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Preface

This manual is a comprehensive user’s guide and on-the-job reference to the
Pro*C/C++ Precompiler. It shows you how to use the database language SQL and
Oracle’s procedural extension, PL/SQL, in conjunction with Pro*C/C++ to
manipulate data in an Oracle8 database. It explores a full range of topics, from
underlying concepts to advanced programming techniques, and uses code
examples.

Support for Objects and for the Object Type Translator are available only if you
have purchased the Oracle8 Enterprise Edition with the Objects Option.

Topics are:

What This Guide Has to Offer

Who Should Read This Guide?

How the Pro*C/C++ Guide Is Organized
Conventions Used in This Guide
ANSI/ISO Compliance

Migrating an Application

Your Comments Are Welcome.
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What This Guide Has to Offer

What This Guide Has to Offer

This Guide shows you how the Oracle Pro*C/C++ Precompiler and embedded SQL
can benefit your entire applications development process. It gives you the know-
how to design and develop applications that harness the power of Oracle. And, as
quickly as possible, it helps you become proficient in writing embedded SQL
programs.

An important feature of this Guide is its emphasis on getting the most out of
Pro*C/C++ and embedded SQL. To help you master these tools, this Guide shows
you all the “tricks of the trade” including ways to improve program performance.
It also includes many program examples to better your understanding and
demonstrate the usefulness of embedded SQL and embedded PL/SQL.

Note: You will not find installation instructions or other system-specific infor-
mation in this Guide; refer to your system-specific Oracle documentation.

Who Should Read This Guide?

Anyone developing new applications or converting existing applications to run in
the Oracle environment will benefit from reading this Guide. Written especially for
programmers, this comprehensive treatment of the Oracle Pro*C/C++ Precompiler
will also be of value to systems analysts, project managers, and others interested in
embedded SQL applications. To use this Guide effectively, you need a working
knowledge of applications programming in C or C++. It would be helpful to have
some familiarity with the SQL database language, although this book will Guide
you through most of the complexities of embedded SQL programming.

How the Pro*C/C++ Guide Is Organized

Chapters 1 through 9 present the basics of Pro*C/C++ programming and tell you
how to run the precompiler. For many Pro*C/C++ developers, these chapters are
sufficient to enable them to write useful and powerful Pro*C/C++ applications.

Later chapters offer more detailed descriptions of Pro*C/C++. They describe some
of the more complicated things that you can do with the product, such as writing
Pro*C/C++ programs that use dynamic SQL.

Chapter 1, “Introduction”;

This chapter introduces you to Pro*C/C++. You look at its role in developing
application programs that manipulate Oracle data.

Chapter 2, “Learning the Basics”:
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This chapter explains how embedded SQL programs do their work. You examine
the special environment in which they operate, the impact of this environment on
the design of your applications, the key concepts of embedded SQL programming,
and the steps you take in developing an application.

Chapter 3, “Developing a Pro*C/C++ Application”:

This chapter gives you the basic information you need to develop a Pro*C/C++
application. You learn about migrating from earlier versions. You also learn about
the Oracle datatypes, host variables, indicator variables, data conversion, and how
to take advantage of datatype equivalencing.

Chapter 4, “Advanced Pro*C/C++ Applications”:

This chapter presents advanced topics, such as National Language Support,
connecting to Oracle, concurrent connections, developing multi-threaded
applications, and interfacing to OCI.

Chapter 5, “Using Embedded SQL”:

This chapter teaches you the essentials of embedded SQL programming. You learn
how to use host variables, indicator variables, cursors, cursor variables, and the
fundamental SQL commands that insert, update, select, and delete Oracle data.

Chapter 6, “Using Embedded PL/SQL”:

This chapter shows you how to improve performance by embedding PL/SQL
transaction processing blocks in your program. You learn how to use PL/SQL with
host variables, indicator variables, cursors, stored procedures, host arrays, and
dynamic SQL.

Chapter 7, “Using C++";

This chapter describes how to precompile your C++ application, and lists three
sample Pro*C/C++ programs written using C++.

Chapter 8, “Object Support in Pro*C/C++"

This chapter describes object support features: associative and navigational
interfaces (embedded SQL commands), precompiler options for objects, and
restrictions on the use of Oracle8 types in dynamic SQL.

Chapter 9, “Running the Pro*C/C++ Precompiler™:

This chapter details the requirements for running the Oracle Pro*C/C++
Precompiler. You learn what happens during precompilation, how to issue the
precompiler command, and how to specify the many useful precompiler options.

Chapter 10, “Defining and Controlling Transactions™:
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This chapter describes transaction processing. You learn the basic techniques that
safeguard the consistency of your database.

Chapter 11, “Handling Runtime Errors™:

This chapter discusses error reporting and recovery. It shows you how to use the
SQLSTATE and SQLCODE status variables with the WHENEVER statement to
detect errors and status changes. It also shows you how to use the SQLCA and
ORACA to detect error conditions and diagnose problems.

Chapter 12, “Using Host Arrays™:

This chapter looks at using arrays to improve program performance. You learn how
to manipulate Oracle data using arrays, how to operate on all the elements of an
array with a single SQL statement, and how to limit the number of array elements
processed.

Chapter 13, “Using Dynamic SQL":

This chapter shows you how to take advantage of dynamic SQL. You are taught
three methods—from simple to complex—for writing flexible programs that,
among other things, let users build SQL statements interactively at run time.

Chapter 14, “Using Dynamic SQL: Advanced Concepts”:

This chapter gives you an in-depth explanation of Dynamic SQL Method 4—
dynamic SQL using descriptors. With this technique, your application can process
and execute any SQL statement at runtime.

Chapter 15, “Writing User Exits”:

This chapter focuses on writing user exits for Oracle Tools applications. You learn
about the commands that are used to interface between a forms application and a
Pro*C/C++ user exit, and how to write and link a forms user exit..

Chapter 16, “Using the Object Type Translator”: Discusses the Object Type
Translator (OTT) which maps object types to C structures that are used in
Pro*C/C++ applications. Describes the OTT options, how to use OTT, and the
results.

Appendix A, “New Features”: This appendix highlights the improvements and
new features introduced with this release of Pro*C/C++.

Appendix B, “Oracle Reserved Words, Keywords, and Namespaces™: This
appendix lists words that have a special meaning to Oracle and namespaces that
are reserved for Oracle libraries.
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Appendix C, “Performance Tuning”: This appendix shows you some simple, easy-
to-apply methods for improving the performance of your applications.

Appendix D, “Syntactic and Semantic Checking”: This appendix shows you
how to use the SQLCHECK option to control the type and extent of syntactic and
semantic checking done on embedded SQL statements and PL/SQL blocks.

Appendix E, “System-Specific References”: This appendix documents the aspects
of Pro*C/C++ that can be system-specific.

Appendix F, “Embedded SQL Commands and Directives”: This appendix
contains descriptions of precompiler directives, embedded SQL commands, and
Oracle embedded SQL extensions.

Conventions Used in This Guide

Important terms being defined for the first time are italicized. In discussions,
UPPERCASE is used for database objects and SQL keywords, and italicized
lowercase is used for the names of C variables, constants, and parameters. C
keywords are in bold face type

Notation
The following notation is used in this Guide:

[1] Square brackets enclose optional items in syntax
descriptions.

<> Angle brackets enclose the name of a syntactic element in
syntax descriptions.

