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Preface

The Oracle Call Interface (OCI) is an application programming interface (API) that
allows applications written in C to interact with one or more Oracle servers. The
OCI gives your programs the capability to perform the full range of database
operations that are possible with an Oracle8 server, including SQL statement
processing and object manipulation.

The Preface includes the following sections:
« Purpose of this Guide

« Audience

« Feature Coverage and Availability

= How to Use this Guide

« How this Guide Is Organized

« Conventions Used in this Guide

= Your Comments Are Welcome
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Purpose of this Guide

Audience

XXX

This guide gives you a sound basis for developing applications using the OCI. The
guide is divided into two volumes.

Volume I contains information about the following topics:
« the structure of an OCI application
« conversion of data between the server and variables in your OCI application

« object functions that provide navigational access to objects, type management,
and data type mapping and manipulation

Volume Il contains the following information:

« adescription of every OCI function call, along with syntax information and
parameter descriptions

« alisting of all OCI handle attributes

« alisting of Oracle reserved words, keywords, and reserved namespaces
« sample programs that illustrate the features of the OCI

« upgrading applications from earlier releases of the OCI to release 8.0

« server roundtrips required for most OCI calls

The Oracle Call Interface Programmer’s Guide is intended for programmers
developing new applications or converting existing applications to run in the
Oracle environment. This comprehensive treatment of the OCI will also be valuable
to systems analysts, project managers, and others interested in the development of
database applications.

This guide assumes that you have a working knowledge of application
programming using C. Readers should also be familiar with the use of Structured
Query Language (SQL) to access information in relational database systems. In
addition, some sections of this guide also assume a knowledge of the basic
concepts of object-oriented programming.



For information about SQL, refer to the Oracle8 SQL Reference and the Oracle8
Administrator’s Guide. For information about basic Oracle concepts, see Oracle8
Concepts. For information about the Oracle Precompilers, which enable you to
embed SQL commands in a third-generation language (3GL) application, refer to
the Pro*C/C++ Precompiler Programmer’s Guide and the Pro*COBOL Precompiler
Programmer’s Guide.

Feature Coverage and Availability

The Oracle Call Interface Programmer’s Guide contains information that describes the
features and functionality of the Oracle8 and the Oracle8 Enterprise Edition
products. Oracle8 and Oracle8 Enterprise Edition have the same basic features.
However, several advanced features are available only with the Enterprise Edition,
and some of these are optional. For example, to use object functionality, you must
have the Enterprise Edition and the Objects Option.

For information about the differences between Oracle8 and the Oracle8 Enterprise
Edition and the features and options that are available to you, see Getting to Know
Oracle8 and the Oracle8 Enterprise Edition.

How to Use this Guide

VOLUME |

The Oracle Call Interface Programmer’s Guide provides an introduction to the features
of the OCI for both new OCI programmers and those programmers who have
previously worked with earlier versions of the OCI.

Part 1

Part 1 of this guide (Chapters 1 through 7) provides conceptual information about
how to program with the OCI to access relational data in an Oracle database. This
part describes the basics of OCI programming and builds the foundation for the
discussion of object-relational features in Part 2.

Part 2

Part 2 of this guide (Chapters 8 through 12) describes OCI functionality for
accessing object-relational data with the OCI. The chapters in this part describe
how to retrieve and manipulate objects through an Oracle8 server.
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Where to Begin

Part 3

Part 3 of this book (Chapters 13 through 16) lists all function calls in the Oracle8
OCl library.

Part 4

Part 4 of this book (Appendices A through F) provides additional information
about OCI programming, along with complete code examples.

Because of the many enhancements to the OCI for Release 8.0, both new and
experienced users should read the conceptual material in Part 1. Although most
basic concepts (e.g., binding, defining, etc.) have remained the same as in Release
7.3, those concepts have a new implementation in Release 8.0.

Readers familiar with the current version of the OCI and interested in its object
capabilities may want to skim Part 1 and then begin reading the chapters in Part 2.

Readers looking for reference information (e.g., OCI function syntax, handle
attribute descriptions) should refer to Volume II.

How this Guide Is Organized

VOLUME |

XXX

The Oracle Call Interface Programmer’s Guide contains four parts, split between two
volumes. A brief summary of what you will find in each chapter and appendix
follows:

PART 1: OCI RELATIONAL APPLICATIONS

Chapter 1: Introduction and New Features

This chapter introduces you to the Oracle Call Interface and describes special terms
and typographical conventions that are used in describing the interfaces. This
chapter also mentions features new to the current release.



Chapter 2: OCI Programming Basics

This chapter gives you the basic concepts needed to develop an OCI program. It
discusses the essential steps each OCI program must include, and how to retrieve
and understand error messages

Chapter 3: Datatypes

Understanding how data is converted between Oracle tables and variables in your
host program is essential for using the OCI interfaces. This chapter discusses
Oracle internal and external datatypes, and data conversions.

Chapter 4: SQL Statement Processing
This chapter discusses the steps involved in SQL statements using the Oracle8 OCI.

Chapter 5: Binding and Defining
This chapter discusses OCI bind and define operations in detail, including a
discussion of advanced bind and define operations.

Chapter 6: Describing Schema Metadata
This chapter discusses how to use the OClDescribeAny() call to obtain information
about schema objects and their associated elements.

Chapter 7: OCI Programming Advanced Topics

This chapter covers more sophisticated OCI programming topics, including
descriptions of transaction management, LOB support, advanced binding and
defining, and other functionality.

PART 2: OCI OBJECT-RELATIONAL APPLICATIONS

Chapter 8: OCI Object-Relational Programming

This chapter provides an introduction to the concepts involved when using the OCI
to access objects in an Oracle8 server. The chapter includes a discussion of basic
object concepts and object pinning, and the basic structure of object-relational
applications.

Chapter 9: Object-Relational Datatypes
This chapter outlines the object datatypes used in OCI programming.

Chapter 10: Binding and Defining in Object Applications

This chapter discusses the C mappings of user-defined datatypes in an Oracle8
database, and the functions that manipulate such data. Binding and defining using
these C mappings is also covered.
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Chapter 11: Object Cache and Object Navigation

This chapter provides an introduction to the concepts involved when using the OCI
to access objects in an Oracle8 server. This chapter also discusses the Object Cache,
and the use of the OCI navigational calls to manipulate objects retrieved from the
server.

Chapter 12: Using the Object Type Translator
This chapter discusses the use of the Object Type Translator to convert database
object definitions to C structure representations for use in OCI applications.

PART 3: OCI REFERENCE

Chapter 13: OCI Relational Functions
This chapter contains a list of the OCI relational functions, including syntax,
comments, parameter descriptions, and other useful information.

Chapter 14: OCI Navigation and Type Functions
This chapter contains a list of the OCI navigational functions, including syntax,
comments, parameter descriptions, and other useful information.

Chapter 15: OCI Datatype Mapping and Manipulation Functions

This chapter contains a list of the OCI datatype mapping and manipulation
functions, including syntax, comments, parameter descriptions, and other useful
information.

Chapter 16: OCI External Procedure Functions
This chapter discusses special OCI functions used by external procedures.

PART 4: APPENDICES

Appendix A: Upgrading Release 7.x OCI Applications to Release 8.0

This appendix discusses the issues involved in upgrading existing OCI applications
to use the new Oracle8 OCI. This includes lists of those OCI calls which are now
obsolescent or obsolete.

Appendix B: Handle and Descriptor Attributes
This appendix describes the attributes of OCI application handles that can be set or
read using OCI calls.



Appendix C: Oracle Reserved Words, Keywords and Namespaces
This appendix lists words that have a special meaning to Oracle, and namespaces
reserved by Oracle products.

Appendix D: Code Examples
This appendix includes complete OCI application code examples.

Appendix E: OCI Function Server Roundtrips
This appendix includes tables which show the number of server roundtrips
required by various OCI applications.

Appendix F: Oracle8 OCI New Features
This appendix provides detailed information about features and enhancements
available in the Oracle8 OCI.

Conventions Used in this Guide

The following notational and text formatting conventions are used in this guide:

[]

Square brackets indicate that the enclosed item is optional. Do not type the brackets.

{}

Braces enclose items of which only one is required.

A vertical bar separates items within braces, and may also be used to indicate that
multiple values are passed to a function parameter.

In code fragments, an ellipsis means that code not relevant to the discussion has
been omitted.

font change
SQL or C code examples are shown in monospaced font.

italics
Italics are used for OCI parameters, OCI routines names, file names, and data fields.

UPPERCASE
Uppercase is used for SQL keywords, like SELECT or UPDATE.
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bold
Boldface type is used to identify the names of C datatypes, like ub4, sword , or
OCINumber.

This guide uses special text formatting to draw the reader’s attention to some
information. A paragraph that is indented and begins with a bold text label may
have special meaning. The following paragraphs describe the different types of
information that are flagged this way.

Note: The “Note” flag indicates that the reader should pay particular attention
to the information to avoid a common problem or increase understanding of a
concept.

7.x Upgrade Note: An item marked with “7.x Upgrade Note” typically alerts
the programmer to something that is done much differently in the release 8.0
OCl than in the 7.x OCls.

Warning: An item marked as “Warning” indicates something that an OCI
programmer must be careful to do or not do in order for an application to work
correctly.

See Also: Text marked “See Also” points you to another section of this guide,
or to other documentation, for additional information about the topic being
discussed.

Your Comments Are Welcome

XXXVI

We value and appreciate your comments as an Oracle user and reader of our
manuals. As we write, revise, and evaluate our documentation, your opinions are
the most important feedback we receive.

You can send comments and suggestions about this manual to the following e-mail
address:

infodev@us.oracle.com

If you prefer, you can send letters or faxes containing your comments to the
following address:

Oracle8 Server Documentation Manager
Oracle Corporation

500 Oracle Parkway

Redwood Shores, CA 94065

Fax: (650) 506-7228



Part |

Basic OCI Concepts

This part of the guide contains chapters that describe basic OCI programming
concepts:

Chapter 1, “Introduction and New Features”, provides an introduction to the
OCI and discusses features that are new to release 8.0.

Chapter 2, “OCI Programming Basics”, discusses the basic concepts of OCI
programming.

Chapter 3, “Datatypes”, describes datatypes used in OCI applications and
within the Oracle8 Server.

Chapter 4, “SQL Statement Processing”, discusses how to process SQL
statements using the Oracle8 OCI.

Chapter 5, “Binding and Defining”, discusses bind and define operations in
detail.

Chapter 6, “Describing Schema Metadata”, discusses the OCIDescribeAny()
function.

Chapter 7, “OCI Programming Advanced Topics”, covers some advanced
topics in OCI programming.
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Introduction and New Features

This chapter introduces you to the Oracle Call Interface, Release 8.0. It gives you
background information that you need to develop applications using the OCI. It
also introduces special terms that are used in discussing the OCI.

This chapter also discusses the changes in the OCI since release 7.3.

The following topics are covered:

The Oracle Call Interface

SQL Statements

Special OCI/SQL Terms

Object Support in the OCI

Parts of the OCI

Release 8.0 New Features
Obsolescent and Obsolete OCI Calls
Compiling and Linking

Introduction and New Features 1-1



The Oracle Call Interface

The Oracle Call Interface

Structured Query Language (SQL) is a nonprocedural language. A program in a
nonprocedural language specifies the set of data to be operated on, but does not
specify precisely what operations will be performed, or how the operations are to
be carried out. The nonprocedural nature of SQL makes it an easy language to
learn and to use to perform database transactions. It is also the standard language
used to access and manipulate data in modern relational and object-relational
database systems.

However, most programming languages, such as C and C++ are procedural. The
execution of most statements depends on previous or subsequent statements and
on control structures, such as loops or conditional branches, which are not available
in SQL. The procedural nature of these languages makes them more complex than
SQL, but it also makes them very flexible and powerful.

The Oracle Call Interface (OCI) allows you to develop applications that combine
the nonprocedural data access power of SQL with the procedural capabilities of C.
The OCI supports all SQL data definition, data manipulation, query, and
transaction control facilities that are available through an Oracle8 server.

You can also take advantage of PL/SQL, Oracle’s procedural extension to SQL.
Thus, the applications you develop can be more powerful and flexible than
applications written in SQL alone. The OCI also provides facilities for accessing
and manipulating objects in an Oracle8 server.

The OCI is an application programming interface (API) that allows you to
manipulate data and schemas in an Oracle database. As Figure 1-1 shows, you
compile and link an OCI program in the same way that you compile and link a
nondatabase application. There is no need for a separate preprocessing or
precompilation step.
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Figure 1-1 The OCI Development Process
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Note: On some platforms, it may be necessary to include other libraries, in
addition to the OCI library, to properly link your OCI programs. Check your
Oracle system-specific documentation for further information about extra

libraries that may be required.
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SQL Statements

SQL Statements

One of the main tasks of an OCI application is to process SQL statements. Different
types of SQL statements require different processing steps in your program. It is
important to take this into account when coding your OCI application.

Oracle8 recognizes eight kinds of SQL statements:
« Data Definition Language
« Control Statements (3 types)
— Transaction Control
— Session Control
— System Control
« Data Manipulation Language (DML)
«  Queries

Note: Queries are often classified as DML statements, but OCI applications
process queries differently, so they are considered separately here.

. PL/SQL
« Embedded SQL

Data Definition Language

Data Definition Language (DDL) statements manage schema objects in the
database. DDL statements create new tables, drop old tables, and establish other
schema objects. They also control access to schema objects. For example:

CREATE TABLE employees
(name VARCHAR2(20),
ssn VARCHAR2(12),
empno NUMBER(6),
mgr NUMBER(®),
salary NUMBER(6))

GRANT UPDATE, INSERT, DELETE ON employees TO donna
REVOKE UPDATE ON employees FROM jamie

DDL statements also allow you to work with objects in the Oracle8 server, as in the
following series of statements which creates an object table:
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CREATE TYPE person_t AS OBJECT (
name VARCHAR2(30),
ssn VARCHAR2(12),
address VARCHAR2(50))

CREATE TABLE person_tab OF person_t

Control Statements

OCI applications treat transaction control, session control, and system control
statements like DML statements. See the Oracle8 SQL Reference for information
about these types of statements.

Data Manipulation Language

Queries

Data manipulation language (DML) statements can change data in the database
tables. For example, DML statements are used to

« INSERT new rows into a table

« UPDATE column values in existing rows

« DELETE rows from a table

« LOCK atable in the database

« EXPLAIN the execution plan for a SQL statement

DML statements can require an application to supply data to the database using
input (bind) variables. See the section “Binding” on page 4-5 for more information
about input bind variables.

DML statements also allow you to work with objects in the Oracle8 server, as in the
following example, which inserts an instance of type person_t into the object
table person_tab

INSERT INTO person _tab
VALUES (person_t('Steve May’,'123-45-6789',"146 Winfield Street))

Queries are statements that retrieve data from a database. A query can return zero,
one, or many rows of data. All queries begin with the SQL keyword SELECT, as in
the following example:

SELECT dname FROM dept
WHERE deptno =42
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PL/SQL

Queries access data in tables, and they are often classified with DML statements.
However, OCI applications process queries differently, so they are considered
separately in this guide.

Queries can require the program to supply data to the database using input (bind)
variables, as in the following example:

SELECT name
FROM employees
WHERE empno = :empnumber

In the above SQL statement, :empnumber is a placeholder for a value that will be
supplied by the application.

When processing a query, an OCI application also needs to define output variables
to receive the returned results. In the above statement, you would need to define an
output variable to receive any name values returned from the query.

See Also: See the section “Binding” on page 5-2 for more information about
input bind variables.

See the section “Defining” on page 5-13 for information about defining output
variables.

See Chapter 4, “SQL Statement Processing”, for detailed information about
how SQL statements are processed in an OCI program.

PL/SQL is Oracle’s procedural extension to the SQL language. PL/SQL processes
tasks that are more complicated than simple queries and SQL Data manipulation
language statements. PL/SQL allows a number of constructs to be grouped into a
single block and executed as a unit. Among these are:

« one or more SQL statements

« Variable declarations

« assignment statements

« procedural control statements (IF.. THEN...ELSE statements and loops)

«  exception handling
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You can use PL/SQL blocks in your OCI program to
« call Oracle stored procedures and stored functions

« combine procedural control statements with several SQL statements, to be exe-
cuted as a single unit

= access special PL/SQL features such as records, tables, cursor FOR loops, and
exception handling

« use cursor variables
« access and manipulate objects in an Oracle8 server

The following PL/SQL example issues a SQL statement to retrieve values from a
table of employees, given a particular employee number. This example also
demonstrates the use of placeholders in PL/SQL statements.

