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Preface

Preface

This document is a comprehensive user's guide and reference to the Pro*C/C++. It
shows you how to use the database language SQL and Oracle's procedural extension,
PL/SQL, in conjunction with Pro*C/C++ to manipulate data in an Oracle database. It
explores a full range of topics, from underlying concepts to advanced programming
techniques, and provides code examples.

This Preface contains these topics:
* Intended Audience

e Documentation Accessibility

* Related Documents

e Conventions

Intended Audience

The Pro*C/C++ Programmer's Guide is intended for programmers, systems analysts,
project managers, and other Oracle users who perform, or are interested in learning
about, the following tasks:

» Design and develop software applications in the Oracle environment.
e Convert existing software applications to run in an Oracle environment.
* Manage the development of software applications.

To use this document, you need a working knowledge of applications programming in
C and C++, and familiarity with the use of the Structured Query Language (SQL).

Documentation Accessibility

For information about Oracle's commitment to accessibility, visit the Oracle
Accessibility Program website at http://www.oracle.com/pls/topic/lookup?
ctx=acc&id=docacc.

Access to Oracle Support

Oracle customers that have purchased support have access to electronic support
through My Oracle Support. For information, visit http://www.oracle.com/pls/topic/
lookup?ctx=acc&id=info or visit http://www.oracle.com/pls/topic/lookup?ctx=acc&id=trs
if you are hearing impaired.

Related Documents

For more information, see these Oracle resources:
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e Oracle Database SQL Language Reference
e Oracle C++ Call Interface Programmer's Guide
*  Oracle Call Interface Programmer's Guide

Many of the examples in this book use the sample schemas of the seed database,
which is installed by default when you install Oracle. Refer to Oracle Database Sample
Schemas for information on how these schemas were created and how you can use
them yourself.

Conventions

The following text conventions are used in this document:

Convention Meaning

boldface Boldface type indicates graphical user interface elements associated
with an action, or terms defined in text or the glossary.

italic Italic type indicates book titles, emphasis, or placeholder variables for
which you supply particular values.

monospace Monospace type indicates commands within a paragraph, URLs, code
in examples, text that appears on the screen, or text that you enter.
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Changes in This Release for Pro*C/C++ Programmer's Guide

Changes in This Release for Pro*C/C++
Programmer's Guide

This preface lists changes in Pro*C/C++ Programmer's Guide.

Changes in Pro*C/C++ 12c Release 2 (12.2)

New Features

The following features are new in this release:

*  Pro*C/C++ now supports identifier lengths of 128 bytes. In previous releases, the
identifier length limit was 30 bytes.

*  Pro*C/C++ now supports Oracle Instant Client - Basic Light version.

*  Pro*C/C++ now introduces a new command line option “trim_password”, to
prevent authentication issues caused by password strings that contain trailing
blank space.

»  High Availability features such as Transaction Guard are implemented in the OCI
layer. For more information, see the Call Interface Programmer’s Guide.
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Introduction and Concepts

Part | contains the following chapters:

e Introduction

e Precompiler Concepts

e Database Concepts

e Datatypes and Host Variables
e Advanced Topics

Embedded SQL

e Embedded PL/SQL

* Host Arrays

e Handling Runtime Errors

e Precompiler Options

e Multithreaded Applications
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Introduction

This chapter introduces you to the Oracle Pro*C/C++ Precompiler. You look at its role
in developing application programs that manipulate Oracle data and find out what it
enables your applications to do. This chapter contains the following topics:

What is an Oracle Precompiler?

Why Use the Oracle Pro*C/C++ Precompiler
Why Use SQL

Why Use PL/SQL

Pro*C/C++ Precompiler Benefits

Frequently Asked Questions

1.1 What is an Oracle Precompiler?

An Oracle Precompiler is a programming tool that enables the user to embed SQL
statements in a high-level source program. As Figure 1-1 shows, the precompiler
accepts the source program as input, translates the embedded SQL statements into
standard Oracle runtime library calls, and generates a modified source program that
you can compile, link, and execute in the usual way.

ORACLE
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Figure 1-1 Embedded SQL Program Development

System Editor

Source
Program With embedded SQL statements

Pro*C/C++
Precompiler

Modified
Source With all SQL statements replaced by library calls
Program

Object
Program
Oracle
Runtime
To resolve calls Library
(SQLLIB)

Source
Program

1.2 Why Use the Oracle Pro*C/C++ Precompiler

ORACLE

The Oracle Pro*C/C++ Precompiler lets you use the power and flexibility of SQL in
your application programs. A convenient, easy to use interface lets your application
access Oracle directly.

Unlike many application development tools, Pro*C/C++ lets you create highly
customized applications. For example, you can create user interfaces that incorporate
the latest windowing and mouse technology. You can also create applications that run
in the background without the need for user interaction.

Furthermore, Pro*C/C++ helps you fine-tune your applications. It allows close
monitoring of resource use, SQL statement execution, and various runtime indicators.
With this information, you can change program parameters for maximum performance.

Although precompiling adds a step to the application development process, it saves
time. The precompiler, not you, translates each embedded SQL statement into calls to
the Oracle runtime library (SQLLIB). The Pro*C/C++ precompiler also analyzes host
variables, defines mappings of structures into columns, and, with SQLCHECK=FULL,
performs semantic analysis of the embedded SQL statements.
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1.3 Why Use SQL

If you want to access and manipulate Oracle data, you need SQL. Whether you use
SQL interactively through SQL*Plus or embedded in an application program depends
on the job at hand. If the job requires the procedural processing power of C or C++, or
must be done on a regular basis, use embedded SQL.

SQL has become the database language of choice because it is flexible, powerful, and
easy to learn. Being non-procedural, it lets you specify what you want done without
specifying how to do it. A few English-like statements make it easy to manipulate
Oracle data one row or many rows at a time.

You can execute any SQL (not SQL*Plus) statement from an application program. For
example, you can

 CREATE, ALTER, and DROP database tables dynamically
*  SELECT, INSERT, UPDATE, and DELETE rows of data
¢ COMMIT or ROLLBACK transactions

Before embedding SQL statements in an application program, you can test them
interactively using SQL*Plus. Usually, only minor changes are required to switch from
interactive to embedded SQL.

1.4 Why Use PL/SQL

An extension to SQL, PL/SQL is a transaction processing language that supports
procedural constructs, variable declarations, and robust error handling. Within the
same PL/SQL block, you can use SQL and all the PL/SQL extensions.

The main advantage of embedded PL/SQL is better performance. Unlike SQL,
PL/SQL provides the ability to group SQL statements logically and send them to
Oracle in a block rather than one by one. This reduces network traffic and processing
overhead.

Related Topics:
e Embedded PL/SQL

1.5 Pro*C/C++ Precompiler Benefits

As Figure 1-2 shows, Pro*C/C++ offers many features and benefits, which help you to
develop effective, reliable applications.
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Figure 1-2 Features and Benefits

Event Runtime Object Types ANSI/ISO SQL

Handling Diagnostics Compliance
National Dynamic
Character Sets SQL
Conditional Threads
Precompilation Support

Pro*C/C++
Precompiler Automatic

Array Datatype
Operations Conversion

Concurrent Support for
Connects PL/SQL
Syntax and
Semantic Separate Datatype Runtime
Checking Precompilation | Equivalencing Options

Pro*C/C++ enables:

Writing applications in C or C++.

Following the ANSI/ISO standards for embedding SQL statements in a high-level
language.

Taking advantage of dynamic SQL, an advanced programming technique that lets
your Program accept or build any valid SQL statement at runtime.

Designing and developing highly customized applications.
Writing shared server process applications.

Automatically converting between Oracle internal datatypes and high-level
language datatypes.

Improved performance by embedding PL/SQL transaction processing blocks in
your application program.

Specifying useful precompiler options inline and on the command line and change
their values during precompilation.

The use of datatype equivalencing to control the way Oracle interprets input data
and formats output data.

Separately precompiling several program modules, then link them into one
executable Program.
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Complete checking of the syntax and semantics of embedded SQL data
manipulation statements and PL/SQL blocks.

Concurrent access to Oracle databases on multiple nodes using Oracle Net.
The use of arrays as input and output program variables.

Conditionally precompiling sections of code in your host program so that it can run
in different environments.

Direct interface with SQL*Forms through the use of user exits written in a high-
level language.

Handling errors and warnings with the SQL Communications Area (SQLCA) and
the WHENEVER or DO statement.

The use of an enhanced set of diagnostics provided by the Oracle
Communications Area (ORACA).

Working with user-defined object types in the database.

The use of collections (varrays and nested tables) in the database.
The use of LOBs (Large Objects) in the database.

The use of National Character Set data stored in the database.
The use of OCI (Oracle Call Interface) functions in your program.
The use of multi-threaded applications.

Microsoft Visual Studio .NET 2002/2003 support.

Pro*C/C++ is a full-featured tool that supports a professional approach to embedded
SQL programming.

# Note:

Pro*C/C++ does not support 16-bit code generation.

1.6 Directory Structure

When you install Oracle software, a directory structure is created on your hard drive
for the Oracle products. A main Oracle directory contains the Oracle subdirectories
and files that are necessary to run Pro*C/C++.

ORACLE

When you install Pro*C/C++, Oracle Universal Installer creates a directory called
\ preconp in the ORACLE_BASE\ ORACLE_HOME directory. This subdirectory contains the
Pro*C/C++ executable files, library files, and sample programs listed in Table 1-1.

Table 1-1 precomp Directory Structure

Directory Name Contents

\adm n Configuration files

\ deno\ proc Sample programs for Pro*C/C++
\ deno\ sq SQL scripts for sample programs
\ doc\ proc Readme files for Pro*C/C++
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Table 1-1 (Cont.) precomp Directory Structure

Directory Name Contents
\lib\nmsve Library files for Pro*C/C++
\ mesg Message files
\public Header files
# Note:

The \ preconp directory can contain files for other products, such as
Pro*COBOL.

1.6.1 Known Problems, Restrictions, and Workarounds

Although all Windows operating systems allow spaces in file names and directory
names, the Oracle Pro*C/C++ and Oracle Pro*COBOL precompilers will not
precompile files that include spaces in the filename or directory name. For example,
do not use the following formats:

* proc inane=test one.pc

e proc inanme=d:\dir1\second dir\sanplel.pc

1.7 Library Files

When linking Pro*C/C++ applications, you use library files. The Pro*C/C++ library files
are installed as follows:

ORACLE_HOVE\ preconp\ LI B\orasql 12.1i b
ORACLE_HOVE\ preconp\ LI B\ ot t cl asses. zi p

ORACLE_HOVE\ preconp\ LI B\ nsvc\ orasgx12.1ib

Pro*C/C++ application program interface (API) calls are implemented in DLL files
provided with your Pro*C/C++ software. To use the DLLs, you must link your
application with the import libraries (.lib files) that correspond to the Pro*C/C++ DLLs.
Also, you must ensure that the DLL files are installed on the computer that is running
your Pro*C/C++ application.

Microsoft provides you with three libraries: libc.lib, libcnt.lib, and nsvert.lib. The
Oracle DLLs use the nsvcert. |ib runtime library. You must link the applications with
nsvert. i b instead of the other two Microsoft libraries.

1.8 Frequently Asked Questions

This section presents some questions that are frequently asked about Pro*C/C++, and
about Oracle in relation to Pro*C/C++. The answers are more informal than the
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documentation in the rest of this Guide, but do provide references to places where you
can find the reference material.

1.8.1 What is a VARCHAR?

Here is a short description of VARCHARS:

VARCHAR Description

VARCHAR2 A kind of column in the database that contains variable-length
character data. This is what Oracle calls an "internal datatype",
because it is a possible column type.

VARCHAR An Oracle "external datatype" (datatype code 9). You use this only
if you are doing dynamic SQL Method 4, or datatype
equivalencing.

VARCHAR[N] This is a Pro*C/C++ "pseudotype” that you can declare as a host

varchar[n] variable in your Pro*C/C++ program. It is actually generated by
Pro*C/C++ as a struct, with a 2-byte length element, and a [n]-byte
character array.

Related Topics:

» Datatypes and Host Variables

*  ANSI Dynamic SQL

e Oracle Dynamic SQL: Method 4

1.8.2 Does Pro*C/C++ Generate Calls to the Oracle Call Interface?

No. Pro*C/C++ generates data structures and calls to its runtime library: SQLLIB.

1.8.3 Why Not Code Using SQLLIB Calls and Not Use Pro*C/C++?

SQLLIB is not externally documented, is unsupported, and might change from release
to release. Also, Pro*C/C++ is an ANSI/ISO compliant product, that follows the
standard requirements for embedded SQL.

SQLLIB is not an API. While it has user-callable functions, it is primarily a runtime
library for the precompiler suite of languages.

If you need to do API coding for the database, either use the Oracle Call Interface, the
client side API for the Oracle RDBMS, or mix OCI and Pro*C/C++.

Related Topics:
*  SQLLIB Extensions for OCI Release 8 Interoperability

1.8.4 Can | Call A PL/SQL Stored Procedure From a Pro*C/C++

Program?

ORACLE

Certainly. See Embedded PL/SQL. There is a demo program, "About Calling a Stored
PL/SQL or Java Subprogram".
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1.8.5 Can | Write C++ Code, and Precompile It Using Pro*C/C++?

Yes. See C++ Applications.

1.8.6 Can | Use Bind Variables Anywhere in a SQL Statement?

For example, | would d like to be able to input the name of a table in my SQL
statements at runtime. But when | use host variables, | get precompiler errors.

In general, you can use host variables at anywhere in a SQL or PL/SQL, statement
where expressions are allowed.

However, the following SQL statement, where table_name is a host variable, is illegal:

EXEC SQL SELECT enane, sal INTO :name, :salary FROM :tabl e_name;

To solve your problem, you need to use dynamic SQL. There is a demo program that
you can adapt to do this, "Example Program: Dynamic SQL Method 1".

Related Topics:
* Host Variable Referencing

e Oracle Dynamic SQL

1.8.7 | Am Confused By Character Handling in Pro*C/C++.

There are many options, but we can simplify. First of all, if you need compatibility with
previous precompiler releases, and Oracle7, the safest thing to do is use VARCHAR[N]
host variables.

The default datatype for all other character variables in Pro*C/C++ is CHARZ. Briefly,
this means that you must null-terminate the string on input, and it is both blank-padded
and null-terminated on output.

In release 8.0, the CHAR_MAP precompiler option was introduced to specify the
default mapping of char variables.

If neither VARCHAR nor CHARZ works for your application, and you need total C-like
behavior (null termination, absolutely no blank-padding), use the TYPE command and
the C typedef statement, and use datatype equivalencing to convert your character
host variables to STRING. There is an example program that shows how to use the
TYPE command starting on "Example Program: Using sqlvcp()".

Related Topics:

*  VARCHAR Variable Declaration
e CHARZ

*  Precompiler Option CHAR_MAP

* User-Defined Type Equivalencing

1.8.8 Is There Anything Special About Character Pointers?

Yes. When Pro*C/C++ binds an input or output host variable, it must know the length.
When you use VARCHAR([N], or declare a host variable of type char[n], Pro*C/C++
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knows the length from your declaration. But when you use a character pointer as a
host variable, and use nal | oc() to define the buffer in your program, Pro*C/C++ has no
way of knowing the length.

On output you must not only allocate the buffer, but pad it out with some non-null
characters, then null-terminate it. On input or output, Pro*C/C++ calls strl en() for the
buffer to get the length.

Related Topics:

* Pointer Variables

1.8.9 Why Does SPOOL Not Work in Pro*C/C++?

SPOOL is a special command used in SQL*Plus. It is not an embedded SQL
command.

Related Topics:
» Key Concepts of Embedded SQL Programming

1.8.10 Where Can | Find The On-line Versions of the Example
Programs?

Each Oracle installation should have a deno directory. If the directory is not there, or it
does not contain the example programs, see your system or database administrator.

1.8.11 How Can | Compile and Link My Application?

Compiling and linking are very platform specific. Your system-specific Oracle
documentation has instructions on how to link a Pro*C/C++ application. On UNIX
systems, there is a makefile called deno_proc. nk in the denmo directory. To link, say, the
demo program samplel.pc, you would enter the command line

meke -f denmo_proc. nk sanpl el

If you need to use special precompiler options, you can run Pro*C/C++ separately,
then do the make. Or, you can create your own custom makefile. For example, if your
program contains embedded PL/SQL code, you can enter

proc cv_dempo userid=username/ password sql check=semantics
meke -f deno_proc.nk build OBJS=sanpl el. 0 EXE=sanpl el

On VMS systems, there is a script called LNPROC that you use to link your Pro*C/C++
applications.

1.8.12 Does Pro*C/C++ Now Support Using Structures As Host
Variables?

How does this work with the array interface?

You can use arrays inside a single structure, or an array of structures with the array
interface.
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Related Topics:
e Host Structures

* Pointer Variables

1.8.13 Is It Possible to Have Recursive Functions In Pro*C/C++ If |
Use Embedded SQL In the Function?

Yes. However, for embedded SQL, you must use cursor variables.