{} Braces enclose items, only one of which is required.

| A vertical bar separates options within brackets or braces.
Two dots separate the lowest and highest values in a range.

An ellipsis shows that the preceding parameter can be
repeated or that statements or clauses irrelevant to the discus-
sion were left out.

ANSI/ISO Compliance

The Pro*C/C++ Precompiler complies fully with the ANSIZISO SQL standards.
Compliance with these standards was certified by the National Institute of
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Migrating an Application

Standards and Technology (NIST). To flag extensions to ANSI/ISO SQL, a FIPS
Flagger is provided.

Requirements

ANSI standard X3.135-1992 (known informally as SQL92) provides three levels of
compliance:

« Full SQL
« Intermediate SQL (a subset of Full SQL)
« Entry SQL (a subset of Intermediate SQL)

ANSI standard X3.168-1992 specifies the syntax and semantics for embedding SQL
statements in application programs written in a standard programming language
such as C.

A conforming SQL implementation must support at least Entry SQL. The Oracle
Pro*C/C++ Precompiler does conform to Entry SQL92.

NIST standard FIPS PUB 127-1, which applies to RDBMS software acquired for
federal use, also adopts the ANSI standards. In addition, it specifies minimum
sizing parameters for database constructs and requires a “FIPS Flagger” to identify
ANSI extensions.

For copies of the ANSI standards, write to
American National Standards Institute
1430 Broadway

New York, NY 10018

USA

Migrating an Application
To migrate applications from earlier releases of Pro*C and Pro*C/C++, see Oracle8
Migration.

Your Comments Are Welcome.

The Oracle Corporation technical staff values your Comments. As we write and
revise, your opinions are the most important input we receive. Please use the
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Reader’s Comment Form in this manual to tell us what you like and dislike about
this Oracle publication.
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Introduction

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

What Is an Oracle Precompiler?

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

Why Use SQL?

Why Use PL/SQL?

What Does the Pro*C/C++ Precompiler Offer?

Does the Oracle Pro*C/C++ Precompiler Meet Industry Standards?
Migrating an Application from Earlier Releases

Frequently Asked Questions
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What Is an Oracle Precompiler?

What Is an Oracle Precompiler?

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

Figure 1-1  Embedded SQL Program Development
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Why Use SQL?

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

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

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

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

Although precompiling adds a step to the application development process, it
saves time because the precompiler, not you, translates each embedded SQL
statement into several calls to the Oracle runtime library (SQLLIB).

Why Use SQL?

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

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

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

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

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

Why Use PL/SQL?

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

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

For more information about PL/SQL, including how to embed it in an application
program, see Chapter 6, “Using Embedded PL/SQL”.

What Does the Pro*C/C++ Precompiler Offer?

As Figure 1-2 shows, Pro*C/C++ offers many features and benefits, which help
you to develop effective, reliable applications.
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What Does the Pro*C/C++ Precompiler Offer?

Figure 1-2

For example, Pro*C/C++ allows you to

Features and Benefits

Runtime
Diagnostics

Event
Handling

Oracle Forms,
ReportWriter

Conditional

ANSI C, K&R C,
or C++

compatible
output

Precompilation

Array

Pro*C/C++

ANSI/ISO SQL
Compliance

Dynamic
SQL

Highly
Customized
Application

Precompiler

Operations

Automatic
Datatype
Conversion

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

write your application in C or C++

follow the ANSI/ZISO standards for embedding SQL statements in a high-level

language

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

design and develop highly customized applications
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write multi-threaded applications

automatically convert between Oracle internal datatypes and high-level lan-
guage datatypes

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

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

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

separately precompile several program modules, then link them into one exe-
cutable program

completely check the syntax and semantics of embedded SQL data manipula-
tion statements and PL/SQL blocks

concurrently access Oracle databases on multiple nodes using SQL*Net
use arrays as input and output program variables

conditionally precompile sections of code in your host program so that it can
run in different environments

directly interface with SQL*Forms via user exits written in a high-level lan-
guage

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

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

work with object types in the database
use National Character Set data stored in the database

use Oracle Call Interface functions in your program

To sum it up, the Pro*C/C++ Precompiler is a full-featured tool that supports a
professional approach to embedded SQL programming.
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Does the Oracle Pro*C/C++ Precompiler Meet Industry Standards?

Requirements

SQL has become the standard language for relational database management
systems. This section describes how the Pro*C/C++ Precompiler conforms to SQL
standards established by the following organizations:

« American National Standards Institute (ANSI)

« International Standards Organization (1SO)

« U.S. National Institute of Standards and Technology (NIST)

These organizations have adopted SQL as defined in the following publications:

« ANSI standard X3.135-1992, Database Language SQL

« ISO/IEC standard 9075:1992, Database Language SQL

« ANSI standard X3.135-1989, Database Language SQL with Integrity Enhancement
« ANSI standard X3.168-1989, Database Language Embedded SQL

« ISO standard 9075-1989, Database Language SQL with Integrity Enhancement

« NIST standard FIPS PUB 127-1, Database Language SQL (FIPS is an acronym for
Federal Information Processing Standards)

ANSI standard X3.135-1992 (known informally as SQL92) provides three levels of
compliance:

« Full SQL
« Intermediate SQL (a subset of Full SQL)
« Entry SQL (a subset of Intermediate SQL)

ANSI standard X3.168-1992 specifies the syntax and semantics for embedding SQL
statements in application programs written in a standard programming language
such as Ada, C, COBOL, FORTRAN, Pascal, or PL/]I.

A conforming SQL implementation must support at least Entry SQL. The Oracle
Pro*C/C++ Precompiler does conform to Entry SQL92.

NIST standard FIPS PUB 127-1, which applies to RDBMS software acquired for
federal use, also adopts the ANSI standards. In addition, it specifies minimum
sizing parameters for database constructs and requires a “FIPS Flagger” to identify
ANSI extensions.
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For copies of the ANSI standards, write to
American National Standards Institute
1430 Broadway
New York, NY 10018
USA

For a copy of the ISO standard, write to the national standards office of any ISO
participant. For a copy of the NIST standard, write to

National Technical Information Service
U.S. Department of Commerce
Springfield, VA 22161

USA

Compliance

Under Oracle8, the Pro*C/C++ Precompiler complies 100% with current ANSI/ZISO
standards.

The Pro*C/C++ Precompiler also complies 100% with the NIST standard. It
provides a FIPS Flagger and an option named FIPS, which enables the FIPS
Flagger. For more information, see "FIPS Flagger" on page 1-9.

Certification

NIST tested the Pro*C/C++ Precompiler for ANSI SQL92 compliance using the
SQL Test Suite, which consists of nearly 300 test programs. Specifically, the
programs tested for conformance to the C embedded SQL standard. The result: the
Oracle Pro*C/C++ Precompiler was certified 100% ANSI-compliant for Entry
SQL92.

For more information about the tests, write to
National Computer Systems Laboratory
Attn; Software Standards Testing Program
National Institute of Standards and Technology
Gaithersburg, MD 20899
USA
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FIPS Flagger

According to FIPS PUB 127-1, “an implementation that provides additional
facilities not specified by this standard shall also provide an option to flag
nonconforming SQL language or conforming SQL language that may be processed
in a nonconforming manner.” To meet this requirement, the Pro*C/C++
Precompiler provides the FIPS Flagger, which flags ANSI extensions. An extension
is any SQL element that violates ANSI format or syntax rules, except privilege
enforcement rules. For a list of Oracle extensions to standard SQL, see the Oracle8
Server SQL Reference.

