example, can be guaranteed unique sequential numbers in
this way without any user action.

& These and other column defaults are discussed in "Using column
defaults" on page 230.

SQL Anywhere also supports several types of constraints on the data in
individual columns or tables. For example:

A NOT NULL constraint prevents a column from containing a null entry.

¢ Columns can have CHECK conditions assigned to them, to ensure that
a particular condition is met by every item in the column. You could
ensure, for example, that salary column entries are within a specified
range, protecting against user error when typing in new values.

¢ CHECK conditions can be made on the relative values in different
columns, to ensure, for example, that in a library database a
date_returned entry is later than a date_borrowed entry.

+ More sophisticated CHECK conditions can be enforced using a trigger.
Triggers are discussed in the chapter "Using Procedures, Triggers, and
Batches".

These and other table and column constraints are discussed in "Using table
and column constraints" on page 235. Column constraints can be inherited
from user-defined data types.

The information in relational database tables is tied together by the relations
between tables. These relations are defined by the primary keys and foreign
keys built in to the database design. SQL Anywhere supports two integrity
rules that maintain the structure of the database:

+ Entity integrity Keeps track of the primary keys. It guarantees that
every row of a given table can be uniquely identified by a primary key
that guarantees no nulls.

¢ Referential integrity Keeps track of the foreign keys that define the
relationships between tables. It guarantees that all foreign key values
either match a value in the corresponding primary key or contain the
NULL value if they are defined to allow NULL.
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In addition, SQL Anywhere provides triggers. A trigger is a procedure
stored in the database that is executed automatically whenever the
information in a specified table is altered. Triggers are a powerful
mechanism for database administrators and developers to ensure that data is
kept reliable. Triggers are discussed in the chapter "Using Procedures,
Triggers, and Batches".

&~ For more information about enforcing referential integrity, see
"Enforcing entity and referential integrity" on page 239. For more
information about designing appropriate primary and foreign key relations,
see the chapter "Designing Your Database".

SQL statements for implementing integrity constraints

The following SQL statements are used to implement integrity constraints:

CREATE TABLE statement This statement is used to implement integrity
constraints as the database is being created.

ALTER TABLE statement This statement is used to add integrity

constraints to an existing database, or to modify constraints for an existing
database.

CREATE TRIGGER statement This statement is used to create triggers to
enforce more complex business rules.

&-" For full descriptions of the syntax of these statements, see the chapter
"Watcom-SQL Language Reference".
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Using column defaults

Supported default
values

Column defaults automatically assign a specified value to particular
columns when a new row is entered into a database table, without any action
on the part of the client application, as long as no value is specified by the
client application. If the client application does specify a value for the
column, it overrides the column default value.

Column defaults are useful for filling columns that contain information such
as the date or time a row is inserted, or the user ID of the person entering
the information, that is available to the computer automatically.

Using column defaults encourages data integrity, but does not enforce it.
Defaults can always be overridden by client applications.

The following default values are supported:

¢ A string specified in the CREATE TABLE statement or ALTER
TABLE statement

¢ A number specified in the CREATE TABLE statement or ALTER
TABLE statement

¢ An automatically incremented value, one more than the previous
highest value in the column

The current date, or time, or timestamp
The current user ID of the database user

A NULL value

* & o o

A constant expression, as long as it does not reference database objects.

Creating column defaults

Example
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Column defaults can be created at the time a table is created, using the
CREATE TABLE statement, or added at a later time using the ALTER
TABLE statement.

The following statement adds a condition to an existing column named id in
the sales_order table, so that it is automatically incremented (unless a value
is specified by a client application):

ALTER TABLE sales_order
MODIFY id DEFAULT AUTOINCREMENT
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& Each of the other default values is specified in a similar manner. For a
detailed description of the syntax, see "CREATE TABLE statement" in the
chapter "Watcom-SQL Statements".

Modifying and deleting column defaults

Column defaults can be changed or removed by using the same form of the
ALTER TABLE statement as used to create defauits. The following
statement changes the default value of a column named order_date from its
current setting to CURRENT DATE:

ALTER TABLE sales_order
MODIFY order_date DEFAULT CURRENT DATE

Column defaults are removed by modifying them to be NULL. The
following statement removes the default from the order_date column:

ALTER TABLE sales_order
MODIFY order_date DEFAULT NULL

Working with column defaults in Sybase Central

All adding, altering, and deleting of column defaults in Sybase Central is
carried out in the Type tab of the column properties sheet.

+ To display the property sheet for a column:
1 Connect to the database.

2 Click the Tables folder for that database, and click the table holding the
column you want to change.

3 Double-click the Columns folder to open it, and double-click the
column to display its property sheet.

& For more information, see the Sybase Central online Help.

Current date and time defaults

For columns with the DATE, TIME, or TIMESTAMP data type, the current
date, current time, or current timestamp may be used as a default. The
default specified must be compatible with the column's data type.
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Useful examples of
current date
default

Current timestamp

The following are just a few examples of when a current date default would
be useful:

¢ To record dates of phone calls and contacts in contact databases
¢ To record the dates of orders in sales entry databases

¢ To record the date a book is borrowed in a library database

The current timestamp is used for similar purposes as the current date
default, but when greater accuracy is required. For example, a user of a
contact management application may have several contacts with a single
customer in one day: the current time default would be useful to distinguish
these contacts.

The current timestamp is also useful when the sequence of events is
important in a database, as it records a date and the time down to a
precision of millionths of a second.

& For more information about timestamps, times and dates, see "SQL
Anywhere Data Types".

The user ID default

Assigning a DEFAULT USER to a column is an easy and reliable way of
identifying the person making an entry in a database. This information may
be required, for example, when salespeople are working on commission.

Building a user ID default into the primary key of a table is a useful
technique for applications for occasionally connected users. These users can
make a copy of tables relevant to their work on a portable computer, make
changes while not connected to a multiuser database, and then apply the
transaction log to the server when they return. Incorporating their user ID
into the primary key of the table helps to prevent the chance of conflicts
during the update.

The autoincrement default
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The autoincrement default assigns each new row a value one greater than
that of the previous highest value in the column. Autoincrement columns
can be used to record purchase order numbers, to identify customer service
calls, or other entries where an identifying number is required, but where
the value of the number itself has no meaning.
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Autoincrement columns are typically primary key. columns or columns
constrained to hold unique values (see "Enforcing entity integrity" on page
239). It is highly recommended that the autoincrement default not be used
in cases other than these, as doing so can adversely affect the database
performance. One case when an autoincrement default does not adversely
affect performance is when the column is the first column of an index. This
is because the engine uses an index or key definition to find the highest
value.

The next value to be used for each column is stored as a long integer (4
bytes). Using values greater than (2**31 - 1), that is, large double or
numeric values, may cause wraparound to negative values, and
AUTOINCREMENT should not be used in such cases.

The NULL default

For columns that allow NULL values, specifying a NULL default is exactly
the same as not specifying a default at all: a NULL value is assigned to the
column if no value is explicitly assigned by the client when inserting the
row.

NULL defaults are typically used when information for some columns is
optional or not always available and is not required for the data in the
database be correct.

&>" For more information on the NULL value, see "NULL value" in the
chapter "Watcom-SQL Statements".

String and number defaults

A specific string or number can be specified as a default value, as long as
the column holds a string or number data type. You must ensure that the
default specified can be converted to the same data type as the column's data
type.

Default strings and numbers are useful when there is a typical entry for a
given column. For example, if an organization has two offices: the
headquarters in city_1 and a small office in city_2, you may want to set a
default entry for a location column to city_1, to make data entry easier.
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Constant expression defaults

A constant expression can be used as a default value, as long as it does not
reference database objects. This allows column defaults to contain entries
such as "fifteen days from today", which would be entered as

. DEFAULT ( dateadd( day, 15, getdate() ) )
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Using table and column constraints

The CREATE TABLE statement and ALTER TABLE statement can specify
many different attributes for a table. Along with the basic table structure
(number, name and data type of columns, name and location of the table),
you can specify other features that allow control over data integrity.

Caution
Altering tables can interfere with other users of the database. Although
the ALTER TABLE statement can be executed while other connections
are active, it is prevented if any other connection is using the table to
be altered. For large tables, ALTER TABLE is a time consuming
operation, and no other requests referencing the table being altered
are allowed while the statement is being processed.

This section describes how to use constraints to help ensure that the data
entered in the table is correct.

Using CHECK conditions on columns

Example 1

Example 2

A CHECK condition can be applied to values in a single column, to ensure
that they satisfy rules. These rules may be rules that data must satisfy in
order to be reasonable, or they may be more rigid rules that reflect
organization policies and procedures.

You use a CHECK condition to ensure that the values in a column satisfy
some definite criterion.

CHECK conditions on individual column values are useful when only a
restricted range of values are valid for that column. Here are some
examples:

¢ You can enforce a particular formatting requirement. If a table has a
column for phone numbers you may wish to ensure that they are all
entered in the same manner. For North American phone numbers, you
could use a constraint such as the following:

ALTER TABLE customer
MODIFY phone
CHECK ( phone LIKE ' ( ) - ')

¢ You can ensure that the entry matches one of a limited number of
values. For example, to ensure that a city column only contains one of a
certain number of allowed cities (say, those cities where the
organization has offices), you could use a constraint like the following:
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Example 3

ALTER TABLE office
MODIFY city
CHECK ( city IN ( 'city_1', ‘'city_2', 'city_3' ) )

¢ By default, string comparisons are case insensitive unless the database
is explicitly created as a case-sensitive database.

¢ You can ensure that a date or number falls in a particular range. For
example, you may want to require that the start_date column of an
employee table must be between the date the organization was formed
and the current date. This could be achieved as follows:

ALTER TABLE employee

MODIFY start_date

CHECK ( start_date BETWEEN '1983/06/27"'
AND CURRENT DATE )

¢ SQL Anywhere supports several date formats: the YYYY/MM/DD
format used in this example has the virtue of always being recognized
regardless of the current option settings.

Column CHECK tests only fail if the condition returns a value of FALSE. If
a value of UNKNOWN is returned, the change is allowed.

Column CHECK conditions in previous releases

There is a change in the way that column CHECK conditions are held in
this release. In previous releases, column CHECK conditions were
merged together with all other CHECK conditions on a table into a single
CHECK condition. Consequently, they could not be individually replaced
or deleted. In this release, column CHECK conditions are held
individually in the system tables, and can be replaced or deleted
individually. Column CHECK conditions added before this release are
still held in a single table constraint, even if the database is upgraded.

Column CHECK conditions from user-defined data types
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You can attach CHECK conditions to user-defined data types, and columns
defined on those data types inherit the CHECK conditions. A CHECK
condition explicitly specified for the column overrides that from the user-
defined data type.

When defining a CHECK condition on a user-defined data type, any
variable prefixed with the @ sign is replaced by the name of the column
when the CHECK condition is evaluated. For example, the following user-
defined data type accepts only positive integers:

CREATE DATATYPE posint INT
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CHECK ( @col > 0 )

Any variable name prefixed with @ could be used instead of @col. Any
column defined using the posint data type accepts only positive integers
unless it has a CHECK condition explicitly specified.

An ALTER TABLE statement with the DELETE CHECK clause deletes all
CHECK conditions from the table definition, including those inherited from
user-defined data types.

& For information on user-defined data types, see "User-defined data
types" in the chapter "SQL Anywhere Data Types".

Working with column constraints in Sybase Central

All adding, altering, and deleting of column constraints in Sybase Central is
carried out in the Constraints tab of the column properties sheet.

+ To display the property sheet for a column:
1 Connect to the database.

2 Click the Tables folder for that database, and click the table holding the
column you wish to change.

3 Double-click the Columns folder to open it, and double-click the
column to display its property sheet.

&> For more information, see the Sybase Central online Help.

Using CHECK conditions on tables

A CHECK condition can be applied as a constraint on the table, instead of
on a single column. Such CHECK conditions typically ensure that two
values in a row being entered or modified have a proper relation to each
other. Column CHECK conditions are held individually in the system
tables, and can be replaced or deleted individually. This is more flexible
behavior, and CHECK conditions on individual columns are recommended
where possible.