1.8.14 Can | Use Any Release of Pro*C/C++ with Any Version of the
Oracle Server?

When you run a precompiler or OCI application against a database server, Oracle
recommends that the release of the database server software be equal to or higher
than the client software release, but this configuration is not strictly required. For
example, if your Oracle Database client software is release 8.1.7, then it is
recommended that your Oracle Database server software be release 8.1.7 or higher to
run a precompiler application on the client against the server.

More information about upgrading your applications can be found in the Oracle
Database Upgrade Guide.

1.8.15 When My Application Runs, | Keep Getting an Ora-1405 Error
(Fetched Column Value Is NULL).

You are selecting a NULL into a host variable that does not have an associated
indicator variable. This is not in compliance with the ANSI/ISO standards, and was
changed beginning with Oracle?.

If possible, rewrite your program using indicator variables, and use indicators in future
development.

Alternatively, if precompiling with MODE=ORACLE and DBMS=V7 or V8, specify
UNSAFE_NULL=YES on the command line to disable the ORA-01405 message.

Related Topics:
e Indicator Variables
e UNSAFE_NULL

1.8.16 Are All SQLLIB Functions Private?

No. There are some SQLLIB functions that you can call to get information about your
program, or its data. The SQLLIB public functions are shown here:

SQLLIB Public Description
Functions
SQLSQLDAAIloc() Used to allocate a SQL descriptor array (SQLDA) for dynamic SQL

Method 4. See "How is the SQLDA Referenced? ".
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SQLLIB Public Description

Functions

SQLCDAFromResultSetC Used to convert a Pro*C/C++ cursor variable to an OCI cursor data
ursor() area. See "New Names for SQLLIB Public Functions".
SQLSQLDAFree() Used to free a SQLDA allocated using SQLSQLDAAIlloc(). See

"New Names for SQLLIB Public Functions".

SQLCDAToResultSetCurs Used to convert an OCI cursor data area to a Pro*C/C++ cursor

or() variable. See "New Names for SQLLIB Public Functions".
SQLErrorGetText() Returns a long error message. See "sqglerrm ".
SQLStmtGetText() Used to return the text of the most recently executed SQL

statement. See "About Obtaining the Text of SQL Statements ".

SQLLDAGetNamed() Used to obtain a valid Logon Data Area for a named connection,
when OCI calls are used in a Pro*C/C++ program. See "New
Names for SQLLIB Public Functions".

SQLLDAGetCurrent() Used to obtain a valid Logon Data Area for the most recent
connection, when OCI calls are used in a Pro*C/C++ program. See
"New Names for SQLLIB Public Functions".

SQLColumnNullCheck()  Returns an indication of NULL status for dynamic SQL Method 4.
See "Handling NULL/Not NULL Datatypes ".

SQLNumberPrecV6() Returns precision and scale of numbers. See "Extracting Precision
and Scale ".

SQLNumberPrecV7() A variant of SQLNumberPrecV6(). See "Extracting Precision and
Scale ".

SQLVarcharGetLength()  Used for obtaining the padded size of a VARCHAR[n]. See "Find
the Length of the VARCHAR Array Component ".

SQLENnvGet() Returns the OCI environment handle for a given SQLLIB runtime
context. See "SQLEnvGet()".

SQLSvcCixGet() Returns the OCI service context for the database connection. See
SQLSvcCtxGet().

SQLRowidGet() Returns the universal ROWID of the last row inserted. See
"SQLRowidGet()".

SQLEXxtProcError() Returns control to PL/SQL when an error occurs in an external C

procedure. See "SQLEXxtProcError()".

In the preceding list, the functions are thread-safe SQLLIB public functions. Use these
functions in all new applications. For more information about these thread-safe public
functions (including their old names), see the table "New Names for SQLLIB Public
Functions".

1.8.17 How Does Oracle Support The New Object Types?

See the chapters Objects and The Object Type Translator for how to use Object types
in Pro*C/C++ applications.

1.8.18 Compatibility, Upgrading, and Migration

Pro*C/C++ adopts a similar compatibility rule to OCI-based applications. This
compatibility is subject to the same limitations that OCI imposes on backward
compatibility.
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The additional "array insert" and "array select" syntax will help migrating DB2
precompiler applications to the Pro*C/C++ application. This is because you will not
need to change DB2 array INSERT and SELECT syntax to that of Oracle Pro*C/C++.

The "Implicit Buffered Insert" feature supported by Pro*C/C++ helps you to migrate
DB2 precompiler applications to Pro*C/C++ applications without using the array syntax
of Pro*C/C++ for better performance.
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Precompiler Concepts

This chapter explains how embedded SQL programs do their work. You examine the
special environment in which they operate and the impact of this environment on the
design of your applications. After covering the key concepts of embedded SQL
programming and the steps you take in developing an application, this chapter uses a
simple program to illustrate the main points.

This chapter contains the following topics:

Key Concepts of Embedded SQL Programming
Steps in Developing an Embedded SQL Application
Guidelines for Programming

Example Tables

Example Program: A Simple Query

Example Program: A Simple Query using SQL99 Syntax

2.1 Key Concepts of Embedded SQL Programming

This section lays the conceptual foundation on which later chapters build. This section
contains these topics:

Embedded SQL Statements

Embedded SQL Syntax

Static Versus Dynamic SQL Statements
Embedded PL/SQL Blocks

Host and Indicator Variables

Oracle Datatypes

Arrays

Datatype Equivalencing

Private SQL Areas_ Cursors_ and Active Sets
Transactions

Errors and Warnings

SQL99 Syntax Support

2.1.1 Embedded SQL Statements

The term embedded SQL refers to SQL statements placed within an application
program. Because it houses the SQL statements, the application program is called a
host program, and the language in which it is written is called the host language. For
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example, Pro*C/C++ provides the ability to embed certain SQL statements in a C or C
++ host program.

To manipulate and query Oracle data, you use the INSERT, UPDATE, DELETE, and
SELECT statements. INSERT adds rows of data to database tables, UPDATE
modifies rows, DELETE removes unwanted rows, and SELECT retrieves rows that
meet your search condition.

The powerful SET ROLE statement lets you dynamically manage database privileges.
A role is a named group of related system and object privileges, or a named group of
related system or object privileges granted to users or other roles. Role definitions are
stored in the Oracle data dictionary. Your applications can use the SET ROLE
statement to enable and disable roles as needed.

Only SQL statements—not SQL*Plus statements—are valid in an application program.
(SQL*Plus has additional statements for setting environment parameters, editing, and
report formatting.)

2.1.1.1 Executable Statements and Directives

Embedded SQL includes all the interactive SQL statements plus others that allow you
to transfer data between Oracle and a host program. There are two types of
embedded SQL statements: executable statements and directives. Executable
statements result in calls to the runtime library SQLLIB. You use them to connect to
Oracle, to define, query, and manipulate Oracle data, to control access to Oracle data,
and to process transactions. They can be placed wherever C or C++ language
executable statements can be placed.

Directives, on the other hand, do not result in calls to SQLLIB and do not operate on
Oracle data. You use them to declare Oracle objects, communications areas, and SQL
variables. They can be placed wherever C or C++ variable declarations can be placed.

Table 2-1 groups the various embedded SQL statements (not a complete list):

Table 2-1 Embedded SQL Statements
|

DIRECTIVE PURPOSE

ARRAYLEN* To use host arrays with PL/SQL
BEGIN DECLARE To declare host variables (optional)
SECTION*

END DECLARE SECTION*

DECLARE* To name Oracle schema objects
INCLUDE* To copy in files

TYPE* To equivalence datatypes

VAR* To equivalence variables
WHENEVER* To handle runtime errors

Table 2-2 Embedded SQL Statements
|

EXECUTABLE PURPOSE
STATEMENT
ALLOCATE* To define and control Oracle data
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Table 2-2 (Cont.) Embedded SQL Statements
|

EXECUTABLE
STATEMENT

PURPOSE

ALTER
ANALYZE
DELETE

INSERT

SELECT
UPDATE
COMMIT
ROLLBACK
SAVEPOINT
SET TRANSACTION
DESCRIBE*
EXECUTE*
PREPARE*
ALTER SESSION
SET ROLE

*Has no interactive
counterpart

To process transactions

To use dynamic SQL

To control sessions

In your application program, you can freely mix complete SQL statements with
complete C statements and use C variables or structures in SQL statements. The only
special requirement for building SQL statements into your host program is that you
begin them with the keywords EXEC SQL and end them with a semicolon. Pro*C/C++
translates all EXEC SQL statements into calls to the runtime library SQLLIB.

Many embedded SQL statements differ from their interactive counterparts only through
the addition of a new clause or the use of program variables. The following example
compares interactive and embedded ROLLBACK statements:

ROLLBACK WAORK:

EXEC SQL ROLLBACK WORK;

- interactive
- enbedded

These statements have the same effect, but you would use the first in an interactive
SQL environment (such as when running SQL*Plus), and the second in a Pro*C/C++

program.

2.1.3 Static Versus Dynamic SQL Statements

Most application programs are designed to process static SQL statements and fixed
transactions. In this case, you know the makeup of each SQL statement and
transaction before runtime; that is, you know which SQL commands will be issued,
which database tables might be changed, which columns will be updated, and so on.

ORACLE
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However, some applications might be required to accept and process any valid SQL
statement at runtime. So, you might not know until runtime all the SQL commands,
database tables, and columns involved.

Dynamic SQL is an advanced programming technique that lets your program accept or
build SQL statements at run time and take explicit control over datatype conversion.

2.1.4 Embedded PL/SQL Blocks

Pro*C/C++ treats a PL/SQL block like a single embedded SQL statement. You can
place a PL/SQL block anywhere in an application program that you can place a SQL
statement. To embed PL/SQL in your host program, you simply declare the variables
to be shared with PL/SQL and bracket the PL/SQL block with the keywords EXEC
SQL EXECUTE and END-EXEC.

From embedded PL/SQL blocks, you can manipulate Oracle data flexibly and safely
because PL/SQL supports all SQL data manipulation and transaction processing
commands.

2.1.5 Host and Indicator Variables

ORACLE

Host variables are the key to communication between Oracle and your program. A
host variable is a scalar or aggregate variable declared in C and shared with Oracle,
meaning that both your program and Oracle can reference its value.

Your program uses input host variables to pass data to Oracle. Oracle uses output
host variables to pass data and status information to your program. The program
assigns values to input host variables; Oracle assigns values to output host variables.

Host variables can be used anywhere a SQL expression can be used. In SQL
statements, host variables must be prefixed with a colon () to set them apart from the
SQL keywords.

You can also use a C struct to contain a number of host variables. When you name
the structure in an embedded SQL statement, prefixed with a colon, Oracle uses each
of the components of the struct as a host variable.

You can associate any host variable with an optional indicator variable. An indicator
variable is a short integer variable that "indicates" the value or condition of its host
variable. You use indicator variables to assign NULLSs to input host variables and to
detect NULLSs or truncated values in output host variables. A NULL is a missing,
unknown, or inapplicable value.

In SQL statements, an indicator variable must be prefixed with a colon and
immediately follow its associated host variable. The keyword INDICATOR can be
placed between the host variable and its indicator for additional clarity.

If the host variables are packaged in a struct, and you want to use indicator variables,
you simply create a struct that has an indicator variable for each host variable in the
host structure, and name the indicator struct in the SQL statement, immediately
following the host variable struct, and prefixed with a colon. You can also use the
INDICATOR keyword to separate a host structure and its associated indicator
structure.
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2.1.6 Oracle Datatypes

Typically, a host program inputs data to Oracle, and Oracle outputs data to the
program. Oracle stores input data in database tables and stores output data in
program host variables. To store a data item, Oracle must know its datatype, which
specifies a storage format and valid range of values.

Oracle recognizes two kinds of datatypes: internal and external. Internal datatypes
specify how Oracle stores data in database columns. Oracle also uses internal
datatypes to represent database pseudocolumns, which return specific data items but
are not actual columns in a table.

External datatypes specify how data is stored in host variables. When your host
program inputs data to Oracle, if necessary, Oracle converts between the external
datatype of the input host variable and the internal datatype of the target database
column. When Oracle outputs data to your host program, if necessary, Oracle converts
between the internal datatype of the source database column and the external
datatype of the output host variable.

2.1.7 Arrays

Pro*C/C++ lets you define array host variables (called host arrays) and arrays of
structures and operate on them with a single SQL statement. Using the array
SELECT, FETCH, DELETE, INSERT, and UPDATE statements, you can query and
manipulate large volumes of data with ease. You can also use host arrays inside a
host variable struct.

2.1.8 Datatype Equivalencing

Pro*C/C++ adds flexibility to your applications by letting you equivalence datatypes.
That means you can customize the way Oracle interprets input data and formats
output data.

On a variable-by-variable basis, you can equivalence supported C datatypes to the
Oracle external datatypes. You can also equivalence user-defined datatypes to Oracle
external datatypes.

2.1.9 Private SQL Areas, Cursors, and Active Sets

ORACLE

To process a SQL statement, Oracle opens a work area called a private SQL area.
The private SQL area stores information needed to execute the SQL statement. An
identifier called a cursor lets you name a SQL statement, access the information in its
private SQL area, and, to some extent, control its processing.

For static SQL statements, there are two types of cursors: implicit and explicit. Oracle
implicitly declares a cursor for all data definition and data manipulation statements,
including SELECT statements (queries) that return only one row. However, for queries
that return more than one row, to process beyond the first row, you must explicitly
declare a cursor (or use host arrays).

The set of rows returned is called the active set; its size depends on how many rows
meet the query search condition. You use an explicit cursor to identify the row
currently being processed, called the current row.
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Imagine the set of rows being returned to a terminal screen. A screen cursor can point
to the first row to be processed, then the next row, and so on. In the same way, an
explicit cursor "points" to the current row in the active set. This allows your program to
process the rows one at a time.

2.1.10 Transactions

A transaction is a series of logically related SQL statements (two UPDATES that credit
one bank account and debit another, for example) that Oracle treats as a unit, so that
all changes brought about by the statements are made permanent or undone at the
same time.

All the data manipulation statements executed since the last data definition, COMMIT,
or ROLLBACK statement was executed make up the current transaction.

To help ensure the consistency of your database, Pro*C/C++ lets you define
transactions using the COMMIT, ROLLBACK, and SAVEPOINT statements.

COMMIT makes permanent any changes made during the current transaction.
ROLLBACK ends the current transaction and undoes any changes made since the
transaction began. SAVEPOINT marks the current point in the processing of a
transaction; used with ROLLBACK, it undoes part of a transaction.

2.1.11 Errors and Warnings

When you execute an embedded SQL statement, it either succeeds or fails, and might
result in an error or warning. You need a way to handle these results. Pro*C/C++
provides two error handling mechanisms: the SQL Communications Area (SQLCA)
and the WHENEVER statement.

The SQLCA is a data structure that you include (or hard-code) in your host program. It
defines program variables used by Oracle to pass runtime status information to the
program. With the SQLCA, you can take different actions based on feedback from
Oracle about work just attempted. For example, you can check to see if a DELETE
statement succeeded and, if so, how many rows were deleted.

With the WHENEVER statement, you can specify actions to be taken automatically
when Oracle detects an error or warning condition. These actions are: continuing with
the next statement, calling a function, branching to a labeled statement, or stopping.

2.1.12 SQL99 Syntax Support

2.2 Steps

ORACLE

The SQL standard enables the portability of SQL applications across all conforming
software products. Oracle features are compliant with the ANSI/ISO SQL99 standard,
including ANSI compliant joins. Pro*C/C++ supports all SQL99 features that are
supported by Oracle database, which means that the SQL99 syntax for the SELECT,
INSERT, DELETE, and UPDATE statements and the body of the cursor in a
DECLARE CURSOR statement are supported.

In Developing an Embedded SQL Application

Figure 2-1 shows the embedded SQL application development process.
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Figure 2-1 Embedded SQL Application Development Process
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As you can see, precompiling results in a modified source file that can be compiled
normally. Though precompiling adds a step to the traditional development process,
that step lets you write very flexible applications.

2.3 Guidelines for Programming

This section deals with embedded SQL syntax, coding conventions, and C-specific
features and restrictions. Topics are arranged alphabetically for quick reference.

2.3.1 Comments

You can place C-style Comments (/* ... */) in a SQL statement wherever blanks can be
placed (except between the keywords EXEC SQL). Also, you can place ANSI-style
Comments (-- ...) within SQL statements at the end of a line, as the following example
shows:
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EXEC SQL SELECT ENAME, SAL
INTO : enp_name, :salary -- output host variables
FROM EMP
WHERE DEPTNO = : dept _nunber;

You can use C++ style Comments (//) in your Pro*C/C++ source if you precompile
using the CODE=CPP precompiler option.