You can use the FIPS Flagger to identify

= nonconforming SQL elements that might have to be modified if you move the
application to a conforming environment

= conforming SQL elements that might behave differently in another processing
environment

Thus, the FIPS Flagger helps you develop portable applications.

FIPS Option

The FIPS precompiler option governs the FIPS Flagger. To enable the FIPS Flagger,
specify FIPS=YES inline or on the command line. For more information about the
FIPS option, see the section "Using the Precompiler Options" on page 9-10.

Migrating an Application from Earlier Releases

There are several semantic changes in database operations between Oracle7 and
Oracle8. For information on how this affects Pro*C/C++ applications, see the
section "Migrating From Earlier Pro*C/C++ Releases" on page 3-9, and the
discussion of the DBMS precompiler option on "DBMS" on page 9-14.

Frequently Asked Questions

This section presents some questions that are frequently asked about Pro*C/C++,
and about Oracle8 in relation to Pro*C/C++. The answers are more informal than
the documentation in the rest of this Guide, but do provide references to places
where you can find the reference material.

Question:
I’m confused by VARCHAR. What’s a VARCHAR?
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Answer:
Here’s a short description of VARCHARS:

VARCHAR?2 A kind of column in the database that contains variable-length character
data. This is what Oracle calls an “internal datatype”, because it’s a possi-
ble column type. See "VARCHAR2" on page 3-20.

VARCHAR An Oracle “external datatype” (datatype code 9). You use this only if
you're doing dynamic SQL Method 4, or datatype equivalencing. See
"VARCHAR" on page 3-22 for datatype equivalencing, and Chapter 14,
“Using Dynamic SQL: Advanced Concepts”.

VARCHAR([n] Thisis a Pro*C/C++ “pseudotype” that you can declare as a host vari-
able in your Pro*C/C++ program. It’s actually generated by Pro*C/C++
as a struct, with a 2-byte length element, and a [n]-byte character array.
See "Declaring VARCHAR Variables" on page 3-43.

varchar[n]

Question:
Does Pro*C/C++ generate calls to the Oracle Call Interface (OCI)?

Answer:

No. Pro*C/C++ generates data structures, and calls to its runtime library: SQLLIB
(libsgl.a in UNIX).

Question:
Then why not just code using SQLLIB calls, and not use Pro*C/C++?

Answer:

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

If you need to do low-level coding, use the OCI. It is supported, and Oracle is
committed to supporting it.

You can also mix OCI and Pro*C/C++. See "SQLLIB Extensions for OCI Release 8
Interoperability" on page 4-55.

Question:
Can | call a PL/SQL stored procedure from a Pro*C/C++ program?
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Answer:

Certainly. See Chapter 6, “Using Embedded PL/SQL”. There’s a demo program
starting on "Calling a Stored Subprogram" on page 6-23.

Question:
Can | write C++ code, and precompile it using Pro*C/C++?

Answer:

Yes. Since Pro*C/C++ release 2.1, you can precompile C++ applications. See
Chapter 7, “Using C++”.

Question:

Can | use bind variables anyplace in a SQL statement? For example, I'd like to be
able to input the name of a table in my SQL statements at runtime. But when | use
host variables, | get precompiler errors.

Answer:

In general, you can use host variables at any place in a SQL, or PL/SQL, statement
where expressions are allowed. See "Referencing Host Variables" on page 3-31. The
following SQL statement, where table_name is a host variable, is illegal:

EXEC S SELECT enang, sal | NTO : nane, :sal ary FROM:tabl e_nane;

To solve your problem, you need to use dynamic SQL. See Chapter 13, “Using
Dynamic SQL”. There is a demo program that you can adapt to do this starting on
"Sample Program: Dynamic SQL Method 1" on page 13-9.

Question:

I am confused by character handling in Pro*C/C++. It seems that there are many
options. Can you help?

Answer:

There are many options, but we can simplify. First of all, if you need compatibility
with previous V1.x precompilers, and with both Oracle V6 and Oracle7, the safest
thing to do is use VARCHAR[N] host variables. See "Declaring VARCHAR
Variables" on page 3-43.
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The default datatype for all other character variables in Pro*C/C++ is CHARZ; see
"CHARZ" on page 3-25. Briefly, this means that you must null-terminate the string
on input, and it is both blank-padded and null-terminated on output.

In release 8.0, the CHAR_MAP precompiler option was introduced to specify the
default mapping of char variables. See "Precompiler Option CHAR_MAP" on page
3-50.

If neither VARCHAR nor CHARZ works for your application, and you need total
C-like behavior (null termination, absolutely no blank-padding), use the TYPE
command and the C typedef statement, and use datatype equivalencing to convert
your character host variables to STRING. See "User-Defined Type Equivalencing"”
on page 3-60. There is a sample program that shows how to use the TYPE
command starting on "Sample Program: Cursor and a Host Structure" on page 3-38.

Question:
What about character pointers? Is there anything special about them?

Answer:

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

What you must do on output is not only allocate the buffer, but pad it out with
some non-null characters, then null-terminate it. On input or output, Pro*C/C++
calls strlen() for the buffer to get the length. See "Pointer Variables" on page 3-41.

Question:
Why doesn’t SPOOL work in Pro*C/C++?

Answer:
SPOOL is a special command used in SQL*Plus. It is not an embedded SQL
command. See "Key Concepts of Embedded SQL Programming" on page 2-2.

Question:
Where can | find the on-line versions of the sample programs?
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Answer:

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

Question:
How can | compile and link my application?

Answer:

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

nmake -f proc. nk sanpl el

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

proc cv_deno userid=scott/tiger sgl check=senantics
nake -f proc.nk cv_deno

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

Question:

I have been told that Pro*C/C++ now supports using structures as host variables.
How does this work with the array interface?

Answer:

You can use arrays inside a single structure, or an array of structures with the array
interface. See "Host Structures” on page 3-34 and "Pointer Variables" on page 3-41.

Question:
Is it possible to have recursive functions in Pro*C/C++, if | use embedded SQL in

the function?

Answer:
Yes. With Pro*C/C++, you can also use cursor variables in recursive functions.
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Question:

Can | use any release of the Oracle Pro*C or Pro*C/C++ Precompiler with any
version of the Oracle Server?

Answer:

No. You can use an older version of Pro*C or Pro*C/C++ with a newer version of
the server, but you cannot use a newer version of Pro*C/C++ with an older version
of the server.

For example, you can use release 2.2 of Pro*C/C++ with Oracle8, but you cannot
use Pro*C/C++ release8.0 with the Oracle7 server.

Question:

When my application runs under Oracle8, | keep getting an ORA-1405 error
(fetched column value is null). It worked fine under Oracle V7. What is happening?

Answer:

You are selecting a null into a host variable that does not have an associated
indicator variable. This is not in compliance with the ANSI/ISO standards, and
was changed beginning with Oracle7.

If possible, rewrite your program using indicator variables, and use indicators in
future development. Indicator variables are described on "Indicator Variables" on
page 3-32.

Alternatively, if precompiling with MODE=0ORACLE and DBMS=V7 or V8, specify
UNSAFE_NULL=YES on the command line (see "UNSAFE_NULL" on page 9-37
for more information) to disable the ORA-01405 message, or precompile with
DBMS=V6.