For example, in a library database, the date_returned column for a
particular entry must be later than (or the same as) the date_borrowed entry:

ALTER TABLE loan
ADD CHECK (date_returned >= date_borrowed)
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Modifying and deleting CHECK conditions
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There are several ways of altering the existing set of CHECK conditions on
a table.

¢ You can add a new CHECK condition to the table or to an individual
column, as described above.

¢ You can delete a CHECK condition on a column by setting it to NULL.
The following statement removes the CHECK condition on the phone
column in the customer table: ALTER TABLE customer MODIFY
phone CHECK NULL

¢ You can replace a CHECK condition on a column in the same was as
adding a CHECK condition. The following statement adds or replaces a
CHECK condition on the phone column of the customer table:
ALTER TABLE customer

MODIFY phone
CHECK ( phone LIKE ' - - ')

¢ There are two ways of modifying a CHECK condition defined on the
table, as opposed to a CHECK condition defined on a column.

¢ Youcan add a new CHECK condition using ALTER TABLE with an
ADD table-constraint clause.

¢ You can delete all existing CHECK conditions, including column
CHECK conditions, using ALTER TABLE DELETE CHECK, and
then add in new CHECK conditions.

All CHECK conditions on a table, including CHECK conditions on all its
columns and CHECK conditions inherited from user-defined data types, are
removed using the ALTER TABLE statement with the DELETE CHECK
clause, as follows:

ALTER TABLE table_name
DELETE CHECK

Deleting a column from a table does not delete CHECK conditions
associated with the column that are held in the table constraint. If the
constraints are not removed, any attempt to query data in the table will
produce a column not found error message.

Table CHECK conditions fail only if a value of FALSE is returned. If a
value of UNKNOWN is returned, the change is allowed.
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Enforcing entity and referential integrity

The relational structure of the database enables information within the
database to be identified by the database engine, and ensures that
relationships described in the database structure between tables are properly
upheld by all the rows in each table.

Enforcing entity integrity

Example 1

Example 2

When a new row in a table is created, or when a row is updated, SQL
Anywhere ensures that the primary key for the table is still valid: that each
row in the table is uniquely identified by the primary key.

The employee table in the sample database uses an employee ID as the
primary key. When a new employee is added to the table, SQL Anywhere
checks that the new employee ID value is unique, and is not NULL.

The sales_order_items table in the sample database uses two columns to
define a primary key.

This table holds information about items ordered. One column contains an
id specifying an order, but there may be several items on each order, so this
column by itself cannot be a primary key. An additional line_id columns
identifies which line corresponding to the item. The two columns id and
line_id, taken together, specify an item uniquely, and form the primary key.

If a client application breaches entity integrity

Entity integrity requires that each value of a primary key be unique within
the table, and that there are no NULL values. If a client application attempts
to insert or update a primary key value, and provides values that are not
unique, entity integrity would be breached.

If SQL Anywhere detects an attempt to breach entity integrity, it does not
add the new information to the database, and instead reports an error to the
client application.

It is up to the application programmer to decide how to present this
information to the user and enable the user to take appropriate action. The
appropriate action in this case is usually just to provide a unique value for
the primary key.
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Primary keys enforce entity integrity

Once the primary key for each table is specified, no further action is needed
by client application developers or by the database administrator to maintain
entity integrity.

The primary key for a table is defined by the table owner when the table is
created. If the structure of a table is modified at a later date, the primary key
may also be redefined.

Some application development systems and database design tools allow you
to create and alter database tables. If you are using such a system, you may
not have to enter the CREATE TABLE or ALTER TABLE command
explicitly: the application generates the statement itself from the
information you provide.

&~ For information on creating primary keys, see "Creating primary and
foreign keys" in the chapter "Working with Database Objects". For the
detailed syntax of the CREATE TABLE statement, see "CREATE TABLE
statement” in the chapter "Watcom-SQL Statements". For information about
changing table structure, see the "ALTER TABLE statement" in the chapter
"Watcom-SQL Statements".

Enforcing referential integrity

Example 1
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A foreign key relates the information in one table (the foreign table) to
information in another (referenced or primary) table. A particular column
(or combination of columns) in a foreign table is designated as a foreign key
to the primary table.

The entries in the foreign key must correspond to the primary key values of
a row in the referenced table for the foreign key relationship to be valid.
(Occasionally, some other unique column combination may be referenced,
instead of a primary key.)

The sample database contains an employee table and a department table.
The primary key for the employee table is the employee ID, and the primary
key for the department table is the department ID.

One of the items of information about each employee is the department ID
of the department to which they belong. In the employee table, the
department ID is called a foreign key for the department table; each
department ID in the employee table corresponds exactly to a department ID
in the department table.
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The foreign key relationship is a many-to-one relationship. Several entries
in the employee table have the same department ID entry, but the
department ID is the primary key for the department table, and so is unique.
If a foreign key were able to reference a column in the department table
containing duplicate entries, there would be no way of knowing which of the
rows in the department table is the appropriate reference.

Example 2 Suppose the database also contained an office table, listing office locations.
The employee table might have a foreign key for the office table that
indicates where the employee's office is located. The database designer may
wish to allow for an office location not being assigned at the time the
employee is hired. In this case, the foreign key is optional and should allow
the NULL value to indicate that it is optional when the office location is
unknown or when the employee does not work out of an office. A foreign
key that is not optional is called mandatory.

Foreign keys enforce referential integrity

Like primary keys, foreign keys are created using the CREATE TABLE
statement or ALTER TABLE statement.

Once a foreign key has been created, SQL Anywhere ensures that the
columns contain only values that are present as primary key values in the
table associated with the foreign key.

& For information on creating foreign keys, see "Creating primary and
foreign keys" in the chapter "Working with Database Objects".

Losing referential integrity

Referential integrity can be lost in the following ways:

¢ If a primary key value is updated or deleted, all those foreign keys
referencing it would be left in an invalid state.

¢ If a new row is added to the foreign table, and a value is entered for the
foreign key that has no corresponding primary key values, the database
would be left in an invalid state.

SQL Anywhere provides protection against both types of integrity loss.
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If a client application breaches referential integrity

Example

If a client application updates or deletes a primary key value in a table, and
if that primary key value is referenced by a foreign key elsewhere in the
database, there is a danger of a breach of referential integrity.

If the database engine allowed the primary key to be updated or deleted, and
made no alteration to the foreign keys that referenced it, the foreign key
reference would be invalid. Any attempt to use the foreign key reference, for
example in a SELECT statement using a KEY JOIN clause, would fail, as
no corresponding value in the referenced table would exist.

While breaches of entity integrity are generally straightforward for SQL
Anywhere to handle, simply by refusing to enter the data and returning an
error message, these potential breaches of referential integrity are more
complicated.

SQL Anywhere ensures that referential integrity is maintained, and provides
four options for how this is to be done. These options are called referential
integrity actions.

Referential integrity actions
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The simplest way of maintaining referential integrity when a referenced
primary key is updated or deleted is to disallow the update or delete.

It is often possible to take an action on each foreign key to maintain
referential integrity. The CREATE TABLE and ALTER TABLE statements
allow database administrators and table owners to specify what action
should be taken on foreign keys that reference a modified primary key.

Each of the available referential integrity actions may be specified
separately for updates and deletes of the primary key:

¢ RESTRICT Generate an error if an attempt is made to modify a
referenced primary key value, and do not carry out the modification.
This is the default referential integrity action.

¢ SETNULL Set all foreign keys that reference the modified primary
key to NULL.

¢ SETDEFAULT Set all foreign keys that reference the modified
primary key to the default clause for that column (as specified in the
table definition).
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¢ CASCADE When used with ON UPDATE, update all foreign keys
that reference the updated primary key to the new value of the primary
key. When used with ON DELETE, delete all rows containing foreign
keys that reference the deleted primary key.

Referential integrity actions are implemented using system triggers. The
trigger is defined on the primary table, and is executed using the
permissions of the owner of the primary table.

Referential integrity checking

Using a database
option to control
check time

Wait_for_commit
= off

Wait_for_commit
=on

For foreign keys defined to RESTRICT operations that would violate
referential integrity, checks can be carried out at the time a statement is
executed (the default) or only when a transaction is committed, by
specifying the CHECK ON COMMIT clause.

SQL Anywhere operates in two different modes when a foreign key is
defined to RESTRICT operations that would violate referential integrity,
depending on the setting of the wait_for_commit database option. This
option is overridden by the CHECK ON COMMIT clause.

With the default setting (wait_for_commit = off — see "SET OPTION
statement" in the chapter "Watcom-SQL Statements") a database operation
that would leave the database inconsistent is not allowed to execute. For
example, a DELETE operation of a department that has employees in it is
not allowed. The statement:

DELETE FROM department
WHERE dept_id = 200

gives the error primary key for row in table 'department' is referenced in
another table.

If wait_for_commit is set to on, referential integrity is not checked until a
commit is executed. If the database is in an inconsistent state, the commit is
not allowed and an error is reported. In this mode, a department with
employees could be deleted. However, the change could not be committed to
the database until one of the following actions is taken:

¢ The employees belonging to that department are also deleted or
reassigned.

¢ This search condition can also be used on a SELECT statement to select
the rows that violate referential integrity.

¢ The dept_id row is inserted back into the department table.

¢ The transaction is rolled back to undo the DELETE operation.
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Integrity rules in the system tables
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All the information about integrity checks and rules in a database is held in
the following system tables:

System table

Description

SYS.SYSTABLE

SYS.SYSTRIGGER

SYS.SYSFOREIGN
KEYS

SYS.SYSCOLUMNS

CHECK constraints are held in the view_def column of
SYS.SYSTABLE. For views, the view_def holds the
CREATE VIEW command that created the view. You
can check whether a particular table is a base table or a
view by looking at the table_type column, which is
BASE or VIEW respectively

Referential integrity actions are held in
SYS.SYSTRIGGER. The referential_action column
holds a single character indicating whether the action is
cascade (C), delete (D), set null (N), or restrict (R). The
event column holds a single character specifying the
event that causes the action to occur: a delete (D), insert
(1), update (U), or update of column-list (C). The
trigger_time column shows whether the action occurs
after (A) or before (B) the triggering event

This view presents the foreign key information from the
two tables SYS.SYSFOREIGNKEY and
SYS.SYSFKCOL in a more readable format

This view presents the information from the
SYS.SYSCOLUMN table in a more readable format. It
includes default settings and primary key information for
columns

& For a description of the contents of each system table, see the chapter
"SQL Anywhere System Tables". You can use Sybase Central or ISQL to
browse these tables and views.



CHAPTER 19
Using Transactions and Locks

About this chapter This chapter describes transactions and how to use them in applications. It

also describes the locking mechanisms available to assist concurrent usage
of the database.
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An overview of transactions

About transaction
processing

Who needs to
know about
transactions

Transactions are
logical units of
work

Starting
transactions

Completing
transactions
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SQL Anywhere supports transaction processing to ensure that logically
related commands get executed as a unit, and to enable multiple
applications to have access to a database.

When several users are working with the same information in a database at
the same time (concurrently), their actions may interfere with each other to
produce inconsistent and incorrect information. Transaction processing and
row-level locking allow concurrent use while maintaining database
consistency.

Transaction processing is not a concern simply for developers of
applications for multi-user database engines; developers working with
single-user databases also have to be concerned with concurrency. Single-
user SQL Anywhere databases may still have multiple applications
connected to them, or may have multiple connections from a single
application. These applications and connections can interfere with each
other in exactly the same way as multiple users in a network setting.

Transaction processing is fundamental to proper data recovery in case of
system failures.

&> For information about database backups and data recovery, see the
chapter "Backup and Data Recovery".

SQL statements are grouped into transactions. A transaction is a logical
unit of work, meaning that the set of commands making up a transaction
must be processed in its entirety, or not at all. From the user's point of view,
a transaction is indivisible. Transactions are atomic.