2.3.2 Constants

An L or | suffix specifies a long integer constant, a U or u suffix specifies an unsigned
integer constant, a 0X or Ox prefix specifies a hexadecimal integer constant, and an F
or f suffix specifies a float floating-point constant. These forms are not allowed in SQL
statements.

2.3.3 Declare Section

ORACLE

A Declare Section contains the host variable declarations and is of the form:

EXEC SQL BEG N DECLARE SECTI N,
/* Declare all host variables inside this section: */
char *uid = "usernane/ password";

EXEC SQL END DECLARE SECTI ON;

A Declare Section begins with the statement:

EXEC SQL BEG N DECLARE SECTI ON,

and ends with the statement:

EXEC SQL END DECLARE SECTI ON;

Between these two statements only the following are allowed:
» Host-variable and indicator-variable declarations

* Non-host C/C++ variables

« EXEC SQL DECLARE statements

« EXEC SQL INCLUDE statements

« EXEC SQL VAR statements

« EXEC SQL TYPE statements

e EXEC ORACLE statements

e C/C++ comments

A Declare Section is required when MODE=ANSI or CODE=CPP (in a C++
application) or PARSE=NONE or PARTIAL.

More than one Declare Section is allowed. They can be in different code modules.

Related Topics:
* About Parsing Code
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2.3.4 Delimiters

While C uses single quotes to delimit single characters, as in

ch = getchar();

switch (ch)

{

case 'U: update(); break;
case 'I': insert(); break;

SQL uses single quotes to delimit character strings, as in

EXEC SQL SELECT ENAME, SAL FROM EMP WHERE JOB = ' MANAGER ;

While C uses double quotes to delimit character strings, as in

printf("\nG Day, mate!");

SQL uses double quotes to delimit identifiers containing special or lowercase
characters, as in

EXEC SQL CREATE TABLE "Enp2" (enpno nunber(4), ...);

2.3.5 File Length

Pro*C/C++ cannot process arbitrarily long source files. There is a limit to the number
of lines allowed. The following aspects of the source file are contributing factors to the
file-size constraint:

e Complexity of the embedded SQL statements (for example, the number of bind
and define variables).

e Whether a database name is used (for example, connecting to a database with an
AT clause).

¢ Number of embedded SQL statements.

To prevent problems related to this limitation, use multiple program units to sufficiently
reduce the size of the source files.

2.3.6 Function Prototyping

The ANSI C standard (X3.159-1989) provides for function prototyping. A function
prototype declares a function and the data types of its arguments, so that the C
compiler can detect missing or mismatched arguments.

The CODE option, which you can enter on the command line or in a configuration file,
determines the way that the precompiler generates C or C++ code.

2.3.6.1ANSI_C

When you precompile your program with CODE=ANSI_C, the precompiler generates
fully prototyped function declarations. For example:

extern void sqlora(long *, void *);
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2.3.6.2KR_C

2.3.6.3 CPP

When you precompile with the option CODE=KR_C (KR for "Kernighan and Ritchie"),
the precompiler generates function prototypes in the same way that it does for
ANSI_C, except that function parameter lists are commented out. For example:

extern void sqlora(/*_ long *, void * _*/);
So, make sure to set the precompiler option CODE to KR_C if you use a C compiler
that does not support ANSI C. When the CODE option is set to ANSI_C, the

precompiler can also generate other ANSI-specific constructs; for example, the const
type qualifier.

When you compile with CODE=CPP you will generate C++ compatible function
prototypes. Use this option setting with C++ compilers.

Related Topics:

e C++ Applications

2.3.7 Hint Length

Maximum length of a sql hint in an embedded sqgl statement is limited to 256
characters. Any hint exceeding this limit will be truncated.

2.3.8 Host Variable Names

Host variable names can consist of upper or lowercase letters, digits, and
underscores, but must begin with a letter. They can be any length, but only the first 31
characters are significant to Pro*C/C++. Your C compiler or linker might require a
shorter maximum length, so check your C compiler user's guide.

For portability, you may wish to restrict the length of host variable names to 18 or
fewer characters (the length mandated by the SQL standard).

Related Topics:

* Reserved Words, Keywords, and Namespaces

2.3.9 Line Continuation

ORACLE

You can continue SQL statements from one line to the next. You must use a
backslash (\) to continue a string literal from one line to the next, as the following
example shows:

EXEC SQL | NSERT | NTO dept (deptno, dnanme) VALUES (50, ' PURCHAS\
ING );

In this context, the precompiler treats the backslash as a continuation character.
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2.3.10 Line Length

The maximum line length is 1299 for lines consisting of only ASCII characters, or 324
for multibyte characters.

2.3.11 MAXLITERAL Default Value

The precompiler option MAXLITERAL lets you specify the maximum length of string
literals generated by the precompiler. The MAXLITERAL default value is 1024. Specify
a smaller value if required. For example, if your C compiler cannot handle string literals
longer than 512 characters, you then specify MAXLITERAL=512. Check your C
compiler user's guide.

2.3.12 Operators

The logical operators and the "equal to" relational operator are different in C and SQL,
as the following list shows. These C operators are not allowed in SQL statements:

SQL Operator C Operator
NOT !

AND &&

OR |

The following C operators also not allowed in SQL statements:

Type C Operator

address &

bitwise & |, "N~

compound assignment +=, -=, *=, and so on.
conditional ?:

decrement -

increment ++

indirection *

modulus %

shift >> <<

2.3.13 Statement Terminator

Embedded SQL statements are always terminated by a semicolon, as the following
example shows:

EXEC SQL DELETE FROM emp WHERE deptno = :dept _nunber;
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2.4 Conditional Precompilation

Conditional precompilation includes (or excludes) sections of code in your host
program based on certain conditions. For example, you might want to include one
section of code when precompiling under UNIX and another section when
precompiling under VMS. Conditional precompilation lets you write programs that can
run in different environments.

Conditional sections of code are marked by statements that define the environment
and actions to take. You can code C or C++ statements as well as EXEC SQL
statements in these sections. The following statements let you exercise conditional
control over precompilation:

EXEC ORACLE DEFI NE synbol ; -- define a synbol

EXEC ORACLE | FDEF synbol ; -- if synmbol is defined
EXEC ORACLE | FNDEF synbol ; -- if synmbol is not defined
EXEC ORACLE ELSE; -- otherwi se

EXEC ORACLE ENDI F; -- end this control block

All EXEC ORACLE statements must be terminated with a semi-colon.

2.4.1 Symbol Definition

You can define a symbol in two ways. Either include the statement:

EXEC ORACLE DEFI NE synbol ;

in your host program or define the symbol on the command line using the syntax:

. DEFI NE=synbol ...

where synbol is not case-sensitive.

# Note:

The #define preprocessor directive is not the same as the EXEC ORACLE
DEFINE statement.

Some port-specific symbols are predefined for you when Pro*C/C++ is installed on
your system. For example, predefined operating symbols include CMS, MVS, MS-
DOS, UNIX, and VMS.

2.4.2 Example SELECT Statement

ORACLE

In the following example, the SELECT statement is precompiled only when the symbol
site2 is defined:

EXEC ORACLE | FDEF site2;
EXEC SQL SELECT DNAME
I NTO : dept _name
FROM DEPT
VWHERE DEPTNO= : dept _nunber;
EXEC ORACLE ENDI F;
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You can "comment out" C, C++, or embedded SQL code by placing it between IFDEF
and ENDIF and not defining the symbol.

2.5 Precompile Separately

You can precompile several C or C++ program modules separately, then link them into
one executable program. This supports modular programming, which is required when
the functional components of a program are written and debugged by different
programmers. The individual program modules need not be written in the same
language.

2.5.1 Guidelines

The following guidelines will help you avoid some common problems.

2.5.1.1 Referencing Cursors

Cursor names are SQL identifiers, whose scope is the precompilation unit. Hence,
cursor operations cannot span precompilation units (files). That is, you cannot
DECLARE a cursor in one file, and OPEN or FETCH from it in another file. So, when
doing a separate precompilation, make sure all definitions and references to a given
cursor are in one file.

2.5.1.2 Specifying MAXOPENCURSORS

When you precompile the program module that CONNECTS to Oracle, specify a value
for MAXOPENCURSORS that is high enough for any of the program modules. If you
use MAXOPENCURSORS for another program module, one that does not do a
CONNECT, then that value for MAXOPENCURSORS is ignored. Only the value in
effect for the CONNECT is used at runtime.

2.5.1.3 Use a Single SQLCA

If you want to use just one SQLCA, you must declare it as global in one of the program
modules and as external in the other modules. Use the extern storage class, and the
following define in your code:

#define SQLCA STORAGE CLASS extern

which tells the precompiler to look for the SQLCA in another program module. Unless
you declare the SQLCA as external, each program module uses its own local SQLCA.

# Note:

All source files in an application must be uniquely named, or else an error will
be generated.
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2.6 Compile and Link

To get an executable program, you must compile the output . ¢ source files produced
by the precompiler, then link the resulting object modules with modules needed from
SQLLIB and system-specific Oracle libraries. If you are mixing precompiler code and
OCIl calls, be sure to also link in the OCI runtime library (Ii boci . a on UNIX systems).

The linker resolves symbolic references in the object modules. If these references
conflict, the link fails. This can happen when you try to link third-party software into a
precompiled program. Not all third-party software is compatible with Oracle. So, linking
your program shared might cause an obscure problem. In some cases, linking
standalone or two-task might solve the problem.

Compiling and linking are system dependent. On most platforms, example makefiles
or batch files are supplied that you can use to precompile, compile, and link a Pro*C/C
++ application. See your system-specific documentation.

2.7 Example Tables

Most programming examples in this guide use two example database tables: DEPT
and EMP. Their definitions follow:

CREATE TABLE DEPT
(DEPTNO  NUMBER(2) NOT NULL,

2.7.1 Example Data

ORACLE

DNAME VARCHAR2( 14) ,
LCC VARCHAR2( 13))
CREATE TABLE EMP
(EMPNO NUMBER(4) NOT NULL,
ENAME VARCHAR2('10) ,
JOB VARCHAR2(9) ,
MR NUMBER( 4) ,
HI REDATE DATE,
SAL NUMBER( 7, 2),
Cow NUMBER( 7, 2) ,
DEPTNO NUMBER( 2) )
Respectively, the DEPT and EMP tables contain the following rows
of data:
DEPTNO DNAME LCC
10 ACCOUNTI NG NEW YORK
20 RESEARCH  DALLAS
30 SALES CH CAGO
40 OPERATI ONS BOSTON
EMPNO ENAME  JOB MGR H REDATE SAL COW DEPTNO
7369 SMTH CLERK 7902 17- DEC-80 800 20
7499 ALLEN  SALESMAN 7698 20-FEB-81 1600 300 30
7521 WARD SALESVAN 7698 22-FEB-81 1250 500 30
7566 JONES  MANACGER 7839 02-APR-81 2975 20
7654 MARTIN SALESMAN 7698 28-SEP-81 1250 1400 30
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7698 BLAKE  MANAGER 7839 01-MAY-81 2850 30
7782 CLARK  MANAGER 7839 09-JUN-81 2450 10
7788 SCOTT  ANALYST 7566 19-APR-87 3000 20
7839 KING PRESI DENT 17-NOv-81 5000 10
7844 TURNER SALESMAN 7698 08-SEP-81 1500 30
7876 ADAMS  CLERK 7788 23-MAY-87 1100 20
7900 JAMES  CLERK 7698 03- DEC- 81 950 30
7902 FORD ANALYST 7566 03-DEC-81 3000 20
7934 MLLER CLERK 7782 23-JAN-82 1300 10

2.8 Example Program: A Simple Query

ORACLE

One way to get acquainted with Pro*C/C++ and embedded SQL is to study a program
example. The following program is also available on-line in the file sanpl el. pc in your
Pro*C/C++ deno directory.

The program connects to Oracle, then loops, prompting the user for an employee
number. It queries the database for the employee's hame, salary, and commission,
displays the information, and then continues the loop. The information is returned to a
host structure. There is also a parallel indicator structure to signal whether any of the
output values SELECTed might be NULL.

Precompile example programs using the precompiler option MODE=ORACLE.

# Note:

For simplicity in demonstrating this feature, this example does not perform the
password management techniques that a deployed system normally uses. In a
production environment, follow the Oracle Database password management
guidelines, and disable any sample accounts. See Oracle Database Security
Guide for password management guidelines and other security
recommendations.

sanpl el. pc

Pronpts the user for an enpl oyee nunber,

then queries the enp table for the enployee's
name, salary and conmission. Uses indicator
variables (in an indicator struct) to deternine
if the comission is NULL.

I T T I

/

#incl ude <stdio. h>
#include <string. h>

/* Define constants for VARCHAR | engths. */
#define UNAME_LEN 20
#define PWD_LEN 40

/* Declare variables. No declare section is needed if MODE=ORACLE. */

VARCHAR user nanme[ UNAMVE_LEN] ;
/* VARCHAR i s an Oracle-supplied struct */
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var char passwor d[ PWD_LEN] ;
[* varchar can be in lower case also. */
/*
Define a host structure for the output values of a SELECT statenent.
*|
struct {
VARCHAR  enp_nane[ UNAME_LEN ;
fl oat sal ary;
fl oat commi ssi on;
} enprec;
/*
Define an indicator struct to correspond to the host output struct. */
struct
{
short enp_nane_i nd;
short sal _ind;
short comm.i nd;
} enprec_ind;
/* Input host variable. */
i nt enp_nunber ;
i nt total _queri ed;

/* Include the SQL Communications Area.
You can use #include or EXEC SQL | NCLUDE. */
#include <sql ca. h>

/* Declare error handling function. */
voi d sql _error();

mai n()
{
char tenp_char[32];

/* Connect to ORACLE--
* Copy the usernane into the VARCHAR
*/
strncpy((char *) usernane.arr, "SCOTT', UNAME_LEN);
/* Set the Iength conponent of the VARCHAR */
usernane.len = strlen((char *) usernanme.arr);
/* Copy the password. */
strncpy((char *) password.arr, "TIGER', PWD _LEN);
password.len = strlen((char *) password.arr);
/* Register sql _error() as the error handler. */
EXEC SQL WHENEVER SQLERRCR DO sql _error (" ORACLE error--\n");

/* Connect to ORACLE. Programwill call sql_error()
* if an error occurs when connecting to the default database.
*/
EXEC SQL CONNECT : usernane | DENTI FI ED BY : passwor d;
printf("\nConnected to ORACLE as user: 9%\n", username.arr);
/* Loop, selecting individual enployee's results */
total _queried = 0;
for (:7)

/* Break out of the inner |oop when a
* 1403 ("No data found") condition occurs.

*
/
EXEC SQL WHENEVER NOT FOUND DO br eak;
for (:7)
{
enp_nunber = 0;
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printf("\nEnter enployee nunber (0 to quit): ");
gets(tenp_char);
enp_nunber = atoi (tenp_char);
if (enp_nunber == 0)
br eak;
EXEC SQL SELECT enane, sal, NvL(comm O0)
I NTO : enprec | NDI CATCR : enprec_ind
FROM EMP
WHERE EMPNO = : enp_nunber;
[* Print data. */
printf("\n\nEnmpl oyee\t Sal ary\t\tComi ssion\n");
printf("-------- \t------ ViVt - - \n");
[* Null-terminate the output string data. */
enprec. enp_nane. arr[enprec. enp_nane.len] = "\0";
printf("%8s\tue.2f\t\t",
enprec. enp_nane. arr, enprec.salary);
if (enprec_ind.coomind == -1)
printf("NULL\n");
el se
printf("9%.2f\n", enprec.conmission);

total _queried++;
} I* end inner for (;;) */
if (enp_nunber == 0) break;
printf("\nNot a valid enployee nunber - try again.\n");
} I* end outer for(;;) */

printf("\n\nTotal rows returned was %.\n", total _queried);
printf("\nG day.\n\n\n");

/* Disconnect from ORACLE. */
EXEC SQL COW T WORK RELEASE;
exit(0);

}

voi d sql _error(nsg)

char *nsg;

{
char err_nsg[128];
int buf _len, msg_len;

EXEC SQL WHENEVER SQLERROR CONTI NUE;
printf("\n%\n", nsg);
buf Ien = sizeof (err_nsg);
sqgl gl m{err_nsg, &buf_len, &msg_len);
if (msg_len > buf_|en)
msg_len = buf _|en;
printf("%*s\n", nsg_len, err_nsg);
EXEC SQL ROLLBACK RELEASE;
exit(1);

}

2.9 Example Program: A Simple Query using SQL99 Syntax

This program is similar to the previous example, but uses SQL99 syntax for SELECT,
INSERT, DELETE and UPDATE statements and the body of the cursor in a DECLARE
CURSOR statement is supported.

Precompile example programs using the precompiler option MODE=ORACLE.
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sql 99. pc

Pronpts the user for an enpl oyee nunber,
then queries the enp table for the enployee's
nane, salary and departnent.