Question:
Are all SQLLIB functions private?

Answer:

No. There are some SQLLIB functions that you can call to get information about
your program, or its data. The SQLLIB public functions are shown here:
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SQLSQLDAAIIoc() Used to allocate a SQL descriptor array (SQLDA)
for dynamic SQL Method 4.See "How is the
SQLDA Referenced?" on page 14-3.

SQLCDAFromResultSetCursor() Used to convert a Pro*C/C++ cursor variable to
an OCI cursor data area. See "SQLLIB Public
Functions -- New Names" on page 4-36.

SQLSQLDAFree() Used to free a SQLDA allocated using
SQLSQLDAAIloc(). See "SQLLIB Public Functions
-- New Names" on page 4-36 .

SQLCDAToResultSetCursor() Used to convert an OCI cursor data area to a
Pro*C/C++ cursor variable. See "SQLLIB Public
Functions -- New Names" on page 4-36.

SQLErrorGetText() Returns a long error message. See "sglerrm" on
page 11-20.
SQLStmtGetText) Used to return the text of the most recently exe-

cuted SQL statement. See "Obtaining the Text of
SQL Statements” on page 11-32.

SQLLDAGetNamed() Used to obtain a valid Logon Data Area for a
named connection, when OCI calls are used in a
Pro*C/C++ program. See "SQLLIB Public Func-
tions -- New Names" on page 4-36.

SQLLDAGetCurrent() Used to obtain a valid Logon Data Area for the
most recent connection, when OCI calls are used
in a Pro*C/C++ program. See "SQLLIB Public
Functions -- New Names" on page 4-36.

SQLColumnNullCheck() Returns an indication of null status for dynamic
SQL Method 4. See "Handling Null/Not Null
Datatypes" on page 14-17.

SQLNumberPrecV6() Returns precision and scale of numbers. See
"Extracting Precision and Scale" on page 14-16.

SQLNumberPrecV7() A variant of SQLNumberPrecV6(). See "Extracting
Precision and Scale" on page 14-16.

SQLVarcharGetLength() Used for obtaining the padded size of a VAR-
CHAR[nN]. See "Finding the Length of the VAR-
CHAR Array Component” on page 3-46.
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In the preceding list, the functions are thread-safe SQLLIB public functions. Use
these functions in multi-threaded applications. The names of the functions have
been changed for release 8.0, but the old names are still supported in Pro*C/C++,
For more information about these thread-safe public functions (including their old
names), see the table "SQLLIB Public Functions -- New Names" on page 4-36.

Question:
How does Oracle8 support the new Object Types?

Answer:

See the chapters Chapter 8, “Object Support in Pro*C/C++" and Chapter 16,
“Using the Object Type Translator” for how to use Object types in Pro*C/C++
applications.
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Learning the Basics

This chapter explains how embedded SQL programs do their work. You examine
the special environment in which they operate and the impact of this environment
on the design of your applications.

After covering the key concepts of embedded SQL programming and the steps you
take in developing an application, this chapter uses a simple program to illustrate
the main points.

Topics are:

« Key Concepts of Embedded SQL Programming

« Steps in Developing an Embedded SQL Application
« Sample Tables

« Sample Program: A Simple Query

Learning the Basics 2-1



Key Concepts of Embedded SQL Programming

Key Concepts of Embedded SQL Programming

This section lays the conceptual foundation on which later chapters build. It
discusses the following subjects:

« Embedded SQL Statements

« Embedded SQL Syntax

« Static Versus Dynamic SQL Statements

« Embedded PL/SQL Blocks

« Hostand Indicator Variables

« Oracle Datatypes

« Arrays

« Datatype Equivalencing

« Private SQL Areas, Cursors, and Active Sets
« Transactions

« Errors and Warnings

Embedded SQL Statements

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

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

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

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

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

Declarative statements, on the other hand, do not result in calls to SQLLIB and do
not operate on Oracle data. You use them to declare Oracle objects,
communications areas, and SQL variables. They can be placed wherever C or C++
variable declarations can be placed. You treat the ALLOCATE statement, however,
as an executable, not a declarative, statement.

Table 2-1 groups the various embedded SQL statements.

Table 2-1 Embedded SQL Statements
DECLARATIVE STATEMENT PURPOSE

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

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

TYPE* To equivalence datatypes

VAR* To equivalence variables
WHENEVER* To handle runtime errors

Executable SQL

EXECUTABLE STATEMENT PURPOSE

ALLOCATE* To define and control Oracle data
ALTER

ANALYZE

AUDIT

Learning the Basics 2-3



Key Concepts of Embedded SQL Programming

Table 2-1 Embedded SQL Statements

CLOSE

COMMENT

CONNECT*

CONTEXT

CREATE

DROP

ENABLE THREADS

FREE

GRANT

NOAUDIT

RENAME

REVOKE

TRUNCATE

DELETE DML

EXPLAIN PLAN

FETCH*

INSERT

LOCK TABLE

OPEN*

SELECT

UPDATE

COMMIT To process transactions

ROLLBACK

SAVEPOINT

SET TRANSACTION

DESCRIBE* To use dynamic SQL

EXECUTE*

PREPARE*
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Table 2-1 Embedded SQL Statements
ALTER SESSION To control sessions

SET ROLE

*Has no interactive counterpart

Embedded SQL Syntax

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

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

ROLBAXKK WRK: -- interactive
EXEC S ROLLBAXK WRK; -- enbedded

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

Static Versus Dynamic SQL Statements

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

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

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

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

From embedded PL/SQL blocks, you can manipulate Oracle data flexibly and
safely because PL/SQL supports all SQL data manipulation and transaction
processing commands. For more information about PL/SQL, see Chapter 6,
“Using Embedded PL/SQL".

Host and Indicator Variables

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

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

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

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

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

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

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

Oracle Datatypes

Arrays

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

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

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

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

Datatype Equivalencing

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

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

Private SQL Areas, Cursors, and Active Sets

To process a SQL statement, Oracle opens a work area called a private SQL area. The
private SQL area stores information needed to execute the SQL statement. An
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Transactions

identifier called a cursor lets you name a SQL statement, access the information in
its private SQL area, and, to some extent, control its processing.

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

The set of rows returned is called the active set; its size depends on how many rows
meet the query search condition. You use an explicit cursor to identify the row
currently being processed, called the current row.

Imagine the set of rows being returned to a terminal screen. A screen cursor can
point to the first row to be processed, then the next row, and so on. In the same
way, an explicit cursor “points” to the current row in the active set. This allows
your program to process the rows one at a time.

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

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

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

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

Errors and Warnings

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

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

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

stopping.

Steps in Developing an Embedded SQL Application

Figure 2-1 shows the embedded SQL application development process.