Transactions start with one of the following events:
¢ The first statement following a connection to a database

¢ The first statement following the end of a transaction

Transactions complete with one of the following events:
¢ A COMMIT statement makes the changes to the database permanent

¢ A ROLLBACK statement undoes all the changes made by the
transaction

¢ A statement with a side effect of an automatic commit is issued
(Database definition commands, such as ALTER, CREATE,
COMMENT, or DROP all have the side effect of an automatic commit)

+ A disconnection from a database (implicit rollback)
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SQL Anywhere's transaction processing ensures that each transaction is
processed in its entirety or not at all. Transaction processing is fundamental
to ensuring that a database contains correct information. It addresses two
distinct, yet related, problems: data recovery and database consistency in the
face of concurrent usage.

Example A transfer of funds from one account to another is an archetypal transaction.
This transaction consists of two operations:

1 Debit the account the money is coming from.

2 Credit the account the money is going to.

If the transaction is completed properly both operations are recorded in the
database. However, if something happens after the from account is debited
to prevent the transaction being completed, then it is unacceptable to leave
the debit in the database without recording the credit. Either both the debit
and the credit must be processed, or neither. In case of failure, the debit
needs to be undone, or rolled back.

Transactions and data recovery

Transaction processing ensures that if, for any reason, a transaction is not
successfully completed, then the entire transaction is undone, or rolled back.
The database is left entirely unaffected by failed transactions.

SQL Anywhere's transaction processing ensures that the contents of a
transaction are processed securely, even in the event of system failures in
the middle of a transaction. The mechanisms for data recovery are described
in the chapter "Backup and Data Recovery". The remainder of this chapter
is devoted to concurrency and consistency of transactions.

Transactions and concurrency

When several users are using a database at the same time they are said to be
concurrent users. Even single-user databases need to be aware of
concurrency problems, as several applications could be run at the same time
on one machine, or a single application could have several active
connections to the database at one time.

If several connections access the same information in a database at the same
time, they could interfere with each other and produce inconsistencies in the
database. Transaction processing helps to ensure databases remain
consistent while allowing concurrent transactions.
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Three types of inconsistency

There are three types of inconsistency that can occur during the execution of
concurrent transactions:

¢ Dirtyread Transaction A modifies a row. Transaction B then reads
that row before transaction A performs a COMMIT. If transaction A
then performs a ROLLBACK, transaction B will have read a row that
was never committed.

¢ Nonrepeatable read Transaction A reads a row. Transaction B then
modifies or deletes the row and performs a COMMIT. If transaction A
then attempts to read the same row again, the row will have been
changed or deleted.

¢ Phantomrow Transaction A reads a set of rows that satisfy some
condition. Transaction B then executes an INSERT, or an UPDATE
(that generates one or more rows that satisfy the condition used by
transaction A) and then performs a COMMIT. Transaction A then
repeats the initial read and obtains a different set of rows.

Using locks to ensure consistency

SQL Anywhere
locking scheme
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SQL Anywhere uses a locking scheme to ensure that concurrent transactions
do not interfere with each other to produce inconsistencies.

Inconsistency in the information an application sees is tolerable in some
cases. Therefore, we do not need to prohibit all forms of inconsistent
behavior in all cases. For this reason, the client application developer is
given some control over the level of consistency required in the information
the application sees.

The SQL Anywhere locking scheme restricts access to the information that
a particular transaction is working with to ensure that other transactions do
not see information that may not be committed to the database, and do not
alter information on which the transaction is relying. The locking scheme is
discussed in detail later in this chapter.
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The way SQL statements are grouped into transactions can have significant
effects on data integrity and on system performance. If a transaction is too
short, and does not contain an entire logical unit of work, then
inconsistencies can be introduced into the database. If a transaction is too
long, and contains several unrelated actions, then there is greater chance of
a ROLLBACK unnecessarily undoing work that could have been committed
quite safely into the database. Also, if transactions are too long, and lock
large amounts of data, they can prevent other transactions from being
processed and so reduce concurrency.

There are many factors determining the appropriate length of a transaction,
depending on the type of application and the environment. Some guidelines
are given towards the end of this chapter.
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How locking works

Types of locks

Uses for locks
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When a transaction is reading or writing a row in a database table, the
database engine automatically locks the individual row (row level locking)
to prevent other transactions from interfering with the data, or from
obtaining unreliable data. The transaction that has access to the row is said
to hold the lock. Depending on the type of lock, other transactions may have
limited access to the locked row, or none at all.

All locks for a transaction are held until the transaction is complete
(COMMIT or ROLLBACK), with a single exception noted below.

SQL Anywhere allows users to determine the extent to which transactions
can operate concurrently by setting isolation levels. Isolation levels are
discussed in the next section.

There are three distinct types of locks:
¢ read lock
¢ write lock

¢ phantom lock

They have the following uses:

¢ Whenever a transaction inserts, updates, or deletes a row, a write lock
is set. No other transaction can obtain a lock on the same row when a
write lock is set. A write lock is an exclusive lock.

¢ A read lock can be set when a transaction reads a row. Several
transactions can acquire read locks on the same row (a read lock is a
nonexclusive lock). However, once a row has been read locked no other
transaction may obtain a write lock on it.

¢ A phantom lock is a read lock that prevents phantom rows. Phantom
locks for lookups using indexes require a read lock on each row that is
read, and one extra read lock to prevent insertions into the index at the
end of the result set. Phantom rows for lookups that do not use indexes
require a read lock on all rows in a table to prevent insertions from
altering the result set, and so can have a bad effect on concurrency.
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Isolation levels and consistency

Isolation levels and
dirty reads,
nonrepeatable
reads, and
phantom rows

The degree to which the operations in one transaction are visible to the
operations in a concurrent transaction is defined by isolation level. SQL
Anywhere has four different isolation levels that prevent some or all
inconsistent behavior. The isolation level is a database option that can be
different for each connection. Database options are changed by using the
SET command; the default setting is isolation level 0. For a description of
the SET statement syntax, see the chapter "Watcom-SQL Language
Reference".

All isolation levels guarantee that each transaction will execute completely
or not at all, and that no updates will be lost. SQL. Anywhere therefore
ensures recoverability at all times, regardless of the isolation level.

The isolation levels are different with respect to dirty reads, nonrepeatable
reads, and phantom rows. An X means that the behavior is prevented, and a
v means that the behavior may occur.

Isolation level o |1 |2 |3
Dirty reads v X X X
Non-repeatable reads | ¥ X X
Phantom rows v v X

If your application is using cursors to perform retrievals and updates, there
is an additional level of isolation called cursor stability. Cursor stability
guarantees that any row that is the current position of a cursor will not be
modified by another transaction until the cursor leaves the row. No row
fetched through a cursor yields uncommitted data. SQL. Anywhere
automatically provides cursor stability at isolation levels 1, 2, and 3.

Locks and isolation levels

Isolation level 0
(Read
uncommitted)

Write locks are employed at all isolation levels. This ensures that once data
is modified by a transaction, no other transaction can modify it until the
transaction is either committed or rolled back. As long as the transaction
completes, there is no danger of its database update being interfered with by
any other user.

The default setting for SQL Anywhere is isolation level 0. Read locks are
not employed at this isolation level.
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Isolation level 1
(Read committed)

Isolation level 2
(Repeatable read)

Isolation level 3
(Serializable)

When all transactions are running at isolation level 0, the only time a
locking conflict occurs is when one transaction attempts to update or delete
a row that has been inserted or updated by a different transaction and not yet
committed.

The only distinction between levels 0 and 1 occurs when one transaction has
a write lock on a row (because it is modifying the row) and a second
transaction attempts to read the row.

At isolation level 0, the second transaction is allowed to read the row, at the
risk that the read may be dirty. At isolation level 1, the second transaction
checks to see if there is a write lock on the row before reading it, and is not
allowed to read it if a write lock is in place.

At isolation level 1, cursor stability is achieved by putting a read lock on the
current row of a cursor. This read lock is removed when the cursor is
moved. This is the only type of lock that does not persist until the end of a
transaction.

Read locks that persist until the end of a transaction are introduced at
isolation level 2. Level 2 guarantees that there will be no non-repeatable
reads. If an application once reads a row, that row will be available to be
read again, and will give the same result.

No guarantee is given that the row can be updated, however, as another
transaction may also have a read lock on the row.

Isolation level 3 is the most secure level, and is also the one at which
concurrency is most affected.

At isolation level 3 a phantom lock is employed to prevent phantom rows. If
your application looks up data in tables without using an index, concurrency
can suffer considerably under isolation level 3.

Changing the isolation level
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SQL Anywhere allows you to change isolation levels at any time, including
within a transaction, using the SET OPTION statement.

& For more information, see "SET OPTION statement" in the chapter
"Watcom-SQL Statements".

When the ISOLATION_LEVEL option is changed in the middle of a
transaction, the new setting affects only the following:

¢ Any cursors opened after the change

+ Any statements executed after the change
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This may be useful, for example, when just one table or group of tables
involved in a transaction requires serialized access, and so a high isolation
level.
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How SQL Anywhere handles locking conflicts

When a transaction attempts to acquire a lock on a row, but is forbidden by
a lock held by another transaction, a locking conflict arises and the
transaction attempting to acquire the lock is blocked. The section "Locking
conflicts and transaction blocking", next, describes how SQL Anywhere
handles transaction blocking.

& "Transaction blocking and deadlock" below, describes how SQL
Anywhere handles a deadlock when transactions cannot become unblocked.

Locking conflicts and transaction blocking

When a locking conflict occurs, one transaction must wait for another
transaction to complete. A transaction becomes blocked on another
transaction. If two transactions simultaneously have a read lock on a row,
the behavior when one of them attempts to modify that row (acquire a write
lock) depends on the database setting BLOCKING.

¢ If BLOCKING is ON (the default setting), then the transaction that
attempts to write is blocked until the other transaction releases its read
lock. At that time, the write goes through.

¢ If BLOCKING has been set to OFF, then the transaction that attempts
to write receives an error.

Blocking is more likely to occur with higher isolation levels because more
locking and more checking is done. Higher isolation levels provide less
concurrency.

& For information about the BLOCKING option, see "SET OPTION
statement" in the chapter "Watcom-SQL Statements".

Transaction blocking and deadlock

Transaction blocking can lead to deadlock, where a set of transactions get
into a state where none of them can proceed.

Reasons for A deadlock can arise for two reasons:
deadlocks
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¢ A cyclical blocking conflict Transaction A is blocked on transaction
B, and transaction B is blocked on transaction A. Clearly, more time
will not solve the problem, and one of the transactions must be
canceled, allowing the other to proceed. The same situation can arise
with more than two transactions blocked in a cycle.

¢ All active database threads are blocked When a transaction
becomes blocked, its database thread is not relinquished. If the database
is configured with three threads (see the THREAD_COUNT option in
"SET OPTION statement" in the chapter "Watcom-SQL Statements")
and transactions A, B, and C are blocked on transaction D which is not
currently executing a request, then a deadlock situation has arisen since
there are no available threads.

SQL Anywhere automatically cancels the last transaction that became
blocked (eliminating the deadlock situation), and returns an error to that
transaction indicating which form of deadlock occurred.
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Choosing an isolation level

The choice of isolation level depends on the kind of task an application is
carrying out. This section gives some guidelines for choosing isolation
levels.

Typical level 0 transactions

Transactions that involve browsing or performing data entry may last
several minutes, and read a large number of rows. If isolation level 2 or 3 is
used, concurrency can suffer. An isolation level of O or 1 is typically used
for this kind of transaction.

For example, a decision support application that reads large amounts of
information from the database to produce statistical summaries may not be
significantly affected if it reads a few rows that are later modified. If high
isolation was required for such an application, it could hold read locks on
large amounts of data, not allowing other applications write access to it.

Transactions for which no updates are lost

Example
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Some applications require that no updates be lost. The following example
typifies the lost update problem.