/
#incl ude <stdio. h>
#include <string. h>
#include <stdlib. h>
#include <sql da. h>
#incl ude <sqlcpr. h>

/* Define constants for VARCHAR | engths. */

#define UNAME_LEN 30

#define PWD_LEN 40

/* Declare variables. No declare section is needed i f MODE=ORACLE. */

VARCHAR user nane[ UNAME_LEN ;

/* VARCHAR is an Oracle-supplied struct */

var char passwor d[ PAD_LEN] ;

/* varchar can be in |ower case also. */

/* Define a host structure for the output values of a SELECT statenment. */

struct{
VARCHAR  enp_name[ UNAME_LEN] ;
fl oat sal ary;
VARCHAR dept _name[ UNAME_LEN] ;
} enprec;

/* Define an indicator struct to correspond to the host output struct. */
struct{

short enp_nane_i nd;
short sal _ind;
short dept _nane;
} emprec_ind;
/* Input host variable. */
i nt enp_nunber ;
i nt total _queried;

/* Include the SQL Comunications Area. You can use #include or EXEC SQL
I NCLUDE. */

#include <sql ca. h>
/* Declare error handling function. */
voi d sql _error(msg)
char *nsg;
{
char err_msg[128];
size_t buf_len, msg_len;
EXEC SQL WHENEVER SQLERROR CONTI NUE;
printf("\n%\n", nsg);
buf Ien = sizeof (err_nsg);
sqgl gl m{err_nsg, &buf_len, &msg_len);
printf("%*s\n", nmsg_len, err_nsg);
EXEC SQL ROLLBACK RELEASE;
exit (EXI T_FAI LURE) ;
}

voi d main(){
char tenp_char[32];
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/* Connect to ORACLE-- * Copy the usernane into the VARCHAR */
strncpy((char *) usernane.arr, "scott", UNAME_LEN);
/* Set the length component of the VARCHAR */
usernane. |l en = (unsigned short) strlen((char *) username.arr);
/* Copy the password. */
strncpy((char *) password.arr, "tiger", PW_LEN);
password. | en = (unsigned short) strlen((char *) password.arr);
/* Register sql _error() as the error handler. */
EXEC SQL WHENEVER SQLERRCR DO sql _error (" ORACLE error--\n");
/* Connect to ORACLE. Programwill call sql_error() * if an error occurs
when connecting to the default database. */
EXEC SQL CONNECT : usernane | DENTI FI ED BY : passwor d;
printf("\nConnected to ORACLE as user: 9%\n", usernanme.arr);
I* Loop, selecting individual enployee's results */
total _queried = 0;
for (;;) |
enp_nunber = 0;
printf("\nEnter enployee nunber (0 to quit): ");
gets(tenp_char);
enp_nunber = atoi (tenp_char);
if (emp_nunber == 0)
br eak;
/* Branch to the notfound |abel when the * 1403 ("No data found") condition
occurs. */
EXEC SQL WHENEVER NOT FCUND GOTO not f ound;

/* The fol lowing query uses SQ99 syntax - RIGHT QUTER JO N */
EXEC SQL SELECT e.enane, e.sal, d.dname
I NTO : enprec | NDI CATCR : enprec_ind
FROM EMP e RI GHT QUTER JO N dept d
ON e. deptno = d. deptno
WHERE e. EMPNO = : enp_nunber;
[* Print data. */
printf("\n\nEnpl oyee Salary Department Nane\n");
printf("--------  semie i \n");
/* Null-terminate the output string data. */
enprec. enp_nane. arr[enprec. enp_nane.len] = "\0";
enprec. dept _nane. arr[enprec. dept _nane.len]="\0";
printf("% % . 2f % ", enprec. enp_nare. arr,
enprec. sal ary, enprec.dept_nane.arr);
total _queried++;
conti nue;

not f ound:
printf("\nNot a valid enployee nunber - try again.\n");
1

printf("\n\nTotal rows returned was %.\n", total _queried);
printf("\nG day.\n\n\n");
/* Disconnect from ORACLE. */
EXEC SQ ROLLBACK WORK RELEASE;
exi t (EXI T_SUCCESS);
}
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This chapter explains some basic database concepts and how to perform transaction
processing. You learn the basic techniques that safeguard the consistency of your
database, including how to control if changes to Oracle data are made permanent or
undone.

This chapter contains the following topics:

* Connect to the Database

e Advanced Connection Options

» Definitions of Transactions Terms

* How Transactions Guard Your Database
* How to Begin and End Transactions
e Using the COMMIT Statement

e Using the SAVEPOINT Statement

* The ROLLBACK Statement

* The RELEASE Option

 The SET TRANSACTION Statement
e Override Default Locking

* Fetch Across COMMITs

» Distributed Transactions Handling

e Guidelines

3.1 Connect to the Database

ORACLE

The complete syntax of the CONNECT statement will be discussed in the next few
sections. Here it is:

EXEC SQL CONNECT { :user |DENTIFIED BY :ol dpswd | :usr_psw }
[[ AT { dbnane | :host_variable }] USING :connect_string ]
[ {ALTER AUTHORI ZATION :newpswd | |N{ SYSDBA | SYSOPER } MXE} ] :

Your Pro*C/C++ program must connect to the database before querying or
manipulating data. To log on, simply use the CONNECT statement

EXEC SQL CONNECT :usernane | DENTI FI ED BY : password ;

where username and password are char or VARCHAR host variables.
Or, you can use the statement

EXEC SQL CONNECT : usr_pwd;
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where the host variable usr_pwd contains your username and password separated by
a slash character (/).

These are simplified subsets of the CONNECT statement.

The CONNECT statement must be the first SQL statement executed by the program.
That is, other SQL statements can physically but not logically precede the CONNECT
statement in the precompilation unit.

To supply the Oracle username and password separately, you define two host
variables as character strings or VARCHARS. (If you supply a username containing
both username and password, only one host variable is needed.)

Make sure to set the username and password variables before the CONNECT is
executed, or it will fail. Your program can prompt for the values, or you can hard-code
them as follows:

char *usernane
char *password

" SCoTT";
"TIGER';

EXEC SQ. WHENEVER SQLERRCR . ..
EXEC SQL CONNECT : usernane | DENTIFI ED BY : password;

However, you cannot hard-code a username and password into the CONNECT
statement. You also cannot use quoted literals. For example, both of the following
statements are invalid:

EXEC SQL CONNECT SCOTT | DENTI FI ED BY Tl GER;
EXEC SQL CONNECT ' SCOTT' | DENTIFIED BY "TIGER ;

Hard coding usernames and passwords is not recommended practise.

Related Topics:
CONNECT (Executable Embedded SQL Extension)

3.1.1 Using the ALTER AUTHORIZATION Clause to Change

Passwords

Pro*C/C++ provides client applications with a convenient way to change a user
password at runtime through a simple extension to the EXEC SQL CONNECT
statement.

This section describes the possible outcomes of different variations of the ALTER
AUTHORIZATION clause.

3.1.1.1 Standard CONNECT

ORACLE

If an application issues the following statement
EXEC SQL CONNECT ..;  /* No ALTER AUTHORI ZATI ON cl ause */
it performs a normal connection attempt. The possible results include the following:

*  The application will connect without issue.

*  The application will connect, but will receive a password warning. The warning
indicates that the password has expired but is in a grace period which will allow
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Logons. At this point, the user is encouraged to change the password before the
account becomes locked.

*  The application will fail to connect. Possible causes include the following:
— The password is incorrect.

— The account has expired, and is possibly in a locked state.

3.1.1.2 Change Password on CONNECT

The following CONNECT statement
EXEC SQL CONNECT .. ALTER AUTHORI ZATI ON : newpswd;

indicates that the application wants to change the account password to the value
indicated by newpswd. After the change is made, an attempt is made to connect as user/
newpswd. This can have the following results:

e The application will connect without issue
e The application will fail to connect. This could be due to either of the following:

— Password verification failed for some reason. In this case the password
remains unchanged.

— The account is locked. Changes to the password are not permitted.

3.1.2 Connecting Using Oracle Net Services

To connect using an Oracle Net Services driver, substitute a service name, as defined
in your t nsnanes. or a configuration file or in Oracle Names.

If you are using Oracle Names, the name server obtains the service name from the
network definition database.

See Oracle Net Services Administrator's Guide for more information about Oracle Net
Services.

3.1.3 Automatic Connects

ORACLE

You can automatically connect to Oracle with the username

CLUSTERS$user name

where username is the current operating system username, and CLUSTERS$username
is a valid Oracle database username. (The actual value for CLUSTERS is defined in
the INIT.ORA parameter file.) You simply pass to the Pro*C/C++ Precompiler a slash
character, as follows:

char *oracleid ="/";
EXEC SQ. CONNECT : oracl ei d;

This automatically connects you as user CLUSTERS$username. For example, if your
operating system username is RHILL, and CLUSTERS$RHILL is a valid Oracle
username, connecting with '/ automatically logs you on to Oracle as user
CLUSTERS$RHILL.
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You can also pass a '/ in a string to the precompiler. However, the string cannot
contain trailing blanks. For example, the following CONNECT statement will fail:

char oracleid[10] ="/ "

EXEC SQL CONNECT : oracl ei d;

3.1.3.1 The AUTO_CONNECT Precompiler Option

If AUTO_CONNECT=YES, and the application is not already connected to a database
when it processes the first executable SQL statement, it attempts to connect using the
userid

CLUSTER$<user nane>

where username is your current operating system user or task name and
CLUSTERS$username is a valid Oracle userid. The default value of AUTO_CONNECT
is NO.

When AUTO_CONNECT=NO, you must use the CONNECT statement in your
program to connect to Oracle.

3.1.3.2 SYSDBA or SYSOPER System Privileges

Append the following optional string after all other clauses to log on with either
SYSDBA or SYSOPER system privileges:

[IN{ SYSDBA | SYSOPER } MODE]

For example:

EXEC SQL CONNECT ... IN SYSDBA MODE ;

Here are the restrictions that apply to this option:

e This option is not permitted when using the AUTO_CONNECT=YES precompiler
option setting.

e This option is not permitted when using the ALTER AUTHORIZATION keywords in
the CONNECT statement.

Related Topics:
e Using the ALTER AUTHORIZATION Clause to Change Passwords

3.2 Advanced Connection Options

This section describes the available options for advanced connections.

3.2.1 Some Preliminaries

The communicating points in a network are called nodes. Oracle Net lets you transmit
information (SQL statements, data, and status codes) over the network from one node
to another.
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A protocol is a set of rules for accessing a network. The rules establish such things as
procedures for recovering after a failure and formats for transmitting data and checking
errors.

The Oracle Net syntax for connecting to the default database in the local domain is
simply to use the service name for the database.

If the service name is not in the default (local) domain, you must use a global
specification (all domains specified). For example:

HR. US. CRACLE. COM

3.2.2 Concurrent Logons

ORACLE

Pro*C/C++ supports distributed processing through Oracle Net. Your application can
concurrently access any combination of local and remote databases or make multiple
connections to the same database. In Figure 3-1, an application program
communicates with one local and three remote Oracle databases. ORA2, ORA3, and
ORA4 are simply logical names used in CONNECT statements.

Figure 3-1 Connecting through Oracle Net

Application Local
Database
Oracle Net

\

Remote Remote
Oracle Oracle
Remote Database

Oracle
Database
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By eliminating the boundaries in a network between different machines and operating
systems, Oracle Net provides a distributed processing environment for Oracle tools.
This section shows you how Pro*C/C++ supports distributed processing through
Oracle Net. You learn how your application can

» Directly or indirectly access other databases
*  Concurrently access any combination of local and remote databases
* Make multiple connections to the same database

For details on installing Oracle Net and identifying available databases, see Identifying
and Accessing the Database and your system-specific Oracle documentation.

3.2.3 Default Databases and Connections

Each node has a default database. If you specify a database name, but no domain in
your CONNECT statement, you connect to the default database on the named local or
remote node.

A default connection is made by a CONNECT statement that has no AT clause. The
connection can be to any default or nondefault database at any local or remote node.
SQL statements without an AT clause are executed against the default connection.
Conversely, a nondefault connection is made by a CONNECT statement that has an
AT clause. SQL statements with an AT clause are executed against the nondefault
connection.

All database names must be unique, but two or more database names can specify the
same connection. That is, you can have multiple connections to any database on any
node.

3.2.4 Explicit Connections

ORACLE

Usually, you establish a connection to Oracle as follows:

EXEC SQL CONNECT : usernane | DENTI FI ED BY : passwor d;

You can also use

EXEC SQ. CONNECT : usr_pwd;
where usr_pwd contains usernamel/password.

You can automatically connect to Oracle with the userid

CLUSTERS$user nane

where username is your current operating system user or task name and
CLUSTERS$username is a valid Oracle userid. You simply pass to the precompiler a
slash (/) character, as follows:

char oracleid ="'/";
EXEC SQ. CONNECT : oracl ei d;

This automatically connects you as user CLUSTERS$username.

If you do not specify a database and node, you are connected to the default database
at the current node. If you want to connect to a different database, you must explicitly
identify that database.
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With explicit connections, you connect to another database directly, giving the
connection a name that will be referenced in SQL statements. You can connect to
several databases at the same time and to the same database multiple times.

3.2.4.1 Single Explicit Connection

In the following example, you connect to a single nondefault database at a remote
node:

/* decl are needed host variables */

char username[10] = "scott";
char password[10] = "tiger";
char db_string[20] = "NYNON';

/* give the database connection a unique nane */
EXEC SQL DECLARE DB_NAME DATABASE;

/* connect to the nondefault database */
EXEC SQL CONNECT : username | DENTI FI ED BY : password
AT DB_NAME USING :db_string;

The identifiers in this example serve the following purposes:

e The host variables username and password identify a valid user.

e The host variable db_string contains the Oracle Net syntax for connecting to a
nondefault database at a remote node.

e The undeclared identifier DB_ NAME names a nondefault connection; it is an
identifier used by Oracle, not a host or program variable.

The USING clause specifies the network, machine, and database associated with
DB_NAME. Later, SQL statements using the AT clause (with DB_NAME) are executed
at the database specified by db_string.

Alternatively, you can use a character host variable in the AT clause, as the following
example shows:

/* declare needed host variables */

char username[10] = "scott";
char password[10] = "tiger";
char db_nane[10] = "oraclel";
char db_string[20] = "NYNON';

/* connect to the nondefault database using db_name */
EXEC SQL CONNECT : usernane | DENTI FI ED BY : password
AT :db_nane USING :db_string;

If db_name is a host variable, the DECLARE DATABASE statement is not needed.
Only if DB_NAME is an undeclared identifier must you execute a DECLARE
DB_NAME DATABASE statement before executing a CONNECT ... AT DB_NAME
statement.

3.2.4.1.1 SQL Operations

If granted the privilege, you can execute any SQL data manipulation statement at the
nondefault connection. For example, you might execute the following sequence of
statements:
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EXEC SQL AT DB_NAME SELECT ...
EXEC SQL AT DB_NAME | NSERT ...
EXEC SQL AT DB_NAME UPDATE ...

In the next example, db_name is a host variable:

EXEC SQL AT :db_nane DELETE ...

If db_name is a host variable, all database tables referenced by the SQL statement
must be defined in DECLARE TABLE statements. Otherwise, the precompiler issues a
warning.

Related Topics:
* About Using DECLARE TABLE
» DECLARE TABLE (Oracle Embedded SQL Directive)

3.2.4.1.2 PL/SQL Blocks

You can execute a PL/SQL block using the AT clause. The following example shows
the syntax:

EXEC SQL AT :db_name EXECUTE
begin
/* PL/SQL bl ock here */
end;
END- EXEC;

3.2.4.1.3 Cursor Control

ORACLE

Cursor control statements such as OPEN, FETCH, and CLOSE are exceptions—they
never use an AT clause. If you want to associate a cursor with an explicitly identified
database, use the AT clause in the DECLARE CURSOR statement, as follows:

EXEC SQL AT :db_name DECLARE enp_cursor CURSOR FOR ...
EXEC SQL OPEN enp_cursor ...

EXEC SQL FETCH enp_cursor ...

EXEC SQL CLOSE enp_cursor;

If db_name is a host variable, its declaration must be within the scope of all SQL
statements that refer to the DECLAREd cursor. For example, if you OPEN the cursor
in one subprogram, then FETCH from it in another subprogram, you must declare
db_name globally.

When OPENing, CLOSing, or FETCHing from the cursor, you do not use the AT
clause. The SQL statements are executed at the database named in the AT clause of
the DECLARE CURSOR statement or at the default database if no AT clause is used
in the cursor declaration.

The AT :host_variable clause provides the ability to change the connection associated
with a cursor. However, you cannot change the association while the cursor is open.
Consider the following example:

EXEC SQL AT :db_name DECLARE enp_cursor CURSOR FOR ...
strcpy(db_nanme, "oraclel");

EXEC SQL OPEN enp_cursor,

EXEC SQL FETCH enp_cursor INTO...

strcpy(db_nanme, "oracle2");
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EXEC SQ. OPEN enp_cursor; /* illegal, cursor still open */
EXEC SQL FETCH enp_cursor INTO...