BEGIN
SELECT ename, sal, comm INTO :emp_name, :Salary, :commission
FROM emp
WHERE ename =:emp_number;

END;

Keep in mind that the placeholders in this statement are not PL/SQL variables.
They represent input values passed to Oracle when the statement is processed.
These placeholders need to be bound to C language variables in your program.

See Also: See the PL/SQL User’s Guide and Reference for information about
coding PL/SQL blocks.

See the section “Binding Placeholders in PL/SQL” on page 5-5 for information
about working with placeholders in PL/SQL.

Embedded SQL

The OCI processes SQL statements as text strings, which an application passes to
Oracle on execution. The Oracle precompilers (Pro*C/C++, Pro*COBOL,
Pro*FORTRAN) allow programmers to embed SQL statements directly into their
application code. A separate precompilation step is then necessary to generate an
executable application.

It is possible to mix OCI calls and embedded SQL in a precompiler program. Refer
to the Pro*COBOL Precompiler Programmer’s Guide for more information.
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Special OCI/SQL Terms

This guide uses special terms to refer to the different parts of a SQL statement. For
example, a SQL statement such as

SELECT customer, address
FROM customers

WHERE bus_type ='SOFTWARE'
AND sales volume = :sales

contains the following parts:

« aSQL command — SELECT

«  two select-list items — customer and address

« atable name in the FROM clause — customers

« two column names in the WHERE clause — bus_type and sales_volume
« aliteral input value in the WHERE clause — ‘SOFTWARE

« aplaceholder for an input variable in the second part of the WHERE clause —
:sales

When you develop your OCI application, you call routines that specify to the
Oracle8 server the address (location) of input and output variables in your
program. In this guide, specifying the address of a placeholder variable for data
input is called a bind operation. Specifying the address of a variable to receive select-
list items is called a define operation.

For PL/SQL, both input and output specifications are called bind operations.

These terms and operations are described in detail in Chapter 4.

Object Support in the OCI

With Release 8.0, the Oracle server has facilities for working with object types and
objects. An object type is a user-defined data structure representing an abstraction
of a real-world entity. For example, the database might contain a definition of a
person object. That object might have attributes—first_ name ,last name , and
age—which represent a person’s identifying characteristics.

The object type definition serves as the basis for creating objects, which represent
instances of the object type. Using the object type as a structural definition, a
person object could be created with the attributes ‘John’, ‘Bonivento’, and ‘30’.
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Object types may also contain methods—programmatic functions that represent the
behavior of that object type.

See Also: For a more detailed explanation of object types and objects, see
Oracle8 Concepts.

The Oracle8 OCI includes functions that extend the capabilities of the OCI to
handle objects in an Oracle8 server. Specifically, the following capabilities have
been added to the OCI:

support for execution of SQL statements that manipulate object data and
schema information

support for passing object references and instances as input variables in SQL
statements.

support for declaring object references and instances as variables to receive the
output of SQL statements

support for fetching object references and instances from a database

support for describing the properties of SQL statements that return object
instances and references

support for describing PL/SQL procedures or functions with object parameters
or results

commit and rollback calls have been extended to synchronize object and rela-
tional functionality

Additional OCI calls are provided to support manipulation of objects after they
have been accessed by way of SQL statements.

Note: For a more detailed description of enhancements and new features,
please refer to Appendix F, “Oracle8 OCI New Features”.
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Parts of the OCI

The OCI encompasses four main sets of functionality:

OCI relational functions, for managing database access and processing SQL state-
ments

OCI navigational functions, for manipulating objects retrieved from an Oracle8
server

OCI datatype mapping and manipulation functions, for manipulating data
attributes of Oracle8 types

OCI external procedure functions, which are used for writing C callbacks from
PL/SQL

These terms are used throughout this guide.

Release 8.0 New Features

The Oracle8 OCI provides a wide range of new features and functions. All calls
available in Release 7.3 are still supported, but they are not able to take full
advantage of new Oracle8 features.

Note: For a more detailed description of enhancements and new features,
please refer to Appendix F, “Oracle8 OCI New Features”.

Release 8.0 has the following new features and performance advantages:

increased client-side processing and reduced server-side requirements
implicit prefetching of SELECT statement result set rows

API access to both objects and relational data

reduction of the number of network round trips

the ability to handle LOB columns

a set of API calls for performing operations on LOBs and FILEs
improved national language support (NLS) capabilities

a migration path for existing OCI applications, and some ability to mix old and
new calls within a single application

improved support for multithreaded environments

additional functionality to provide navigational access to objects in an Oracle8
server

1-10 Oracle Call Interface Programmer’s Guide



Compiling and Linking

Each of these features is discussed in greater detail in later chapters of this guide.

Release 8.0 of the OCI contains an entirely new set of API calls that replace those
used in earlier releases. Additionally, new calls are included to provide
functionality not available in earlier releases.

See Also: See the section “Obsolescent OCI Routines” on page A-2 for
information about new calls that supersede existing routines.

See Chapters 13, 14, 15, and 16 for complete listings of all OCI calls.

Obsolescent and Obsolete OCI Calls

Refer to Appendix A for lists of OCI calls that are now considered to be obsolescent
or obsolete.

Compiling and Linking
Oracle Corporation supports most popular third-party compilers. The details of
linking an OCI program vary from system to system. See your Oracle system-
specific documentation and the installation guide for more information about
compiling and linking an OCI application for your specific platform.
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2

OCI Programming Basics

This chapter introduces you to the basic concepts involved in programming with
the Oracle Call Interface.

This chapter covers the following topics:

Overview

OCI Program Structure

OCI Data Structures

Handles

Descriptors and Locators

OCI Programming Steps
Initialization, Connection, and Session Creation
Processing SQL Statements
Commit or Rollback

Terminating the Application

Error Handling

Additional Coding Guidelines
Using PL/SQL in an OCI Program
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Overview

This chapter provides an introduction to the concepts and procedures involved in
developing an OCI application. After reading this chapter, you should have most of
the tools necessary to understand and create a basic OCI application.

New users should pay particular attention to the information presented in this
chapter, because it forms the basis for the rest of the material presented in this
guide.

This information in this chapter is supplemented by information in later chapters.
More specifically, after reading this chapter you may want to continue with any or
all of the following:

Chapter 3, for detailed information about OCI internal and external datatypes
Chapter 4, for information about processing SQL statements

Chapter 5, for more information about binding and defining

Chapter 6, for information about the OClIDescribe() call.

Chapter 7, for a discussion of advanced OCI concepts and techniques

Chapters 8 through 12, for information about writing OCI applications that
take advantage of the object capabilities of the Oracle8 server

Chapter 13, for a complete listing of all of the OCI relational function calls,
including descriptions, syntax, and parameters

Appendix D, for code examples

This chapter is broken down into the following major sections:

OCI Program Structure - covers the basic overall structure of an OCI
application, including the major steps involved in creating one.

OCI Data Structures - discusses handles, descriptors, and locators.

OCI Programming Steps - discusses in detail each of the steps involved in
coding an OCI application.

Error Handling - covers error handling in OCI applications.

Additional Coding Guidelines - provides additional useful information to keep
in mind when coding an OCI application.

Using PL/SQL in an OCI Program - discusses some important points to keep in
mind when working with PL/SQL in an OCI application.
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OCI Program Structure

The general goal of an OCI application is to connect to an Oracle server, engage in
some sort of data exchange, and perform necessary data processing. While some
flexibility exists in the order in which specific tasks can be performed, every OCI
application needs to accomplish particular steps.

The OCI uses the following basic program structure:
1. Initialize the OCI programming environment and processes.

2. Allocate necessary handles, and establish a server connection and a user
session.

3. Issue SQL statements to the server, and perform necessary application data
processing.

4. Free statements and handles not to be reused or reexecute prepared statements
again, or prepare a new statement.

5. Terminate user session and server connection.

Figure 2-1 illustrates the flow of steps in an OCI application. Each step is described
in more detail in the section “OCI Programming Steps” on page 2-16.
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Figure 2-1 Basic OCI Program Flow
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Keep in mind that the above diagram and the list of steps on page 2-3 present a
simple generalization of OCI programming steps. Variations are possible,
depending on the functionality of the program. OCI applications that include more
sophisticated functionality (e.g., managing multiple transactions, using objects,
etc.) will require additional steps.

Once the OCI process is initialized, an application may choose to create multiple
environments, as illustrated in the following figure:
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Figure 2-2 Multiple Environments Within an OCI Process

Initialize
| Process |
Initialize Initialize Initialize
Environment Environment Environment

Allocate Handles
and Data Structures

Allocate Handles
and Data Structures

Allocate Handles
and Data Structures

v

v

v

Connect to Server
and Begin Session

Connect to Server
and Begin Session

Connect to Server
and Begin Session

v v v
Issue SQL Issue SQL Issue SQL
and Process Data and Process Data and Process Data
v v v
Disconnect Disconnect Disconnect

Free Handles
& Data Structures

Free Handles
& Data Structures

Free Handles
& Data Structures

Note: It is possible to have more than one active connection and statement in

an OCI application.

See Also: For information about accessing and manipulating objects, see

Chapter 8.

OCI Data Structures

Handles and descriptors are opaque data structures which are defined in OCI
applications and may be allocated directly, through specific allocate calls, or may be
implicitly allocated by other OCI functions.

7.x Upgrade Note: Programmers who have previously written 7.x OCI
applications will need to become familiar with these new data structures which
are used by most OCI calls.

Handles and descriptors store information pertaining to data, connections, or
application behavior. Handles are defined in more detail in the following section.
Descriptors are discussed in the section “Descriptors and Locators” on page 2-12.
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Handles
Almost all Oracle8 OCI calls include in their parameter list one or more handles. A
handle is an opaque pointer to a storage area allocated by the OCI library. A handle
may be used to store context or connection information, (e.g., an environment or
service context handle), or it may store information about other OCI functions or
data (e.g., an error or describe handle). Handles can make programming easier,
because the library, rather than the application, maintains this data.
Most OCI applications will need to access the information stored in handles. The
get and set attribute OCI calls, OCIAttrGet() and OCIALttrSet(), access this
information.

See Also: For more information about using handle attributes, see the section
“Handle Attributes” on page 2-11.

The following table lists the handles defined for the OCI. For each handle type, the
C datatype and handle type constant (used to identify the handle type in OCI calls)
are listed.
Table 2-1 OCI Handle Types

C Type Description Handle Type

OCIEnv OCI environment handle OCI_HTYPE_ENV

OCIError OCl error handle OCI_HTYPE_ERROR

OCISvcCtx OCI service context handle OCI_HTYPE_SVCCTX

OCIStmt OCI statement handle OCI_HTYPE_STMT

OCIBind OCI bind handle OCI_HTYPE_BIND

OClIDefine OCI define handle OCI_HTYPE_DEFINE

OClDescribe OCI describe handle OCI_HTYPE_DESCRIBE

OClServer OCl server handle OCI_HTYPE_SERVER

OClSession OCI user session handle OCI_HTYPE_SESSION

OClITrans OCI transaction handle OCI_HTYPE_TRANS

OCIComplexObject OCI complex object retrieval (COR) handle  OCI_HTYPE_COMPLEXOBJECT

OClSecurity OCI security service handle OCI_HTYPE_SECURITY
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Allocating and Freeing Handles

Your application allocates all handles (except the bind and define handles) with
respect to particular environment handle. You pass the environment handle as one
of the parameters to the handle allocation call. The allocated handles is then
specific to that particular environment.

The bind and define handles are allocated with respect to a statement handle, and
contain information about the statement represented by that handle.

Note: The bind and define handles are implicitly allocated by the OCI library,
and do not require user allocation.

Figure 2-3 illustrates the relationship between the various types of handles.

Figure 2-3 Hierarchy of Handles:
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All user-allocated handles, except the environment handle, must be allocated using
the OCI handle allocation call, OCIHandleAlloc(). The environment handle is
allocated and initialized with a call to OCIEnvInit(), which is required by all OCI
applications.

An application must free all handles when they are no longer needed. The
OCIHandleFree() function frees handles.
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Note: When a parent handle is freed, all child handles associated with it are
also freed, and may no longer be used. For example, when a statement handle
is freed, any bind and define handles associated with it are also freed.

Handles obviate the need for global variables. Handles also make error reporting
easier. An error handle is used to return errors and diagnostic information.

See Also: For sample code demonstrating the allocation and use of OCI
handles, see the first example program in Appendix D.

The various handle types are described in more detail in the following sections.

Environment Handle

The environment handle defines a context in which all OCI functions are invoked.
Each environment handle contains a memory cache, which allows for fast memory
management in a threaded environment where each thread has its own
environment. When multiple threads share a single environment, they may block
on access to the cache.

The environment handle is passed as the parenth parameter to the OCIHandleAlloc()
call to allocate all other handle types, except for the bind and define handles.

Error Handle

The error handle is passed as a parameter to most OCI calls. The error handle
maintains information about errors that occur during an OCI operation. If an error
occurs in a call, the error handle can be passed to OCIErrorGet() to obtain additional
information about the error that occurred.

Allocating the error handle is one of the first steps in an OCI application.

Service Context and Associated Handles

A service context handle defines attributes that determine the operational context for
OCI calls to a server. You must allocate and initialize the service context handle
with OCIHandleAlloc() or OClLogon() before you can use it.

The service context contains three additional handles that represent a server
connection, a user session, and a transaction, as illustrated in the following figure.
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Figure 2—4 Components of a Service Context
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« A server handle identifies a data source. It translates into a physical connection
in a connection-oriented transport mechanism.

= A user session handle defines a user’s roles and privileges (also known as the
user’s security domain), and the operational context on which the calls execute.

« A transaction handle defines the transaction in which the SQL operations are
performed. The transaction context includes user session state information,
including the fetch state and package instantiation, if any.

Breaking the service context down in this way provides scalability and enables
programmers to create sophisticated three-tiered applications and transaction
processing (TP) monitors to execute requests on behalf of multiple users on
multiple application servers and different transaction contexts.

Applications maintaining only a single user session per database connection at any
time can call OClLogon() to allocate the service context and its associated handles.

In applications requiring more complex session management, the service context
must be explicitly allocated, and the server handle and user session handle must be
explicitly set into the service context by calling OClServerAttach() and
OCISessionBegin(), respectively. An application may need to define a transaction
explicitly, as well, or it may be able to work with the implicit transaction created
when the application makes changes to the database.

See Also: For more information about transactions, see the section
“Transactions” on page 7-3.

For more information about establishing a server connection and user session,
see the sections “Initialization, Connection, and Session Creation” on page 2-17,
and “User Authentication and Password Management” on page 7-11.
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Statement Handle, Bind Handle, and Define Handle

A statement handle is the context that identifies a SQL or PL/SQL statement and its
associated attributes.

Information about input variables is stored in bind handles. The OCI library
allocates a bind handle for each placeholder bound with the OCIBindByName() or
OCIBindByPos() function. The user does not need to allocate bind handles. They are
implicitly allocated by the bind call.

Fetched data returned by a query is converted and stored according to the
specifications of the define handles. The OCI library allocates a define handle for
each output variable defined with OCIDefineByPos(). The user does not need to
allocate define handles. They are implicitly allocated by the define call.

Describe Handle

The describe handle is used by the OCI describe call, OCIDescribeAny(). This call
obtains information about schema objects in a database (e.g., functions,
procedures). The call takes a describe handle as one of its parameters, along with
information about the object being described. When the call completes, the describe
handle is populated with information about the object. The OCI application can
then obtain describe information through the attributes of parameter descriptors.

See Also: See Chapter 6, “Describing Schema Metadata”, for more information
about using the OCIDescribeAny() function.

Complex Object Retrieval Handle

The complex object retrieval (COR) handle is used by some OCI applications that
work with objects in an Oracle8 server. This handle contains COR descriptors, which
provide instructions to the OCI about retrieving objects referenced by another
object.

See Also: For information about complex object retrieval and the complex
object retrieval handle, refer to “Complex Object Retrieval” on page 8-21.

Security Handle

For information about the security handle, and about using OCI calls to write
Oracle Security Services applications, refer to the Oracle Security Server Guide.
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Handle Attributes

All OCI handles have attributes associated with them. These attributes represent
data stored in that handle. You can read handle attributes using the attribute get
call, OCIAttrGet(), and you can change them with the attribute set call, OCIAttrSet().

For example, the following statements set the username in the transaction handle
by writing to the OCI_ATTR_USERNAME attribute:

text usemame]] = "scott";

err = OCIAttrSet ((dvoid*) mysessp, OCl_ HTYPE_SESSION, (dvoid*) usemame,
(ub4) strlen(usemame), OCl ATTR_USERNAME,
(OClIEmor *) myenhp);

The next set of statements demonstrates the use of OCIAttrGet() to read the
function code of the last OCI function processed on a handle (in this case a bind
handle):

ub4 fcode =0,

OCIBind *mybndp;

err = OCIAtrGet( (dvoid*) mybndp, OCl_HTYPE_BIND, (dvoid*) &fcode,
(Ub4) 0, OCI_ATTR_FNCODE,(OCIEmor *) myerrhp);

Some OCI functions require that particular handle attributes be set before the
function is called. For example, when OCISessionBegin() is called to establish a
user’s login session, the username and password must be set in the user session
handle before the call is made.