Learning the Basics 2-9



Steps in Developing an Embedded SQL Application

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

Sample Data

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

CREATE TABLE DEPT
(DEPTNO NUMBER(2) NOT NULL,
DNAVE  VARCHAR(14)
Lac VARCHARZ( 13))

CREATE TABLE BEWP

(EWNO  NUMBER(4) NOT NULL,
ENAVE  VARCHAR( 10),

JB VARCHAR2( 9) ,

MR NUMVBER( 4) ,

H REDATE DATE,

SAL NUVBER(7, 2) ,

aowl NUVBER 7, 2) ,
DEPTNO  NUMBER(2))

Respectively, the DEPT and EMP tables contain the following rows

of data:

DEPTNO DNAME LQC

10 ACCONTT NG NEW YARK

20 RESEARCH DALLAS

30 SALES CH CAO

40 CPERATI ONS BCSTON

BEVPNO ENAME JAB MR H REDATE SAL. CGOwW DEPTNO
7369 SMTH ABEK 7902 17-DEG 80 800 20
7499 ALLEN SALESVAN 7698 20-FEB-81 1600 300 30
7521 WARD SALESVAN 7698 22-FEB-81 1250 500 30
7566 JONES MANACER 7839 02-APR 81 2975 20
7654 MARTIN SALESVAN 7698 28-SEP-81 1250 1400 30
7698 BLAKE MANAGER 7839 01-MAY-81 2850 30
7782 LARK MANAGER 7839 09-JUN-81 2450 10
7788 SOOIT  ANALYST 7566 19- APR 87 3000 20
7839 K NG PRES DENT 17-NOv-81 5000 10
7844 TURNER SALESVAN 7698 08-SHP-81 1500 30
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7876 ADAVG (AERK 7788 23-MAY-87 1100 20
7900 JAMES QB 7698 03-DEG 81 950 30
7902 FCRD ANALYST 7566 03-DEG 81 3000 20
7934 MLLER QB 7782 23-JAN-82 1300 10

Sample Program: A Simple Query

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

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

You should precompile sample programs using the precompiler option
MODE=0ORACLE.

/ *
*  sanpl el. pc
*
* Pronpts the user for an enpl oyee nunber,
* then queries the emp table for the employee’s
* name, salary and commission. Uses indicator
* variables (in an indicator struct) to determine
* ifthe commission is NULL.

*

¥

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

 Define constants for VARCHAR lengths. */
#defne  UNAME_LEN 20
#defne PWD LEN 40

* Declare variables.No declare section is needed if MODE=ORACLE.*/
VARCHAR  usemame[UNAME_LEN];

FVARCHAR is an Oracle-supplied struct */

varchar passwordPWD_LEN;

Fvarchar can be in lower case also. */
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/*
Define a host structure for the output val ues of a SELECT statenent.
*/

struct {
VARCHAR  enp_nane[ UNAME LEN ;
fl oat sal ary;
fl oat conm Ssi on;

} enprec;

/ *

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

{
short enp_nane_i nd;
short sal _i nd;
short commi nd;

} enprec_ind;

/* lnput host variable. */

int enp_nunber ;

i nt total _queri ed;

/* Include the SQ. Gonmuni cati ons Area.
You can use #include or EXEC SQ | NOLUDE  */
#i ncl ude <sql ca. h>

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

nai n()

{
char tenp_char[32];

/* Qonnect to CRACLE- -
* Qopy the usernane into the VARCHAR
*/
stmepy((char *) usemame.arr, "'SCOTT’, UNAME_LEN);
 Set the length component of the VARCHAR. ¥/
usemame.len = strlen((char *) usemame.ar);
F Copy the password. */
stmepy((char *) password.arr, "TIGER”, PWD_LEN);
password.len = strlen((char *) password.ar);
P Register sgl_error() as the error handler. */
EXEC SQL WHENEVER SQLERROR DO sql_emor"ORACLE error-\n");

P Connectto ORACLE. Program will call sq|_error()
* if an eror occurs when connecting to the default database.

Learning the Basics 2-13



Sample Program: A Simple Query

*/
EXEC SQL. GONNECT : user nane | DENTI Fl ED BY : passwor d;
printf’A\nConnected to ORACLE as user: %s\n”, usemame.ar);
 Loop, selecting individual employee’s results */
total_queried =0;
for ;)
{
 Break out of the inner loop when a
* 1403 ("No data found”) condition occurs.
¥
EXEC SQL WHENEVER NOT FOUND DO break;
for )
{
emp_number=0;
printf’\nEnter employee number (0 to quit): );
gets(temp_char);
emp_number = atoittemp_char);
if emp_number =0)
break;
EXEC SQL SELECT ename, sal, comm
INTO :emprec INDICATOR :emprec_ind
FROMEMP
WHERE EMPNO =:emp_number;

* Print data. */
printfC\n\nEmployee\tSalanAttCommission\n™);
printf(——\t—it \n);

F NulHerminate the output string data. */
emprec.emp_name.anfemprec.emp_name.len] =0}
printf("%6-8s\t%66.2f\ft",

emprec.emp_hame.arr, emprec.salary);
if emprec_ind.comm_ind =-1)
printfCNULL\N");
else
printf(*%66.2n", emprec.commission);

total_queried+;
} Fendinnerfor (;;) */
if emp_number == 0) break;
printf\nNot a valid employee number - try again.\n”);
}*end outer for(;;)) */

printfC\n\nTotal rows retumed was %d.\n", total_queried);
printfAnG'day \n\n\n”);

 Disconnect from ORACLE. ¥/
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BEXEC S COM T WIRK RELEASE;
exit(0);
}
voi d sql _error (nsg)
char *nsg;
{
char err_nsg[ 128] ;
int buf _len, nsg_|en;

BEXEC S WHENEVER SCLERRCR GONTI NUE;
printfAn%s\n”, msg);
buf_len =sizeof (em_msg);
sqlgim(err_msg, &buf_len, &msg_len);
printf(*%.*s\n”, msg_len, emr_msg);
EXEC SQL ROLLBACK RELEASE;
exit(L);
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Developing a Pro*C/C++ Application

This chapter provides the basic information you need to write a Pro*C/C++
program. This chapter covers the following topics:

Support for the C Preprocessor

Migrating From Earlier Pro*C/C++ Releases
Programming Guidelines

Precompile-time Evaluation of Numeric Constants
Oracle Datatypes

Host Variables

Indicator Variables

Host Structures

Pointer Variables

VARCHAR Variables

Handling Character Data

Datatype Conversion

Datatype Equivalencing

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

Pro*C/C++ supports most C preprocessor directives. Some of the things that you
can do using the Pro*C/C++ preprocessor are:

« define constants and macros using the #define directive, and use the defined
entities to parameterize Pro*C/C++ datatype declarations, such as VARCHAR

« read files required by the precompiler, such as sglca.h, using the #include direc-
tive

« define constants and macros in a separate file, and have the precompiler read
this file using the #include directive

How the Pro*C/C++ Preprocessor Works

The Pro*C/C++ preprocessor recognizes most C preprocessor commands, and
effectively performs the required macro substitutions, file inclusions, and
conditional source text inclusions or exclusions. The Pro*C/C++ preprocessor uses
the values obtained from preprocessing, and alters the source output text (the
generated .c output file).

An example should clarify this point. Consider the following program fragment:
#i ncl ude "ny_header. h"

VARCHAR nare[ VC LEN ; /* a Pro*Gsupplied datatype */
char anot her _narne[ VC LEN ; /* a pure C datatype */

Suppose the file my_header.h in the current directory contains, among other things,
the line

#define VCLEN 20
The precompiler reads the file my_header.h, and uses the defined value of VC_LEN
(i.e., 20), declares the structure of name as VARCHAR[20).

char is a native type. The precompiler does not substitute 20 in the declaration of
another_name[VC_LEN].