This is illegal because emp_cursor is still open when you try to execute the second
OPEN statement. Separate cursors are not maintained for different connections; there
is only one emp_cursor, which must be closed before it can be reopened for another
connection. To debug the last example, simply close the cursor before reopening it, as
follows:

EXEC SQL CLOSE enp_cursor; -- close cursor first
strcpy(db_nane, "oracle2");

EXEC SQL OPEN enp_cursor;

EXEC SQL FETCH enp_cursor INTO...

3.2.4.1.4 Dynamic SQL

Dynamic SQL statements are similar to cursor control statements in that some never
use the AT clause.

For dynamic SQL Method 1, you must use the AT clause if you want to execute the
statement at a nondefault connection. An example follows:

EXEC SQL AT :db_name EXECUTE | MVEDI ATE : sql _stnt;

For Methods 2, 3, and 4, you use the AT clause only in the DECLARE STATEMENT
statement if you want to execute the statement at a nondefault connection. All other
dynamic SQL statements such as PREPARE, DESCRIBE, OPEN, FETCH, and
CLOSE never use the AT clause. The next example shows Method 2:

EXEC SQL AT :db_name DECLARE sql _stnt STATEMENT;
EXEC SQL PREPARE sqgl _stnmt FROM :sql _string;
EXEC SQ. EXECUTE sql _stnt;

The following example shows Method 3:

EXEC SQL AT :db_nanme DECLARE sql _stnt STATEMENT;
EXEC SQL PREPARE sql _stnt FROM :sql _string;

EXEC SQ. DECLARE enp_cursor CURSOR FOR sql _stnt;
EXEC SQL OPEN enp_cursor ...

EXEC SQL FETCH enp_cursor INTO ...

EXEC SQL CLOSE enp_cursor;

3.2.4.2 Multiple Explicit Connections

ORACLE

You can use the AT db_name clause for multiple explicit connections, just as you can
for a single explicit connection. In the following example, you connect to two
nondefault databases concurrently:

/* declare needed host variables */

char username[10] = "scott";
char password[10] = "tiger";
char db_stringl[20] = "NYNONL";
char db_string2[20] = "CH NON';

/* give each database connection a uni que nanme */
EXEC SQ. DECLARE DB_NAME1 DATABASE;

EXEC SQ. DECLARE DB_NAME2 DATABASE;

/* connect to the two nondefault databases */
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EXEC SQL CONNECT : usernane | DENTIFI ED BY : password
AT DB_NAMEL USING :db_stringl;

EXEC SQL CONNECT : usernane | DENTIFI ED BY : password
AT DB_NAME2 USING :db_string2;

The identifiers DB_NAME1 and DB_NAME2 are declared and then used to name the
default databases at the two nondefault nodes so that later SQL statements can refer
to the databases by name.

Alternatively, you can use a host variable in the AT clause, as the following example
shows:

[* decl are needed host variables */
char username[10] = "scott";

char password[ 10] “tiger";
char db_nane[ 20];
char db_string[20];
int n_defs = 3; [* number of connections to nake */
for (i =0; i < n_defs; i++4)
{
/* get next database name and OracleNet string */
printf("Database nane: ");
get s(db_nane);
printf("OracleNet) string: ");
gets(db_string);
/* do the connect */
EXEC SQL CONNECT : usernanme | DENTI FI ED BY : password
AT :db_name USING :db_string;
}

You can also use this method to make multiple connections to the same database, as
the following example shows:

strepy(db_string, "NYNON');
for (i =0; i < ndefs; i+4)

{
/* connect to the nondefault database */
printf("Database nane: ");
gets(db_nane);
EXEC SQL CONNECT : usernane | DENTI FI ED BY : password
AT :db_name USING :db_string;

You must use different database names for the connections, even though they use the
same OracleNet string. However, you can connect twice to the same database using
just one database name because that name identifies both the default and nondefault
databases.

3.2.4.3 Ensuring Data Integrity

ORACLE

Your application program must ensure the integrity of transactions that manipulate
data at two or more remote databases. That is, the program must commit or roll back
all SQL statements in the transactions. This might be impossible if the network fails or
one of the systems crashes.

For example, suppose you are working with two accounting databases. You debit an
account on one database and credit an account on the other database, then issue a
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COMMIT at each database. It is up to your program to ensure that both transactions
are committed or rolled back.

3.2.5 Implicit Connections

Implicit connections are supported through the Oracle distributed query facility, which
does not require explicit connections, but only supports the SELECT statement. A
distributed query allows a single SELECT statement to access data on one or more
nondefault databases.

The distributed query facility depends on database links, which assign a name to a
CONNECT statement rather than to the connection itself. At run time, the embedded
SELECT statement is executed by the specified Oracle Server, which implicitly
connects to the nondefault database(s) to get the required data.

3.2.5.1 Single Implicit Connections

In the next example, you connect to a single nondefault database. First, your program
executes the following statement to define a database link (database links are usually
established interactively by the DBA or user):

EXEC SQ. CREATE DATABASE LINK db_link
CONNECT TO username | DENTI FI ED BY password
USI NG ' NYNON ;

Then, the program can query the nondefault EMP table using the database link, as
follows:

EXEC SQ. SELECT ENAME, JOB INTO :enp_nane, :job_title
FROM enp@lb_I i nk
VWHERE DEPTNO = : dept _nunber;

The database link is not related to the database name used in the AT clause of an
embedded SQL statement. It simply tells Oracle where the nondefault database is
located, the path to it, and what Oracle username and password to use. The database
link is stored in the data dictionary until it is explicitly dropped.

In our example, the default Oracle Server logs on to the nondefault database through
Oracle Net using the database link db_link. The query is submitted to the default
Server, but is "forwarded" to the nondefault database for execution.

To make referencing the database link easier, you can interactively create a synonym
as follows:

EXEC SQL CREATE SYNONYM enp FOR emp@b_| i nk;

Then, your program can query the nondefault EMP table, as follows:

EXEC SQ. SELECT ENAME, JOB INTO :enp_nane, :job_title
FROM enp
VHERE DEPTNO = : dept _nunber;

This provides location transparency for emp.
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3.2.5.2 Multiple Implicit Connections

In the following example, you connect to two nondefault databases concurrently. First,
you execute the following sequence of statements to define two database links and
create two synonyms:

EXEC SQL CREATE DATABASE LINK db_linkl
CONNECT TO usernamel | DENTI FI ED BY passwordl
USI NG ' NYNON ;
EXEC SQL CREATE DATABASE LINK db_link2
CONNECT TO username2 | DENTI FI ED BY passwor d2
USI NG ' CHI NON ;
EXEC SQL CREATE SYNONYM enp FOR emp@lb_| i nk1;
EXEC SQL CREATE SYNONYM dept FOR dept @lb_| i nk2;

Then, your program can query the nondefault EMP and DEPT tables, as follows:

EXEC SQL SELECT ENAME, JOB, SAL, LCC
FROM enp, dept
VHERE enp. DEPTNO = dept . DEPTNO AND DEPTNO = : dept _nunber;

Oracle executes the query by performing a join between the nondefault EMP table at
db_link1 and the nondefault DEPT table at db_link2.

3.3 Definitions of Transactions Terms

ORACLE

Before delving into the subject of transactions, you should know the terms defined in
this section.

The jobs or tasks that Oracle manages are called sessions. A user session is invoked
when you run an application program or a tool such as SQL*Forms, and connect to the
database.

Oracle allows user sessions to work simultaneously and share computer resources. To
do this, Oracle must control concurrency, the accessing of the same data by many
users. Without adequate concurrency controls, there might be a loss of data integrity.
That is, changes to data or structures might be made in the wrong order.

Oracle uses locks (sometimes called enqueues) to control concurrent access to data.
A lock gives you temporary ownership of a database resource such as a table or row
of data. Thus, data cannot be changed by other users until you finish with it.

You need never explicitly lock a resource, because default locking mechanisms
protect Oracle data and structures. However, you can request data locks on tables or
rows when it is to your advantage to override default locking. You can choose from
several modes of locking such as row share and exclusive.

A deadlock can occur when two or more users try to access the same database
object. For example, two users updating the same table might wait if each tries to
update a row currently locked by the other. Because each user is waiting for resources
held by another user, neither can continue until Oracle breaks the deadlock. Oracle
signals an error to the participating transaction that had completed the least amount of
work, and the "deadlock detected while waiting for resource" Oracle error code is
returned to sqlcode in the SQLCA.

When a table is being queried by one user and updated by another at the same time,
Oracle generates a read-consistent view of the table's data for the query. That is, once
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a query begins and as it proceeds, the data read by the query does not change. As
update activity continues, Oracle takes snapshots of the table's data and records
changes in a rollback segment. Oracle uses information in the rollback segment to
build read-consistent query results and to undo changes if necessary.

3.4 How Data Integrity Is Ensured

Oracle is transaction oriented. That is, Oracle uses transactions to ensure data
integrity. A transaction is a series of one or more logically related SQL statements you
define to accomplish some task. Oracle treats the series of SQL statements as a unit
so that all the changes brought about by the statements are either committed (made
permanent) or rolled back (undone) at the same time. If your application program fails
in the middle of a transaction, the database is automatically restored to its former (pre-
transaction) state.

The coming sections show you how to define and control transactions. Specifically,
you learn how to:

» Connect to the database.

* Make concurrent connections.

e Begin and end transactions.

e Use the COMMIT statement to make transactions permanent.

e Use the SAVEPOINT statement with the ROLLBACK TO statement to undo parts
of transactions.

* Use the ROLLBACK statement to undo whole transactions.
e Specify the RELEASE option to free resources and log off the database.
e Use the SET TRANSACTION statement to set read-only transactions.

 Use the FOR UPDATE clause or LOCK TABLE statement to override default
locking.

For details about the SQL statements discussed in this chapter, see Oracle Database
SQL Language Reference.

3.5 How to Begin and End Transactions

ORACLE

You begin a transaction with the first executable SQL statement (other than
CONNECT) in your program. When one transaction ends, the next executable SQL
statement automatically begins another transaction. Thus, every executable statement
is part of a transaction. Because they cannot be rolled back and need not be
committed, declarative SQL statements are not considered part of a transaction.

You end a transaction in one of the following ways:

* Code a COMMIT or ROLLBACK statement, with or without the RELEASE option.
This explicitly makes permanent or undoes changes to the database.

» Code a data definition statement (ALTER, CREATE, or GRANT, for example),
which issues an automatic COMMIT before and after executing. This implicitly
makes permanent changes to the database.
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A transaction also ends when there is a system failure or your user session stops
unexpectedly because of software problems, hardware problems, or a forced interrupt.
Oracle rolls back the transaction.

If your program fails in the middle of a transaction, Oracle detects the error and rolls
back the transaction. If your operating system fails, Oracle restores the database to its
former (pre-transaction) state.

the COMMIT Statement

If you do not subdivide your program with the COMMIT or ROLLBACK statement,
Oracle treats the whole program as a single transaction (unless the program contains
data definition statements, which issue automatic COMMITS).

You use the COMMIT statement to make changes to the database permanent. Until
changes are COMMITted, other users cannot access the changed data; they see it as
it was before your transaction began. Specifically, the COMMIT statement

* Makes permanent all changes made to the database during the current transaction
* Makes these changes visible to other users

» Erases all savepoints (see the next section)

* Releases all row and table locks, but not parse locks

» Closes cursors referenced in a CURRENT OF clause or, when MODE=ANSI,
closes all explicit cursors for the connection specified in the COMMIT statement

e Ends the transaction

The COMMIT statement has no effect on the values of host variables or on the flow of
control in your program.

When MODE=ORACLE, explicit cursors that are not referenced in a CURRENT OF
clause remain open across COMMITSs. This can boost performance.

Because they are part of normal processing, COMMIT statements should be placed
inline, on the main path through your program. Before your program terminates, it
must explicity COMMIT pending changes. Otherwise, Oracle rolls them back. In the
following example, you commit your transaction and disconnect from Oracle:

EXEC SQL COWM T WORK RELEASE;

The optional keyword WORK provides ANSI compatibility. The RELEASE option frees
all Oracle resources (locks and cursors) held by your program and logs off the
database.

You need not follow a data definition statement with a COMMIT statement because
data definition statements issue an automatic COMMIT before and after executing. So,
whether they succeed or fail, the prior transaction is committed.

Related Topics:
e Fetch Across COMMITs
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3.6.1 WITH HOLD Clause in DECLARE CURSOR Statements

Any cursor that has been declared with the clause WITH HOLD after the word
CURSOR remains open after a COMMIT. The following example shows how to use
this clause:

EXEC SQL

DECLARE C1 CURSOR W TH HOLD

FOR SELECT ENAME FROM ENP

WHERE ENPNO BETVEEN 7600 AND 7700
END- EXEC.

The cursor must not be declared for UPDATE. The WITH HOLD clause is used in DB2
to override the default, which is to close all cursors on commit. Pro*COBOL provides
this clause in order to ease migrations of applications from DB2 to Oracle. When
MODE=ANSI, Oracle uses the DB2 default, but all host variables must be declared in
a Declare Section. To avoid having a Declare Section, use the precompiler option
CLOSE_ON_COMMIT described next.

Related Topics:
¢ DECLARE CURSOR (Embedded SQL Directive)

3.6.2 CLOSE_ON_COMMIT Precompiler Option

ORACLE

The precompiler option CLOSE_ON_COMMIT is available to override the default
behavior of MODE=ANSI (if you specify MODE=ANSI on the command line, any
cursors not declared with the WITH HOLD clause are closed on commit):

CLOSE_ON.COM T = {YES | NO}

The default is NO. This option must be entered only on the command line or in a
configuration file.

# Note:

Use this option carefully; applications may be slowed if cursors are opened
and closed many times because of the need to re-parse for each OPEN
statement.

Related Topics:

e CLOSE_ON_COMMIT
Related Topics:

*  Macro and Micro Options
e CLOSE_ON_COMMIT
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3.7 Using the SAVEPOINT Statement

ORACLE

You use the SAVEPOINT statement to mark and name the current point in the
processing of a transaction. Each marked point is called a savepoint. For example, the
following statement marks a savepoint named start_delete:

EXEC SQ. SAVEPQI NT start_del ete;

Savepoints let you divide long transactions, giving you more control over complex
procedures. For example, if a transaction performs several functions, you can mark a
savepoint before each function. Then, if a function fails, you can easily restore the
Oracle data to its former state, recover, then reexecute the function.

To undo part of a transaction, you use savepoints with the ROLLBACK statement and
its TO SAVEPOINT clause. In the following example, you access the table MAIL_LIST
to insert new listings, update old listings, and delete (a few) inactive listings. After the
delete, you check the third element of sglerrd in the SQLCA for the number of rows
deleted. If the number is unexpectedly large, you roll back to the savepoint
start_delete, undoing just the delete.

for (:})
{
printf("Custonmer nunber? ");
gets(tenp);
cust _nunber = atoi (tenmp);
printf("Custonmer nanme? ");
get s(cust _nane);
EXEC SQL I NSERT INTO mai |l _l'ist (custno, cname, stat)
VALUES (:cust_nunber, :cust_nanme, 'ACTIVE');

for (:})
{

printf("Customer nunber? ");

gets(tenp);

cust _nunber = atoi (temp);

printf("New status? ");

gets(new_status);

EXEC SQL UPDATE nmi | _Ii st
SET stat = :new status
VWHERE custno = :cust_nunber;

}
/* mark savepoint */
EXEC SQL SAVEPO NT start_del ete;

EXEC SQL DELETE FROM mail | i st
WHERE stat = "I NACTIVE' ;
if (sqlca.sqglerrd[2] < 25) /* check nunber of rows deleted */
printf("Nunber of rows deleted is %\n", sqlca.sqlerrd[2]);
el se
{
printf("Undoing deletion of %l rows\n", sqlca.sqlerrd[2]);
EXEC SQL WHENEVER SQLERROR GOTO sql _error;
EXEC SQL ROLLBACK TO SAVEPO NT start_del ete;
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EXEC SQL WHENEVER SQLERROR CONTI NUE;
EXEC SQ. COW T WORK RELEASE;
exit(0);

sql _error:

EXEC SQL WHENEVER SQLERROR CONTI NUE;
EXEC SQL ROLLBACK WORK RELEASE;
printf("Processing error\n");
exit(1);

Rolling back to a savepoint erases any savepoints marked after that savepoint. The
savepoint to which you roll back, however, is not erased. For example, if you mark five
savepoints, then roll back to the third, only the fourth and fifth are erased.

If you give two savepoints the same name, the earlier savepoint is erased. A COMMIT
or ROLLBACK statement erases all savepoints.

Related Topics:
e About Using the WHENEVER Directive

3.8 The ROLLBACK Statement

You use the ROLLBACK statement to undo pending changes made to the database.
For example, if you make a mistake, such as deleting the wrong row from a table, you
can use ROLLBACK to restore the original data. The TO SAVEPOINT clause lets you
roll back to an intermediate statement in the current transaction, so you do not have to
undo all your changes.