Other OCI functions provide useful return data in handle attributes after the
function completes. For example, when OCIStmtExecute() is called to execute a SQL
query, describe information relating to the select-list items is returned in the
statement handle.

For a list of all handle attributes, refer to Appendix B, “Handle and Descriptor
Attributes”.

See Also: See the description of OCIAttrGet() on page 13 - 11 for an example
showing the username and password handle attributes being set.
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User Memory Allocation

The OCIEnvInit() call, which initializes the environment handle, and the generic
handle allocation (OCIHandleAlloc()) and descriptor/locator allocation
(OClDescriptorAlloc()) calls have an xtramem_sz parameter in their parameter list.
This parameter is used to specify an amount of user memory which should be
allocated along with that handle.

Typically, an application uses this parameter to allocate an application-defined
structure that has the same lifetime as the handle. This structure maybe used for
application “bookkeeping” or storing context information.

Using the xtramem_sz parameter means that the application does not need to
explicitly allocate and deallocate memory as each handle is allocated and
deallocated. The memory is allocated along with the handle, and freeing the handle
frees up the user’s data structures as well.

Descriptors and Locators

OCI descriptors and locators are opaque data structures that maintain specific data-
information. The OCI has six descriptor and locator types. The following table lists
them, along with their C datatype, and the OCI type constant that allocates a
descriptor of that type in a call to OCIDescriptorAlloc(). The OClDescriptorFree()
function frees descriptors and locators.

Table 2-2 Descriptor Types

C Type Description OCI Type Constant

OClISnapshot snapshot descriptor OCI_DTYPE_SNAP

OCILobLocator LOB datatype locator OCI_DTYPE_LOB

OClLobLocator FILE datatype locator OCI_DTYPE_FILE

OCIParam read-only parameter descriptor OCI_DTYPE_PARAM

OCIRowid ROWID descriptor OCI_DTYPE_ROWID
OCIComplexObjectComp complex object descriptor OCI_DTYPE_COMPLEXOBJECTCOMP
OCIAQENQgOptions advanced queueing enqueue options OCI_DTYPE_AQENQ_OPTIONS
OCIAQDeqOptions advanced queueing dequeue options OCI_DTYPE_AQDEQ_OPTIONS
OCIAQMsgProperties advanced queueing message properties OCI_DTYPE_AQMSG_PROPERTIES
OCIAQAgent advanced queueing agent OCI_DTYPE_AQAGENT
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Note: Although there is a single C type for OClLobLocator, this locator is
allocated with a different OCI type constant for internal and external LOBs.
The section below on LOB locators discusses this difference.

The main purpose of each descriptor type is listed here, and each descriptor type is
described in the following sections:

« OCISnapshot - used in statement execution

« OCILOBLocator - used for LOB (OCI_DTYPE_LOB) or FILE
(OCI_DTYPE_FILE) calls

« OCIParam - used in describe calls
« OCIRowid - used for binding or defining ROWID values
« OCIComplexObjectComp - used for complex object retrieval

« OCIAQENgOptions, OCIAQDegOptions, OCIAQMsgProperties,
OCIAQAgent - used for advanced queueing

Snapshot Descriptor

The snapshot descriptor is an optional parameter to the execute call,
OCIStmtExecute(). It indicates that a query is being executed against a particular
database snapshot. A database snapshot represents the state of a database at a
particular point in time.

You allocate a snapshot descriptor with a call to OCIDescriptorAlloc(), by passing
OCI_DTYPE_SNAP as the type parameter.

See Also: For more information about OCIStmtExecute() and database
snapshots, see the section “Execution Snapshots” on page 4-7.

LOB/FILE Datatype Locator

A LOB (large object) is an Oracle datatype that can hold up to 4 gigabytes of binary
(BLOB) or character (CLOB) data. In the database, an opaque data structure called
a LOB locator is stored in a LOB column of a database row, or in the place of a LOB
attribute of an object. The locator serves as a pointer to the actual LOB value, which
is stored in a separate location.

The OCI LOB locator is used to perform OCI operations against a LOB (BLOB or
CLOB) or FILE (BFILE). OCI functions do not take actual LOB values as
parameters; all OCI calls operate on the LOB locator. This descriptor—
OCIlLobLocator—is also used for operations on FILEs.
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The LOB locator is allocated with a call to OClDescriptorAlloc(), by passing
OCI_DTYPE_LOB as the type parameter for BLOBs or CLOBs, and
OCI_DTYPE_FILE for BFILEs.

Warning: The two LOB locator types are not interchangeable. When binding or
defining a BLOB or CLOB, the application must take care that the locator is
properly allocated using OCI_DTYPE_LOB. Similarly, when binding or
defining a BFILE, the application must be sure to allocate the locator using
OCI_DTYPE_FILE.

An OCI application can retrieve a LOB locator from the server by issuing a SQL
statement containing a LOB column or attribute as an element in the select list. In
this example, the application would first allocate the LOB locator and then use it to
define an output variable.

Similarly, a LOB locator can be used as part of a bind operation to create an
association between a LOB and a placeholder in a SQL statement.

The LOB locator datatype (OCIlLobLocator) is not a valid datatype when
connected to an Oracle7 Server.

See Also: For more information about OCI LOB operations, see the section
“LOB and FILE Operations” on page 7-24.

Parameter Descriptor

OCI applications use parameter descriptors to obtain information about select-list
columns or schema objects. This information is obtained through a describe
operation.

The parameter descriptor is the one descriptor type that is not allocated using
OClIDescriptorAlloc(). You can obtain it only as an attribute of a describe, statement,
or complex object retrieval handle by specifying the position of the parameter
using an OClIParamGet() call.

See Also: See Chapter 6, “Describing Schema Metadata”, and “Describing
Select-List Items” on page 4-8 for more information about obtaining and using
parameter descriptors.
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ROWID Descriptor

The ROWID descriptor is used by applications that need to retrieve and use Oracle
ROWIDs. The size and structure of the ROWID has changed from Oracle7 to
Oracle8, and is opaque to the user. To work with a ROWID using the Oracle8 OCI,
an application can define a ROWID descriptor for a position in a SQL select-list,
and retrieve a ROWID into the descriptor. This same descriptor can later be bound
to an input variable in an INSERT statement or WHERE clause.

Complex Object Descriptor

For information about the complex object descriptor and its use, refer to “Complex
Object Retrieval” on page 8-21.

Advanced Queueing Descriptors

For information about advanced queueing and its related descriptors, refer to “OCI
and Advanced Queueing” on page 7-40.

User Memory Allocation

The OClIDescriptorAlloc() call has an xtramem_sz parameter in its parameter list. This
parameter is used to specify an amount of user memory which should be allocated
along with a descriptor or locator.

Typically, an application uses this parameter to allocate an application-defined
structure that has the same lifetime as the descriptor or locator. This structure
maybe used for application “bookkeeping” or storing context information.

Using the xtramem_sz parameter means that the application does not need to
explicitly allocate and deallocate memory as each descriptor or locator is allocated
and deallocated. The memory is allocated along with the descriptor or locator, and
freeing the descriptor or locator (with OClIDescriptorFree()) frees up the user’s data
structures as well.

The OCIHandleAlloc() call has a similar parameter for allocating user memory
which will have the same lifetime as the handle.

The OCIEnvInit() call has a similar parameter for allocating user memory which
will have the same lifetime as the environment handle.
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OCI Programming Steps

Each of the steps that you perform in an OCI application is described in greater
detail in the following sections. Some of the steps are optional. For example, you do
not need to describe or define select-list items if the statement is not a query.

Note: For an example showing the use of OCI calls for processing SQL
statements, see the first sample program in Appendix D.

The special case of dynamically providing data at run time is described in detail in
the section “Run Time Data Allocation and Piecewise Operations” on page 7-16.

Special considerations for operations involving arrays of structures are described in
the section “Arrays of Structures” on page 5-17.

Refer to the section “Error Handling” on page 2-25 for an outline of the steps
involved in processing a SQL statement within an OCI program.

For information on using the OCI to write multithreaded applications, refer to
“Thread Safety” on page 7-13.

For more information about types of SQL statements, refer to the section “SQL
Statements” on page 1-4.

The following sections describe the steps that are required of a release 8.0 OCI
application:

« Initialization, Connection, and Session Creation
« Processing SQL Statements

« Commit or Rollback

« Terminating the Application

« Error Handling

Application-specific processing will also occur in between any and all of the OCI
function steps.

7.x Upgrade Note: OCI programmers should take note that OCI programs no
longer require an explicit parse step. This means that 8.0 applications must
issue an execute command for both DML and DDL statements.
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Initialization, Connection, and Session Creation

This section describes how to initialize the Oracle8 OCI environment, establish a
connection to a server, and authorize a user to perform actions against a database.

The three main steps in initializing the OCI environment are described in this
section:

1. Initialize an OCI Process
2. Allocate Handles and Descriptors
3. Initialize the Application, Connection, and Authorization

Additionally, this section describes connection modes for OCI applications.

Initialize an OCI Process

The initialize process call, OClInitialize(), must be invoked before any other OCI
call. The mode parameter of this call specifies whether the application will runin a
threaded environment (mode = OCI_THREADED), and whether or not it will use
objects (mode = OCI_OBJECT). Initializing in object mode is necessary if the
application will be binding and defining objects, or if the application will be using
the OCI’s object navigation calls.

The program may also choose to use neither of these features (mode =
OCI_DEFAULT) or both, separating the options with a vertical bar (mode =
(OCI_THREADED | OCI_OBIECT)).

The OClInitialize() call can also specify user-defined memory management
functions.

See Also: See the description of OCllInitialize() on on page 13-72 for more
information about the call.

For information about using the OCI to write multithreaded applications, refer
to “Thread Safety” on page 7-13.
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Allocate Handles and Descriptors

Oracle provides OCI functions to allocate and deallocate handles and descriptors.
You must allocate handles using OCIHandleAlloc() before passing them into an OCI
call, unless the OCI call allocates the handles for you (e.g. OCIBindByPos()).

You can allocate the following types of handles with OCIHandleAlloc():
« error handle

«  service context handle

« Statement handle

« describe handle

« server handle

« user session handle

« transaction handle

« complex object retrieval handle

Depending on the functionality of your application, it will need to allocate some or
all of these handles.

See Also: See the description of OCIHandleAlloc() on on page 13-68 for more
information about using this call.

Application Initialization, Connection, and Session Creation

Once OClInitialize() has been called, an application must call OCIEnvInit() to
initialize the OCI environment handle. Following this step, the application has two
options for establishing a server connection and beginning a user session: Single
User, Single Connection; or Multiple Sessions or Connections.

Option 1: Single User, Single Connection
This option is the simplified logon method.
If an application will maintain only a single user session per database connection at

any time, the application can take advantage of the OCI’s simplified logon
procedure.

When an application calls OClLogon(), the OCI library initializes the service context
handle that is passed to it and creates a connection to the specified server for the
user whose username and password are passed to the function.
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The following is an example of what a call to OClLogon() might look like:

OClLogon(envhp, erhp, &svchp, “scott’, nameLen, "tiger”,
passwdLen, “oracle8", dbnameLen)

The parameters to this call include the service context handle (which will be
initialized), the username, the user’s password, and the name of the database that
will be used to establish the connection. The server and user session handles are
also implicitly allocated by this function.

If an application uses this logon method, the service context, server, and user
session handles will all be “read only”, which means that the application cannot
switch session or transaction by changing the appropriate attributes of the service
context handle, using OCIAttrSet().

An application that creates its session and authorization using OCIlLogon() should
terminate them using OCILogoff().

Option 2: Multiple Sessions or Connections
This option uses explicit attach and begin session calls.

If an application needs to maintain multiple user sessions on a database
connection, the application requires a different set of calls to set up the sessions and
connections. This includes specific calls to attach to the server and begin sessions:

«  OCIServerAttach() creates an access path to a data source for OCI operations.

« OCISessionBegin() establishes a session for a user against a particular server.
This call is required for the user to be able to execute any operation on the
server.

These calls set up an operational environment that allows you to execute SQL and
PL/SQL statements against a database. The database must be up and running
before the calls are made, or else they will fail.

These calls are described in more detail in Chapter 13. Refer to Chapter 7, “OClI
Programming Advanced Topics”, for more information about maintaining multiple
sessions, transactions, and connections.

Example

The following example demonstrates the use of the OCI initialization calls. In the
example, a server context is created and set in the service handle. Then a user
session handle is created and initialized using a database username and password.
For the sake of simplicity, error checking is not included.
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main()
{
OCIEnv *myenvhp; /* the environment handle */

OClServer *mysrvhp; /* the server handle */

OCIEnor *myenthp; /the error handle */

OClSession *myusrhp; / user session handle */

(void) OClInitialize (OCI_THREADED | OC|_OBJECT, (dvoid %0,
mymalloc, myrealloc, myfree);

¥ initialize the mode to be the threaded and object environment */

(void) OCIEnvinit (&myenvhp, OCI_DEFAULT, O, (dvoid **)0);

(void) OClHandleAlloc ((dvoid *myenvhp, (dvoid *)&mysrvhp,
OCI_HTYPE_SVR, 0, (dvoid **) 0);

[* allocate a server handle */

(void) OCIHandleAlloc ((dvoid *)myenvhp, (dvoid *)&myerrhp,
OCI_HTYPE_ERROR, O, (dvoid **) 0);

f* allocate an error handle */

(void) OClServerAttach (mysrvhp, myerrhp, (text *)'instL_alias",
strien (instL_alias"), OCl_DEFAULT);

[* create a server context */

(void) OClAttrSet ((dvoid ¥)mysvchp, OCI_HTYPE_SVCCTX,
(dvoid ®mystvhp, (Ub4) 0, OCI_ATTR_SERVER, myenthp);

* setthe server context in the service context */

(void) OCIHandleAlloc ((dvoid *myenvhp, (dvoid *)&myusrhp,
OC|_HTYPE_SESSION, 0, (dvoid *), 0);

f* allocate a user session handle */

(void) OCIAtrSet ((dvoid *)myusrhp, OCl HTYPE_SESSION,
(cdvoid *)"scott”, (ub4)strien('scott),
OCI_ATTR_USERNAME, myerhp);

* set usemame attribute in user session handle */

2-20 Oracle Call Interface Programmer’s Guide



Understanding Multiple Connections and Handles

(void) OCIAttrSet ((dvoid *myusrhp, OCI_HTYPE_SESSION,
(dvoid *)"tiger”, (ub4)strlen("tiger”),
OCI_ATTR_PASSWORD, myerhp);

* set password attribute in user session handle */

(void) OCISessionBegin ((dvoid *) mysvchp, myerrhp, myusrhp,
OCI_CRED_RDBMS, OCl_DEFAULT);

(void) OCIAtrSet ( (dvoid ¥)mysvchp, OCI_HTYPE_SVCCTX,
(dvoid ®)myusrhp, (ub4) 0, OCI_ATTR_SESSION, myerhp);
[* setthe user session in the service context */

Understanding Multiple Connections and Handles

This section presents one possible scenario for an application which is managing
multiple user, multiple server connections, and multithreading. This example is
intended to help the reader understand some of the issues involved in
programming such an application.

A Connection Example

An application is supporting two users, Userl and User2. The application has
completed the following steps:

« initialized the OCI process in OCI_THREADED mode with a call to
OCllInitialize()

« allocated a single environment handle with OCIEnvInit()

« intwo different threads, connected to two different databases, DB1 and DB2,
residing on the same machine

Userl performs the following actions:
« Attaches to DB1
« Starts two new transactions, TX1 and TX2

« Prepares and executes a statement in each transaction at the same time in
different threads (STMT1 in TX1, STMT2 in TX2).

«  Commits TX1 and TX2
« Detaches from DB1
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User2 performs the following actions:
« Attaches to DB2
« Starts two new transactions, TX3 and TX4

« Prepares and executes a statement in each transaction at the same time (STMT3
in TX3, STMT4 in TX4).

«  Commits TX3 and TX4

« Detaches from DB2

The following questions and answers relate to the above scenario:
Q1. How many server handles are required?

Al. Even though DB1 and DB2 reside on the same server machine, 2 server handles
are required. Each server handle represents a database connection, and is identified
by its own connect string.

Q2. How many service context handles are required?

A2. Four service context handles are required. Each user is executing two
transactions simultaneously, so each requires its own service context. 2 users x 2
transactions = 4 service context handles. If each user had executed the statements in
the same transaction, each would require only a single service context.