This does not matter, since the precompiler does not need to process declarations of
C datatypes, even when they are used as host variables. It is left up to the C
compiler’s preprocessor to physically include the file my_header.h, and perform the
substitution of 20 for VC_LEN in the declaration of another_name.
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Preprocessor Directives
The preprocessor directives that Pro*C/C++ supports are:

« #define, to write macros for use by the precompiler and the C or C++ compiler
« #include, to read other source files for use by the precompiler

« #if, to precompile and compile source text based on evaluation of a constant
expression to 0

« #ifdef, to precompile and compile source text conditionally, depending on the
existence of a defined constant

« #ifndef, to exclude source text conditionally
« #endif, to end an #if or #ifdef or #ifndef command

« #else, to select an alternative body of source text to be precompiled and com-
piled, in case an #if or #ifdef or #ifndef condition is not satisfied

« #elif, to select an alternative body of source text to be precompiled and com-
piled, depending on the value of a constant or a macro argument

Directives Ignored

Some C preprocessor directives are not used by the Pro*C/C++ preprocessor. Most
of these directives are not relevant for the precompiler. For example, #pragma is a
directive for the C compiler—the precompiler does not process it. The C
preprocessor directives not processed by the precompiler are:

» #,to convert a preprocessor macro parameter to a string constant

« ##, to merge two preprocessor tokens in a macro definition

« #error, to produce a compile-time error message

« #pragma, to pass implementation-dependent information to the C compiler
« #line, to supply a line number for C compiler messages

While your C compiler preprocessor may support these directives, Pro*C/C++
does not use them. Most of these directives are not used by the precompiler. You
can use these directives in your Pro*C/C++ program if your compiler supports
them, but only in C or C++ code, not in embedded SQL statements or declarations
of variables using datatypes supplied by the precompiler, such as VARCHAR.
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ORA_PROC Macro

Pro*C/C++ predefines a C preprocessor macro called ORA_PROC that you can use
to avoid having the precompiler process unnecessary or irrelevant sections of code.
Some applications include large header files, which provide information that is
unnecessary when precompiling. By conditionally including such header files
based on the ORA_PROC macro, the precompiler never reads the file.

The following example uses the ORA_PROC macro to exclude the irrelevant.h file:

# fndef CRA PROC
#incl ude <irrel evant. h>
#endi f

Because ORA_PROC is defined during precompilation, the irrelevant.h file is never
included.

The ORA_PROC macro is available only for C preprocessor directives, such as
#ifdef or #ifndef. The EXEC ORACLE conditional statements do not share the
same namespaces as the C preprocessor macros. Therefore, the condition in the
following example does not use the predefined ORA_PROC macro:

EXEC GRACLE | FNDEF GRA PRCC
<section of code to be i gnored>
BEXEC (RACLE END F;

ORA_PROC, in this case, must be set using either the DEFINE option or an EXEC
ORACLE DEFINE statement for this conditional code fragment to work properly.

Specifying the Location of Header Files

The Pro*C/C++ Precompiler for each system assumes a standard location for
header files to be read by the preprocessor, such as sqlca.h, oraca.h, and sglda.h. For
example, on most UNIX systems, the standard location is
$ORACLE_HOME/proc/lib. For the default location on your system, see your
system-specific Oracle documentation. If header files that you need to include are
not in the default location, you must use the INCLUDE= option, on the command
line or as an EXEC ORACLE option. See Chapter 9, “Running the Pro*C/C++
Precompiler”, for more information about the precompiler options, and about the
EXEC ORACLE options.

To specify the location of system header files, such as stdio.h or iostream.h, where the
location might be different from that hard-coded into Pro*C/C++ use the
SYS_INCLUDE precompiler option. See Chapter 9, “Running the Pro*C/C++
Precompiler”, for more information.
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Some Preprocessor Examples

You can use the #define command to create named constants, and use them in
place of “magic numbers” in your source code. You can use #defined constants for
declarations that the precompiler requires, such as VARCHAR][const]. For example,
instead of potentially buggy code such as:

VARCHAR enp_nane[ 10] ;
VARCHAR dept | oc[14];

/* much later in the code ... */
f42()

/* did you renenber the correct size? */
VARCHAR new dept _| oc[ 10] ;

}

you can code:

#defi ne ENAME_LEN 10
#define LOCATI ON LEN 14
VARCHAR new enp_nane[ ENAME LEN ;

/* much later in the code ... */
f42()

{
VARCHAR new dept _| oc[ LOCATI ON LEN ;

}

You can use preprocessor macros with arguments for objects that the precompiler
must process, just as you can for C objects. For example:

#def i ne ENAME_LEN 10
#defi ne LOCATI ON LEN 14

#define MX(AB ((A > (B ? (A : (B)

f43()
{
/* need to declare a tenporary variable to hold either an
enpl oyee nane or a departnent |ocation */
VARCHAR nane_| oc_tenp[ MAX(ENAME LEN LOCATION LEN];
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}

You can use the #include, #ifdef and #endif preprocessor directives to
conditionally include a file that the precompiler requires. For example:

#i fdef CRACLE MCCE
# include <sgl ca. h>
#el se

| ong SQLCCCE;
#endi f

Using #define

There are restrictions on the use of the #define preprocessor directive in
Pro*C/C++ You cannot use the #define directive to create symbolic constants for
use in executable SQL statements. The following invalid example demonstrates this:

#defi ne RESEARCH DEPT 40
EXEC SQ. SHECT enpno, sal
I NTO : enp_nunber, :salary /* host arrays */

FROM enp
WHERE dept no = RESEARCH DEPT;  /* INVALID */

The only declarative SQL statements where you can legally use a #defined macro
are TYPE and VAR statements. So, for example, the following uses of a macro are
legal in Pro*C/C++

#defi ne STR LEN 40
typedef char asciiz[ STR LEN;
BEXEC S TYPE asciiz IS STR NJ STR LEN REFERENCE,

EXEC S VAR password 1S STRINJ STR LEN REFERENCE

Other Preprocessor Restrictions

The preprocessor ignores directives # and ## to create tokens that the precompiler
must recognize. You can, of course, use these commands (if your C compiler’s
preprocessor supports them) in pure C code, that the precompiler does not have to
process. Using the preprocessor command ## is not valid in this example:
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#defi ne MMKE COL_NAME A col ## A

BEXEC SQ@ SELECT MAKE GO NAME( 1), MAKE GO NAMK( 2)
INTO:x, :y
FROM t abl el;

The example is incorrect because the precompiler ignores ##.

SQL Statements Not Allowed in #include

Because of the way the Pro*C/C++ preprocessor handles the #include directive, as
described in the previous section, you cannot use the #include directive to include
files that contain embedded SQL statements. You use #include to include files that
contain purely declarative statements and directives; for example, #defines, and
declarations of variables and structures required by the precompiler, such as in
sglca.h.

Including the SQLCA, ORACA, and SQLDA

You can include the sglca.h, oraca.h, and sglda.h declaration header files in your
Pro*C/C++ program using either the C/C++ preprocessor #include command, or
the precompiler EXEC SQL INCLUDE command. For complete information on the
contents of these header files, see Chapter 11, “Handling Runtime Errors”. For
example, you use the following statement to include the SQL Communications
Area structure (SQLCA) in your program with the EXEC SQL option;

EXEC SQL | NOLLEE sql ca;

To include the SQLCA using the C/C++ preprocessor directive, add the following
code:

#i ncl ude <sql ca. h>

When you use the preprocessor #include directive, you must specify the file
extension (such as .h).