If you start a transaction that does not complete (a SQL statement might not execute
successfully, for example), ROLLBACK lets you return to the starting point, so that the
database is not left in an inconsistent state. Specifically, the ROLLBACK statement

* Undoes all changes made to the database during the current transaction
» Erases all savepoints

* Ends the transaction

* Releases all row and table locks, but not parse locks

e Closes cursors referenced in a CURRENT OF clause or, when MODE=ANSI,
closes all explicit cursors

The ROLLBACK statement has no effect on the values of host variables or on the flow
of control in your program.

When MODE=ORACLE, explicit cursors not referenced in a CURRENT OF clause
remain open across ROLLBACKS.

Specifically, the ROLLBACK TO SAVEPOINT statement
* Undoes changes made to the database since the specified savepoint was marked
» Erases all savepoints marked after the specified savepoint

* Releases all row and table locks acquired since the specified savepoint was
marked
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# Note:

You cannot specify the RELEASE option in a ROLLBACK TO SAVEPOINT
statement.

Because they are part of exception processing, ROLLBACK statements should be
placed in error handling routines, off the main path through your program. In the
following example, you roll back your transaction and disconnect from Oracle:

EXEC SQL ROLLBACK WORK RELEASE;

The optional keyword WORK provides ANSI compatibility. The RELEASE option frees
all resources held by your program and disconnects from the database.

If a WHENEVER SQLERROR GOTO statement branches to an error handling routine
that includes a ROLLBACK statement, your program might enter an infinite loop if the
ROLLBACK fails with an error. You can avoid this by coding WHENEVER
SQLERROR CONTINUE before the ROLLBACK statement, as shown in the following
example:

EXEC SQL WHENEVER SQLERROR GOTO sql _error;

for (:7)
{
printf("Enpl oyee nunber? ");
gets(tenp);
enp_nunber = atoi (tenmp);
printf("Enpl oyee name? ");
get s(enp_nane) ;
EXEC SQL I NSERT | NTO enp (enmpno, enane)
VALUES (:enp_nurber, :enp_name);

sql _error:

EXEC SQL WHENEVER SQLERROR CONTI NUE;
EXEC SQL ROLLBACK WORK RELEASE;
printf("Processing error\n");
exit(1);

Oracle automatically rolls back transactions if your program terminates abnormally.

Related Topics:
 The RELEASE Option

3.8.1 Statement-Level Rollbacks

ORACLE

Before executing any SQL statement, Oracle marks an implicit savepoint (not available
to you). Then, if the statement fails, Oracle automatically rolls it back and returns the
applicable error code to sqlcode in the SQLCA. For example, if an INSERT statement
causes an error by trying to insert a duplicate value in a unique index, the statement is
rolled back.

Oracle can also roll back single SQL statements to break deadlocks. Oracle signals an
error to one of the participating transactions and rolls back the current statement in
that transaction.
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Only work started by the failed SQL statement is lost; work done before that statement
in the current transaction is saved. Thus, if a data definition statement fails, the
automatic commit that precedes it is not undone.

Before executing a SQL statement, Oracle must parse it, that is, examine it to make
sure it follows syntax rules and refers to valid database objects. Errors detected while
executing a SQL statement cause a rollback, but errors detected while parsing the
statement do not.

3.9 The RELEASE Option

Oracle automatically rolls back changes if your program terminates abnormally.
Abnormal termination occurs when your program does not explicitly commit or roll
back work and disconnect from Oracle using the RELEASE option. Normal termination
occurs when your program runs its course, closes open cursors, explicitly commits or
rolls back work, disconnects from Oracle, and returns control to the user.

Your program will exit gracefully if the last SQL statement it executes is either

EXEC SQL COWM T WORK RELEASE;

or

EXEC SQL ROLLBACK WORK RELEASE;

where the token WORK is optional. Otherwise, locks and cursors acquired by your
user session are held after program termination until Oracle recognizes that the user
session is no longer active. This might cause other users in a multiuser environment to
wait longer than necessary for the locked resources.

3.10 The SET TRANSACTION Statement

ORACLE

You use the SET TRANSACTION statement to begin a read-only transaction.
Because they allow "repeatable reads," read-only transactions are useful for running
multiple queries against one or more tables while other users update the same tables.
An example of the SET TRANSACTION statement follows:

EXEC SQL SET TRANSACTI ON READ ONLY;

The SET TRANSACTION statement must be the first SQL statement in a read-only
transaction and can appear only once in a transaction. The READ ONLY parameter is
required. Its use does not affect other transactions.

Only the SELECT, COMMIT, and ROLLBACK statements are allowed in a read-only
transaction. For example, including an INSERT, DELETE, or SELECT FOR UPDATE
OF statement causes an error.

During a read-only transaction, all queries refer to the same snapshot of the database,
providing a multitable, multiquery, read-consistent view. Other users can continue to
query or update data as usual.

A COMMIT, ROLLBACK, or data definition statement ends a read-only transaction.
(Recall that data definition statements issue an implicit COMMIT.)
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In the following example, as a store manager, you check sales activity for the day, the
past week, and the past month by using a read-only transaction to generate a
summary report. The report is unaffected by other users updating the database during
the transaction.

EXEC SQL SET TRANSACTI ON READ ONLY;

EXEC SQL SELECT sun{sal eant) INTO :daily FROM sal es
WHERE sal edate = SYSDATE;

EXEC SQL SELECT sun{sal eant) INTO :weekly FROM sal es
WHERE sal edate > SYSDATE - 7;

EXEC SQL SELECT sun{sal eant) INTO :nonthly FROM sal es
WHERE sal edate > SYSDATE - 30;

EXEC SQL COWM T WORK;
/* sinply ends the transaction since there are no changes

to make permanent */
/* format and print report */

3.11 Override Default Locking

By default, Oracle automatically locks many data structures for you. However, you can
request specific data locks on rows or tables when it is to your advantage to override
default locking. Explicit locking lets you share or deny access to a table for the
duration of a transaction or ensure multitable and multiquery read consistency.

With the SELECT FOR UPDATE OF statement, you can explicitly lock specific rows of
a table to make sure they do not change before an UPDATE or DELETE is executed.
However, Oracle automatically obtains row-level locks at UPDATE or DELETE time.
So, use the FOR UPDATE OF clause only if you want to lock the rows before the
UPDATE or DELETE.

You can explicitly lock entire tables using the LOCK TABLE statement.

3.11.1 Using FOR UPDATE OF

ORACLE

When you DECLARE a cursor that is referenced in the CURRENT OF clause of an
UPDATE or DELETE statement, you use the FOR UPDATE OF clause to acquire
exclusive row locks. SELECT FOR UPDATE OF identifies the rows that will be
updated or deleted, then locks each row in the active set. This is useful, for example,
when you want to base an update on the existing values in a row. You must make sure
the row is not changed by another user before your update.

The FOR UPDATE OF clause is optional. For example, instead of coding

EXEC SQL DECLARE enp_cursor CURSCR FOR
SELECT enane, job, sal FROM enp WHERE deptno = 20
FOR UPDATE OF sal;

you can drop the FOR UPDATE OF clause and simply code

EXEC SQL DECLARE enp_cursor CURSCR FOR
SELECT enane, job, sal FROM enp WHERE deptno = 20;

The CURRENT OF clause signals the precompiler to add a FOR UPDATE clause if
necessary. You use the CURRENT OF clause to refer to the latest row FETCHed from
a cursor.
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Related Topics:
 The CURRENT OF Clause

3.11.1.1 Restrictions

If you use the FOR UPDATE OF clause, you cannot reference multiple tables.

An explicit FOR UPDATE OF or an implicit FOR UPDATE acquires exclusive row
locks. All rows are locked at the OPEN, not as they are FETCHed. Row locks are
released when you COMMIT or ROLLBACK (except when you ROLLBACK to a
savepoint). Therefore, you cannot FETCH from a FOR UPDATE cursor after a
COMMIT.

3.11.2 Using LOCK TABLE

You use the LOCK TABLE statement to lock one or more tables in a specified lock
mode. For example, the statement in the following section, locks the EMP table in row
share mode. Row share locks allow concurrent access to a table; they prevent other
users from locking the entire table for exclusive use.

EXEC SQL LOCK TABLE EMP | N ROW SHARE MODE NOWAIT;

The lock mode determines what other locks can be placed on the table. For example,
many users can acquire row share locks on a table at the same time, but only one
user at a time can acquire an exclusive lock. While one user has an exclusive lock on
a table, no other users can INSERT, UPDATE, or DELETE rows in that table.

The optional keyword NOWAIT tells Oracle not to wait for a table if it has been locked
by another user. Control is immediately returned to your program, so it can do other
work before trying again to acquire the lock. (You can check sqglcode in the SQLCA to
see if the LOCK TABLE failed.) If you omit NOWAIT, Oracle waits until the table is
available; the wait has no set limit.

A table lock never keeps other users from querying a table, and a query never
acquires a table lock. So, a query never blocks another query or an update, and an
update never blocks a query. Only if two different transactions try to update the same
row will one transaction wait for the other to complete.

Any LOCK TABLE statement implicitly closes all cursors.
Table locks are released when your transaction issues a COMMIT or ROLLBACK.

Related Topics:
e Lock Modes

3.12 Fetch Across COMMITs

ORACLE

If you want to intermix COMMITs and FETCHes, do not use the CURRENT OF clause.
Instead, SELECT the ROWID of each row, then use that value to identify the current
row during the update or delete. An example follows:

EXEC SQL DECLARE enp_cursor CURSCR FOR
SELECT enane, sal, ROND FROM enp WHERE job = ' CLERK';

EXEC SQL OPEN enp_cursor;
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EXEC SQL WHENEVER NOT FOUND GOTO ...
for (53)

EXEC SQL FETCH enp_cursor |INTO :enp_nane, :salary, :row.d;

EXEC SQL UPDATE enp SET sal = :new_ salary
VWHERE ROWD = :row_i d;
EXEC SQL COWM T;

Note, however, that the FETCHed rows are not locked. So, you might get inconsistent
results if another user modifies a row after you read it but before you update or delete
it.

3.13 Distributed Transactions Handling

A distributed database is a single logical database comprising multiple physical
databases at different nodes. A distributed statement is any SQL statement that
accesses a remote node using a database link. A distributed transaction includes at
least one distributed statement that updates data at multiple nodes of a distributed
database. If the update affects only one node, the transaction is non-distributed.

When you issue a COMMIT, changes to each database affected by the distributed
transaction are made permanent. If instead you issue a ROLLBACK, all the changes
are undone. However, if a network or machine fails during the commit or rollback, the
state of the distributed transaction might be unknown or in doubt. In such cases, if you
have FORCE TRANSACTION system privileges, you can manually commit or roll back
the transaction at your local database by using the FORCE clause. The transaction
must be identified by a quoted literal containing the transaction 1D, which can be found
in the data dictionary view DBA_2PC_PENDING. Some examples follow:

EXEC S COW T FORCE ' 22.31.83';
EXEC SQL ROLLBACK FORCE ' 25. 33.86';

FORCE commits or rolls back only the specified transaction and does not affect your
current transaction. You cannot manually roll back in-doubt transactions to a
savepoint.

The COMMENT clause in the COMMIT statement lets you specify a Comment to be
associated with a distributed transaction. If ever the transaction is in doubt, Oracle
stores the text specified by COMMENT in the data dictionary view
DBA_2PC_PENDING along with the transaction ID. The text must be a quoted literal
50 characters in length. An example follows:

EXEC SQ. COM T COMMENT ' I n-doubt trans; notify Order Entry';

# Note:

The COMMENT clause will be deprecated in a future release. Oracle
recommends that you use transaction naming instead.
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Related Topics:

e Transactions

3.14 Guidelines

The following guidelines will help you avoid some common problems.

3.14.1 Designing Applications

When designing your application, group logically related actions together in one
transaction. A well-designed transaction includes all the steps necessary to
accomplish a given task—no more and no less.

Data in the tables you reference must be left in a consistent state. So, the SQL
statements in a transaction should change the data in a consistent way. For example,
a transfer of funds between two bank accounts should include a debit to one account
and a credit to another. Both updates should either succeed or fail together. An
unrelated update, such as a new deposit to one account, should not be included in the
transaction.

3.14.2 Obtaining Locks

If your application programs include SQL locking statements, make sure the Oracle
users requesting locks have the privileges needed to obtain the locks. Your DBA can
lock any table. Other users can lock tables they own or tables for which they have a
privilege, such as ALTER, SELECT, INSERT, UPDATE, or DELETE.

3.14.3 Using PL/SQL

ORACLE

If a PL/SQL block is part of a transaction, COMMITs and ROLLBACKS inside the block
affect the whole transaction. In the following example, the ROLLBACK undoes
changes made by the UPDATE and the INSERT:

EXEC SQL I NSERT I NTO EMP ...
EXEC SQ. EXECUTE
BEG N
UPDATE enp ...
EXCEPTI ON
VHEN DUP_VAL_ON_| NDEX THEN
ROLLBACK;

END;
END- EXEC;
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This chapter provides the basic information you need to write a Pro*C/C++ program.
This chapter contains the following topics:

e Oracle Datatypes

e Host Variables

e Indicator Variables
VARCHAR Variables
e Cursor Variables

e CONTEXT Variables
e Universal ROWIDs

* Host Structures

e Pointer Variables

e Globalization Support
«  NCHAR Variables

This chapter also includes several complete demonstration programs that you can
study. These programs illustrate the techniques described. They are available on-line
in your deno directory, so you can compile and run them, and modify them for your own
uses.

4.1 Oracle Datatypes

Oracle recognizes two kinds of datatypes: internal and external. Internal datatypes
specify how Oracle stores column values in database tables, as well as the formats
used to represent pseudocolumn values such as NULL, SYSDATE, USER, and so on.
External datatypes specify the formats used to store values in input and output host
variables.

Related Topics:
e Oracle Built-in Data Types

4.1.1 Internal Datatypes

ORACLE

For values stored in database columns, Oracle uses the internal datatypes shown in
Table 4-1

Table 4-1 Oracle Internal Datatypes

____________________________________________________________________________________|
Name Description

VARCHAR2 Variable-length character string, <= 4000 bytes.
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Table 4-1 (Cont.) Oracle Internal Datatypes

Name

Description

NVARCHAR?2 or
NCHAR VARYING

NUMBER

LONG
BINARY_FLOAT
BINARY_DOUBLE
TIMESTAMP

DATE
INTERVAL YEAR
INTERVAL DAY
RAW

LONG RAW
ROWID
UROWID
CHAR

NCHAR

CLOB

NCLOB

BLOB

BFILE

Variable-length single-byte or National Character string,<= 4000 bytes.

Numeric value having precision and scale, represented in a base-100
format.

Variable-length character string <=2**31-1 bytes.
32-bit floating point number, 4 bytes.
64-bit floating point number, 8 bytes.

Year, month, and day values of date, as well as hour, minute, and
second values of time, 7 or 11 bytes.

Fixed-length date + time value, 7 bytes.

Stores a period of time in years and months, 5 bytes.

Stores a period of time in days, hours, minutes, and seconds, 11 bytes.
Variable-length binary data, <=2000 bytes.

Variable-length binary data, <=2**31-1 bytes.

Binary value.

Binary value, <=4000 bytes.

Fixed-length character string, <=2000 bytes.

Fixed-length single-byte or National Character string, <= 2000 bytes.
Character data, <= 4 Gbytes.

National Character Set data, <= 4 Gbytes.

Binary data, <= 4 Gbhytes.

External file binary data, <= 4 Gbytes.

These internal datatypes can be quite different from C datatypes. For example, C has
no datatype that is equivalent to the Oracle NUMBER datatype. However, NUMBERS
can be converted between C datatypes such as float and double, with some
restrictions. For example, the Oracle NUMBER datatype allows up to 38 decimal digits
of precision, while no current C implementations can represent double with that
degree of precision.

The Oracle NUMBER datatype represents values exactly (within the precision limits),
while floating-point formats cannot represent values such as 10.0 exactly.

Use the LOB datatypes to store unstructured data (text, graphic images, video clips, or
sound waveforms). BFILE data is stored in an operating system file outside the
database. LOB types store locators that specify the location of the data.

NCHAR and NVARCHAR?2 are used to store multibyte character data.

Related Topics:
+ LOBs
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As shown in Table 4-2, the external datatypes include all the internal datatypes plus
several datatypes that closely match C constructs. For example, the STRING external
datatype refers to a C null-terminated string.

Table 4-2 Oracle External Datatypes

Name Description

VARCHAR2 Variable-length character string, <= 65535 bytes.

NUMBER Decimal number, represented using a base-100 format.

INTEGER Signed integer.

FLOAT Real number.

STRING Null-terminated variable length character string.

VARNUM Decimal number, like NUMBER, but includes representation length
component.