Consider a sequence of instructions which could occur when two people put
money into the same account at about the same time.

The initial account balance is $1000, and two people (Alex and Ben, say)
are about to deposit money into it. Alex will deposit $2000, while Ben will
deposit $100. We'll call Alex's transaction is transaction A and Ben's
transaction is transaction B.

1 A reads the account balance and finds it to be $1000.
2 B reads the account balance and finds it to be $1000.

3 A adds $2000 to the present balance of $1000 to calculate the new
account balance. It then updates the account balance to reflect Alex's
deposit. It writes a new balance of $3000 into the database.

4 B adds $100 to the present account balance, which it has read as $1000,
to calculate the new account balance. It then updates the account
balance to reflect Ben's deposit, and writes a balance of $1100 into the
database.



Chapter 19 Using Transactions and Locks

Isolation levels that
prevent lost
updates

5 The final balance recorded after the two deposits is $1100.

While both transactions are perfectly correct in themselves, the interaction
between the two creates an invalid result in the database, and Alex's update
was lost.

SQL Anywhere's locking mechanism prevents lost updates at isolation level
2 and 3. If your application is using cursors, then cursor stability (achieved
at isolation level 1) guarantees no lost updates.

Serializable transactions

Some applications require serializable transactions due to the nature of the
application. Isolation level 3 enforces serializability.

When transactions are serializable, they behave as if they were run one after
another even if they were actually run concurrently. For example, banking
software must prevent two machines from checking a balance and
withdrawing the full amount from the account at the same time.

Transactions of this type should read few or no rows and last at most a few
seconds, so that concurrency is not likely to be a problem. Applications that
involve a high volume of small transactions can use isolation level 3 without
sacrificing concurrency.
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Savepoints within transactions

Naming and
nesting savepoints
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Within a transaction, SQL Anywhere supports savepoints. Before Watcom
SQL 4.0, a savepoint was referred to as a subtransaction.

A SAVEPOINT statement defines a point in a transaction where all changes
after the point can be undone by a ROLLBACK TO SAVEPOINT
statement. Once a RELEASE SAVEPOINT statement has been executed,
the savepoint can no longer be used.

No locks are released by the RELEASE SAVEPOINT or ROLLBACK TO
SAVEPOINT commands: locks are released only at the end of a transaction.

Savepoints can be named and they can be nested. By using named, nested
savepoints, you can have many active savepoints within a transaction.
Changes between a SAVEPOINT and a RELEASE SAVEPOINT can still
be canceled by rolling back to a previous savepoint or rolling back the
transaction itself. Changes within a transaction are not a permanent part of
the database until the transaction is committed. All savepoints are released
when a transaction ends.

Savepoints make use of the rollback log. They cannot be used in bulk
operations mode. There is very little additional overhead in using
savepoints.
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Particular concurrency issues

This section discusses the following particular concurrency issues:
¢ Primary key generation
¢ Data definition statements and concurrency

¢ Coordinating transactions with multiple database engines

Primary key generation

Example

Many applications generate primary key values automatically.

For example, invoice numbers could be obtained by adding 1 to the previous
invoice number. This will not work when there is more than one person
adding invoices to the database. Two people may decide to use the same
invoice number.

There is more than one solution to the problem:

¢ Use a different range of invoice numbers for each person that adds new
invoices.

¢ This could be done by having a table with two columns (user name and
invoice number). The table would have one row for each user that adds
invoices. Each time a user adds an invoice, the number in the table
would be incremented and used for the new invoice. In order to handle
all tables in the database, the table should have three columns (table
name, user name, and last key value).

¢ Have a table with two columns (table name and last key value).

¢ There would be one row in this table for the last invoice number used.
Each time a user adds an invoice, establish a new connection,
increment the number in the table, and commit. The incremented
number can be used for the new invoice. Other users will be able to
grab invoice numbers because you updated the row with a separate
transaction that only lasted an instant.

¢ Probably the best solution is to use a column with a default value of
AUTOINCREMENT.
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For example: CREATE TABLE orders ( order_id INTEGER NOT
NULL DEFAULT AUTOINCREMENT, order_date DATE, primary
key( order_id )). On INSERT: into the table, if a value is not specified
for the autoincrement column, a unique value is generated. If a value is
specified, it will be used. If the value is larger than the current
maximum value for the column, that value will be used as a starting
point for subsequent INSERTSs. The value of the most recently inserted
row in an autoincrement column is available as the global variable

@ @identity.

Data definition statements and concurrency

The CREATE INDEX statement, ALTER TABLE statement, and DROP
statement are prevented whenever the statement affects a table that is
currently being used by another connection. These statements can be time
consuming and the database server will not process requests referencing the
same table while the command is being processed.

The CREATE TABLE statement does not cause any concurrency conflicts.

The GRANT statement, REVOKE statement, and SET OPTION statement
also do not cause concurrency conflicts. These commands affect any new
SQL statements sent to the database engine, but do not affect existing
outstanding statements.

GRANT and REVOKE for a user are not allowed if that user is connected to
the database.

Coordinating transactions with multiple database engines

Two-phase commit is a mechanism of coordinating transactions between
multiple servers. It is a primary component of most distributed database
systems. Most applications do not need to use two-phase commit.

The first phase of a two-phase commit asks the database engine to prepare
to commit and report any errors that would occur on a commit. This phase
is accomplished with the PREPARE TO COMMIT statement. The second
phase actually performs the commit operation using the COMMIT
statement.
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If you want to coordinate transactions with multiple servers, you can issue
the PREPARE TO COMMIT statement to each server. If one of them fails,
you can deal with the error or rollback all transactions. If all of the first
phase commits are successful, you can commit each transaction knowing
that there won't be any errors (except environment errors such as a network
connection going down or one of the servers going off line).
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Transactions and portable computers

Some of the computers on your network might be portable computers that
people take away from the office or which are occasionally connected to the
network. There may be several database applications that they would like to
use while not connected to the network.

Clearly, they cannot update the database server while they are not connected
to the network. They can, however, take a copy of the database file and
make updates to the copy using the SQL Anywhere server Standalone
database engine running on the portable computer. Later, on returning to
the office, the transaction log can be translated into a command file and
applied to the database server.

This type of process is fully automated by the new SQL Remote replication
system, described in chapters "Introduction to SQL Remote Replication"
and "SQL Remote Administration”.

Required software

You must purchase a copy of SQL Anywhere Standalone and SQL
Remote for each machine on which you wish to deploy a client
application running on the SQL Anywhere Standalone database engine.

Applying updates from a portable computer
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There are potential problems with applying translated transaction logs.
When machines are connected to the network, locking prevents conflicting
updates to records in the database. When a user makes changes to a copied
database, there is no such protection. Consider what happens when two
users update the same record, or one user deletes a record that another user
updates. You can design applications to avoid this sort of problem by having
each user update an isolated subset of the data, but you need to be aware of
the possibility.
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One solutjon is to use the -v command line switch when starting the
database engine on the portable computer. This causes the engine to record
the previous values of every column whenever a row of the database is
updated. When the transaction log is translated (using DBTRAN) every
UPDATE will have a WHERE clause specifying the value of every column
in the row. The row will not be updated if any value has been changed by
another user. ISQL will display a message if an UPDATE does not affect
any rows, indicating that the particular database row has already been
updated or deleted by someone else. When this happens, your update
procedure will need manual intervention to resolve the potential conflict.

SQL Remote has full conflict detection capabilities and the ability to resolve
conflicts through conflict triggers.

Distributing applications that do not require server updates

If you want to deploy applications that work on information taken from a
database file, but which do not require applying updates to a multiuser
database, you can install the SQL Anywhere Desktop Runtime System on
each computer.

The runtime database engine supports the full range of data manipulation
language commands, such as INSERT, DELETE and UPDATE, but does
not employ a transaction log. Consequently, updates made on the local
database cannot be applied to a multiuser database.

Required software

To use the single-user runtime database engine on an unlimited number
of machines, you need to have purchased the SQL. Anywhere Desktop
Runtime System.

Working with large databases on portable computers

With large database files, it may help to use DBSHRINK to compress the
database before making a copy. In this case you will need to use a write file
with the copied database (see DBWRITE).

You could also use a subset of the large database by creating an extraction
procedure that builds a database that contains only the data needed by one
person. As long as the table names and column names are identical,
translated transaction logs from the smaller database can be applied to the
main database.
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Using Procedures, Triggers, and Batches

About this chapter

Contents

Procedures and triggers store procedural SQL statements in the database for

use by all applications. They enhance the security, efficiency, and

standardization of databases. User-defined functions are one kind of
procedure that return a value to the calling environment for use in queries
and other SQL statements. Batches are sets of SQL statements submitted to
the database server as a group. Many features available in procedures and

triggers, such as control statements, are also available in batches.
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Procedure and trigger overview
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Procedures and triggers store procedural SQL statements in a database for
use by all applications.

Procedures and triggers can include control statements that allow repetition
(LOOP statement) and conditional execution (IF statement and CASE
statement) of SQL statements.

Procedures are invoked with a CALL statement, and use parameters to
accept values and return values to the calling environment. Procedures can
also return result sets to the caller. Procedures can call other procedures and
fire triggers.

Triggers are associated with specific database tables. They are invoked
automatically (fired) whenever rows of the associated table are inserted,
updated or deleted. Triggers do not have parameters and cannot be invoked
by a CALL statement. Triggers can call procedures and fire other triggers.

User-defined functions are one kind of stored procedure that returns a single
value to the calling environment. User-defined functions do not modify
parameters passed to them. They broaden the scope of functions available to
queries and other SQL statements.
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Benefits of procedures and triggers

Standardization

Efficiency

Security

Procedures and triggers are defined in the database, separate from any one
database application. This separation provides a number of advantages.

Procedures and triggers allow standardization of any actions that are
performed by more than one application program. The action is coded once
and stored in the database. The applications need only CALL the procedure
or fire the trigger to achieve the desired result. If the implementation of the
action evolves over time, any changes are made in only one place, and all
applications that use the action automatically acquire the new functionality.

When used in a database implemented on a network server, procedures and
triggers are executed on the database server machine. They can access the
data in the database without requiring network communication. This means
that they execute faster and with less impact on network performance than if
they had been implemented in an application on one of the client machines.

When a procedure or trigger is created, it is checked for correct syntax and
then stored in the system tables. The first time it is required by any
application, it is retrieved from the system tables and compiled into the
virtual memory of the database engine, and executed from there. Subsequent
executions of the same procedure or trigger will result in immediate
execution, since the compiled copy is retained. A procedure or trigger can
be used concurrently by several applications and recursively by one
application. Only one copy is compiled and kept in virtual memory.

Procedures, including user-defined functions, execute with the permissions
of the procedure owner but can be called by any user that has been granted
permission to do so.

Triggers execute under the table permissions of the owner of the associated
table but are fired by any user with permission to insert, update or delete
rows in the table. This means that a procedure or trigger can (and usually
does) have different permissions than the user ID that invoked it.
Procedures and triggers provide security by allowing users limited access to
data in tables that they cannot directly examine or modify.
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Introduction to procedures

In order to use procedures you need to understand how to do the following:
¢ Create procedures

¢ Drop, or remove, procedures

¢ Call procedures from a database application

¢ Control who has permission to use procedures

This section discusses each of these aspects of using procedures, and also
describes some of the different uses of procedures.

Creating procedures

Procedures are created using the CREATE PROCEDURE statement. You
must have RESOURCE authority in order to create a procedure.

The following simple example creates a procedure that carries out an insert
into the department table of the sample database, creating a new
department.

You can create the example procedure new_dept by connecting to the
sample database from the ISQL utility as user ID DBA, using password
SQL, and typing the statement in the command window.

If you are using a tool other than ISQL or Sybase Central, you may need to
change the command delimiter away from the semicolon before entering the
CREATE PROCEDURE statement.