Note: If you need to include the SQLCA in multiple places, using the #include
directive, you should precede the #include with the directive #undef SQLCA.
This is because sqlca.h starts with the lines

# fndef SQALCA
#define SQLCA 1

and then declares the SQLCA struct only in the case that SQLCA is not defined.
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When you precompile a file that contains a #include directive or an EXEC SQL
INCLUDE statement, you have to tell the precompiler the location of all files to be
included. You can use the INCLUDE= option, either in the command line, or in the
system configuration file, or in the user configuration file. See Chapter 9, “Running
the Pro*C/C++ Precompiler”, for more information about the INCLUDE
precompiler option , the precedence of searches for included files, and
configuration files.

The default location for standard preprocessor header files, such as sqlca.h, oraca.h,
and sqglda.h, is built into the precompiler. The location varies from system to system.
See your system-specific Oracle documentation for the default location on your
system.

When you compile the .c output file that Pro*C/C++ generates, you must use the
option provided by your compiler and operating system to identify the location of
included files.

For example, on most UNIX systems, you can compile the generated C source file
using the command

cc -0 prognane -|$CRACLE HOME/ sql lib/public ... filenare.c ...

On VAX/OPENVMS systems, you pre-pend the include directory path to the value
in the logical VAXC$INCLUDE.

EXEC SQL INCLUDE and #include Summary

When you use an EXEC SQL INCLUDE statement in your program, the
precompiler includes the source text in the output (.c) file. Therefore, you can have
declarative and executable embedded SQL statements in a file that is included
using EXEC SQL INCLUDE.

When you include a file using #include, the precompiler merely reads the file, and
keeps track of #defined macros.

Warning: VARCHAR declarations and SQL statements are NOT allowed in
#included files. For this reason, you cannot have SQL statements in files that
are included using the Pro*C/C++ preprocessor #include directive.

Defined Macros

If you define macros on the C compiler’s command line, you might also have to
define these macros on the precompiler command line, depending on the
requirements of your application. For example, if you compile with a UNIX
command line such as
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cc -CDEBG. ..

you should precompile using the DEFINE= option, namely
proc DEFl Ne=DEBLG . ..

Migrating From Earlier Pro*C/C++ Releases

Release 8.0 of the Pro*C/C++ Precompiler is compatible with earlier Pro*C and
Pro*C/C++ releases. However, there are several things that you should consider
when you migrate your application from earlier Pro*C/C++ releases. This section
discusses some of these issues.

Character Strings
Many applications have been written under the assumption that character strings
are of varying length (such as VARCHAR?2). By default, Oracle8 uses fixed-length,
blank-padded, 0-terminated character strings (CHARZ), to conform to the current
SQL standards.

If your application assumes that character strings are varying in length (and this is
especially important in the string comparison semantics), then you should
precompile your application using the options DBMS=V8 and
CHAR_MAP=VARCHAR2. See "National Language Support" on page 4-2 for
details.

DBMS=V6 provides Oracle V6 semantics in several areas, not just character string
semantics.

Note: The DBMS option partially replaces the MODE option of the release 1.5
and 1.6 1 Precompilers.

See the description of the DBMS options on "DBMS" on page 9-14 for a complete
list of the effects of the DBMS options.

Deprecated Precompiler Option

In release 8.0, the option value DBMS=V6_CHAR is deprecated (an ANSI term
meaning that it will become obsolete in the next release) and is replaced by the
option CHAR_MAP=VARCHAR?2 (see "Precompiler Option CHAR_MAP" on page
3-50).
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Error Message Codes

Include Files

Output Files

Error and warning codes (PCC errors) are different between earlier releases of
Pro*C/C++ and the current release. See Oracle8 Error Messages for a complete list of
PCC codes and messages.

The runtime messages issued by SQLLIB now have the prefix SQL-, rather than the
RTL- prefix used in earlier Pro*C/C++ and Pro*C releases. The message codes
remain the same as those of earlier releases.

When precompiling with SQLCHECK=FULL, PLS is the prefix used by the
PL/SQL compiler. Such errors are not from Pro*C/C++.

The location of all included files that need to be precompiled must be specified on
the command line, or in a configuration file. (See Chapter 9, “Running the
Pro*C/C++ Precompiler” for complete information about precompiler options and
configuration files.)

For example, if you are developing under UNIX, and your application includes
files in the directory /home/project42/include, you must specify this directory both on
the Pro*C/C++ command line and on the cc command line. You use commands
like these:

proc i nane=ny_app. pc i ncl ude=/ hone/ project42/include . . .
cc -1/ hone/ projectd42/include . . . ny_app.c

or you include the appropriate macros in a makefile. For complete information
about compiling and linking your Pro*C/C++ release 8.0 application, see your
system-specific Oracle documentation.

The output file (.c) is generated in the same directory as the input file.To generate
an output file in a different directory from the input file, use the ONAME option to
explicitly specify the desired location of your output file. For more information, see
"ONAME" on page 9-30.

Indicator Variables

If you are migrating an application from Pro*C release 1.3 or release 1.4, used since
Oracle V6, to Oracle8, there is a major change in behavior if you do not use
indicator variables. Oracle V6 does not return an error if you SELECT or FETCH a
NULL into a host variable that has no associated indicator variable. With Oracle?,
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the normal behavior is that SELECTing or FETCHing a NULL into a host variable
that has no associated indicator variable does cause an error.

The error code is ORA-01405 in SQLCODE and "22002" in SQLSTATE.

To avoid this error without re-coding your application, you can specify DBMS=V6,
or you can specify UNSAFE_NULL=YES (as described on "UNSAFE_NULL" on
page 9-37) with DBMS=V7 or V8 and MODE=0ORACLE. See the description of the
DBMS option on "DBMS" on page 9-14 for complete information.

However, Oracle recommends that you always use indicator variables in new
Pro*C/C++ applications.

Programming Guidelines

C++ Support

Comments

Constants

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

The Pro*C/C++ Precompiler can optionally generate code that can be compiled
using supported C++ compilers. See Chapter 7, “Using C++”, for a complete
explanation of this capability.

You can place C-style Comments (/* ... */) in a SQL statement wherever blanks can
be placed (except between the keywords EXEC SQL). Also, you can place ANSI-
style Comments (- - ...) within SQL statements at the end of a line, as the following
example shows:

EXEC SQL SHECT ENAME, SAL
INTO : enp_nare, :salary -- output host variabl es
FROM BwP
WHERE DEPTNO = : dept _nunber ;

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

An L or | suffix specifies a long integer constant, a U or u suffix specifies an
unsigned integer constant, a 0X or Ox prefix specifies a hexadecimal integer
constant, and an F or f suffix specifies a float floating-point constant. These forms
are not allowed in SQL statements.
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Delimiters
While C uses single quotes to delimit single characters, as in
ch = getchar();
switch (ch)
{
case 'U’: update(); break;
case I insert(); break;
SQL uses single quotes to delimit character strings, as in
EXEC SQL SELECT ENAME, SAL FROM EMP WHERE JOB ='MANAGER;;
While C uses double quotes to delimit character strings, as in
printf(\nG'Day, mate!");
SQL uses double quotes to delimit identifiers containing special or lowercase
characters, as in
EXEC SQL CREATE TABLE "Emp2" (empno number(4), ...);

File Length

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

« complexity of the embedded SQL statements (for example, the number of bind
and define variables)

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

« number of embedded SQL statements

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

Function Prototyping

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

The CODE option, which you can enter on the command line or in a configuration
file, determines the way that the precompiler generates C or C++ code.
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When you precompile your program with CODE=ANSI_C, the precompiler
generates fully prototyped function declarations. For example:

extern void sglora(long *, void *);

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

extern void sglora(/*_long *, void * _*/);

So, make sure to set the precompiler option CODE to KR_C if you use a C compiler
that does not support ANSI C. When the CODE option is set to ANSI_C, the
precompiler can also generate other ANSI-specific constructs; for example, the
const type qualifier.