Q3. How many user session handles are required?

A3. Four user session handles are required. Each user needs a user session handle
on each server. If each user executed their statements serially, then two sessions
would be sufficient.

Q4. How many transaction handles are required?

AA4. Four transaction handles are required; one for each concurrent transaction.
However, the application could also take advantage of the implicit transaction
created when database changes are made, and avoid allocating transaction handles
altogether.
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Q5. Could the example use multiple environment handles?

ADb. Yes. Since there are two databases involved, the application should use two
environment handles so that accesses to each database can be completely
concurrent.

Q6. If a single user in a single environment wants to execute four different
statements on 4 transactions concurrently against the same database, how many
server handles are required?

ABb. Four server handles are required; one for each concurrent transaction. There
can be at most a single outstanding call on any one server handle at a time.

Processing SQL Statements

For information about processing SQL statements, refer to Chapter 4, “SQL
Statement Processing”.

Commit or Rollback

An application commits changes to the database by calling OCITransCommit(). This
call takes a service context as one of its parameters. The transaction currently
associated with the service context is the one whose changes are committed. This
may be a transaction explicitly created by the application or the implicit transaction
created when the application modifies the database.

Note: Using the OCI_COMMIT_ON_SUCCESS mode of the OCIExecute() call,
the application can selectively commit transactions at the end of each statement
execution.

If you want to roll back a transaction, use the OCITransRollback() call.

If an application disconnects from Oracle in some way other than a normal logoff
(for example, losing a network connection), and OCITransCommit() has not been
called, all active transactions are rolled back automatically.

See Also: For more information about implicit transactions and transaction
processing, see the section “Service Context and Associated Handles” on
page 2-8, and the section “Transactions” on page 7-3.
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Terminating the Application

An OCI application should perform the following three steps before it terminates:

1.

2
3.
4

Delete the user session by calling OCISessionEnd() for each session.
Delete access to the data source(s) by calling OClIServerDetach() for each source.
Explicitly deallocate all handles by calling OCIHandleFree() for each handle, or

Delete the environment handle, which deallocates all other handles associated
with it.

Note: When a parent OCI handle is freed, any child handles associated with it
are freed automatically.

The calls to OCIServerDetach() and OCISessionEnd() are not mandatory. If the
application terminates, and OCITransCommit() (transaction commit) has not been
called, any pending transactions are automatically rolled back. For an example
showing handles being freed at the end of an application, refer to the first sample
program in Appendix D, “Code Examples”.

Note: If the application has used the simplified logon method provided by
OClLogon(), then a call to OClLogoff() will terminate the session, disconnect
from the server, and free the service context and associated handles. The
application is still responsible for freeing other handles it has allocated.
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Error Handling

OCI function calls have a set of return codes, listed below in Table 2-3, which
indicate the success or failure of the call (e.g., OCI_SUCCESS or OCI_ERROR) or
provide other information that may be required by the application (e.g.,
OCI_NEED_DATA or OCI_STILL_EXECUTING). Most OCI calls return one of
these codes. For exceptions, see “Functions Returning Other Values” on page 2-27.

Table 2-3 OCI Return Codes

OCI Return Code Description

OCI_SUCCESS The function completed successfully.

OCI_SUCCESS_WITH_INFO The function completed successfully; a call to OCIErrorGet() will
return additional diagnostic information. This may include warn-

ings.
OCI_NO_DATA The function completed, and there is no further data.
OCI_ERROR The function failed; a call to OCIErrorGet() will return additional
information.
OCI_INVALID_HANDLE An invalid handle was passed as a parameter. No further diagnos-

tics are available.

OCI_NEED_DATA The application must provide run-time data.

If the return code indicates that an error has occurred, the application can retrieve
Oracle-specific error codes and messages by calling OCIErrorGet(). One of the
parameters to OCIErrorGet() is the error handle passed to the call that caused the
error.

Note: Multiple error records can be retrieved by calling OCIErrorGet()
repeatedly until there are no more records (OCI_NO_DATA is returned).
OCIErrorGet() returns at most a single diagnostic record at any time.

The following example code, taken from the first sample program in Appendix D,
“Code Examples”, returns error information given an error handle and the return
code from an OCI function call. If the return code is OCI_ERROR, the function
prints out diagnostic information. OCI_SUCCESS results in no printout, and other
return codes print the return code information.

STATICF void checkenr(errhp, status)
OCIEnor *erthp;
sword status;
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{
text emrbufi512];
ub4 buflen;
ub4 errcode;

switch (status)

{

case OC|_SUCCESS:
break;

case OC|_SUCCESS_WITH_INFO:
(void) printf("Emor - OCl_SUCCESS_WITH_INFO\n");
break;

case OC|_NEED_DATA:
(void) printf("Error - OCI_NEED_DATAWN");
break;

case OC|_NO_DATA:
(void) printf("Emor - OCI_NODATAWN");
break;

case OCl_ERROR:
(void) OCIErrorGet (enhp, (ub4) 1, (text *) NULL, &errcode,

errbuf, (ub4) sizeofiembuf), OCI_ HTYPE_ERROR);

(void) printf("Error - %s\n", erbuf);
break;

case OCl_INVALID_HANDLE:
(void) printf("Error - OCI_INVALID_HANDLE\n");
break;

case OC|_STILL_EXECUTING:
(void) printf("Error - OCI_STILL_EXECUTEWN");
break;

default:

break;

}

}
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Functions Returning Other Values

Some functions return values other than the OCI error codes listed in Table 2-3.
When using these function be sure to take into account that they return a value
directly from the function call, rather than through an OUT parameter. More
detailed information about each function and its return values is listed in Volume II.

« OCICollMax()

«  OCIRawPtr()

« OCIRawsSize()

«  OCIRefHexSize()
«  OCIReflsEqual()

«  OCIRefIsNull()

«  OCIStringPtr()

« OCIStringSize()

Additional Coding Guidelines

This section explains some additional factors to keep in mind when coding
applications using the Oracle Call Interface.

Parameter Types

OCI functions take a variety of different types of parameters, including integers,
handles, and character strings. Special considerations must be taken into account
for some types of parameters, as described in the following sections.

For more information about parameter datatypes and parameter passing
conventions, refer to the introductory section in Chapter 13, “OCI Relational
Functions”, which covers the function calls for the OCI.

Address Parameters

Address parameters pass the address of the variable to Oracle. You should be
careful when developing in C, which normally passes scalar parameters by value,
to make sure that the parameter is an address. In all cases, you should pass your
pointers carefully.
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Nulls

Integer Parameters

Binary integer parameters are numbers whose size is system dependent. Short
binary integer parameters are smaller numbers whose size is also system
dependent. See your Oracle system-specific documentation for the size of these
integers on your system.

Character String Parameters

Character strings are a special type of address parameter. This section describes
additional rules that apply to character string address parameters.

Each OCI routine that allows a character string to be passed as a parameter also has
a string length parameter. The length parameter should be set to the length of the
string.

7.x Upgrade Note: Unlike earlier versions of the OCI, in release 8.0 you should
not pass -1 for the string length parameter of a null-terminated string.

You can insert a null into a database column in several ways. One method is to use
a literal NULL in the text of an INSERT or UPDATE statement. For example, the
SQL statement

INSERT INTO emp (ename, empno, deptno)
VALUES (NULL, 8010, 20)

makes the ENAME column null.

Another method is to use indicator variables in the OCI bind call. See the section
“Indicator Variables” on page 2-29 for more information.

One other method to insert a NULL is to set the buffer length and maximum length
parameters both to zero on a bind call.

Note: Following SQL92 requirements, Oracle8 returns an error if an attempt is
made to fetch a null select-list item into a variable that does not have an
associated indicator variable specified in the define call.
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Indicator Variables

Each bind and define OCI call has a parameter that allows you to associate an
indicator variable, or an array of indicator variables if you are using arrays, with a
DML statement, PL/SQL statement, or query.

Host languages do not have the concept of null values; therefore you associate
indicator variables with input variables to specify whether the associated
placeholder is a NULL. When data is passed to Oracle, the values of these indicator
variables determine whether or not a NULL is assigned to a database field.

For output variables, indicator variables determine whether the value returned
from Oracle is a NULL or a truncated value. In the case of a NULL fetch (on
OCIStmtFetch()) or a truncation (on OCIStmtExecute() or OCIStmtFetch()), the OCI
call returns OCI_SUCCESS WITH_INFO. The corresponding indicator variable is
set to the appropriate value, as listed in the “Output” section below. If the
application provided a return code variable in the corresponding OCIDefineByPos()
call, the OCI assigns a value of ORA-01405 (for NULL fetch) or ORA-01406 (for
truncation) to the return code variable.

The datatype of indicator variables is sb2. In the case of arrays of indicator
variables, the individual array elements should be of type sb2.

Input
For input host variables, the OCI application can assign the following values to an
indicator variable:

Input Indicator Value Action Taken by Oracle

-1 Oracle assigns a NULL to the column, ignoring the value of the
input variable.

>=0 Oracle assigns the value of the input variable to the column.
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Output
On output, Oracle can assign the following values to an indicator variable:

Output Indicator Value  Meaning

-2 The length of the item is greater than the length of the output
variable; the item has been truncated. Additionally, the original
length is longer than the maximum data length that can be
returned in the sb2 indicator variable.

-1 The selected value is null, and the value of the output variable
is unchanged.

0 Oracle assigned an intact value to the host variable.

>0 The length of the item is greater than the length of the output

variable; the item has been truncated. The positive value
returned in the indicator variable is the actual length before
truncation.

Indicator Variables for Named Data Types and REFs

Indicator variables for most new (release 8.0) datatypes function as described
above. The only exception is SQLT_NTY (a named datatype). Data of type
SQLT_REF uses a standard scalar indicator, just like other variable types. For data
of type SQLT_NTY, the indicator variable must be a pointer to an indicator
structure.

When database types are translated into C struct representations using the Object
Type Translator (OTT), a null indicator structure is generated for each object type.
This structure includes an atomic null indicator, plus indicators for each object
attribute.

See Also: See the documentation for the OTT in Chapter 12, “Using the Object
Type Translator”, and the section “Nullness” on page 8-28 of this manual for
information about null indicator structures.

See the descriptions of OCIBindByName() and OCIBindByPos() in Chapter 13,
and the sections “Additional Information for Named Data Type and REF
Binds” on page 10-3, and “Additional Information for Named Data Type and
REF Defines, and PL/SQL OUT Binds” on page 10-5, for more information
about setting indicator parameters for named datatypes and REFs.
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Canceling Calls

On most platforms, you can cancel a long-running or repeated OCI call. You do this
by entering the operating system’s interrupt character (usually CTRL-C) from the
keyboard.

Note: This is not to be confused with cancelling a cursor, which is
accomplished by calling OCIStmtFetch() with the nrows parameter set to zero.

When you cancel the long-running or repeated call using the operating system
interrupt, the error code ORA-01013 ("user requested cancel of current operation™)
is returned.

Given a particular service context pointer or server context pointer, the OCIBreak()
function performs an immediate (asynchronous) abort of any currently executing

OCI function that is associated with the server. It is normally used to stop a long-

running OCI call being processed on the server.

Positioned Updates and Deletes

You can use the binary ROWID associated with a SELECT...FOR UPDATE OF...
statement in a later UPDATE or DELETE statement. The ROWID is retrieved by
calling OCIAttrGet() on the statement handle to retrieve the handle’s
OCI_ATTR_ROWID attribute.

For example, for a SQL statement such as
SELECT ename FROM emp WHERE empno = 7499 FOR UPDATE OF sal
when the fetch is performed, the ROWID attribute in the handle contains the row

identifier of the SELECTed row. You can retrieve the ROWID into a buffer in your
program by calling OCIAttrGet() as follows:

OCIRowid *rowid; /*the rowid in opaque format */
F* allocate descriptor with OCIDescriptorAlloc() */
err = OCIAtrGet ((dvoid*) mystmtp, OCI_HTYPE_STMT,
(dvoid*) &rowid, (Ub4 *) 0, OCI_ATTR_ROWID, (OCIEmor *) myerhp);

You can then use the saved ROWID in a DELETE or UPDATE statement. For
example, if MY_ROWID is the buffer in which the row identifier has been saved,
you can later process a SQL statement such as

UPDATE emp SET sal =:1 WHERE rowid = :2
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by binding the new salary to the :1 placeholder and MY_ROWID to the :2
placeholder. Be sure to use datatype code 104 (ROWID descriptor) when binding
MY_ROWID to :2 .

Application Linking

For information about application linking modes, including Oracle support for non-
deferred linking and single task linking in various versions of the OCI, please refer
to "Application Linking Issues" on page A-7.

Using PL/SQL in an OCI Program

PL/SQL is Oracle’s procedural extension to the SQL language. PL/SQL processes
tasks that are more complicated than simple queries and SQL data manipulation
language (DML) statements. PL/SQL allows you to group a number of constructs
into a single block and execute them as a unit. These constructs include:

« 0one or more SQL statements

« Vvariable declarations

« assignment statements

« procedural control statements such as IF...THEN...ELSE statements and loops
« exception handling

You can use PL/SQL blocks in your OCI program to perform the following
operations:

« call Oracle stored procedures and stored functions

« combine procedural control statements with several SQL statements, to be
executed as a single unit

« access special PL/SQL features such as records, tables, CURSOR FOR loops,
and exception handling

« Uuse cursor variables
« Operate on objects in an Oracle8 server

Note: While the OCI can only directly process anonymous blocks, and not
named packages or procedures, the user can always put the package or
procedure call within an anonymous block and process that block.

Warning: When writing PL/SQL code, it is important to keep in mind that the
parser treats everything that starts with “--” to a carriage return as a comment.
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So if comments are indicated on each line by “--”, the C compiler can
concatenate all lines in a PL/SQL block into a single line without putting a
carriage return “/n” for each line. In this particular case, the parser fails to
extract the PL/SQL code of a line if the previous line ends with a comment. To
avoid the problem, the programmer should put “/n” after each “--” comment
to make sure the comment ends there.

See the PL/SQL User’s Guide and Reference for information about coding PL/SQL
blocks.
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Datatypes

This chapter provides a reference to Oracle external datatypes used by OCI
applications. It also provides a general discussion of Oracle datatypes, including
special datatypes new to Release 8.0. The information in this chapter is useful for
understanding the conversions between internal and external representations that
occur when you transfer data between your program and Oracle.

For detailed information about Oracle internal datatypes, see the Oracle8 SQL
Reference.

This chapter contains the following sections:

Oracle Datatypes

Internal Datatypes

External Datatypes

New OCI 8.0 External Datatypes
Data Conversions

Typecodes

Definitions in oratypes.h
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Oracle Datatypes

One of the main functions of an OCI program is to communicate with a database
through an Oracle server. The OCI application may retrieve data from database
tables through SQL SELECT queries, or it may modify existing data in tables
through INSERTs, UPDATES, or DELETEs.

Inside a database, values are stored in columns in tables. Internally, Oracle
represents data in particular formats known as internal datatypes. Examples of
internal datatypes include NUMBER, CHAR, and DATE.

In general, OCI applications do not work with internal datatype representations of
data. OCI applications work with host language datatypes which are predefined by
the language in which they are written. When data is transferred between an OCI
client application and a database table, the OCI libraries convert the data between
internal datatypes and external datatypes.

External datatypes are host language types that have been defined in the OCI
header files. When an OCI application binds input variables, one of the bind
parameters is an indication of the external datatype code (or SQLT code) of the
variable. Similarly, when output variables are specified in a define call, the external
representation of the retrieved data must be specified.

In some cases, external datatypes are similar to internal types. External types
provide a convenience for the programmer by making it possible to work with host
language types instead of proprietary data formats.

Note: Even though some external types are similar to internal types, an OCI
application never binds to internal datatypes. They are discussed here because
it can be useful to understand how internal types can map to external types.

The OCI is capable of performing a wide range of datatype conversions when
transferring data between Oracle and an OCI application. There are more OCI
external datatypes than Oracle internal datatypes. In some cases a single external
type maps to an internal type; in other cases multiple external types map to an
single internal type.

The many-to-one mappings for some datatypes provide flexibility for the OCI
programmer.For example, if you are processing the SQL statement

SELECT sal FROM emp WHERE empno = :employee_number
and you want the salary to come back as character data, rather than in a binary

floating-point format, specify an Oracle external string datatype, such as
VARCHAR?2 (code = 1) or CHAR (code = 96) for the dty parameter in the
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OCIDefineByPos() call for the sal column. You also need to declare a string variable
in your program and specify its address in the valuep parameter.

If you want the salary information to be returned as a binary floating-point value,
however, specify the FLOAT (code = 4) external datatype. You also need to define a
variable of the appropriate type for the valuep parameter.