CREATE PROCEDURE new_dept ( IN id INT,
IN name CHAR(35),
IN head_id INT )

BEGIN

INSERT

INTO "dba".department ( dept_id,
dept_name,
dept_head_id )

VALUES ( id, name, head_id );

END

&~ For a complete description of the CREATE PROCEDURE syntax, see
"CREATE PROCEDURE statement" in the chapter "Watcom-SQL
Statements".

268



Chapter 20 Using Procedures, Triggers, and Batches

The body of a procedure is a compound statement (see "Using compound
statements" on page 283). The compound statement starts with a BEGIN
statement and concludes with an END statement. In the case of new_dept,
the compound statement is a single INSERT bracketed by BEGIN and END
statements.

Parameters to procedures are marked as one of IN, OUT, or INOUT. All
parameters to the new_dept procedure are IN parameters, as they are not
changed by the procedure.

Calling procedures

A procedure is invoked with a CALL statement (see "CALL statement" in
the chapter "Watcom-SQL Statements".) Procedures can be called by an
application program or they can be called by other procedures and triggers.

The following statement calls the new_dept procedure to insert an Eastern
Sales department:

CALL new_dept( 210, 'Eastern Sales', 902 );
After this call, you may wish to check the department table to see that the
new department has been added.
To list all departments:

¢ Type the following:

SELECT *
FROM department

dept_id dept_name dept_head_id
100 R&D 501

200 Sales 902

300 Finance 1293

400 Marketing 1576

500 Shipping 703

210 Eastern Sales 902

The new_dept procedure can be called by any user who has been granted
EXECUTE permission for the procedure, even if they have no permissions
on the department table.
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Dropping procedures

Once a procedure is created, it remains in the database until it is explicitly
removed. Only the owner of the procedure or a user with DBA authority can
drop the procedure from the database.

The following statement removes the procedure new_dept from the
database:

DROP PROCEDURE new_dept

Permissions to execute procedures

A procedure is owned by the user who created it and that user can execute it
without permission. Permission to execute it can be granted to other users
using the GRANT EXECUTE command.

For example, the owner of the procedure new_dept could allow
another_user to execute new_dept with the statement:

GRANT EXECUTE ON new_dept TO another_user
The following statement revokes permission to execute the procedure:
REVOKE EXECUTE ON new_dept FROM another_user

&> For more information on managing user permissions on procedures,
see "Granting permissions on procedures” in the chapter "Managing User
IDs and Permissions".

Returning procedure results in parameters
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Procedures can return results to the calling environment in one of the
following ways:

¢ Individual values are returned as OUT or INOUT parameters to the
procedure

¢ Result sets can be returned

¢ A single result can be returned using a RETURN statement

This section describes how to return results from procedures as parameters.
The following procedure on the sample database returns the average salary
of employees as an OUT parameter.

CREATE PROCEDURE AverageSalary( OUT avgsal
DECIMAL(20,3) )
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BEGIN

SELECT AVG( salary ) INTO avgsal FROM employee;
END

To run this procedure and display its output from the ISQL utility, carry out
the following steps:

1 Connect to the sample database from the ISQL utility as user ID DBA
using password SQL.

o

Create the procedure.

3 Create a variable to hold the procedure output. In this case, the output
variable is numeric, with three decimal places, so create a variable as
follows:

CREATE VARIABLE Average NUMERIC (20, 3)

4 Call the procedure, using the created variable to hold the result: CALL
AverageSalary(Average) The ISQL statistics window displays the
message "Procedure completed" if the procedure was created and run
properly.

5 Look at the value of the output variable Average. The ISQL data
window displays the value 49988.623 for this variable; the average
employee salary.

Returning procedure results in result sets

In addition to returning results to the calling environment in individual
parameters, procedures can return information in result sets. A result set is
typically the result of a query. The following procedure returns a result set
containing the salary for each employee in a given department:
CREATE PROCEDURE SalaryList ( IN department_id INT)
RESULT ( "Employee ID" INT, "Salary" NUMERIC(20,3) )
BEGIN
SELECT emp_id, salary
FROM employee
WHERE employee.dept_id = department_id;
END

If called from ISQL, the names in the RESULT clause are matched to the
results of the query and used as column headings in the displayed results.

To test this procedure from within ISQL you can CALL it, specifying one of
the departments of the company. The results are displayed in the ISQL data
window. For example:
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< To list the salaries of employees in the R & D department

(department ID 100):

¢ Type the following:
CALL SalaryList (100)

Employee ID Salary

102 45700.000
105 62000.000
160 57490.000
243 72995.000
247 48023.690

To execute a CALL of a procedure that returns a result set, ISQL opens a
cursor.

The cursor is left open after the CALL in case a second result set is
returned. The ISQL statistics window displays the plan of the SELECT
query in the procedure and then displays the line:

Procedure is executing. Use RESUME to continue.

You need to execute the RESUME statement from the ISQL command
window before you can, for example, DROP the procedure. Alternatively,
the ISQL CLEAR statement clears the window.

&~ For more information about using cursors in procedures, see "Using
cursors in procedures and triggers” on page 295.
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Introduction to user-defined functions

User-defined functions are a class of procedures that return a single value to
the calling environment. This section introduces creating, using, and
dropping user-defined functions

Creating user-defined functions

User-defined functions are created using the CREATE FUNCTION
statement. You must have RESOURCE authority in order to create a user-
defined function.

The following simple example creates a function that concatenates two
strings, together with a space, to form a full name from a first name and a
last name.

You can create the example function fullname by connecting to the sample
database from the ISQL utility as user ID DBA, using password SQL, and
typing the statement in the command window.

If you are using a tool other than ISQL or Sybase Central, you may need to
change the command delimiter away from the semicolon before entering the
CREATE FUNCTION statement.

CREATE FUNCTION fullname (firstname CHAR(30),
lastname CHAR(30))
RETURNS CHAR(61)

BEGIN
DECLARE name CHAR(61) ;
SET name = firstname || ' ' || lastname;
RETURN ( name );

END

& For a complete description of the CREATE FUNCTION syntax, see
"CREATE FUNCTION statement” in the chapter "Watcom-SQL
Statements".

The CREATE FUNCTION syntax differs slightly from that of the CREATE
PROCEDURE statement. The following are distinctive differences:

¢ NoIN, OUT, or INOUT keywords are required, as all parameters are
IN parameters.

¢ The RETURNS clause is required to specify the data type being
returned.

¢ The RETURN statement is required to specify the value being returned.
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Calling user-defined functions

A user-defined function can be used, subject to permissions, in any place
that a built-in non-aggregate function is used.

The following statement in ISQL displays a full name from two columns
containing a first and last name:

SELECT fullname (emp_fname, emp_lname)
FROM employee;

fullname (emp_fname, emp_lname)

Phillip Chin

The following statement in ISQL displays a full name from a supplied first
and last name:

SELECT fullname ('Jane', 'Smith');

fullname ('Jane’,'Smith’)

Jane Smith

The fullname function can be used by any user who has been granted
EXECUTE permission for the function.

Dropping user-defined functions

Once a user-defined function is created, it remains in the database until it is
explicitly removed. Only the owner of the function or a user with DBA
authority can drop a function from the database.

The following statement removes the function fullname from the database:

DROP FUNCTION fullname

Permissions to execute user-defined functions
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A user-defined function is owned by the user who created it and that user
can execute it without permission. Permission to execute it can be granted to
other users using the GRANT EXECUTE command.

For example, the creator of the function fullname could allow another_user
to use fullname with the statement:

GRANT EXECUTE ON fullname TO another_user
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The following statement revokes permission to use the function:

REVOKE EXECUTE ON fullname FROM another_user

&> For more information on managing user permissions on functions, see
"Granting permissions on procedures” in the chapter "Managing User IDs
and Permissions".
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Introduction to triggers

Triggers are used whenever referential integrity and other declarative
constraints are not sufficient (see the chapter "Ensuring Data Integrity" and
"CREATE TABLE statement" in the chapter "Watcom-SQL Statements").

You may want to enforce a more complex form of referential integrity
involving more detailed checking, or you may want to enforce checking on
new data but allow legacy data to violate constraints. Another use for
triggers is in logging the activity on database tables, independent of the
applications using the database.

Trigger execution permissions

Triggers execute with the permissions of the owner of the associated
table, not the user ID whose actions cause the trigger to fire. A trigger
can modify rows in a table that a user could not modify directly.

Triggers can be defined on one or more of the following triggering actions:

Action Description

INSERT The trigger is invoked whenever a new row is inserted into
the table associated with the trigger

DELETE The trigger is invoked whenever a row of the associated
table is deleted.

UPDATE The trigger is invoked whenever a row of the associated
table is updated.

UPDATE OF The trigger is invoked whenever a row of the associated
column-list table is updated such that a column in the column-list has
been modified

Triggers can be defined as row-level triggers or statement-level triggers.
Row-level triggers can execute BEFORE or AFTER each row modified by
the triggering insert, update, or delete operation is changed. Statement-level
triggers execute after the entire operation is performed.

Flexibility in trigger execution time is particularly useful for triggers that
rely on referential integrity actions such as cascaded updates or deletes
being carried out, or not, as they execute.
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Creating triggers

A row-level
INSERT trigger
example

If an error occurs while a trigger is executing, the operation that fired the
trigger fails. INSERT, UPDATE, and DELETE are atomic operations (see
"Atomic compound statements” on page 285). When they fail, all effects of
the statement (including the effects of triggers and any procedures called by
triggers) are undone.

You create triggers using the CREATE TRIGGER statement. You must
have RESOURCE authority in order to create a trigger and you must have
ALTER permissions on the table associated with the trigger. For
information about ALTER permissions, see "Granting permissions on tables
and views" in the chapter "Managing User IDs and Permissions". For
information about RESOURCE permissions, see "Granting DBA and
resource authority” in the chapter "Managing User IDs and Permissions".

The body of a trigger consists of a compound statement (see "Using
compound statements" on page 283): a set of semicolon-delimited SQL
statements bracketed by a BEGIN and an END statement.

COMMIT and ROLLBACK and some ROLLBACK TO SAVEPOINT
statements are not permitted within a trigger (see "Transactions and
savepoints in procedures and triggers" on page 308).

The following trigger is an example of a row-level INSERT trigger. It
checks that the birthdate entered for a new employee is reasonable:

CREATE TRIGGER check_birth_date
AFTER INSERT ON Employee
REFERENCING NEW AS new_employee
FOR EACH ROW
BEGIN
DECLARE err_user_error EXCEPTION
FOR SQLSTATE '99999';
IF new_employee.birth_date > 'June 6, 1994' THEN
SIGNAL err_user_error;
END TIF;
END

This trigger is fired just after any row is inserted into the employee table. It
detects and disallows any new rows that correspond to birth dates later than
June 6, 1994.

The phrase REFERENCING NEW AS new_employee allows statements in
the trigger code to refer to the data in the new row using the alias
new_employee.
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A row-level
DELETE trigger
example

A statement-level
UPDATE trigger
example
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Signaling an error causes the triggering statement as well as any previous
effects of the trigger to be undone.

For an INSERT statement that adds many rows to the employee table, the
check_birth_date trigger is fired once for each new row. If the trigger fails
for any of the rows, all effects of the INSERT statement are rolled back.

You can specify that the trigger fire before the row is inserted rather than
after by changing the first line of the example to:

CREATE TRIGGER mytrigger BEFORE INSERT ON Employee

The REFERENCING NEW clause refers to the inserted values of the row; it
is independent of the timing (BEFORE or AFTER) of the trigger.

The following CREATE TRIGGER statement defines a row-level DELETE
trigger:
CREATE TRIGGER mytrigger BEFORE DELETE ON employee
REFERENCING OLD AS oldtable

FOR EACH ROW
BEGIN

END

The REFERENCING OLD clause enables the delete trigger code to refer to
the values in the row being deleted using the alias oldtable.

You can specify that the trigger fire after the row is deleted rather than
before, by changing the first line of the example to:

CREATE TRIGGER mytrigger BEFORE DELETE ON employee

The REFERENCING OLD clause is independent of the timing (BEFORE or
AFTER) of the trigger.