LONG Fixed-length character string, up to 2**31-1 bytes.

VARCHAR Variable-length character string, <= 65533 bytes.

ROWID Binary value, external length is system dependent.

DATE Fixed-length date/time value, 7 bytes.

VARRAW Variable-length binary data, <= 65533 bytes.

RAW Fixed-length binary data, <= 65535 bytes.

LONG RAW Fixed-length binary data, <= 2**31-1 bytes.

UNSIGNED Unsigned integer.

LONG VARCHAR
LONG VARRAW
CHAR

CHARZ

CHARF

Variable-length character string, <= 2**31-5 bytes.
Variable-length binary data, <= 2**31-5 bytes.

Fixed-length character string, <= 65535 bytes.

Fixed-length, null-terminated character string, <= 65534 bytes.

Used in TYPE or VAR statements to force CHAR to default to CHAR,
instead of VARCHAR2 or CHARZ.

Brief descriptions of the Oracle datatypes follow.

4.1.2.1 VARCHAR?

You use the VARCHAR?2 datatype to store variable-length character strings. The
maximum length of a VARCHAR?2 value is 64K bytes.

You specify the maximum length of a VARCHAR2(n) value in bytes, not characters.
So, if a VARCHARZ2(n) variable stores multibyte characters, its maximum length can
be less than n characters.

When you precompile using the option CHAR_MAP=VARCHAR?2, Oracle assigns the
VARCHAR?2 datatype to all host variables that you declare as char[n] or char.
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4.1.2.1.1 On Input

Oracle reads the number of bytes specified for the input host variable, strips any
trailing blanks, then stores the input value in the target database column. Be careful.
An uninitialized host variable can contain NULLs. So, always blank-pad a character
input host variable to its declared length, and do not null-terminate it.

If the input value is longer than the defined width of the database column, Oracle
generates an error. If the input value contains nothing but blanks, Oracle treats it like a
NULL.

Oracle can convert a character value to a NUMBER column value if the character
value represents a valid number. Otherwise, Oracle generates an error.

4.1.2.1.2 On Output

Oracle returns the number of bytes specified for the output host variable, blank-
padding if necessary. It then assigns the output value to the target host variable. If a
NULL is returned, Oracle fills the host variable with blanks.

If the output value is longer than the declared length of the host variable, Oracle
truncates the value before assigning it to the host variable. If there is an indicator
variable associated with the host variable, Oracle sets it to the original length of the
output value.

Oracle can convert NUMBER column values to character values. The length of the
character host variable determines precision. If the host variable is too short for the
number, scientific notation is used. For example, if you SELECT the column value
123456789 into a character host variable of length 6, Oracle returns the value
'1.2E08'". If a NULL is selected explicitly, the value in the host variable is indeterminate.
The value of the indicator variable needs to be checked for NULL-ness.

4.1.2.2 NUMBER

ORACLE

You use the NUMBER datatype to store fixed or floating-point numbers. You can
specify precision and scale. The maximum precision of a NUMBER value is 38. The
magnitude range is 1.0E-130 to 9.99...9E125 (38 nines followed by 88 zeroes). Scale
can range from -84 to 127.

NUMBER values are stored in a variable-length format, starting with an exponent byte
and followed by 19 mantissa bytes. The high-order bit of the exponent byte is a sign
bit, which is set for positive numbers. The low-order 7 bits represent the magnitude.

The mantissa forms a 38-digit number with each byte representing 2 of the digits in a
base-100 format. The sign of the mantissa is specified by the value of the first (left-
most) byte. If greater than 101 then the mantissa is negative and the first digit of the
mantissa is equal to the left-most byte minus 101.

On output, the host variable contains the number as represented internally by Oracle.
To accommodate the largest possible number, the output host variable must be 22
bytes long. Only the bytes used to represent the number are returned. Oracle does not
blank-pad or null-terminate the output value. If you need to know the length of the
returned value, use the VARNUM datatype instead.

There is seldom a need to use this external datatype.
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4.1.2.3 INTEGER

You use the INTEGER datatype to store numbers that have no fractional part. An
integer is a signed, 2-byte, 4-byte or 8-byte binary number. The order of the bytes in a
word is system dependent. You must specify a length for input and output host
variables. On output, if the column value is a real number, Oracle truncates any
fractional part.

4.1.2.4 FLOAT

You use the FLOAT datatype to store numbers that have a fractional part or that
exceed the capacity of the INTEGER datatype. The number is represented using the
floating-point format of your computer and typically requires 4 or 8 bytes of storage.
You must specify a length for input and output host variables.

Oracle can represent numbers with greater precision than most floating-point
implementations because the internal format of Oracle numbers is decimal. This can
cause a loss of precision when fetching into a FLOAT variable.

4.1.2.5 STRING

The STRING datatype is like the VARCHAR2 datatype, except that a STRING value is
always null-terminated. When you precompile using the option CHAR_MAP=STRING,
Oracle assigns the STRING datatype to all host variables that you declare as char[n]
or char.

4.1.2.5.1 On Input

Oracle uses the specified length to limit the scan for the null terminator. If a null
terminator is not found, Oracle generates an error. If you do not specify a length,
Oracle assumes the maximum length of 2000 bytes. The minimum length of a
STRING value is 2 bytes. If the first character is a null terminator and the specified
length is 2, Oracle inserts a null unless the column is defined as NOT NULL. If the
column is defined as NOT NULL, an error occurs. An all-blank value is stored intact.

4.1.2.5.2 On Output

Oracle appends a null byte to the last character returned. If the string length exceeds
the specified length, Oracle truncates the output value and appends a null byte. If a
NULL is SELECTed, Oracle returns a null byte in the first character position. If a NULL
is selected explicitly, the value in the host variable is indeterminate. The value of the
indicator variable needs to be checked for NULL-ness.

4.1.2.6 VARNUM

ORACLE

The VARNUM datatype is like the NUMBER datatype, except that the first byte of a
VARNUM variable stores the length of the representation.

On input, you must set the first byte of the host variable to the length of the value. On
output, the host variable contains the length followed by the number as represented
internally by Oracle. To accommodate the largest possible number, the host variable
must be 22 bytes long. After SELECTing a column value into a VARNUM host
variable, you can check the first byte to get the length of the value.
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Normally, there is little reason to use this datatype.

4.1.2.7 LONG

You use the LONG datatype to store fixed-length character strings.

The LONG datatype is like the VARCHAR2 datatype, except that the maximum length
of a LONG value is 2147483647 bytes or two gigabytes.

4.1.2.8 VARCHAR

You use the VARCHAR datatype to store variable-length character strings. VARCHAR
variables have a 2-byte length field followed by a <=65533-byte string field. However,
for VARCHAR array elements, the maximum length of the string field is 65530 bytes.
When you specify the length of a VARCHAR variable, be sure to include 2 bytes for
the length field. For longer strings, use the LONG VARCHAR datatype. If a NULL is
selected explicitly, the value in the host variable is indeterminate. The value of the
indicator variable needs to be checked for NULL-ness.

4.1.2.9 ROWID

ORACLE

Rows in Index-Organized tables do not have permanent physical addresses. The
logical ROWID is accessed using the same syntax as the physical ROWID. For this
reason, the physical ROWID includes a data object number (schema objects in the
same segment).

To support both logical and physical ROWIDs (as well as ROWIDs of non-Oracle
tables) the universal ROWID was defined.

You can use character host variables to store rowids in a readable format. When you
SELECT or FETCH a rowid into a character host variable, Oracle converts the binary
value to an 18-byte character string and returns it in the format

BBBBBBBB. RRRR. FFFF

where BBBBBBBB is the block in the database file, RRRR is the row in the block (the
first row is 0), and FFFF is the database file. These numbers are hexadecimal. For
example, the rowid

0000000E. 000A. 0007
points to the 11th row in the 15th block in the 7th database file.

Typically, you FETCH a rowid into a character host variable, then compare the host
variable to the ROWID pseudocolumn in the WHERE clause of an UPDATE or
DELETE statement. That way, you can identify the latest row fetched by a cursor.

# Note:

If you need full portability or your application communicates with a non-Oracle
database using Oracle Open Gateway technology, specify a maximum length
of 256 (not 18) bytes when declaring the host variable. Though you can
assume nothing about the host variable's contents, the host variable will
behave normally in SQL statements.
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Related Topics:
*  Universal ROWIDs
e About Mimicking CURRENT OF

4.1.2.10 DATE

You use the DATE datatype to store dates and times in 7-byte, fixed-length fields. As
Table 4-3 shows, the century, year, month, day, hour (in 24-hour format), minute, and
second are stored in that order from left to right.

Table 4-3 DATE Format

Date Datatype Century  Year Month Day Hour Minutes Second
Byte 1 2 3 4 5 6 7
Meaning Century Year Month Day Hour Minute Second
Example 119 194 10 17 14 24 13
17-OCT-1994 at

1:23:12 PM

The century and year bytes are in excess-100 notation. The hour, minute, and second
are in excess-1 notation. Dates before the Common Era (B.C.E.) are less than 100.
The epoch is January 1, 4712 B.C.E. For this date, the century byte is 53 and the year
byte is 88. The hour byte ranges from 1 to 24. The minute and second bytes range
from 1 to 60. The time defaults to midnight (1, 1, 1).

Normally, there is little reason to use the DATE datatype.

4.1.2.11 RAW

You use the RAW datatype to store binary data or byte strings. The maximum length
of a RAW value is 65535 bytes.

RAW data is like CHARACTER data, except that Oracle assumes nothing about the
meaning of RAW data and does no character set conversions when you transmit RAW
data from one system to another.

4.1.2.12 VARRAW

You use the VARRAW datatype to store variable-length binary data or byte strings.
The VARRAW datatype is like the RAW datatype, except that VARRAW variables
have a 2-byte length field followed by a data field <= 65533 bytes in length. For longer
strings, use the LONG VARRAW datatype.

When you specify the length of a VARRAW variable, be sure to include 2 bytes for the
length field. The first two bytes of the variable must be interpretable as an integer.

To get the length of a VARRAW variable, simply refer to its length field.

4.1.2.13 LONG RAW

You use the LONG RAW datatype to store binary data or byte strings. The maximum
length of a LONG RAW value is 2147483647 bytes or two gigabytes.
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LONG RAW data is like LONG data, except that Oracle assumes nothing about the
meaning of LONG RAW data and does no character set conversions when you
transmit LONG RAW data from one system to another.

4.1.2.14 UNSIGNED

You use the UNSIGNED datatype to store unsigned integers. An unsigned integer is a
binary number of 2 or 4 bytes. The order of the bytes in a word is system dependent.
You must specify a length for input and output host variables. On output, if the column
value is a floating-point number, Oracle truncates the fractional part.

4.1.2.15 LONG VARCHAR

You use the LONG VARCHAR datatype to store variable-length character strings.
LONG VARCHAR variables have a 4-byte length field followed by a string field. The
maximum length of the string field is 2147483643 (2**31 - 5) bytes. When you specify
the length of a LONG VARCHAR for use in a VAR or TYPE statement, do not include
the 4 length bytes.

4.1.2.16 LONG VARRAW

You use the LONG VARRAW datatype to store variable-length binary data or byte
strings. LONG VARRAW variables have a 4-byte length field followed by a data field.
The maximum length of the data field is 2147483643 bytes. When you specify the
length of a LONG VARRAW for use in a VAR or TYPE statement, do not include the 4
length bytes.

4.1.2.17 CHAR

You use the CHAR datatype to store fixed-length character strings. The maximum
length of a CHAR value is 65535 bytes.

4.1.2.17.1 On Input

Oracle reads the number of bytes specified for the input host variable, does not strip
trailing blanks, then stores the input value in the target database column.

If the input value is longer than the defined width of the database column, Oracle
generates an error. If the input value is all-blank, Oracle treats it like a character value.

4.1.2.17.2 On Output

ORACLE

Oracle returns the number of bytes specified for the output host variable, doing blank-
padding if necessary, then assigns the output value to the target host variable. If a
NULL is returned, Oracle fills the host variable with blanks.

If the output value is longer than the declared length of the host variable, Oracle
truncates the value before assigning it to the host variable. If an indicator variable is
available, Oracle sets it to the original length of the output value. If a NULL is selected
explicitly, the value in the host variable is indeterminate. The value of the indicator
variable needs to be checked for NULL-ness.
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4.1.2.18 CHARZ

When DBMS=V7 or V8, Oracle, by default, assigns the CHARZ datatype to all
character host variables in a Pro*C/C++ program. The CHARZ datatype indicates
fixed-length, null-terminated character strings. The maximum length of a CHARZ value
is 65534 bytes.

4.1.2.18.1 On Input

The CHARZ and STRING datatypes work the same way. You must null-terminate the
input value. The null terminator serves only to delimit the string; it does not become
part of the stored data.

4.1.2.18.2 On Output

CHARZ host variables are blank-padded if necessary, then null-terminated. The output
value is always null-terminated, even if data must be truncated. If a NULL is selected
explicitly, the value in the host variable is indeterminate. The value of the indicator
variable needs to be checked for NULL-ness.

4.1.2.19 CHARF

The CHARF datatype is used in EXEC SQL TYPE and EXEC SQL VAR statements.
When you precompile with the DBMS option set to V7 or V8, specifying the external
datatype CHAR in a TYPE or VAR statement equivalences the C type or variable to
the fixed-length, null-terminated datatype CHARZ.

However, you might not want either of these type equivalences, but rather an
equivalence to the fixed-length external type CHAR. If you use the external type
CHAREF, the C type or variable is always equivalenced to the fixed-length ANSI
datatype CHAR, regardless of the DBMS value. CHARF never allows the C type to be
equivalenced to VARCHAR2 or CHARZ. Alternatively, when you set the option
CHAR_MAP=CHARYF, all host variables declared as char[n] or char are equivalenced
to a CHAR string. If a NULL is selected explicitly, the value in the host variable is
indeterminate. The value of the indicator variable needs to be checked for NULL-ness.

4.1.3 Additional External Datatypes

This section describes additional external datatypes.

4.1.3.1 Datetime and Interval Datatypes

The datetime and interval datatypes are briefly summarized here.

Related Topics:

e Oracle Database SQL Language Reference

4.1.3.2 ANSI DATE

The ANSI DATE is based on the DATE, but contains no time portion. (Therefore, it also has
no time zone.) ANSI DATE follows the ANSI specification for the DATE datatype. When
assigning an ANSI DATE to a DATE or a timestamp datatype, the time portion of the
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Oracle DATE and the timestamp are set to zero. When assigning a DATE or a timestamp
to an ANSI DATE, the time portion is ignored.

You are encouraged to instead use the TI MESTAVP datatype which contains both date
and time.

4.1.3.3 TIMESTAMP

The TI MESTAMP datatype is an extension of the DATE datatype. It stores the year, month,
and day of the DATE datatype, plus the hour, minute, and second values. It has no time
zone. The TI MESTAWP datatype has the form:

TI MESTAMP(fract i onal _seconds_preci si on)

where fractional _seconds_preci si on (which is optional) specifies the number of digits
in the fractional part of the SECOND datetime field and can be a number in the range 0 to
9. The default is 6.

4.1.3.4 TIMESTAMP WITH TIME ZONE

TI MESTAMP W TH TI ME ZONE (TSTZ) is a variant of TI MESTAMWP that includes an explicit time
zone displacement in its value. The time zone displacement is the difference (in hours
and minutes) between local time and UTC (Coordinated Universal Time—formerly
Greenwich Mean Time). The TI MESTAMP W TH TI ME ZONE datatype has the form:

TI MESTAMP(fractional _seconds_precision) WTH TI ME ZONE

where fractional _seconds_pr eci si on optionally specifies the number of digits in the
fractional part of the SECOND datetime field and can be a number in the range 0 to 9.
The default is 6.

Two TI MESTAMP W TH Tl ME ZONE values are considered identical if they represent the
same instant in UTC, regardless of the TI ME ZONE offsets stored in the data.

4.1.3.5 TIMESTAMP WITH LOCAL TIME ZONE

TI MESTAMP W TH LOCAL TI ME ZONE (TSLTZ) is another variant of TI MESTAMP that includes a
time zone displacement in its value. Storage is in the same format as for TI MESTANP.
This type differs from TI MESTAMP W TH TI ME ZONE in that data stored in the database is
normalized to the database time zone, and the time zone displacement is not stored
as part of the column data. When users retrieve the data, Oracle returns it in the users'
local session time zone.

The time zone displacement is the difference (in hours and minutes) between local
time and UTC (Coordinated Universal Time—formerly Greenwich Mean Time). The
TI MESTAMP W TH LOCAL TI ME ZONE datatype has the form:

TI MESTAMP(f ract i onal _seconds_precision) WTH LOCAL TI ME ZONE
where fractional _seconds_preci si on optionally specifies the number of digits in the

fractional part of the SECOND datetime field and can be a number in the range 0 to 9.
The default is 6.
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4.1.3.6 INTERVAL YEAR TO MONTH

| NTERVAL YEAR TO MONTH stores a period of time using the YEAR and MONTH datetime fields.
The | NTERVAL YEAR TO MONTH datatype has the form:

| NTERVAL YEAR(year _precision) TO MONTH

where the optional year _preci si on is the number of digits in the YEAR datetime field. The
default value of year _precisionis 2.