Oracle performs most data conversions transparently. The ability to specify almost
any external datatype provides a lot of power for performing specialized tasks. For
example, you can input and output DATE values in pure binary format, with no
character conversion involved, by using the DATE external datatype (code = 12).
See the description of the DATE external datatype on page 3 - 14 for more
information.

To control data conversion, you must use the appropriate external datatype codes
in the bind and define routines. You must tell Oracle where the input or output
variables are in your OCI program and their datatypes and lengths.

The Oracle8 OCI also supports an additional set of OCI typecodes which are used
by Oracle8’s type management system to represent datatypes of object type
attributes. There is a set of predefined constants which can be used to represent
these typecodes. The constants each contain the prefix “OCIl_TYPECODE”.

In summary, the OCI programmer must be aware of the following different
datatypes or data representations:

« Internal Oracle datatypes, which are used by table columns in an Oracle
database. These also include datatypes used by PL/SQL which are not used by
Oracle columns (e.g., indexed table, boolean, record). For more information, see
“Internal Datatypes” on page 3-5 and “Internal Datatype Codes” on page 3-4.

« External OCI datatypes, which are used to specify host language
representations of Oracle data. For more information, see “External Datatypes”
on page 3-7, and “External Datatype Codes” on page 3-4.

« OCI_TYPECODE values, which are used to Oracle to represent type
information for object type attributes. For more information, see “Typecodes”
on page 3-24, and “Relationship Between SQLT and OCI_TYPECODE Values”
on page 3-25.
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Internal Datatype Codes

In some circumstances, an OCI application needs to know the internal
representation of Oracle data. For example, you many need to know the datatype
of a column in a dynamic SQL query so that you can define output variables to
received the fetched data. After executing the query, you can use a combination of
the OCIParamGet() and OCIAttrGet() functions to obtain describe information about
select-list items from the statement handle. You can get the same information from
a describe handle without executing the statement by calling OClDescribeAny(), and
then the combination of OCIParamGet() and OCIAttrGet().

Information about a column’s internal datatype is conveyed to your application in
the form of an internal datatype code. Once your application knows what type of
data will be returned, it can make appropriate decisions about how to convert and
format the output data. The Oracle internal datatype codes are listed in the section
“Internal Datatypes” on page 3-5.

See Also: For detailed information about Oracle internal datatypes, see the
Oracle8 SQL Reference. For information about describing select-list items in a
guery, see the section “Describing Select-List Items” on page 4-8.

External Datatype Codes

An external datatype code indicates to Oracle how a host variable represents data
in your program. This determines how the data is converted when returned to
output variables in your program, or how it is converted from input (bind)
variables to Oracle column values. For example, if you want to convert a NUMBER
in an Oracle column to a variable-length character array, you specify the
VARCHAR?2 external datatype code in the OCIDefineByPos() call that defines the
output variable.

To convert a bind variable to a value in an Oracle column, specify the external
datatype code that corresponds to the type of the bind variable. For example, if you
want to input a character string such as ‘02-FEB-65’ to a DATE column, specify the
datatype as a character string and set the length parameter to nine.

It is always the programmer’s responsibility to make sure that values are
convertible. If you try to INSERT the string ‘MY BIRTHDAY’ into a DATE column,
you will get an error when you execute the statement.

For a complete list of the external datatypes and datatype codes, see Table 3-2 on
page 3-7.
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Internal Datatypes

The following table lists the Oracle internal datatypes, along with each type’s
maximum internal length and datatype code.

Table 3-1 Internal Oracle Datatypes

Internal Oracle Datatype Maximum Internal Length Datatype Code
VARCHAR2 4000 bytes 1
NUMBER 21 bytes 2
LONG 2731-1 bytes 8
ROWID 10 bytes 11
DATE 7 bytes 12
RAW 2000 bytes 23
LONG RAW 2731-1 bytes 24
CHAR 2000 bytes 96
MLSLABEL 255 bytes 105
User-defined type (object type, <N/A> 108
VARRAY, Nested Table)

REF <N/A> 111
CLOB <N/A> 112
BLOB <N/A> 113

For more information about any of these internal datatypes, see the Oracle8 SQL
Reference. The following sections provide OCI-specific information about these
datatypes.

LONG, RAW, LONG RAW, VARCHAR?2

You can use the piecewise capabilities provided by OCIBindByName(),
OCIBindByPos(), OCIDefineByPos(), OCIStmtGetPiecelnfo() and OCIStmtSetPiecelnfo()
to perform inserts, updates or fetches involving column data of these types.
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Character Strings and Byte Arrays

You can use five Oracle internal datatypes to specify columns that contain
characters or arrays of bytes: CHAR, VARCHAR2, RAW, LONG, and LONG RAW.

Note: LOBs and FILEs may also contain characters or binary data. They are
handled differently than other types, so they are not included in this
discussion. See the section “LOB and FILE Operations” on page 7-24 for more
information about these data types.

CHAR, VARCHAR2, and LONG columns normally hold character data. RAW and
LONG RAW hold bytes that are not interpreted as characters, for example, pixel
values in a bit-mapped graphics image. Character data can be transformed when
passed through a gateway between networks. For example, character data passed
between machines using different languages (where single characters may be
represented by differing numbers of bytes) can be significantly changed in length.
Raw data is never converted in this way.

It is the responsibility of the database designer to choose the appropriate Oracle
internal datatype for each column in the table. The OCI programmer must be

aware of the many possible ways that character and byte-array data can be
represented and converted between variables in the OCI program and Oracle tables.

When an array holds characters, the length parameter for the array in an OCI call is
always passed in and returned in bytes, not characters.
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External Datatypes

Table 3-2 lists datatype codes for external datatypes. For each datatype, the table
lists the program variable types for C from or to which Oracle internal data is
normally converted.

Table 3-2 External Datatypes and Codes
EXTERNAL DATATYPE

NAME CODE TYPE OF PROGRAM VARIABLE OCI DEFINED CONSTANT
VARCHAR2 1 char[n] SQLT_CHR
NUMBER 2 unsigned char[21] SQLT_NUM
8-bit signed INTEGER 3 signed char SQLT_INT
16-bit signed INTEGER 3 signed short, signed int SQLT_INT
32-bit signed INTEGER 3 signed int, signed long SQLT_INT
FLOAT 4 float, double SQLT_FLT
Null-terminated STRING 5 char[n+1] SQLT_STR
VARNUM 6 char[22] SQLT_VNU
LONG 8 char[n] SQLT_LNG
VARCHAR 9 char[n+sizeof(short integer)] SQLT_VCS
ROWID 11 char[n] SQLT_RID (see note 1)
DATE 12 char[7] SQLT_DAT
VARRAW 15 unsigned char[n+sizeof(short integer)] SQLT_VBI
RAW 23 unsigned char[n] SQLT_BIN
LONG RAW 24 unsigned char[n] SQLT_LBI
UNSIGNED INT 68 unsigned SQLT_UIN
LONG VARCHAR 94 char[n+sizeof(integer)] SQLT_LVC
LONG VARRAW 95 unsigned char[n+sizeof(integer)] SQLT_LVB
CHAR 96 char[n] SQLT_AFC
CHARZ 97 char[n+1] SQLT_AVC
ROWID descriptor 104 OCIRowid SQLT_RDD
MLSLABEL 106 char[n] SQLT_LAB
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Table 3-2 External Datatypes and Codes (Cont.)

EXTERNAL DATATYPE

NAME CODE TYPE OF PROGRAM VARIABLE OCI DEFINED CONSTANT
NAMED DATA TYPE 108 struct SQLT_NTY

REF 110 OCIRef SQLT_REF

Character LOB 112 OClLobLocator (see note 3) SQLT_CLOB

Binary LOB 113 OCIlLobLocator (see note 3) SQLT_BLOB

Binary FILE 114 OClILobLocator SQLT _FILE

OCiI string type 155 OCIString SQLT_VST (see note 2)
OClI date type 156 OClDate SQLT_ODT (see note 2)
Notes:

(1) This type is valid only for version 7.x OCI calls. Oracle8 OCI applications should use the ROWID descriptor
(type 104).

(2) For more information on the use of these datatypes, refer to Chapter 9, “Object-Relational Datatypes”.

(3) In applications using datatype mappings generated by OTT, CLOBs may be mapped as OCIClobLocator,
and BLOBs may be mapped as OCIBlobLocator. For more information, refer to Chapter 12, “Using the Object
Type Translator”.

Note: Where the length is shown as n, it is a variable, and depends on the
requirements of the program (or of the operating system in the case of ROWID).

Each of the external datatypes is described below. Datatypes that are new as of
release 8.0 are described in the section “New OCI 8.0 External Datatypes” on
page 3-18.

The following three types are internal to PL/SQL and cannot be returned as values
by OCI:

« Boolean, SQLT BOL
« Indexed Table, SQLT_TAB
« Record, SQLT _REC
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VARCHAR?2

The VARCHAR?2 datatype is a variable-length string of characters with a maximum
length of 4000 bytes.

Note: If you are using Oracle8 objects, you can work with a special OCIString
external datatype using a set of predefined OCI functions. Refer to Chapter 9,
“Object-Relational Datatypes” for more information about this datatype.

Input

The value_sz parameter determines the length in the OCIBindByName() or
OCIBindByPos() call.

If the value_sz parameter is greater than zero, Oracle obtains the bind variable value
by reading exactly that many bytes, starting at the buffer address in your program.
Trailing blanks are stripped, and the resulting value is used in the SQL statement or
PL/SQL block. If, in the case of an INSERT statement, the resulting value is longer
than the defined length of the database column, the INSERT fails, and an error is
returned.

Note: A trailing null is not stripped. Variables should be blank-padded but not
null-terminated.

If the value_sz parameter is zero, Oracle treats the bind variable as a null, regardless
of its actual content. Of course, a null must be allowed for the bind variable value
in the SQL statement. If you try to insert a null into a column that has a NOT NULL
integrity constraint, Oracle issues an error, and the row is not inserted.

When the Oracle internal (column) datatype is NUMBER, input from a character
string that contains the character representation of a number is legal. Input
character strings are converted to internal numeric format. If the VARCHAR?2
string contains an illegal conversion character, Oracle returns an error and the
value is not inserted into the database.

Output

Specify the desired length for the return value in the value_sz parameter of the
OCIDefineByPos() call, or the value_sz parameter of OCIBindByName() or
OCIBindByPos() for PL/SQL blocks. If zero is specified for the length, no data is
returned.

If you omit the rlenp parameter of OCIDefineByPos(), returned values are blank-
padded to the buffer length, and nulls are returned as a string of blank characters.
If rlenp is included, returned values are not blank-padded. Instead, their actual
lengths are returned in the rlenp parameter.
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To check if a null is returned or if character truncation has occurred, include an
indicator parameter in the OCIDefineByPos() call. Oracle sets the indicator
parameter to -1 when a null is fetched and to the original column length when the
returned value is truncated. Otherwise, it is set to zero. If you do not specify an
indicator parameter and a null is selected, the fetch call returns the error code
OCI_SUCCESS_WITH_INFO. Retrieving diagnostic information on the error will
return ORA-1405.

See Also: For more information about indicator variables, see the section
“Indicator Variables” on page 2-29.

You can also request output to a character string from an internal NUMBER
datatype. Number conversion follows the conventions established by National
Language Support for your system. For example, your system might be configured
to recognize a comma rather than period as the decimal point.

NUMBER

You should not need to use NUMBER as an external datatype. If you do use it,
Oracle returns numeric values in its internal 21-byte binary format and will expect
this format on input. The following discussion is included for completeness only.

Note: If you are using objects in Oracle8, you can work with a special
OCINumber datatype using a set of predefined OCI functions. Refer to
Chapter 9, “Object-Relational Datatypes” for more information about this
datatype.

Oracle stores values of the NUMBER datatype in a variable-length format. The first
byte is the exponent and is followed by 1 to 20 mantissa bytes. The high-order bit of
the exponent byte is the sign bit; it is set for positive numbers. The lower 7 bits
represent the exponent, which is a base-100 digit with an offset of 65.

Each mantissa byte is a base-100 digit, in the range 1..100. For positive numbers, the
digit has 1 added to it. So, the mantissa digit for the value 5 is 6. For negative
numbers, instead of adding 1, the digit is subtracted from 101. So, the mantissa
digit for the number -5 is 96 (101-5). Negative numbers have a byte containing 102
appended to the data bytes. However, negative numbers that have 20 mantissa
bytes do not have the trailing 102 byte. Because the mantissa digits are stored in
base 100, each byte can represent 2 decimal digits. The mantissa is normalized;
leading zeroes are not stored.

Up to 20 data bytes can represent the mantissa. However, only 19 are guaranteed to
be accurate. The 19 data bytes, each representing a base-100 digit, yield a maximum
precision of 38 digits for an Oracle NUMBER.
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INTEGER

FLOAT

If you specify the datatype code 2 in the dty parameter of an OCIDefineByPos() call,
your program receives numeric data in this Oracle internal format. The output
variable should be a 21-byte array to accommodate the largest possible number.
Note that only the bytes that represent the number are returned. There is no blank
padding or null termination. If you need to know the number of bytes returned,
use the VARNUM external datatype instead of NUMBER. See the description of
VARNUM on on page 3-13 for examples of the Oracle internal number format.

The INTEGER datatype converts numbers. An external integer is a signed binary
number; the size in bytes is system dependent. The host system architecture
determines the order of the bytes in the variable. A length specification is required
for input and output. If the number being returned from Oracle is not an integer,
the fractional part is discarded, and no error or other indication is returned. If the
number to be returned exceeds the capacity of a signed integer for the system,
Oracle returns an "overflow on conversion" error.

The FLOAT datatype processes numbers that have fractional parts or that exceed
the capacity of an integer. The number is represented in the host system’s floating-
point format. Normally the length is either four or eight bytes. The length
specification is required for both input and output.

The internal format of an Oracle number is decimal, and most floating-point
implementations are binary; therefore Oracle can represent numbers with greater
precision than floating-point representations.

Note: You may receive a round-off error when converting between FLOAT and
NUMBER. Thus, using a FLOAT as a bind variable in a query may return an
ORA-1403 error. You can avoid this situation by converting the FLOAT into a
STRING and then using datatype code 1 or 5 for the operation.
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STRING

The null-terminated STRING format behaves like the VARCHAR?2 format
(datatype code 1), except that the string must contain a null terminator character.
This datatype is most useful for C programs.

Input

The string length supplied in the OCIBindByName() or OCIBindByPos() call limits
the scan for the null terminator. If the null terminator is not found within the length
specified, Oracle issues the error

ORA-01480: trailing null missing from STR bind value

If the length is not specified in the bind call, the OCI uses an implied maximum
string length of 4000.

The minimum string length is two bytes. If the first character is a null terminator
and the length is specified as two, a null is inserted in the column, if permitted.
Unlike types 1 and 96, a string containing all blanks is not treated as a null on
input; it is inserted as is.

Note: Unlike earlier versions of the OCI, in release 8.0 you cannot pass -1 for
the string length parameter of a null-terminated string.

Output

A null terminator is placed after the last character returned. If the string exceeds
the field length specified, it is truncated and the last character position of the
output variable contains the null terminator.

A null select-list item returns a null terminator character in the first character
position. An ORA-01405 error is possible, as well.
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VARNUM

LONG

VARCHAR

The VARNUM datatype is like the external NUMBER datatype, except that the first
byte contains the length of the number representation. This length does not include
the length byte itself. Reserve 22 bytes to receive the longest possible VARNUM.
Set the length byte when you send a VARNUM value to Oracle.

Table 3 - 3 shows several examples of the VARNUM values returned for numbers
in an Oracle table.

Table 3-3 VARNUM Examples

Decimal Exponent Mantissa Terminator
Value Length Byte Byte Bytes Byte

0 1 128 n/a n/a

5 2 193 6 n/a

-5 3 62 96 102

2767 3 194 28, 68 n/a

-2767 4 61 74,34 102
100000 2 195 1 n/a
1234567 5 196 2,24,46, 68 n/a

The LONG datatype stores character strings longer than 4000 bytes. You can store
up to two gigabytes (27°31-1 bytes) in a LONG column. Columns of this type are
used only for storage and retrieval of long strings. They cannot be used in
functions, expressions, or WHERE clauses. LONG column values are generally
converted to and from character strings.

The VARCHAR datatype stores character strings of varying length. The first two
bytes contain the length of the character string, and the remaining bytes contain the
string. The specified length of the string in a bind or a define call must include the
two length bytes, so the largest VARCHAR string that can be received or sent is
65533 bytes long, not 65535. For converting longer strings, use the LONG
VARCHAR external datatype.
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ROWID

The ROWID datatype identifies a particular row in a database table. ROWID can be
a select-list item in a query; for example:

SELECT rowid, ename, sal FROM emp FOR UPDATE OF sal
In this case, you use the returned ROWID in further INSERT, UPDATE, or DELETE
statements. This can be the fastest way to access a particular row.