The following CREATE TRIGGER statement is appropriate for statement-
level UPDATE triggers:
CREATE TRIGGER mytrigger AFTER UPDATE ON employee
REFERENCING NEW AS table_after_update
OLD AS table_before_update

FOR EACH STATEMENT
BEGIN

END

The REFERENCING NEW and REFERENCING OLD clause allows the
UPDATE trigger code to refer to both the old and new values of the rows
being updated. Columns in the new row are referred to with the table alias
table_after_update and columns in the old row are referred to with the table
alias table_before_update.
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The REFERENCING NEW and REFERENCING OLD clause has a slightly
different meaning for statement-level and row-level triggers. For statement-
level triggers the REFERENCING OLD or NEW aliases are table aliases,
while in row-level triggers they refer to the row being altered.

Executing triggers

Triggers are executed automatically whenever an INSERT, UPDATE, or
DELETE operation is performed on the table named in the trigger. A row-
level trigger is fired once for each row that is affected, while a statement-
level trigger is fired once for the entire statement.

When an INSERT, UPDATE, or DELETE fires a trigger, the order of
operation is as follows:

1 Any BEFORE triggers are fired.
2 Any referential actions are performed.
3 The operation itself is performed.

4  Any AFTER triggers are fired.

If any of the steps encounters an error that is not handled within a procedure
or trigger, the preceding steps are undone, the subsequent steps are not
performed, and the operation that fired the trigger fails.

Dropping triggers

Once a trigger is created, it remains in the database until it is explicitly
removed. You must have ALTER permissions on the table associated with
the trigger.

The following statement removes the trigger mytrigger from the database:
DROP TRIGGER mytrigger

Trigger execution permissions

You cannot grant permissions to execute a trigger, as triggers are not
executed by users: they are fired by the database engine in response to
actions on the database. Nevertheless, a trigger does have permissions
associated with it as it executes, defining its right to carry out certain

actions.
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Triggers execute using the permissions of the owner of the table on which
they are defined, not the permissions of the user that caused the trigger to
fire, and not the permissions of the user that created the trigger.

When a trigger refers to a table, it uses the group memberships of the table
creator to locate tables with no explicit owner name specified. For example,
if a trigger on user_1.Table_A references Table_B and does not specify the
owner of Table_B, then either Table_B must have been created by user_1 or
user_1 must be a member of a group (directly or indirectly) that is the owner
of Table_B. If neither condition is met, a table not found message results
when the trigger is fired.

Also, user_1 must have permission to carry out the operations specified in
the trigger.
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Introduction to batches

A simple batch consists of a set of SQL statements, separated by semicolons.
For example, the following set of statements form a batch:

Create an Eastern Sales department, and transfer all sales reps from
Massachusetts to that department.

INSERT

INTO department ( dept_id, dept_name )
VALUES ( 220, 'Fastern Sales' ) ;
UPDATE employee

SET dept_id = 220

WHERE dept_id = 200

AND state = 'MA' ;

COMMIT ;

You can include this set of statements in an application and execute them
together.

ISQL and batches

A list of semicolon-separated statements, such as the above, is parsed by
ISQL prior to sending to the database engine. In this case, ISQL sends
each statement individually to the engine, not as a batch. Unless you have
such parsing code in your application, the statements would be sent and
treated as a batch. Other batches described below are sent by ISQL as a
batch, not as a set of individual statements. Putting a BEGIN and END
around a set of statements causes ISQL to treat them as a batch.

Many statements used in procedures and triggers can also be used in
batches. You can use control statements (CASE, IF, LOOP, and so on),
including compound statements (BEGIN and END), in batches. Compound
statements can include declarations of variables, exceptions, temporary
tables, or cursors inside the compound statement.

The following batch creates a table only if a table of that name does not
already exist:

BEGIN
IF NOT EXISTS (
SELECT * FROM SYSTABLE
WHERE table_name = 'tl' ) THEN
CREATE TABLE tl1 (
firstcol INT PRIMARY KEY,
secondcol CHAR( 30 )
)
ELSE
MESSAGE 'Table tl already exists' ;
END IF
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END

If you run this batch twice from ISQL, it creates the table the first time you
run it, and prints the message on the server or engine message window the
next time you run it.
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Control statements

There are a number of control statements for logical flow and decision
making in the body of the procedure or trigger, or in a batch. The following
is a list of control statements available.

Control statement

Syntax

Compound statements

Conditional execution:
IF

Conditional execution:
CASE

Repetition: WHILE,
LOOP

Repetition: FOR cursor
loop

Break: LEAVE
CALL

BEGIN [ ATOMIC ]

statement-list
END
IF condition THEN
statement-1list
ELSEIF condition THEN
statement-list
ELSE
statement-list
END IF
CASE expression
WHEN value THEN
statement-list
WHEN value THEN
statement-list
ELSE
statement-list
END CASE
WHILE condition LOOP

statement-list
END LOOP

FOR

statement-list
END FOR

LEAVE label

CALL procname( arg, ... )

& For complete descriptions of each, see the entries in "Watcom-SQL

Language Reference".

Using compound statements

A compound statement starts with the keyword BEGIN and ends with the
keyword END. The body of a procedure or trigger is a compound
statement. Compound statements can also be used in batches. Compound
statements can be nested, and combined with other control statements to
define execution flow in procedures and triggers or in batches.
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A compound statement allows a set of SQL statements to be grouped
together and treated as a unit. SQL statements within a compound statement
should be delimited with semicolons.

Declarations in compound statements
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Local declarations in a compound statement immediately follow the BEGIN
keyword. These local declarations exist only within the compound
statement. The following may be declared within a compound statement:

¢ Variables

¢ Cursors

¢ Temporary tables
*

Exceptions (error identifiers)

Local declarations can be referenced by any statement in that compound
statement, or in any compound statement nested within it. Local
declarations are not visible to other procedures called from within the
compound statement.

The following user-defined function illustrates local declarations of
variables.

The customer table includes some Canadian customers sprinkled among
those from the USA, but there is no country column. The user-defined
function nationality uses the fact that the US zip code is numeric while the
Canadian postal code begins with a letter to distinguish Canadian and US
customers.

CREATE FUNCTION nationality( cust_id INT )

RETURNS CHAR( 20 )

BEGIN

DECLARE natl CHAR(20) ;

IF cust_id IN ( SELECT id FROM customer
WHERE LEFT(zip,1) > '9') THEN

SET natl = 'CDN';
ELSE
SET natl = 'USA';
END IF;
RETURN ( natl );
END

This example declares a variable natl to hold the nationality string, uses a
SET statement to set a value for the variable, and returns the value of the
natl string to the calling environment.

The following query lists all Canadian customers in the customer table:
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SELECT *
FROM customer
WHERE nationality(id) = 'CDN'

Declarations of cursors and exceptions are discussed in later sections.

Atomic compound statements

An atomic statement is a statement that is cxecuted completely or not at all.
For example, an UPDATE statement that updates thousands of rows might
encounter an error after updating many rows. If the statement does not
complete, all changes are undone. The UPDATE statement is atomic.

All noncompound SQL statements are atomic. A compound statement can
be made atomic by adding the keyword ATOMIC after the BEGIN keyword.
BEGIN ATOMIC
UPDATE employee
SET manager_ID = 501
WHERE emp_ID = 467;
UPDATE employee
SET birth_date = 'bad_data’';
END

In this example, the two update statements are part of an atomic compound
statement. They must either succeed or fail as one. The first update
statement would succeed. The second one causes a data conversion error
since the value being assigned to the birth_date column cannot be converted
to a date.

The atomic compound statement fails and the effect of both UPDATE
statements is undone. Even if the currently executing transaction is
eventually committed, neither statement in the atomic compound statement
takes effect.

COMMIT and ROLLBACK and some ROLLBACK TO SAVEPOINT
statements are not permitted within an atomic compound statement (see
"Transactions and savepoints in procedures and triggers" on page 308).

There is a case where some, but not all, of the statements within an atomic
compound statement are executed. This is when an error occurs, and is
handled by an exception handler within the compound statement.

&~ For more information, see "Using exception handlers in procedures
and triggers" on page 304.
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The structure of procedures and triggers

The body of a procedure or trigger consists of a compound statement as
discussed in "Using compound statements" on page 283. A compound
statement consists of a BEGIN and an END, enclosing a set of SQL
statements. The statements must be delimited by semicolons.

&~ The SQL statements that can occur in procedures and triggers are
described in "SQL statements allowed in procedures and triggers" next.

&~ Procedures and triggers can contain control statements, which are
described in "Control statements" on page 283.

SQL statements allowed in procedures and triggers
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Many SQL statements are allowed within procedures and triggers, including
the following:

¢ SELECT, UPDATE, DELETE, INSERT and SET variable.
¢ The CALL statement to execute other procedures.

+ Control statements (see "Control statements" on page 283).
L4

Cursor statements (see "Using cursors in procedures and triggers" on
page 295).

¢ Exception handling statements (see "Using exception handlers in
procedures and triggers" on page 304).

¢ The EXECUTE IMMEDIATE statement.

Some SQL statements are not allowed within procedures and triggers. These
include the following:

¢ CONNECT statement
¢ DISCONNECT statement.

COMMIT, ROLLBACK and SAVEPOINT statements are allowed within
procedures and triggers with certain restrictions (see "Transactions and
savepoints in procedures and triggers" on page 308).

&~ For details, see the Usage for each SQL statement in the chapter
"Watcom-SQL Language Reference".
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Declaring procedure parameters

Procedure parameters, or arguments, are specified as a list in the CREATE
PROCEDURE statement. Parameter names must conform to the rules for
other database identifiers such as column names. They must be one of the
types supported by SQL Anywhere (see "SQL Anywhere Data Types"), and
must be prefixed with one of the keywords IN, OUT or INOUT. These
keywords have the following meanings:

¢

IN The argument is an expression that provides a value to the
procedure.

OUT The argument is a variable that could be given a value by the
procedure.

INOUT The argument is a variable that provides a value to the
procedure, and could be given a new value by the procedure.

Default values can be assigned to procedure parameters in the CREATE
PROCEDURE statement. The default value must be a constant, which may
be NULL. For example, the following procedure uses the NULL default for
an IN parameter to avoid executing a query that would have no meaning:

CREATE PROCEDURE
CustomerProducts( IN customer_id
INTEGER DEFAULT NULL )
RESULT ( product_id INTEGER,
quantity_ordered INTEGER )
BEGIN
IF customer_id IS NULL THEN
RETURN;
ELSE
SELECT product.id,
sum( sales_order_items.quantity )
FROM product,
sales_order_items,
sales_order
WHERE sales_order.cust_id = customer_id
AND sales_order.id = sales_order_items.id
AND sales_order_items.prod_id=product.id
GROUP BY product.id;
END IF;
END

The following statement causes the DEFAULT NULL to be assigned, and
the procedure RETURN:S instead of executing the query.

CALL customer_products() ;
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Passing parameters to procedures

You can take advantage of default values of stored procedure parameters
with either of two forms of the CALL statement.

If the optional parameters are at the end of the argument list in the
CREATE PROCEDURE statement, they may be omitted from the CALL
statement. As an example, consider a procedure with three INOUT
parameters:

CREATE PROCEDURE SampleProc( INOUT varl INT
DEFAULT 1,
INOUT var2 int DEFAULT 2,
INOUT var3 int DEFAULT 3 )

We assume that the calling environment has set up three variables to hold
the values passed to the procedure:

CREATE VARIABLE V1 INT;
CREATE VARIABLE V2 INT;
CREATE VARIABLE V3 INT;

The procedure SampleProc may be called supplying only the first parameter
as follows:

CALL SampleProc( V1 )
in which case the default values are used for var2 and var3.

A more flexible method of calling procedures with optional arguments is to
pass the parameters by name. The SampleProc procedure may be called as
follows:

CALL SampleProc( varl = V1, var3 = V3 )

or as follows:

CALL SampleProc( var3 = V3, varl = V1 )

and so on.