4.1.3.7 INTERVAL DAY TO SECOND

| NTERVAL DAY TO SECOND stores a period of time in terms of days, hours, minutes, and
seconds. The | NTERVAL DAY TO SECOND datatype has the form:

| NTERVAL DAY (day_precision) TO SECOND(fractional _seconds_preci sion)

where:

* day_precision is the number of digits in the DAY datetime field. It is optional.
Accepted values are 0 to 9. The default is 2.

fractional _seconds_preci si on is the number of digits in the fractional part of the SECOND
datetime field. It is optional. Accepted values are 0 to 9. The default is 6.

4.1.3.8 Avoiding Unexpected Results Using Datetime

# Note:

To avoid unexpected results in your DML operations on datetime data, you
can verify the database and session time zones by querying the built-in SQL
functions DBTI MEZONE and SESSI ONTI MEZONE. If the time zones have not been set
manually, Oracle uses the operating system time zone by default. If the
operating system time zone is not a valid Oracle time zone, Oracle uses UTC
as the default value.

4.2 Host Variables

Host variables are the key to communication between your host program and Oracle.
Typically, a precompiler program inputs data from a host variable to Oracle, and
Oracle outputs data to a host variable in the program. Oracle stores input data in
database columns, and stores output data in program host variables.

A host variable can be any arbitrary C expression that resolves to a scalar type. But, a
host variable must also be an Ivalue. Host arrays of most host variables are also
supported.
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4.2.1 Host Variable Declaration

ORACLE

You declare a host variable according to the rules of the C programming language,
specifying a C datatype supported by the Oracle program interface. The C datatype
must be compatible with that of the source or target database column.

If MODE=ORACLE, you do not have to declare host variables in a special Declare
Section. However, if you do not use a Declare Section, the FIPS flagger warns you
about this, as the Declare Section is part of the ANSI SQL Standard. If CODE=CPP
(you are compiling C++ code) or PARSE=NONE or PARSE=PARTIAL, then you must
have a Declare Section.

Table 4-4 shows the C datatypes and the pseudotypes that you can use when
declaring host variables. Only these datatypes can be used for host variables.

Table 4-4 C Datatypes for Host Variables
|

C Datatype or Pseudotype Description

char single character

char[n] n-character array (string)

int integer

short small integer

long large integer

long long very large (8-byte) integer

float floating-point number (usually single precision)
double floating-point number (always double precision)
VARCHAR[N] variable-length string

Table 4-5 shows the compatible Oracle internal datatypes.

Table 4-5 C to Oracle Datatype Compatibility
|

Internal Type C Type Description

VARCHAR2(Y) char single character

(Note 1)

CHAR(X) char[n] n-byte character array

(Note 1) VARCHAR[N] n-byte variable-length character array
int integer
short small integer
long large integer
long long very large (8-byte) integer
float floating-point number
double double-precision floating-point

number
NUMBER int integer
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Table 4-5 (Cont.) C to Oracle Datatype Compatibility
|

Internal Type C Type Description
NUMBER(P,S) short small integer
(Note 2) int integer

long large integer

float floating-point number

double double-precision floating-point

char number

char[n] single character

VARCHAR[N] n-byte character array

n-byte variable-length character array

DATE char[n] n-byte character array

VARCHAR(N] n-byte variable-length character array
LONG char[n] n-byte character array

VARCHARIN] n-byte variable-length character array
RAW(X) unsigned char[n] n-byte character array
(Note 1) VARCHAR([N] n-byte variable-length character array
LONG RAW unsigned char[n] n-byte character array

VARCHAR(N] n-byte variable-length character array
ROWID unsigned char[n] n-byte character array

VARCHARIN] n-byte variable-length character array
Notes:

1. X ranges from 1 to
2000. 1 is the default
value. Y ranges from
1 to 4000.

2. P ranges from 1 to

38. S ranges from -84
to 127.

One-dimensional arrays of simple C types can also serve as host variables. For
char[n] and VARCHARInN], n specifies the maximum string length, not the number of
strings in the array. Two-dimensional arrays are allowed only for char[m][n] and
VARCHAR[m][n], where m specifies the number of strings in the array and n specifies
the maximum string length.

Pointers to simple C types are supported. Pointers to char[n] and VARCHAR]N]
variables should be declared as pointer to char or VARCHAR (with no length
specification). Arrays of pointers, however, are not supported.

4.2.1.1 Storage-Class Specifiers

ORACLE

Pro*C/C++ lets you use the auto, extern, and static storage-class specifiers when
you declare host variables. However, you cannot use the register storage-class
specifier to store host variables, since the precompiler takes the address of host
variables by placing an ampersand (&) before them. Following the rules of C, you can
use the auto storage class specifier only within a block.
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To comply with the ANSI C standard, the Pro*C/C++ Precompiler provides the ability
to declare an extern char[n] host variable with or without a maximum length, as the
following examples shows:

extern char protocol [15];
extern char nsg[];

However, you should always specify the maximum length. In the last example, if msg
is an output host variable declared in one precompilation unit but defined in another,
the precompiler has no way of knowing its maximum length. If you have not allocated
enough storage for msg in the second precompilation unit, you might corrupt memory.
(Usually, "enough” is the number of bytes in the longest column value that might be
SELECTed or FETCHed into the host variable, plus one byte for a possible null
terminator.)

If you neglect to specify the maximum length for an extern char|[ ] host variable, the
precompiler issues a warning message. The precompiler also assumes that the host
variable will store a CHARACTER column value, which cannot exceed 255 characters
in length. So, if you want to SELECT or FETCH a VARCHAR2 or a LONG column
value of length greater than 255 characters into the host variable, you must specify a
maximum length.

4.2.1.2 Type Qualifiers

You can also use the const and volatile type qualifiers when you declare host
variables.

A const host variable must have a constant value, that is, your program cannot
change its initial value. A volatile host variable can have its value changed in ways
unknown to your program (for example, by a device attached to the system).

4.2.2 Host Variable Referencing

ORACLE

You use host variables in SQL data manipulation statements. A host variable must be
prefixed with a colon (:) in SQL statements but must not be prefixed with a colon in C
statements, as the following example shows:

char buf [ 15];
i nt enp_nunber ;
f1 oat sal ary;

.géis(buf);
enp_nunber = atoi (buf);

EXEC SQL SELECT sal INTO :salary FROM enp
VWHERE enpno = : enp_nunber;

Though it might be confusing, you can give a host variable the same name as an
Oracle table or column, as this example shows:

int enpno;
char enane[ 10] ;
fl oat sal ;

EXEC SQ. SELECT enane, sal INTO :enane, :sal FROM enp
VWHERE enpno = :enpno;
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4.2.2.1 Restrictions

A host variable name is a C identifier, hence it must be declared and referenced in the
same upper/lower case format. It cannot substitute for a column, table, or other Oracle
object in a SQL statement, and must not be an Oracle reserved word.

A host variable must resolve to an address in the program. For this reason, function
calls and numeric expressions cannot serve as host variables. The following code is
invalid.:

#define MAX_EMP_NUM 9000
int get_dept();

EXEC SQL | NSERT | NTO enp (enpno, ename, deptno) VALUES
(: MAX_EMP_NUM + 10, 'CHEN, :get_dept());

Related Topics:

e Reserved Words, Keywords, and Namespaces

4.3 Indicator Variables

You can associate every host variable with an optional indicator variable. An indicator
variable must be defined as a 2-byte integer and, in SQL statements, must be prefixed
with a colon and immediately follow its host variable (unless you use the keyword
INDICATOR). If you are using Declare Sections, you must also declare indicator
variables inside the Declare Sections.

This applies to relational columns, not object types.

Related Topics:
e Objects

4.3.1 The INDICATOR Keyword

To improve readability, you can precede any indicator variable with the optional
keyword INDICATOR. You must still prefix the indicator variable with a colon. The
correct syntax is:

host _variabl e | NDI CATOR :indicator_variable

which is equivalent to
:host _vari abl e:indicator_variabl e
You can use both forms of expression in your host program.

Possible indicator values, and their meanings, are:

Indicator Values Meanings
0 The operation was successful
-1 A NULL was returned, inserted, or updated.
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Indicator Values Meanings

-2 Output to a character host variable from a "long" type was
truncated, but the original column length cannot be determined.

>0 The result of a SELECT or FETCH into a character host variable

was truncated. In this case, if the host variable is a multibyte
character variable, the indicator value is the original column length
in characters. If the host variable is not a multibye character
variable, then the indicator length is the original column length in
bytes.

4.3.2 Example of INDICATOR Variable Usage

Typically, you use indicator variables to assign NULLSs to input host variables and
detect NULLSs or truncated values in output host variables. In the example later, you
declare three host variables and one indicator variable, then use a SELECT statement
to search the database for an employee number matching the value of host variable
emp_number. When a matching row is found, Oracle sets output host variables salary
and commission to the values of columns SAL and COMM in that row and stores a
return code in indicator variable ind_comm. The next statements use ind_comm to
select a course of action.

EXEC SQL BEG N DECLARE SECTI ON;
i nt enp_nunber;
float salary, conmission;
short commind; /* indicator variable */
EXEC SQL END DECLARE SECTI ON;
char tenp[16];
float pay; /* not used in a SQL statenent */

printf("Enpl oyee number? ");
gets(tenp);
enp_nunber = atof(temp);
EXEC SQL SELECT SAL, COWM
INTO : sal ary, :commission:ind_comm

FROM EMP
VWHERE EMPNO = : enp_nunber;

i f(ind_comm == -1) [* conmission is null */
pay = salary;

el se

pay = salary + comi ssion;

Related Topics:

e Indicator Variables

4.3.3 INDICATOR Variable Guidelines

ORACLE

The following guidelines apply to declaring and referencing indicator variables. An
indicator variable must

* Be declared explicitly (in the Declare Section if present) as a 2-byte integer.
» Be prefixed with a colon (:) in SQL statements.

* Immediately follow its host variable in SQL statements and PL/SQL blocks (unless
preceded by the keyword INDICATOR).
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An indicator variable must not:

» Be prefixed with a colon in host language statements.
* Follow its host variable in host language statements.

 Be an Oracle reserved word.

4.3.4 Oracle Restrictions

When DBMS=V7 or V8, if you SELECT or FETCH a NULL into a host variable that has
no indicator, Oracle issues the following error message:

ORA-01405: fetched colum value is NULL

When precompiling with MODE=ORACLE and DBMS=V7 or V8 specified, you can
specify UNSAFE_NULL=YES to disable the ORA-01405 message.

Related Topics:
UNSAFE_NULL

4.4 VARCHAR Variables

You can use the VARCHAR pseudotype to declare variable-length character strings.
When your program deals with strings that are output from, or input to, VARCHAR?2 or
LONG columns, you might find it more convenient to use VARCHAR host variables
instead of standard C strings. The datatype name VARCHAR can be uppercase or
lowercase, but it cannot be mixed case. In this Guide, uppercase is used to emphasize
that VARCHAR is not a native C datatype.

4.4.1 VARCHAR Variable Declaration

ORACLE

Think of a VARCHAR as an extended C type or pre-declared struct. For example, the
precompiler expands the VARCHAR declaration

VARCHAR  usernane[ 20] ;

into the following struct with array and length members:

struct

{

unsi gned short len;
unsigned char arr[20];
} usernang;

The advantage of using VARCHAR variables is that you can explicitly reference the
length member of the VARCHAR structure after a SELECT or FETCH. Oracle puts the
length of the selected character string in the length member. You can then use this
member to do things such as adding the null (\0") terminator.

usernane. arr[usernane.len] = '\0'";

or using the length in a strncpy or printf statement; for example:

printf("Usernane is %*s\n", usernane.len, usernane.arr);
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You specify the maximum length of a VARCHAR variable in its declaration. The length
must lie in the range 1.65533. For example, the following declaration is invalid
because no length is specified:

VARCHAR  nul | _string[]; /* invalid */

The length specification holds the current length of the value stored in the array
member.

You can declare multiple VARCHARS on a single line; for example:

VARCHAR enp_name[ ENAME_LEN], dept _| oc[ DEPT_NAME_LEN|;

The length specifier for a VARCHAR can be a #defined macro, or any complex
expression that can be resolved to an integer at precompile time.

You can also declare pointers to VARCHAR datatypes.

# Note:
Do not attempt to use a typedef statement such as:

typedef VARCHAR buf [ 64];

This causes errors during C compilation.

Related Topics:
e VARCHAR Variables and Pointers

4.4.2 VARCHAR Variable Referencing

ORACLE

In SQL statements, you reference VARCHAR variables using the struct name
prefixed with a colon, as the following example shows:

int part _nunber;
VARCHAR  part_desc[40];

mai n()
{
EXEC SQL SELECT pdesc I NTO : part_desc

FROM parts
VWHERE pnum = : part _nunber;

After the query is executed, part_desc.len holds the actual length of the character
string retrieved from the database and stored in part_desc.arr.

In C statements, you reference VARCHAR variables using the component names, as
the next example shows:

printf("\n\nEnter part description: ");
gets(part_desc.arr);
I* You nust set the length of the string

4-18



Chapter 4
VARCHAR Variables

before using the VARCHAR in an | NSERT or UPDATE */
part_desc.len = strlen(part_desc.arr);

4.4.3 Return NULLSs to a VARCHAR Variable

Oracle automatically sets the length component of a VARCHAR output host variable. If
you SELECT or FETCH a NULL into a VARCHAR, the server does not change the
length or array members.

# Note:

If you select a NULL into a VARCHAR host variable, and there is no
associated indicator variable, an ORA-01405 error occurs at run time. Avoid
this by coding indicator variables with all host variables. (As a temporary fix,
use the UNSAFE_NULL=YES precompiler option.

Related Topics:
- DBMS

4.4.4 Insert NULLs Using VARCHAR Variables

If you set the length of a VARCHAR variable to zero before performing an UPDATE or
INSERT statement, the column value is set to NULL. If the column has a NOT NULL
constraint, Oracle returns an error.

4.4.5 Pass VARCHAR Variables to a Function

VARCHARSs are structures, and most C compilers permit passing of structures to a
function by value, and returning structures by copy out from functions. However, in
Pro*C/C++ you must pass VARCHARSs to functions by reference. The following
example shows the correct way to pass a VARCHAR variable to a function:

VARCHAR enp_nane[ 20] ;

enp_nane.len = 20;

SELECT enane | NTO : enp_name FROM enp

WHERE enpno = 7499;

print_enpl oyee_name(&enp_nane); /* pass by pointer */
print_enpl oyee_name(name)

VARCHAR *nane;
{

printf("name is %*s\n", name->len, name->arr);
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4.4.6 Find the Length of the VARCHAR Array Component

When the precompiler processes a VARCHAR declaration, the actual length of the
array element in the generated structure can be longer than that declared. For
example, on a Sun Solaris system, the Pro*C/C++ declaration

VARCHAR ny_varchar[12];

is expanded by the precompiler to

struct my_varchar

{

unsi gned short |en;
unsigned char arr[12];

b

However, the precompiler or the C compiler on this system pads the length of the
array component to 14 bytes. This alignment requirement pads the total length of the
structure to 16 bytes: 14 for the padded array and 2 bytes for the length.

The SQLVar char Get Lengt h() (replaces the non-threaded sql vep() ) function—part of the
SQLLIB runtime library—returns the actual (possibly padded) length of the array
member.

You pass the SQLVar char Get Lengt h() function the length of the data for a VARCHAR
host variable or a VARCHAR pointer host variable, and SQ.Var char Get Lengt h() returns
the total length of the array component of the VARCHAR. The total length includes any
padding that might be added by your C compiler.

The syntax of SQLVar char Get Lengt h() is

SQ.Var char Get Length (dvoi d *context, unsigned |ong *datlen, unsigned |ong *totlen);
For single-threaded applications, use sqgl vep() . Put the length of the VARCHAR in the
dat | en parameter before calling sql vep() . When the function returns, the tot | en

parameter contains the total length of the array element. Both parameters are pointers
to unsigned long integers, so must be passed by reference.

Related Topics:
*  New Names for SQLLIB Public Functions

4.4.7 Example Program: Using sqlvcp()

ORACLE

The following example program shows how you can use the function in a Pro*C/C++
application. The example also uses the sql gl s() function. The example declares a
VARCHAR pointer, then uses the sql vep() function to determine the size required for
the VARCHAR buffer. The program FETCHes employee names from the EMP table
and prints them. Finally, the example uses the sql gl s() function to print out the SQL
statement and its function code and length attributes. This program is available on-line
as sql vep. pc in your deno directory.

/
The sql vep. pc program denmonstrates how you can use the
sglvep() function to determine the actual siz