In the Oracle8 OCI, you access ROWIDs through the use of a ROWID descriptor,
which you can use as a bind or define variable. See the sections “Descriptors and
Locators” on page 2-12 and “Positioned Updates and Deletes” on page 2-31 for
more information about the use of the ROWID descriptor.

DATE

The DATE datatype can update, insert, or retrieve a date value using the Oracle
internal date binary format. A date in binary format contains seven bytes, as shown
in Table 3-4.

Table 3-4 Format of the DATE Datatype

Byte 1 2 3 4 5 6 7
Meaning Century Year Month Day Hour Minute  Second
Example 119 192 11 30 16 18 1

(for 30-NOV-1992,

3:17 PM)

The century and year bytes are in an excess-100 notation. Dates Before Common
Era (BCE) are less than 100. The era begins on 01-JAN-4712 BCE, which is Julian
day 1. For this date, the century byte is 53, and the year byte is 88. The hour,
minute, and second bytes are in excess-1 notation. The hour byte ranges from 1 to
24, the minute and second bytes from 1 to 60. If no time was specified when the
date was created, the time defaults to midnight (1, 1, 1).

When you enter a date in binary format using the DATE external datatype, the
database does not do consistency or range checking. All data in this format must be
carefully validated before input.

Note: There is little need to use the Oracle external DATE datatype in ordinary
database operations. It is much more convenient to convert DATES into
character format, because the program usually deals with data in a character
format, such as ‘DD-MON-YY".
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RAW

VARRAW

LONG RAW

When a DATE column is converted to a character string in your program, it is
returned using the default format mask for your session, or as specified in the
INIT.ORA file.

Note: If you are using objects in Oracle8, you can work with a special OCIDate
datatype using a set of predefined OCI functions. Refer to Chapter 9, “Object-
Relational Datatypes” for more information about this datatype.

The RAW datatype is used for binary data or byte strings that are not to be
interpreted by Oracle, for example, to store graphics character sequences. The
maximum length of a RAW column is 2000 bytes. For more information, see the
Oracle8 SQL Reference.

When RAW data in an Oracle table is converted to a character string in a program,
the data is represented in hexadecimal character code. Each byte of the RAW data is
returned as two characters that indicate the value of the byte, from *00’ to 'FF’. If
you want to input a character string in your program to a RAW column in an
Oracle table, you must code the data in the character string using this hexadecimal
code.

You can use the piecewise capabilities provided by OCIDefineByPos(),
OCIBindByName(), OCIBindByPos(), OCIStmtGetPiecelnfo(), and
OCIStmtSetPiecelnfo() to perform inserts, updates, or fetches involving RAW (or
LONG RAW) columns.

Note: If you are using objects in Oracle8, you can work with a special OCIRaw
datatype using a set of predefined OCI functions. Refer to Chapter 9, “Object-
Relational Datatypes” for more information about this datatype.

The VARRAW datatype is similar to the RAW datatype. However, the first two
bytes contain the length of the data. The specified length of the string in a bind or a
define call must include the two length bytes. So the largest VARRAW string that
can be received or sent is 65533 bytes long, not 65535. For converting longer strings,
use the LONG VARRAW external datatype.

The LONG RAW datatype is similar to the RAW datatype, except that it stores raw
data with a length up to two gigabytes (2°31-1 bytes).
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UNSIGNED

The UNSIGNED datatype is used for unsigned binary integers. The size in bytes is
system dependent. The host system architecture determines the order of the bytes
in a word. A length specification is required for input and output. If the number
being output from Oracle is not an integer, the fractional part is discarded, and no
error or other indication is returned. If the number to be returned exceeds the
capacity of an unsigned integer for the system, Oracle returns an "overflow on
conversion™ error.

LONG VARCHAR

The LONG VARCHAR datatype stores data from and into an Oracle LONG
column. The first four bytes of a LONG VARCHAR contain the length of the item.
So, the maximum length of a stored item is 2731-5 bytes.

LONG VARRAW

The LONG VARRAW datatype is used to store data from and into an Oracle LONG
RAW column. The length is contained in the first four bytes. The maximum length
is 2°31-5 bytes.

CHAR

The CHAR datatype is a string of characters, with a maximum length of 2000.
CHAR strings are compared using blank-padded comparison semantics (see the
Oracle8 SQL Reference).

Input
The length is determined by the value_sz parameter in the OCIBindByName() or
OCIBindByPos() call.

Note: The entire contents of the buffer (value_sz chars) is passed to the
database, including any trailing blanks or nulls.

If the value_sz parameter is zero, Oracle treats the bind variable as a null, regardless
of its actual content. Of course, a null must be allowed for the bind variable value
in the SQL statement. If you try to insert a null into a column that has a NOT NULL
integrity constraint, Oracle issues an error and does not insert the row.

Negative values for the value_sz parameter are not allowed for CHARSs.

When the Oracle internal (column) datatype is NUMBER, input from a character
string that contains the character representation of a number is legal. Input
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CHARZ

character strings are converted to internal numeric format. If the CHAR string
contains an illegal conversion character, Oracle returns an error and does not insert
the value. Number conversion follows the conventions established by National
Language Support settings for your system. For example, your system might be
configured to recognize a comma (,) rather than a period (.) as the decimal point.

Output

Specify the desired length for the return value in the value_sz parameter of the
OCIDefineByPos() call. If zero is specified for the length, no data is returned.

If you omit the rlenp parameter of OCIDefineByPos(), returned values are blank
padded to the buffer length, and nulls are returned as a string of blank characters.
If rlenp is included, returned values are not blank padded. Instead, their actual
lengths are returned in the rlenp parameter.

To check whether a null is returned or if character truncation has occurred, include
an indicator parameter or array of indicator parameters in the OCIDefineByPos()
call. An indicator parameter is set to -1 when a null is fetched and to the original
column length when the returned value is truncated. Otherwise, it is set to zero. If
you do not specify an indicator parameter and a null is selected, the fetch call
returns an ORA-01405 error.

See Also: For more information about indicator variables, see “Indicator
Variables” on page 2-29

You can also request output to a character string from an internal NUMBER
datatype. Number conversion follows the conventions established by the National
Language Support settings for your system. For example, your system might use a
comma (,) rather than a period (.) as the decimal point.

The CHARZ external datatype is similar to the CHAR datatype, except that the
string must be null terminated on input, and Oracle places a null-terminator
character at the end of the string on output. The null terminator serves only to
delimit the string on input or output; it is not part of the data in the table.

On input, the length parameter must indicate the exact length, including the null
terminator. For example, if an array in C is declared as

charmy_numf] ="12345";

then the length parameter when you bind my_nummust be seven. Any other value
would return an error for this example.
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MLSLABEL

Trusted Oracle provides the MLSLABEL datatype, which stores Trusted Oracle’s
internal representation of labels generated by multilevel secure operating systems.
Trusted Oracle uses labels to control database access.

You can define a column using the MLSLABEL datatype in Oracle8 for
compatibility with Trusted Oracle applications, but the only valid value for the
column in Oracle8 is NULL.

See the Trusted Oracle Server Administrator’s Guide for more information about the
MLSLABEL datatype and Trusted Oracle.

New OCI 8.0 External Datatypes

The following new external datatypes are being introduced with release 8.0. These
datatypes are not supported when connect to an Oracle7 server.

Note: Both internal and external datatypes have Oracle-defined constant values
(e.g., SQLT_NTY, SQLT_REF) corresponding to their datatype codes. Although
the constants are not listed for all of the types in this chapter, they are used in
this section when discussing new Oracle8 datatypes. The datatype constants
are also used in other chapters of this guide when referring to these new types.

Note: Named data types and REFs are only available if you have purchased the
Oracle8 Enterprise Edition.

NAMED DATA TYPE

Named data types are user-defined types which are specified with the CREATE

TYPE command in SQL. Examples include object types, varrays, and nested tables.
In the OCI, “named data type” refers to a host language representation of the type.
The SQLT_NTY datatype code is used when binding or defining named data types.

In a C application, named data types are represented as C structs. These structs can
be generated from types stored in the database by using the Object Type Translator.
These types correspond to OCI_TYPECODE_OBJECT.

See Also: For more information about working with named data types in the
OCl, refer to Part 2 of this guide.

For information about how named data types are represented as C structs, refer
to Chapter 12, “Using the Object Type Translator”.
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REF

LOB

This is a reference to a named data type. The C language representation of a REF is
a variable declared to be of type OCIRef *. The SQLT_REF datatype code is used
when binding or defining REFs.

Access to REFs is only possible when an OCI application has been initialized in
object mode. When REFs are retrieved from the server, they are stored in the client-
side object cache.

To allocate a REF for use in your application, you should declare a variable to be a
pointer to a REF, and then call OCIObjectNew(), passing OCI_TYPECODE_REF as
the typecode parameter.

See Also: For more information about working with REFs in the OCI, refer to
Part 2 of this guide.

A LOB (Large OBject) stores binary or character data up to 4 gigabytes in length.
Binary data is stored in a BLOB (Binary LOB), and character data is stored in a
CLOB (Character LOB) or NCLOB (National Character LOB).

LOB values may or may not be stored inline with other row data in the database. In
either case, LOBs have the full transactional support of the database server. A
database table stores a LOB locator which points to the LOB value which may be in
a different storage space.

When an OCI application issues a SQL query which includes a LOB column or
attribute in its select-list, fetching the result(s) of the query returns the locator,
rather than the actual LOB value. In the OCI, the LOB locator maps to a variable of
type OClLobLocator.

See Also: For more information about descriptors, including the LOB locator,
see the section “Descriptors and Locators” on page 2-12.

For more information about LOBs refer to the Oracle8 SQL Reference and the
Oracle8 Application Developer’s Guide.

The OCI functions for LOBs take a LOB locator as one of their arguments. The OCI
functions assume that the locator has already been created, whether or not the LOB
to which it points contains data.

Bind and define operations are performed on the LOB locator, which is allocated
with the OCIDescriptorAlloc() function.
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The locator is always fetched first using SQL or OCIObjectPin(), and then
operations are performed using the locator. The OCI functions never take the actual
LOB value as a parameter.

See Also: For more information about OCI LOB functions, see the section “LOB
and FILE Operations” on page 7-24.

The datatype codes available for binding or defining LOBs are:

« SQLT_BLOB - a binary LOB data type.

» SQLT_CLOB - a character LOB data type.

The NCLOB is a special type of CLOB with the following requirements:

« Towrite into or read from an NCLOB, the user must set the character set form
(csfrm) parameter to be SQLCS_NCHAR.

« The *“amount” (amtp) parameter in calls involving CLOBS and NCLOBS is
always interpreted in terms of characters, rather than bytes.

FILE

The FILE datatype provides access to file LOBs that are stored in file systems
outside the Oracle8 database. Oracle8 currently supports access to binary files, or
BFILEs.

A BFILE column or attribute stores a file LOB locator, which serves as a pointer to a
binary file on the server’s file system. The locator maintains the directory alias and
the filename.

Binary file LOBs do not participate in transactions. Rather, the underlying
operating system provides file integrity and durability. The maximum file size
supported is 4 gigabytes.

The database administrator must ensure that the file exists and that Oracle8
processes have operating system read permissions on the file.

The BFILE datatype allows read-only support of large binary files; you cannot
modify a file through Oracle. Oracle8 provides APIs to access file data. The primary
interfaces that you use to access file data are the PL/SQL DBMS_L OB package, and
the OCI.

The datatype code available for binding or defining FILEs is:
« SQLT_BFILE - a binary FILE LOB data type (see the next section)

For more information about directory aliases, refer to the Oracle8 Application
Developer’s Guide.
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BLOB

The BLOB datatype stores unstructured binary large objects. BLOBs can be thought
of as bitstreams with no character set semantics. BLOBs can store up to four
gigabytes of binary data.

BLOBs have full transactional support; changes made through the PL/SQL
DBMS_LOB package, or the OCI participate fully in the transaction. The BLOB
value manipulations can be committed or rolled back. You cannot save a BLOB
locator in a PL/SQL or OCI variable in one transaction and then use it in another
transaction or session.

CLOB

The CLOB datatype stores single-byte character data. Varying-width character sets
are not supported. CLOBs can store up to 4 gigabytes of character data.

CLOBs have full transactional support; changes made through the PL/SQL
DBMS_LOB package or the OCI participate fully in the transaction. The CLOB
value manipulations can be committed or rolled back. You cannot save a CLOB
locator in a PL/SQL or OCI variable in one transaction and then use it in another
transaction or session.

NCLOB An NCLOB is a national character version of a CLOB. It stores fixed-width,
single- or multi-byte national character set character (NCHAR) data. Varying-width
character sets are not supported. NCLOBs can store up to 4 gigabytes of character
text data.

NCLOBs have full transactional support; changes made through the PL/SQL
DBMS_L OB package, or the OCI participate fully in the transaction. NCLOB value
manipulations can be committed or rolled back. You cannot save a NCLOB locator
in a PL/SQL or OCI variable in one transaction and then use it in another
transaction or session.

You cannot create an object with NCLOB attributes, but you can specify NCLOB
parameters in methods.

New C Datatype Mappings

The OCI now includes support for Oracle-defined C datatypes used to map user-
defined datatypes and ADT attributes to C representations (e.g. OCINumber,
OCIArray). The OCI provides a set of calls to operate on these datatypes, and to
use these datatypes in bind and define operations, in conjunction with OCI external
datatype codes. For information on using these Oracle-defined C datatypes, refer to
Chapter 9, “Object-Relational Datatypes”.
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Data Conversions

Table 3-5 shows the supported conversions from internal Oracle datatypes to
external datatypes, and from external datatypes into internal column
representations, for all datatypes available through release 7.3. Information about
data conversions for data types new to release 8.0 is listed here:

REFs stored in the database are converted to SQLT_REF on output.
SQLT_REEF is converted to the internal representation of REFs on input.

Named Data Types stored in the database can be converted to SQLT_NTY (and
represented by a C struct in the application) on output.

SQLT_NTY (represented by a C struct in an application) is converted to the
internal representation of the corresponding type on input.

LOBs and BFILEs are represented by descriptors in OCI applications, so there
are no input or output conversions.

For information about OCIString, OCINumber, and other new Oracle8
datatypes, refer to Chapter 9, “Object-Relational Datatypes”, and Chapter 10,
“Binding and Defining in Object Applications”.

Table 3—-5 Data Conversions

EXTERNAL

INTERNAL DATATYPES

1 2 8 11 12 23 24 96 105
DATATYPES VARCHAR2 NUMBER LONG ROWID  DATE RAW LONG RAW CHAR  MLSLABEL
1 VARCHAR 170 170 170 170(1) I/0(2)  1/0(3)  1/0(3) 170(7)
2 NUMBER 1/0(4) 170 I 1/0(4)

3 INTEGER 1/0(4) 170 [ 170(4)

4 FLOAT 1/0(4) 170 I 1/0(4)

5 STRING 170 170 170 170(1) I/0(2)  1/0(3)  1/0(3,5) 170 170(7)
6 VARNUM 1/0(4) 170 I 1/0(4)

7 DECIMAL 1/0(4) 170 [ 170(4)

8 LONG 170 170 170 170(1) I/0(2)  1/0(3)  1/0(3,5) 170 170(7)
9 VARCHAR 170 170 170 170(1) I/0(2)  1/0(3)  1/0(3,5) 170 170(7)
11 ROWID I I 170 I

12 DATE 170 [ 170 170

15 VARRAW 1/0(6) I(5, 6) 170 170 1/0(6)
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Table 3-5 Data Conversions (Cont.)

INTERNAL DATATYPES

EXTERNAL

1 2 8 11 12 23 24 96 105
DATATYPES VARCHAR2 NUMBER LONG ROWID DATE RAW LONG RAW CHAR MLSLABEL
23 RAW 170(6) 1(5, 6) 170 170 170(6)
24 LONG RAW 0(6) 1(5, 6) 170 170 0o(6)
68 UNSIGNED 170(4) 170 | 170(4)
94 LONG VARCHAR 170 170 170 170(1) 170(2) 1/0(3)  1/0(3,5) 170 170(7)
95 LONG VARRAW 170(6) 1(5, 6) 170 170 170(6)
96 CHAR 170 170 170 170(1) 170(2) 1/03)  1(3) 170 170(7)
97 CHARZ 170 170 170 170(1) 170(2) 170(3) 1(3) 170 170(7)
104 ROWID DESC.
106 MLSLABEL 170(8)
Notes: Legend:
(1) For input, host string must be in Oracle ROWID format. I = Conversion valid for input only

On output, column value is returned in Oracle ROWID format. 0 = Conversion valid for output only

(2) For input, host string must be in the Oracle DATE character format.