Passing parameters to functions

User-defined functions are not invoked with the CALL statement, but are
used in the same manner that built-in functions are. For example, the
following statement uses the fullname function defined in "Creating user-
defined functions" on page 273 to retrieve the names of employees:
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< To list the names of all employees:

¢ Type the following:

SELECT fullname(emp_fname, emp_lname) AS Name
FROM employee

Name

Fran Whitney
Matthew Cobb
Philip Chin
Julie Jordan

Robert Breault

Notes ¢ Default parameters can be used in calling functions. However,
parameters cannot be passed to functions by name.

¢ Parameters are passed by value, not by reference. Even if the function
changes the value of the parameter, this change is not returned to the
calling environment.

¢ Output parameters cannot be used in user-defined functions.

¢ User-defined functions cannot return result sets.
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Returning results from procedures

Procedures can return results that are a single row of data, or multiple rows.
In the former case, results can be passed back as arguments to the
procedure, in the latter case, results are passed back as result sets.
Procedures can also return a single value given in the RETURN statement.

&~ For simple examples of how to return results from procedures, see
"Introduction to procedures" on page 268. For information about returning a
single row, see "Returning results as procedure parameters" below. For
information about returning multiple rows, see "Returning result sets from
procedures” on page 292.

Returning a value using the RETURN statement

A single value can be returned to the calling environment using the
RETURN statement, which causes an immediate exit from the procedure.
The RETURN statement takes the form:

RETURN expression
The value of the supplied expression is returned to the calling environment.

To save the return value in a variable, an extension of the CALL statement
is used:

CREATE VARIABLE returnval INTEGER ;
returnval = CALL myproc() ;

Returning results as procedure parameters

Using the SET
statement
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Procedures can return results to the calling environment in the parameters
to the procedure.

Within a procedure, parameters and variables can be assigned values in one
of the following ways:

¢ The parameter can be assigned a value using the SET statement.

¢ The parameter can be assigned a value using a SELECT statement with
an INTO clause.

The following somewhat artificial procedure returns a value in an OUT
parameter that is assigned using a SET statement:

CREATE PROCEDURE greater ( IN a INT,
IN b INT,
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OUT c¢ INT)
BEGIN
IF a > b THEN
SET ¢ = a;
ELSE
SET ¢ = b;
END IF ;
END
Using single-row Single-row queries retrieve at most one row from the database. This type of
SELECT query is achieved by a SELECT statement with an INTO clause. The INTO
statements clause follows the select list and precedes the FROM clause. It contains a

list of variables to receive the value for each select list item. There must be
the same number of variables as there are select list items.

When a SELECT statement is executed, the database engine retrieves the
results of the select statement and places the results in the variables. If the
query results contain more than one row, the database engine returns an
error. For queries returning more than one row, cursors must be used. For
information about returning more than one row from a procedure, see
"Returning result sets from procedures" on page 292.

If the query results in no rows being selected, a row not found warning is
returned.

The following procedure returns the results of a single-row SELECT
statement in the procedure parameters.

+ To return the number of orders placed by a given customer:

¢ Type the following:

CREATE PROCEDURE OrderCount (IN customer_ID INT,
OUT Orders INT)
BEGTIN
SELECT COUNT ("dba".sales_order.id)
INTO Orders
FROM "dba".customer
KEY LEFT OUTER JOIN "dba".sales_order
WHERE "dba".customer.id = customer_1ID;
END

This procedure can be tested in ISQL using the following statements, which
show the number of orders placed by the customer with ID 102:

CREATE VARTIABLE orders INT;
CALL OrderCount ( 102, orders );
SELECT orders;

Notes ¢ The customer_ID parameter is declared as an IN parameter. This
parameter holds the customer ID that is passed in to the procedure.
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¢ The Orders parameter is declared as an OUT parameter. It holds the
value of the orders variable that is returned to the calling environment.

¢ No DECLARE statement is required for the Orders variable, as it is
declared in the procedure argument list.

¢ The SELECT statement returns a single row and places it into the
variable Orders.

Returning result sets from procedures
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If a procedure returns more than one row of results to the calling
environment, it does so using result sets.

The following procedure returns a list of customers who have placed orders,
together with the total value of the orders placed. The procedure does not
list customers who have not placed orders.

CREATE PROCEDURE ListCustomerValue ()
RESULT ("Company" CHAR(36), "Value" INT)
BEGIN
SELECT company_name,
CAST( sum( sales_order_items.quantity *
product .unit_price)
AS INTEGER ) AS value
FROM customer
INNER JOIN sales_order
INNER JOIN sales_order_items
INNER JOIN product
GROUP BY company_name
ORDER BY value desc;
END

¢ Type the following:
CALL ListCustomerValue ()

Company Value

Chadwicks 8076
Overland Army Navy 8064

Martins Landing 6888
Sterling & Co. 6804
Carmel Industries 6780
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Notes

¢ The number of variables in the RESULT list must match the number of
the SELECT list items. Automatic data type conversion is carried out
where possible if data types do not match.

¢ The RESULT clause is part of the CREATE PROCEDURE statement,
and is not followed by a command delimiter.

¢ The names of the SELECT list items do not need to match those of the
RESULT list.

¢ When testing this procedure, ISQL opens a cursor to handle the results.
The cursor is left open following the SELECT statement, in case the
procedure returns more than one result set. You should type RESUME
to complete the procedure and close the cursor.

Returning mulitiple result sets from procedures

Notes

A procedure can return more than one result set to the calling environment.
If a RESULT clause is employed, the result sets must be compatible: they
must have the same number of items in the SELECT lists, and the data
types must all be of types that can be automatically converted to the data
types listed in the RESULT list.

The following procedure lists the names of all employees, customers, and
contacts listed in the database:

CREATE PROCEDURE ListPeople()
RESULT ( lname CHAR(36), fname CHAR(36) )
BEGIN
SELECT emp_lname, emp_fname
FROM employee;
SELECT lname, fname
FROM customer;
SELECT last_name, first_name
FROM contact;
END

¢ To test this procedure in ISQL, enter the statement CALL ListPeople ();
You must enter a RESUME statement after each of the three result sets
is displayed in the ISQL data window to continue, and then complete,
the procedure.

¢ A command delimiter is required after the first two SELECT
statements. It is optional after the final statement in a statement list.

293



Returning results from procedures

Returning variable result sets from procedures
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The RESULT clause is optional in procedures. Omitting the result clause
allows you to write procedures that return different result sets, with different
numbers or types of columns, depending on how they are executed.

If you are not using this feature of variable result sets, it is recommended
that you employ a RESULT clause, for performance reasons.

For example, the following procedure returns two columns if the input
variable is Y, but only one column otherwise:
CREATE PROCEDURE names( IN formal char (1))
BEGIN
IF formal = 'y' THEN
SELECT emp_lname, emp_fname
FROM employee
ELSE
SELECT emp_fname
FROM employee
END IF
END

The use of variable result sets in procedures is subject to some limitations,
depending on the interface used by the client application.

¢ Embedded SQL You must DESCRIBE the procedure call after the
cursor for the result set is opened, but before any rows are returned, in
order to get the proper shape of result set.

& For information about the DESCRIBE statement, see "DESCRIBE
statement" in the chapter "Watcom-SQL Statements".

¢ ODBC Variable result set procedures can be used by ODBC
applications. The proper description of the variable result sets is carried
out by the SQL Anywhere ODBC driver.

¢ Open Client applications Variable result set procedures can be used
by Open Client applications using the Open Server Gateway. The
proper description of the variable result sets is carried out by the Open
Server Gateway.

¢ ISQL ISQL does not support calling of variable result set procedures,
and so cannot be used for testing this feature.
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Using cursors in procedures and triggers

Cursors are used to retrieve rows one at a time from a query or stored
procedure that has multiple rows in its result set. A cursor is a handle or an
identifier for the query or procedure, and for a current position within the
result set.

Cursor management overview

Cursor positioning

Managing a cursor is similar to managing a file in a programming
language. The following steps are used to manage cursors:

1 Declare a cursor for a particular select statement or procedure using the
DECLARE statement.

2 Open the cursor using the OPEN statement.

3 Use the FETCH statement to retrieve results one row at a time from the
cursor.

4 Records are usually fetched until the row not found warning is returned,
signaling the end of the result set.

5 Close the cursor using the CLOSE statement.

By default, cursors are automatically closed at the end of a transaction (on
COMMIT or ROLLBACK statements). Cursors that are opened using the
WITH HOLD clause will be kept open for subsequent transactions until they
are explicitly closed.

A cursor can be positioned at one of three places:
¢ Onarow
¢ Before the first row

¢ After the last row
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Absolute row Absolute row
from end from end

0 Before first row . 1

1 -n

2 -n+1

3 -n+2

n2 3

n-1 2

n 1
n+1 After last row : 0

When a cursor is opened, it is positioned before the first row. The cursor
position can be moved using the FETCH command (see "FETCH statement"
in the chapter "Watcom-SQL Statements"). It can be positioned to an
absolute position either from the start or from the end of the query results
(using FETCH ABSOLUTE, FETCH FIRST, or FETCH LAST). It can also
be moved relative to the current cursor position (using FETCH RELATIVE,
FETCH PRIOR, or FETCH NEXT). The NEXT keyword is the default
qualifier for the FETCH statement.

There are special positioned versions of the UPDATE and DELETE
statements that can be used to update or delete the row at the current
position of the cursor. If the cursor is positioned before the first row or after
the last row, a no current row of cursor error will be returned.
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Cursor positioning problems

Inserts and some updates to DYNAMIC SCROLL cursors can cause
problems with cursor positioning. The database engine will not put
inserted rows at a predictable position within a cursor unless there is an
ORDER BY clause on the SELECT statement. In some cases, the
inserted row will not appear at all until the cursor is closed and opened
again.

With SQL Anywhere, this occurs if a temporary table had to be created to
open the cursor (see "Temporary tables used in query processing” in the
chapter "Monitoring and Improving Performance" for a description).

The UPDATE statement may cause a row to move in the cursor. This
will happen if the cursor has an ORDER BY that uses an existing index
(a temporary table is not created). Using STATIC SCROLL cursors
alleviates these problems but is more expensive.

Using cursors on SELECT statements in procedures

The following procedure uses a cursor on a SELECT statement. It illustrates
several features of the stored procedure language. It is based on the same
query used in the ListCustomerValue procedure described in "Returning
result sets from procedures” on page 292.

CREATE PROCEDURE TopCustomerValue
( OUT TopCompany CHAR(36),
OUT TopValue INT )
BEGIN
-- 1. Declare the "error not found" exception
DECLARE err_notfound
EXCEPTION FOR SQLSTATE '02000°';
-- 2. Declare variables to hold
-- each company name and its value
DECLARE ThisName CHAR(36);
DECLARE ThisValue INT;
-- 3. Declare the cursor ThisCompany
-- for the query
DECLARE ThisCompany CURSOR FOR
SELECT company_name,
CAST( sum( sales_order_items.quantity *
product.unit_price ) AS INTEGER )
AS value
FROM customer
INNER JOIN sales_order
INNER JOIN sales_order_items
INNER JOIN product
GROUP BY company_name;
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Notes

298

-- 4. Initialize the values of TopValue
SET TopValue = 0;
-- 5. Open the cursor
OPEN ThisCompany ;
-- 6. Loop over the rows of the query
CompanyLoop:
LOOP
FETCH NEXT ThisCompany
INTO ThisName, ThisValue;
IF SQLSTATE = err_notfound THEN
LEAVE CompanyLoop;
END IF;
IF ThisValue > TopValue THEN
SET TopCompany = ThisName;
SET TopValue = ThisValue;
END IF;
END LOOP CompanyLoop;
-- 7. Close the cursor
CLOSE ThisCompany;
END

The TopCustomerValue procedure has the following notable features:

L

¢

The "error not found" exception is declared. This exception is used to
detect when a loop over the results of a query has completed.