On output, column value is returned in Oracle DATE format. 170 = Conversion valid for input or output

(3) For input, host string must be in hex format.

On output, column value is returned in hex format.
(4) For output, column value must represent a valid number.
(5) Length must be less than or equal to 2000.

(6) On input, column value is stored in hex format.
On output, column value must be in hex format.

(7) For input, host string must be a valid OS label in text format.
On output, column value is returned in OS label text format.

(8) For character representation of MLSLABEL, use the TO_CHAR(mIlscolumn) function.
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Typecodes

There is a unique typecode associated with each Oracle8 type, whether scalar,
collection, reference, or object type. This typecode identifies the type, and is used
by Oracle to manage information about object type attributes. This typecode
system is designed to be generic and extensible, and is not tied to a direct one-to-
one mapping to Oracle datatypes. Consider the following SQL statements:

CREATE TYPE my_type AS OBJECT
(arl  NUMBER,
a2 INTEGER,
a3 SMALLINT)
CREATE TABLE my _table AS TABLE OF my type;

These statements create an object type and an object table. When it is created,
my_table will have three columns, all of which are of Oracle NUMBER type,
because SMALLINT and INTEGER map internally to NUMBER. The internal
representation of the attributes of my_type , however, maintains the distinction
between the datatypes of the three attributes: attrl s
OCI_TYPECODE_NUMBER, attr2 is OCI_TYPECODE_INTEGER, and attr3 is
OCI_TYPECODE_SMALLINT. If an application describes my_type , these
typecodes are returned.

OClITypeCode is the C datatype of the typecode. The typecode is used by some
OCI functions, like OCIObjectNew() (where it helps determine what type of object is
created). It is also returned as the value of some attributes when an object is
described; e.g., querying the OCI_ATTR_TYPECODE attribute of a type returns an
OClITypeCode value.

Table 3-6 lists the possible values for an OCITypeCode. There is a value
corresponding to each Oracle8 datatype.

Table 3-6 OCITypeCode Values

Value Datatype
OCI_TYPECODE_REF REF
OCI_TYPECODE_DATE date
OCI_TYPECODE_REAL single-precision real
OCI_TYPECODE_DOUBLE double-precision real
OCI_TYPECODE_FLOAT floating-point
OCI_TYPECODE_NUMBER Oracle number
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Table 3-6 OCITypeCode Values (Cont.)

Value Datatype
OCI_TYPECODE_DECIMAL decimal
OCI_TYPECODE_OCTET octet
OCI_TYPECODE_INTEGER integer
OCI_TYPECODE_SMALLINT smallint
OCI_TYPECODE_RAW RAW

OCI_TYPECODE_VARCHAR?
OCI_TYPECODE_VARCHAR
OCI_TYPECODE_CHAR
OCI_TYPECODE_VARRAY
OCI_TYPECODE_TABLE
OCI_TYPECODE_CLOB
OCI_TYPECODE_BLOB
OCI_TYPECODE_BFILE
OCI_TYPECODE_OBJECT

OCI_TYPECODE_NAMEDCOLLECTION

variable string ANSI SQL, i.e., VARCHAR?2
variable string Oracle SQL, i.e., VARCHAR
fixed-length string inside SQL, i.e. SQL CHAR
variable-length array (varray)

multiset

character large object (CLOB)

binary large object (BLOB)

binary large object file (BFILE)

named object type

Domain (named primitive type)

Relationship Between SQLT and OCI_TYPECODE Values

Oracle recognizes two different sets of datatype code values. One set is
distinguished by the “SQLT _” prefix, the other by the “OCI_TYPECODE_" prefix.

The SQLT typecodes are used by OCI to specify a datatype in a bind or define
operation. In this way, the SQL typecodes help to control data conversions between
Oracle and OCI client applications. The OCI_TYPECODE types are used by
Oracle8’s type system to reference or describe predefined types when manipulating

or creating user-defined types.

In many cases there are direct mappings between SQLT and OCI_TYPECODE
values. In other cases, however, there is not a direct one-to-one mapping. For
example OCI_TYPECODE_SIGNED16, OCI_TYPECODE_SIGNED32,
OCI_TYPECODE_INTEGER, OCI_TYPECODE_OCTET, and
OCI_TYPECODE_SMALLINT are all mapped to the SQLT_INT type.
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The following table illustrates the mappings between SQLT and OCI_TYPECODE
types.

Table 3-7 OCI_TYPECODE to SQLT Mappings

Oracle Type System Typename Oracle Type System Type Equivalent SQLT Type
BFILE OCI_TYPECODE_BFILE SQLT_BFILE

BLOB OCI_TYPECODE_BLOB SQLT_BLOB

CHAR OCI_TYPECODE_CHAR (n) SQLT_AFC(n) [note 1]
CLOB OCI_TYPECODE_CLOB SQLT_CLOB
COLLECTION OCI_TYPECODE_NAMEDCOLLECTION SQLT_NCO

DATE OCI_TYPECODE_DATE SQLT_DAT

FLOAT OCI_TYPECODE_FLOAT (b) SQLT_FLT (8) [note 2]
DECIMAL OCI_TYPECODE_DECIMAL (p) SQLT_NUM (p, 0) [note 3]
DOUBLE OCI_TYPECODE_DOUBLE SQLT_FLT (8)

INTEGER OCI_TYPECODE_INTEGER SQLT_INT (i) [note 4]
NUMBER OCI_TYPECODE_NUMBER (p, 5) SQLT_NUM (p, s) [note 5]
OCTECT OCI_TYPECODE_OCTECT SQLT_INT (1)

POINTER OCI_TYPECODE_PTR <NONE>

RAW OCI_TYPECODE_RAW SQLT_LVB

REAL OCI_TYPECODE_REAL SQLT_FLT (4)

REF OCI_TYPECODE_REF SQLT_REF

OBJECT OCI_TYPECODE_OBJECT SQLT_NTY

SIGNED(8) OCI_TYPECODE_SIGNEDS SQLT_INT (1)
SIGNED(16) OCI_TYPECODE_SIGNED16 SQLT_INT (2)
SIGNED(32) OCI_TYPECODE_SIGNED32 SQLT_INT (4)
SMALLINT OCI_TYPECODE_SMALLINT SQLT_INT (i) [note 4]
TABLE [note 6] OCI_TYPECODE_TABLE SQLT_TAB
UNSIGNED(8) OCI_TYPECODE_UNSIGNEDS SQLT_UIN (1)
UNSIGNED(16) OCI_TYPECODE_UNSIGNED16 SQLT_UIN (2)
UNSIGNED(32) OCI_TYPECODE_UNSIGNED32 SQLT_UIN (4)

VARRAY [note 6] OCI_TYPECODE_VARRAY SQLT_NAR
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Table 3-7 OCI|_TYPECODE to SQLT Mappings (Cont.)

Oracle Type System Typename Oracle Type System Type Equivalent SQLT Type
VARCHAR OCI_TYPECODE_VARCHAR (n) SQLT_CHR (n) [note 1]
VARCHAR? OCI_TYPECODE_VARCHAR?2 (n) SQLT_VCS (n) [note 1]
Notes:

1. n is the size of the string in bytes

2. These are floating point numbers, the precision is given in terms of binary digits. b is the precision of the number in binary digits.
3. This is equivalent to a NUMBER with no decimal places.

4. i is the size of the number in bytes, set as part of an OCI call.

5. p is the precision of the number in decimal digits; s is the scale of the number in decimal digits.

6. Can only be part of a named collection type.

Definitions in  oratypes.h

Throughout this guide you will see references to datatypes like ub2 or sb4, or to
constants like UBAMAXVAL. These types are defined in the oratypes.h header file,
an example of which is included here. The exact contents may vary according to the
platform you are using.

#ifndef ORASTDDEF
#include <stddef.n>

# define ORASTDDEF
#endif

#ifndef ORALIMITS
#include <limits.n>

# define ORALIMITS
#endif

#indef SX_ ORACLE
#define SX_ORACLE
#define SX

#define ORATYPES

#ifndef TRUE
#define TRUE 1
# define FALSE O
#endif

#ifdef lint
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#ifndef mips

# define signed
#endif

#endif

#ifdef ENCORE_88K
#iindef signed

# define signed
#endif

#endif

#if defined(SYSV_386) || defined(SUN_OS)
#ifdef signed

# undef signed

#endif

# define signed

#endif

#ifndef lint

typedef int eword;
typedef unsigned int uword;
typedef signed int sword;
else

#define eword int

#define uword unsigned int
#define sword signed int
#endif

#define EWORDMAXVAL ((eword) INT_MAX)
#define EWORDMINVAL ((eword) 0)
#define UWORDMAXVAL ((uword)UINT_MAX)
#define UWORDMINVAL ((uword)  0)
#define SWORDMAXVAL ((sword) INT_MAX)
#define SWORDMINVAL ((sword) INT_MIN)
#define MINEWORDMAXVAL ((eword) 32767)
#define MAXEWORDMINVAL ((eword) 0)
#define MINUWORDMAXVAL ((uword) 65535)
#define MAXUWORDMINVAL ((uword)  0)
#define MINSWORDMAXVAL ((sword) 32767)
#define MAXSWORDMINVAL ((sword) -32767)

#ifndef lint
# ifdef mips
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typedef signed char ebl;
#else

typedef char ebl;
#endif

typedef unsigned char ubl;
typedef signed char sbl;
#else

#define ebl char

#define ubl unsigned char
#define sbl signed char
#endif

#define EBIMAXVAL ((eb1)SCHAR_MAX)
#define EBIMINVAL (ebl) 0)

#if defined(mips)

#ifndeflint

# define UBIMAXVAL (UCHAR_MAX)
#endif

#endif

#ifndef UBIMAXVAL

#ifdef SCO_UNIX

# define UBIMAXVAL (UCHAR_MAX)
#else

# define UBIMAXVAL ((Ub)UCHAR_MAX)
# endif

#endif

#define UBIMINVAL ((ubl) 0)

#define SBIMAXVAL ((sb1)SCHAR_MAX)
#define SBIMINVAL ((sb1)SCHAR_MIN)
#define MINEBIMAXVAL ((ebl) 127)
#define MAXEBIMINVAL ((ebl) 0)
#define MINUBIMAXVAL ((ubl) 255)
#define MAXUBIMINVAL ((ubl) 0)
#define MINSBIMAXVAL ((sbl) 127)
#define MAXSBIMINVAL ((sbl)-127)

#define UB1BITS CHAR BIT

#define UBIMASK (1 << ((uword)CHAR_BIT))- 1)
typedef unsigned char OraText,

#ifndef LUSEMFC

# define text OraText
#endif
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#ifndef lint

typedef short eb2;
typedef unsigned short  ub2;
typedef signedshort sb2;
#else

#define eb2 short

#define ub2 unsigned short
#define sb2 signed short
#endif

#define EB2ZMAXVAL ((eb2) SHRT_MAX)
#define EB2MINVAL ((€b2)  0)

#define UB2ZMAXVAL ((Ub2)USHRT_MAX)
#define UB2MINVAL (Ub2)  0)

#define SB2MAXVAL ((sb2) SHRT_MAX)
#define SB2MINVAL ((sb2) SHRT_MIN)
#define MINEB2MAXVAL ((eb2) 32767)
#define MAXEB2MINVAL ((€b2) 0)
#define MINUB2ZMAXVAL ((ub2) 65535)
#define MAXUB2MINVAL ((ub2) 0)
#define MINSB2MAXVAL ((sb2) 32767)
#define MAXSB2MINVAL ((sh2)-32767)

#f defined(A_OSF)

#ifndef lint

typedef int eb4;
typedef unsigned int ub4;
typedef signedint sb4;
#else

#define eb4 int

#define ub4 unsigned int
#define sh4 signed int
#endif

#define EBAMAXVAL ((eb4) INT_MAX)
#define EBAMINVAL (eb4) Q)

#define UBAMAXVAL ((ub4) UINT_MAX)
#define UBAMINVAL ((ub4)  0)

#define SBAMAXVAL ((sb4) INT_MAX)
#define SBAMINVAL ((sb4) INT_MIN)

#define MINEBAMAXVAL ((eb4) 2147483647)
#define MAXEBAMINVAL ((eb4) 0)
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#define MINUBAMAXVAL ((ub4) 4294967295)
#define MAXUBAMINVAL ((ub4) 0)

#define MINSBAMAXVAL ((sh4) 2147483647)
#define MAXSBAMINVAL ((sh4)-2147483647)

#else

#ifndef lint

typedef long eb4;
typedef unsigned long ub4;
typedef signed long sb4;
#else

#define eb4 long

#define ub4 unsigned long
#define sb4 signed long
#endif

#define EBAMAXVAL ((eb4) LONG_MAX)
#define EBAMINVAL (eb4) 0)

#define UBAMAXVAL ((Ub4)ULONG_MAX)
#define UBAMINVAL (ub4)  0)

#define SBAMAXVAL ((sb4) LONG_MAX)
#define SBAMINVAL ((sb4) LONG_MIN)
#define MINEBAMAXVAL ((eb4) 2147483647)
#define MAXEBAMINVAL ((eb4) 0)
#define MINUBAMAXVAL ((ub4) 4294967295)
#define MAXUBAMINVAL ((ub4) 0)
#define MINSBAMAXVAL ((sb4) 2147483647)
#define MAXSBAMINVAL ((sb4)-2147483647)
#endif

#ifndef lint

typedef unsigned long ubig_ora;
typedef signed long shig_ora;
#else

#define ubig_ora unsigned long
#define shig_ora signed long
#endif

#define UBIG_ORAMAXVAL ((ubig_ora)ULONG_MAX)
#define UBIG_ORAMINVAL ((ubig_ora)  0)

#define SBIG_ORAMAXVAL ((shig_ora) LONG_MAX)
#define SBIG_ORAMINVAL ((shig_ora) LONG_MIN)
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#define MINUBIG_ORAMAXVAL ((ubig_ora) 4294967295)
#define MAXUBIG_ORAMINVAL ((ubig_ora) 0)

#define MINSBIG_ ORAMAXVAL ((shig_ora) 2147483647)
#define MAXSBIG_ORAMINVAL ((shig_ora)-2147483647)

#define UBIGORABITS  (UB1BITS * sizeof(ubig_ora))
#define SLUSNATIVE
#define SLSBNATIVE

#ifdef SLUBNATIVE

#ifndef lint

typedef unsigned long long ub8;
Helse

#define ub8 unsigned long long
#endif

#define UBBZERO  ((ub8)0)

#define UBSMINVAL  ((ubS)0)
#define UBBMAXVAL ~ ((Ub8)18446744073709551615)

#define MAXUBBMINVAL ((ub8)0)
#define MINUBSMAXVAL ((ub8)18446744073709551615)

#endif

#ifdef SLSSNATIVE

#ifndef lint

typedef signed long long sb8;
#else

#define sh8 signed long long
#endif

#define SB8ZERO  ((sh8)0)

#define SBBMINVAL ~ ((sb8)-9223372036854775808)
#define SBBMAXVAL  ((Sb8) 9223372036854775807)
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#define MAXSBSMINVAL ((sb8)-9223372036854775807)
#define MINSBBMAXVAL ((sb8) 9223372036854775807)

#endif

#undef CONST

#ifdef _olint

# define CONST const

#else

#if defined(PMAX) && defined(_ STDC )

# define CONST const

Helse

# ifdef MBBOPEN

# define CONST const

#else

# if defined(SEQ_PSX) && defined(__STDC )
# define CONST const

# else

# ifdefA_ OSF

# ifdefined(__STDC )
#  define CONST const
# else

#  define CONST
# endif

# else

#

#

#ifdef lint
# define dvoid void
Helse

#ifdef UTS2

# define dvoid char
#else

# define dvoid void
# endif
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#endif

typedef void (igenfp_t)(void ),

#ifndef ORASYSTYPES
#include <sysftypes.h>

# define ORASYSTYPES
#endif

#define boolean int

#ifdef sparc

#define SIZE_TMAXVAL SBAMAXVAL
telse

#define SIZE_TMAXVAL UBAMAXVAL
#endif

#define MINSIZE_TMAXVAL (size_t)65535

#endif
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SQL Statement Processing

This chapter discusses the concepts and steps involved in processing SQL
statements with the Oracle Call Interface.

The following topics are covered in this chapter:

Overview

Processing SQL Statements
Preparing Statements
Binding

Executing Statements
Describing Select-List Items
Defining

Fetching Results
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Overview

Chapter 2 discussed the basic steps involved in any OCI application. This chapter
presents a more detailed look at the specific tasks involved in processing SQL
statements in an OCI program.

Processing SQL Statements

One of the most common tasks of an OCI program is to accept and process SQL
statements. This section outlines the specific steps involved in processing SQL.

Once you have allocated the necessary handles and attached to a server, the basic
steps in processing a SQL statement are the following, as illustrated in Figure 4-1:

1.
2.

6.

Prepare. Define an application request using OCIStmtPrepare().

Bind. For DML statements and queries with input variables, perform one or
more bind calls using OCIBindByPos(), OCIBindByName(), OCIBindObject(),
OCIBindDynamic() or OCIBindArrayOfStruct() to bind the address of each input
variable (or PL/SQL output variable) or array to each placeholder in the
statement.

Execute. Call OCIStmtExecute() to execute the statement. For DDL statements,
no further steps are necessary.

Describe. Describe the select-list items, if necessary, using OCIParamGet() and
OCIAttrGet(). This is an optional step; it is not required if the number of select-
list items and the attributes of each item (such as its length and datatype) are
known at compile time.

Define. For queries, perform one or more define calls to OCIDefineByPos(),
OCIDefineObject(), OCIDefineDynamic(), or OCIDefineArrayOfStruct() to define
an output variable for each select-list item in the SQL statement. Note that you
do not use a define call to define the output variables in an anonymous
PL/SQL block. You have done this when you have bound the data.

Fetch. For queries, call OCIStmtFetch() to fetch the results of the query.

Following these steps, the application can free allocated handles and then detach
from the server, or it may process additional statements.

7.x Upgrade Note: OCI programs no longer require an explicit parse step. If a
statement must be parsed, that step takes place on execute. This means that 8.0
applications must issue an execute command for both DML and DDL
statements.
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Figure 4-1 Steps In Processing SQL Statements

Prepare
—> Statement OCIStmtPrepare()
v OCIBindByName() or OCIBindByPos()
Bind OCIBindObiject()
Placeholders* OCIBindArrayOfStruct()
s OCIBindDynamic()
Execute
—> Statement OCIStmtExecute()
v
Describe OClIParamGet()
Select-list ltems* OCIAttrGet()
v OCIDefineByPos()
Define OCIDefineObject()
Output Variables* OCIDefineArrayOfStruct()
3 OCIDefineDynamic()
Fetch and
Process Data* OCIStmtFetch()

* These steps performed
if necessary

For each of the steps in the diagram, the corresponding OCI function calls are
listed. In some cases multiple calls may be required.

Each step above is described in detail in the following sections.

Note: Some variation in the order of steps is possible. For example, it is
possible to do the define step before the execute if the datatypes and lengths of
returned values are known at compile time. Also, as indicated by the asterisks
(*), some steps may not be required by your application.

Additional steps beyond those listed above may be required if your application
needs to do the following:

— initiate and manage multiple transactions
— manage multiple threads of execution
— perform piecewise inserts, updates, or fetches

These topics are described in Chapter 7.
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Preparing Statements

SQL and PL/SQL statements need to be prepared for execution by using the
statement prepare call and bind calls (if necessary). In this phase, the application
specifies a SQL or PL/SQL statement and binds associated placeholders in the
statement to data for execution. The client-side library allocates storage to maintain
the statement prepared for execution.

An application requests a SQL or PL/SQL statement to be prepared for execution
using the OCIStmtPrepare() call and passing it a previously allocated statement
handle. This is a completely local call, requiring no round-trip to the server. No
association is made at this point between the statement and a particular server.

Following the request call, an application can call OCIAttrGet() on the statement
handle, passing OCI_ATTR_STMT_TYPE to the attrtype parameter, to determine
what type of SQL statement was prepared. The possible attribute values, and
corresponding statement types are listed in Table 4-1.

Table 4-1 OCI_ATTR_STMT_TYPE Values and Statement Types

Attribute Value Statement Type
OCI_STMT_SELECT SELECT statement
OCI_STMT_UPDATE UPDATE statement
OCI_STMT_DELETE DELETE statement
OCI_STMT_INSERT INSERT statement
OCI_STMT_CREATE CREATE statement
OCI_STMT_DROP DROP statement
OCI_STMT_ALTER ALTER statement
OCI_STMT_BEGIN BEGIN... (PL/SQL)
OCI_STMT_DECLARE DECLARE... (PL/SQL)

See Also: For more information on the specifics of using PL/SQL in an OCI
application, see the section “Using PL/SQL in an OCI Program” on page 2-32.

The OCIStmtPrepare() call is described in more detail in Chapter 13, “OCI
Relational Functions”.
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Using Prepared Statements on Multiple Servers

Binding

A prepared application request can be executed on multiple servers at run time by
reassociating the statement handle with the respective service context handles for
the servers. All information cached about the current service context and statement
handle association is lost when a new association is made.

For example, consider an application such as a network manager, which manages
multiple servers. In many cases, it is likely that the same SELECT statement will
need to be executed against multiple servers to retrieve information for display.
The OCI allows the server manager application to prepare a SELECT statement
once and execute it against multiple servers. It must fetch all of the required rows
from each server prior to reassociating the prepared statement with the next server.

Note: If a prepared statement must be reexecuted frequently on the same
server, it is efficient to prepare a new statement for another service context.

Most DML statements, and some queries (such as those with a WHERE clause),
require a program to pass data to Oracle as part of a SQL or PL/SQL statement.
Such data can be constant or literal data, known when your program is compiled.
For example, the following SQL statement, which adds an employee to a database
contains several literals, such as ‘BESTRY’ and 2365:

INSERT INTO emp VALUES
(2365, BESTRY’, PROGRAMMER,, 2000, 20)

Hard coding a statement like this into an application would severely limit its
usefulness. You would need to change the statement and recompile the program
each time you add a new employee to the database. To make the program more
flexible, you can write the program so that a user can supply input data at run time.

When you prepare a SQL statement or PL/SQL block that contains input data to be
supplied at run time, placeholders in the SQL statement or PL/SQL block mark
where data must be supplied. For example, the following SQL statement contains
five placeholders, indicated by the leading colons (e.g., :ename ), that show where
input data must be supplied by the program.

INSERT INTO emp VALUES
(:'empno, :ename, :job, :sal, :deptno)

You can use placeholders for input variables in any DELETE, INSERT, SELECT, or
UPDATE statement, or PL/SQL block, in any position in the statement where you
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can use an expression or a literal value. In PL/SQL, placeholders can also be used
for output variables.

Note: Placeholders cannot be used to represent other Oracle objects such as
tables. For example, the following is not a valid use of the :emp placeholder:

INSERT INTO :emp VALUES
(12345, 'OERTEL', WRITER', 50000, 30)

For each placeholder in the SQL statement or PL/SQL block, you must call an OCI
routine that binds the address of a variable in your program to the placeholder.
When the statement executes, Oracle gets the data that your program placed in the
input, or bind, variables and passes it to the server with the SQL statement.

For detailed information about implementing bind operations, please refer to
Chapter 5, “Binding and Defining”.

Executing Statements

An OCI application executes prepared statements individually using
OCIStmtExecute().

When an OCI application executes a query, it receives data from Oracle that
matches the query specifications. Within the database, the data is stored in Oracle-
defined formats. When the results are returned, an OCI application can request that
data be converted to a particular host language format, and stored in a particular
output variable or buffer.

For each item in the select-list of a query, the OCI application must define an
output variable to receive the results of the query. The define step indicates the
address of the buffer and the type of the data to be retrieved.

Note: If output variables are defined for a SELECT statement before a call to
OCIStmtExecute(), the number of rows specified by the iters parameter are
fetched directly into the defined output buffers and additional rows equivalent
to the prefetch count are prefetched. If there are no additional rows, then the
fetch is complete without calling OCIStmtFetch().

For non-queries, the iters parameter of the OCIStmtExecute() call controls how many
times the statement is executed during array operations. For example, if an array of
10 items is bound to a placeholder for an INSERT statement, and iters is set to 10,

all 10 items will be inserted in a single execute call.

See Also: See the section “Defining” on page 4-11 for more information about
defining output variables.
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Execution Snapshots

The OCIStmtExecute() call provides the ability to ensure that multiple service
contexts operate on the same consistent snapshot of the database’s committed data.
This is achieved by taking the contents of the snap_out parameter of one
OCIStmtExecute() call and passing that value in the snap_in parameter of the next
OCIStmtExecute() call.

Note: Uncommitted data in one service context is not visible to another context,
even when using the same snapshot.

The datatype of both the snap_out and snap_in parameter is OCISnapshot, an OCI
snapshot descriptor. This descriptor is allocated with the OClIDescAlloc() function.

See Also: For more information about descriptors, see the section “Descriptors
and Locators” on page 2-12.

It is not necessary to specify a snapshot when calling OCIStmtExecute(). The
following sample code shows a basic execution in which the snapshot parameters
are passed as NULL.

checkerr(erhp, OCIStmtExecute(svchp, stmthp, errhp, (ub4) 1, (ub4) O,
(OCISnapshot *NULL, (OCISnapshot *) NULL, OCI_DEFAULT))

Note: The checkerr() function evaluates the return code from an OCI
application. The code for the function is listed in the section “Error Handling”
on page 2-25.

Execution Modes
A user can specify one of three modes for the OCIStmtExecute() call:

« OCI_DEFAULT. Calling OCIStmtExecute() in this mode executes the statement.
It also implicitly returns describe information about the select-list.

« OCI_DESCRIBE_ONLY. This mode is for users who wish to describe a query
prior to execution. Calling OCIStmtExecute() in this mode does not execute the
statement, but it does return the select-list description.

« OCI_COMMIT_ON_SUCCESS - When a statement is executed in this mode,
the current transaction is committed after execution, provided that execution
completes successfully.

SQL Statement Processing 4-7



Describing Select-List Items

Describing Select-List Items

If your OCI application is processing a query, you may need to obtain more
information about the items in the select-list. This is particularly true for dynamic
gueries whose contents are not known until run time. In this case, the program may
need to obtain information about the datatypes and column lengths of the select-
list items. This information is necessary to define output variables that will receive
query results.

For example, a user might enter a query such as
SELECT * FROM employees

where the program has no prior information about the columns in the employees
table.

In release 8.0, there are two types of describes available: implicit and explicit. An
implicit describe is one which does not require any special calls to retrieve describe
information from the server (although special calls are necessary to access the
information). An explicit describe is one which requires the application to call a
particular function to bring the describe information from the server.

An application may describe a select-list (query) either implicitly or explicitly.
Other schema elements must be described explicitly.

An implicit describe allows an application to obtain select-list information as an
attribute of the statement handle after a statement has been executed without making a
specific describe call. It is called “implicit”, because no describe call is required. The
describe information comes “free” with the execute.

Users may choose to describe a query explicitly prior to execution. To do this,
specify OCI_DESCRIBE_ONLY as the mode of OCIStmtExecute(). Calling
OCIStmtExecute() in this mode does not execute the statement, but it does return
the select-list description. For performance reasons, however, it is recommended
that applications take advantage of the implicit describe that comes “free” with a
standard statement execution.

An explicit describe with the OClDescribeAny() call obtains information about
schema objects rather than select-lists.

In all cases, the specific information about columns and datatypes is retrieved by
reading handle attributes.

See Also: For information about using OCIDescribeAny() to obtain meta-data
pertaining to schema objects, refer to Chapter 6, “Describing Schema
Metadata”.
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Implicit Describe

After a SQL statement is executed, information about the select-list is available as
an attribute of the statement handle. No explicit describe call is needed.

To retrieve information about select-list items from the statement handle, the
application must call OCIParamGet() once for each position in the select-list to
allocate a parameter descriptor for that position. Select-list positions are 1-based,
meaning that the first item in the select-list is considered to be position number 1.

To retrieve information about multiple select-list items, an application can call
OClIParamGet() with the pos parameter set to 1 the first time, and then iterate the
value of pos and repeat the OCIParamGet() call until OCI_NO_DATA is returned.
An application could also specify any position n to get a column at random.

Once a parameter descriptor has been allocated for a position in the select-list, the
application can retrieve specific information by calling OCIAttrGet() on the
parameter descriptor. Information available from the parameter descriptor includes
the datatype and maximum size of the parameter.

The following sample code shows a loop that retrieves the column names and data
types corresponding to a query following query execution. The query was
associated with the statement handle by a prior call to OCIStmtPrepare().

OClIParam *mypard,

ub4 counter;

ub2 dtype;

text *col_name;

ub4 col_name_len;
sb4 parm_status;

F* Request a parameter descriptor for position 1 in the selectHist */

counter=1;

pam_status = OClIParamGet(stmthp, OCl_HTYPE_STMT, errhp, &mypard,
(ub4) counter);

F* Loop only if a descriptor was successfully retrieved for
cument pasition, starting at 1 */
while (parm_status=—=0CI_SUCCESS){

* Retrieve the data type attribute */

checkerr(erhp, OCIAitrGet((dvoid¥) mypard, (ub4) OCl_DTYPE_PARAM,
(cdvoid*) &ditype,(ub4 *) O, (Ub4) OCI_ATTR_DATA TYPE,
(OClEmor*) emhp ));
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* Retrieve the column name atfribute */

checkem(errhp, OCIAtrGet((dvoid®) mypard, (ub4) OCl_ DTYPE_PARAM,
(dvoid™) &col_name,(ub4 *) &col_ name_len, (ub4) OCI_ATTR_NAME,
(OClError *) emhp));

printf("column=%s datatype=%d\n\n", col_name, dtype);
filush(stdout);

¥ increment counter and get next descriptor, if there is one */

counter++;

pamm _status = OCIParamGet(stmthp, OCl_HTYPE_STMT, errhp, &mypard,

(ub4) counter);

}
Note: Error handling for the initial OCIParamGet() call is not included in this
example. Ellipses (...) indicate portions of code that have been omitted for this
example.

The checkerr() function is used for error handling. The complete listing can be
found in the first sample application in Appendix D, “Code Examples”.

The calls to OCIAttrGet() and OCIParamGet() are local calls that do not require a
network round trip, because all of the select-list information is cached on the client
side after the statement is executed.

See Also: See the descriptions of OCIParamGet() and OCIAttrGet() in
Chapter 13, “OCI Relational Functions”, for more information about these calls.

See the section “Parameter Attributes” on page 6-5 for a list of the specific
attributes of the parameter descriptor which may be read by OCIAttrGet().

Explicit Describe of Queries

Users may choose to describe a query explicitly prior to execution. To do this,
specify OCI_DESCRIBE_ONLY as the mode of OCIStmtExecute(). Calling
OCIStmtExecute() in this mode does not execute the statement, but it does return
the select-list description.

Note: To maximize performance, it is recommended that applications execute
the statement in default mode and use the implicit describe which accompanies
the execution.

The following short example demonstrates the use of this mechanism to perform
an explicit describe of a select-list to return information about the columns in the
select-list. This pseudo-code shows how to retrieve column information (for
example, data type).
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Defining

F initialize svchp, stmhp, errhp, rowoff, iters, snap_in, snap_out */

* setthe execution mode to OCI_DESCRIBE_ONLY. Note that setting the mode to
OCI_DEFAULT does an implicit describe of the statement in addition to executing
the statement*/

OClParam*colhd;  /*column handle */
checkerr(erhp, OCIStmtExecute(svchp, stmhp, emrhp, iters, rowoff,
snap_in, snap_out, OCI_ DESCRIBE_ONLY);

F* Get the number of columns in the query */
checkerr(erhp, OCIAtrGet(stmhp, OCI_HTYPE_STMT, &umcols,
0,0CI_ATTR_PARAM_COUNT, emh));

* go through the column list and retrieve the data type of each column. We
startfrompos=1%
for (i=1;i<=numcals; i++)
{
F get parameter for column i */
checkerr(errhp, OCIParamGet(stmhp, OCI_HTYPE_STMT, erth, &colhd, i));

* get data-type of column i */
checkem(errhp, OClAtrGet(colhd, OCI_ DTYPE_PARAM,
&typefi-1],0, OCI_ATTR_DATA _TYPE, erh));

Query statements return data from the database to your application. When
processing a query, you must define an output variable or an array of output
variables for each item in the select-list from which you want to retrieve data. The
define step creates an association which determines where returned results are
stored, and in what format.

For example, if your OCI statement processes the following statement:
SELECT name, ssn FROM employees
WHERE empno = :empnum

you would normally need to define two output variables, one to receive the value
returned from the name column, and one to receive the value returned from the
ssn column.

For information about implementing define operations, please refer to Chapter 5,
“Binding and Defining”.
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Fetching Results

If an OCI application has processed a query, it is typically necessary to fetch the
results with OCIStmtFetch() after the statement has been executed.

Fetched data is retrieved into output variables that have been specified by define
operations.

Note: If output variables are defined for a SELECT statement before a call to
OCIStmtExecute(), the number of rows specified by the iters parameter is
fetched directly into the defined output buffers.

See Also: These statements fetch data associated with the sample code in the
section “Steps Used in Defining” on page 5-14. Refer to that example for more
information.

For information about defining output variables, see the section “Defining” on
page 5-13.