&~ For more information about exceptions, see "Errors and warnings
in procedures and triggers" on page 300.

Two local variables ThisName and ThisValue are declared to hold the
results from each row of the query.

The cursor ThisCompany is declared. The SELECT statement produces
a list of company names and the total value of the orders placed by that
company.

The value of TopValue is set to an initial value of 0, for later use in the
loop.
The ThisCompany cursor is opened.

The LOOP statement loops over each row of the query, placing each
company name in turn into the variables ThisName and ThisValue. If
ThisValue is greater than the current top value, TopCompany and
TopValue are reset to ThisName and ThisValue.

The cursor is closed at the end of the procedure.

The LOOP construct in the TopCompany Value procedure is a standard
form, exiting after the last row is processed. You can rewrite this procedure
in a more compact form using a FOR loop. The FOR statement combines
several aspects of the above procedure into a single statement.
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CREATE PROCEDURE TopCustomerValue2 (
OUT TopCompany CHAR(36),
OUT TopValue INT )
BEGIN
-- Initialize the TopValue variable
SET TopValue = 0;
-- Do the For Loop
CompanyLoop:
FOR CompanyFor AS ThisCompany
CURSOR FOR
SELECT company_name AS ThisName ,
CAST( sum( sales_order_items.quantity *
product.unit_price ) AS INTEGER )
AS ThisValue
FROM customer
INNER JOIN sales_order
INNER JOIN sales_order_items
INNER JOIN product
GROUP BY ThisName

DO
IF ThisValue > TopValue THEN
SET TopCompany = ThisName;
SET TopValue = ThisValue;
END IF;
END FOR CompanyLoop;
END
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Errors and warnings in procedures and triggers

After an application program executes a SQL statement, it can examine a
return code. This return code indicates whether the statement executed
successfully or failed and gives the reason for the failure. The same
mechanism can be used to indicate the success or failure of a CALL
statement to a procedure.

SQL Anywhere supports the SQLCODE and SQLSTATE status
descriptions. For full descriptions of SQLCODE and SQLSTATE error and
warning values and their meanings, see the chapter "SQL Anywhere
Database Error Messages". Whenever a SQL statement is executed, a value
is placed in special procedure variables called SQLSTATE and SQLCODE.
That value indicates whether or not there were any unusual conditions
encountered while the statement was being performed. You can check the
value of SQLSTATE or SQLCODE in an IF statement following a SQL
statement, and take actions depending on whether the statement succeeded
or failed.

For example, the SQLSTATE variable can be used to indicate if a row is
successfully fetched. The TopCustomerValue procedure presented in section
"Using cursors on SELECT statements in procedures"” on page 297 used the
SQLSTATE test to detect that all rows of a SELECT statement had been
processed.

&~ Possible values for the SQLSTATE and SQLCODE variables are listed
in the chapter "SQL Anywhere Database Error Messages".

Default error handling in procedures and triggers
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This section describes how SQL Anywhere handles errors that occur during
a procedure execution, if you have no error handling built in to the
procedure.

&~ 1If you want to have different behavior from that described in this
section, you can use exception handlers, described in "Using exception

handlers in procedures and triggers" on page 304. Warnings are handled in

a slightly different manner from errors: for a description, see "Default
handling of warnings in procedures and triggers" on page 303.

There are two ways of handling errors without using explicit error handling:

¢ Default error handling The procedure or trigger fails and returns an
error code to the calling environment.
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Default error
handling

Notes

¢ ON EXCEPTION RESUME If the ON EXCEPTION RESUME clause
is included in the CREATE PROCEDURE statement, the procedure
carries on executing after an error, resuming at the statement following
the one causing the error.

Generally, if a SQL statement in a procedure or trigger fails, the procedure
or trigger terminates execution and control is returned to the application
program with an appropriate setting for the SQLSTATE and SQLCODE
values. This is true even if the error occurred in a procedure or trigger
invoked directly or indirectly from the first one. In the case of a trigger, the
operation causing the trigger is also undone and the error is returned to the

application.

The following demonstration procedures show what happens when an
application calls the procedure OuterProc and OuterProc in turn calls the
procedure InnerProc, which then encounters an error.

CREATE PROCEDURE OuterProc ()
BEGIN
MESSAGE 'Hello from OuterProc.';
CALL InnerProc();
MESSAGE 'SQLSTATE set to ',
SQLSTATE, ' in OuterProc.'
END
CREATE PROCEDURE InnerProc()
BEGIN
DECLARE column_not_found
EXCEPTION FOR SQLSTATE '52003°';
MESSAGE 'Hello from InnerProc.';
SIGNAL column_not_found;
MESSAGE 'SQLSTATE set to ',
SQLSTATE, ' in InnerProc.';
END

¢ The DECLARE statement in InnerProc declares a symbolic name for
one of the predefined SQLSTATE values associated with error
conditions already known to the database engine. The DECLARE
statement does not take any other action.

¢ The MESSAGE statement sends a message to the database engine or
server message window.

¢ The SIGNAL statement generates an error condition from within the
InnerProc procedure.

The following statement executes the OuterProc procedure:
CALL OuterProc () ;

The message window of the database engine then displays the following:

Hello from OuterProc.
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Error handling with
ON EXCEPTION
RESUME
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Hello from InnerProc.

No statements following the SIGNAL statement in InnerProc are executed:
InnerProc immediately passes control back to the calling environment,
which in this case is the procedure OuterProc. The error condition is
returned to the calling environment to be handled there. For example, the
ISQL utility handles the error by displaying a message window describing
the error.

The TRACEBACK function provides a list of the statements that were
executing when the error occurred. You can use the TRACEBACK function
from ISQL by typing the following statement:

SELECT TRACEBACK (*)

If the ON EXCEPTION RESUME clause is included in the CREATE
PROCEDURE statement, the procedure does not return control to the
calling environment when an error occurs. Instead, it continues executing,
resuming at the statement after the one causing the error.

The following demonstration procedures show what happens when an
application calls the procedure OuterProc; and OuterProc in turn calls the
procedure InnerProc, which then encounters an error. These demonstration
procedures are based on those used earlier in this section:

CREATE PROCEDURE OuterProc ()
ON EXCEPTION RESUME
BEGIN
MESSAGE 'Hello from OuterProc.';
CALL InnerProc() ;
MESSAGE 'SQLSTATE set to ',
SQLSTATE, ' in OuterProc.';
END;

CREATE PROCEDURE InnerProc()
ON EXCEPTION RESUME
BEGIN
DECLARE column_not_found
EXCEPTION FOR SQLSTATE '52003';
MESSAGE 'Hello from InnerProc.';
SIGNAL column_not_found;
MESSAGE 'SQLSTATE set to ',
SQLSTATE, ' in InnerProc.';
END

The following statement executes the OuterProc procedure:
CALL OuterProc() ;

The message window of the database engine then displays the following:
Hello from OuterProc.

Hello from InnerProc.
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SQLSTATE set to 52003 in InnerProc.
SQLSTATE set to 52003 in OuterProc.

Default handling of warnings in procedures and triggers

Warnings are handled differently from errors. While the default action for
errors is to set a value for the SQLSTATE and SQLCODE variables, and
return control to the calling environment, the default action for warnings is
to set the SQLSTATE and SQLCODE values and continue execution of the
procedure.

The following demonstration procedures illustrate default handling of
warnings. These demonstration procedures are based on those used in
"Default error handling in procedures and triggers" on page 300. In this
case, the SIGNAL statement generates a row not found condition, which is a
warning rather than an error.

CREATE PROCEDURE OQuterProc ()
BEGIN
MESSAGE 'Hello from OuterProc.';
CALL InnerProc();
MESSAGE 'SQLSTATE set to ',
SQLSTATE, ' in OuterProc.';
END
CREATE PROCEDURE InnerProc ()
BEGIN
DECLARE row_not_found
EXCEPTION FOR SQLSTATE '02000°';
MESSAGE 'Hello from InnerProc.';
SIGNAL row_not_found;
MESSAGE 'SQLSTATE set to ',
SQLSTATE, ' in InnerProc.';
END

The following statement executes the OuterProc procedure:
CALL OuterProc () ;
The message window of the database engine then displays the following:
Hello from OuterProc.
Hello from InnerProc.
SQLSTATE set to 02000 in InnerProc.
SQLSTATE set to 02000 in OuterProc.

The procedures both continued executing after the warning was generated,
with SQLSTATE set to the value set by the warning (02000).
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Using exception handlers in procedures and triggers

It is often desirable to intercept certain types of errors and handle them
within a procedure or trigger, rather than pass the error back to the calling
environment. This is done through the use of an exception handler.

An exception handler is defined with the EXCEPTION part of a compound
statement (see "Using compound statements" on page 283). The exception
handler is executed whenever an error occurs in the compound statement.
Unlike errors, warnings do not cause exception handling code to be
executed. Exception handling code is also executed if an error is
encountered in a nested compound statement or in a procedure or trigger
that has been invoked anywhere within the compound statement.

The demonstration procedures used to illustrate exception handling are
based on those used in "Default error handling in procedures and triggers"
on page 300. In this case, additional code is added to handle the column not
found error in the InnerProc procedure.

CREATE PROCEDURE OuterProc()
BEGIN
MESSAGE 'Hello from OuterProc.';
CALL InnerProc();
MESSAGE 'SQLSTATE set to ',
SQLSTATE, ' in OuterProc.'
END
CREATE PROCEDURE InnerProc()
BEGIN
DECLARE column_not_found
EXCEPTION FOR SQLSTATE '52003';
MESSAGE 'Hello from InnerProc.';
SIGNAL column_not_found;
MESSAGE 'Line following SIGNAL.';
EXCEPTION
WHEN column_not_found THEN
MESSAGE 'Column not found handling.';
WHEN OTHERS THEN
RESIGNAL ;
END

The EXCEPTION statement declares the exception handler itself. The lines
following the EXCEPTION statement are not executed unless an error
occurs. Each WHEN clause specifies an exception name (declared with a
DECLARE statement) and the statement or statements to be executed in the
event of that exception. The WHEN OTHERS THEN clause specifies the
statement(s) to be executed when the exception that occurred is not in the
preceding WHEN clauses.
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Notes

Exception handling
and atomic
compound
statements

In this example, the statement RESIGNAL passes the exception on to a
higher-level exception handler. RESIGNAL is the default action if WHEN
OTHERS THEN is not specified in an exception handler.

The following statement executes the OuterProc procedure:

CALL OuterProc() ;
The message window of the database engine then displays the following:
Hello from OuterProc.
Hello from InnerProc.
Column not found handling.
SQLSTATE set to 00000 in OuterProc.

¢ The lines following the SIGNAL statement in InnerProc are not
executed; instead, the EXCEPTION statements are executed.

¢  As the error encountered was a column not found error, the MESSAGE
statement included to handle the error is executed, and SQLSTATE is
reset to zero (indicating no errors).

¢ After the exception handling code is executed, control is passed back to
OuterProc, which proceeds as if no error was encountered.

¢ You should not use ON EXCEPTION RESUME together with explicit
exception handling. The exception handling code is not executed if ON
EXCEPTION RESUME is included.

¢ If the error handling code for the column not found exception is simply
a RESIGNAL statement, control is passed back to the OuterProc
procedure with SQLSTATE still set at the value 52003. This is just as if
there were no error handling code in InnerProc. As there is no error
handling code in OuterProc, the procedure fails.

When an exception is handled inside a compound statement, the compound
statement completes without an active exception and the changes before the
exception are not undone. This is true even for atomic compound
statements. If an error occurs within an atomic compound statement and is
explicitly handled, some but not all of the statements in the atomic
compound statement are executed.

Nested compound statements and exception handlers

The code following a statement that causes an error is not executed unless
an ON EXCEPTION RESUME clause is included in a procedure definition.
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You can use nested compound statements to give you more control over
which statements are and are not executed following an error.

The following demonstration procedure illustrates how nested compound
statements can be used to control flow. The procedure is based on that used
as an example in "Default error handling in procedures a