Host Variable Names

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

For SQL92 standards conformance, restrict the length of host variable names to 18
or fewer characters.

Line Continuation

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

EXEC SQL INSERT INTO dept (deptno, dname) VALUES (50, PURCHAS\
ING);

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

MAXLITERAL Default Value

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

Operators

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

SQL Operator C Operator
NOT !

AND &&

OR 1
Operators also not allowed are:

Type C Operator
address &

bitwise & .M~
compound assignment +=, -=, *=, etc.
conditional ?
decrement -
increment ++
indirection *

modulus %

shift >> <<

Statement Labels

You can associate standard C statement labels (label_name:) with SQL statements, as
this example shows:

EXEC S WHENEVER SQERRCR QGO0 connect _error;
connect _error:

BEXEC S WHENEVER SQLERRCR GONTI NLE
EXEC S ROLBACK RELEASE
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printf("\nlnvalid usernane/ password\n");
exit(1);

Label names can be any length, but only the first 31 characters are significant. Your
C compiler might require a different maximum length. Check your C compiler
user’s guide.

Statement Terminator

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

EXEC S DELETE FROM enp WHERE dept no = : dept _nunber ;

Precompile-time Evaluation of Numeric Constants

Currently, Pro*C/C++ allows numeric literals and simple constant expressions
involving numeric literals to be used when declaring the sizes of host variables
(such as char or VARCHAR), as in the following examples:

#defi ne LENGIH 10
VARCHAR V[ LENGTH ;
char c[LENGH + 1];

You can use numeric constant declarations such as:

const int length = 10;
VARCHAR V[ | engt h] ;
char c[length + 1];

This is highly desirable, especially for programmers who use ANSI or C++
compilers that support such constant declarations.

Pro*C/C++ has always done constant folding of precompile-time evaluable
constant expressions, but it has never allowed the use of a numeric constant
declaration in any constant expression.

Pro*C/C++ supports the use of numeric constant declarations anywhere that an
ordinary numeric literal or macro is used, provided that the macro expands to
some numeric literal.

This is used primarily for declaring the sizes of arrays for bind variables to be used
in a SQL statement.
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Using Numeric Constants in Pro*C/C++

In Pro*C/C++, normal C scoping rules are used to find and locate the declaration
of a numeric constant declaration.

const int g = 30; /* Qobal declaration to both function_1()
and function 2() */
voi d function_1()

{
const int a =10; /* Local declaration only to function 1() */
char x[a];
exec sql select enane into :x fromenp where job =’ PRESI DENT ;
}
voi d function_2()
{
const int a =20; /* Local declaration only to function 2() */
VARCHAR v[ @] ;
exec sql select enane into :v fromenp where job = ' PRESI DENT ;
}
voi d nai n()
{
char nig]; /* The global g */
exec sql select enane into :mfromenp where job = ' PRESI DENT ;

}

Numeric Constant Rules and Examples

Variables which are of specific static types need to be defined with static and
initialized. The following rules must be kept in mind when declaring numeric
constants in Pro*C/C++:

« Theconst qualifier must be used when declaring the constant

« Aninitializer must be used to initialize the value of the constant. This initial-
izer must be precompile-time evaluable.

Any attempt to use an identifier that does not resolve to a constant declaration with
a valid initializer is considered an error.

The following shows examples of what is not permitted and why.

int a;
int b =10;
vol atil e c;
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volatile d = 10;
const e
const f = b;

VARCHAR v1[a]; /* No const qualifier, mssing initializer

VARCHAR v2[ b] ; /* No const qualifier
VARCHAR v3[ c]; /* Not a constant, missing initializer
VARCHAR v4[ d] ; /* Not a constant
VARCHAR V5[ €] ; /* Mssing initializer

VARHAR v6[f]; /* Bad initializer.. b is not a constant

Oracle Datatypes

*/
*/
*/
*/
*/
*/

Oracle recognizes two kinds of datatypes: internal and external. Internal datatypes
specify how Oracle stores column values in database tables, as well as the formats
used to represent pseudocolumn (values such as NULL, SYSDATE, USER, etc.)
values. External datatypes specify the formats used to store values in input and
output host variables. For descriptions of the Oracle datatypes, see PL/SQL User’s

Guide and Reference.

Internal Datatypes

For values stored in database columns, Oracle uses the internal datatypes shown in

Table 3-1

Table 3-1 Oracle Internal Datatypes

Name Description

VARCHAR2 variable-length character string, <= 4000 bytes
NVARCHAR?2 or variable-length single-byte or fixed-width multi-byte
NCHAR VARYING string,<= 4000 bytes

NUMBER numeric value, represented in a binary coded decimal format
LONG variable-length character string <=2**31-1 bytes
ROWID binary value

DATE fixed-length date + time value, 7 bytes

RAW variable-length binary data, <=255 bytes

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

CHAR fixed-length character string, <=2000 bytes
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Table 3-1 Oracle Internal Datatypes

Name Description

NCHAR fixed-length single-byte or fixed-width multi-byte string, <=
2000 bytes

MLSLABEL tag for operating system label, 2-5 bytes

BFILE external file binary data, <=4 Gbytes

BLOB binary data, <=4 Gbytes

CLOB character data, <=4 Ghytes

NCLOB multi-byte character data, <= 4 Gbytes

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

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

Use the LOB datatypes to store unstructured data (text, graphic images, video clips,
and sound waveforms). BFILE data is stored in an operating system file outside the
database. LOB types store locators that specify the location of the data. For more
information, see “Handling LOB Types” on page 4 - 8.

NCHAR and NVARCHAR? are used to store NLS (NATIONAL Language
Support) character data. See "National Language Support” on page 4-2 for a
discussion of these datatypes.

External Datatypes

As shown in Table 3-2, the external datatypes include all the internal datatypes
plus several datatypes that closely match C constructs. For example, the STRING
external datatype refers to a C null-terminated string.
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Table 3-2  Oracle External Datatypes

Name Description

VARCHAR?2 variable-length character string, <=64Kbytes

NUMBER decimal number, represented using a binary-coded floating-
point format

INTEGER signed integer

FLOAT real number

STRING null-terminated variable length character string

VARNUM decimal number, like NUMBER, but includes representation
length component

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

VARCHAR variable-length character string, <= 65533 bytes

ROWID binary value, external length is system dependent

DATE fixed-length date/time value, 7 bytes

VARRAW variable-length binary data, <= 65533 bytes

RAW fixed-length binary data, <= 65533 bytes

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

UNSIGNED unsigned integer

LONG VARCHAR |variable-length character string, <= 2**31-5 bytes

LONG VARRAW variable-length binary data, <= 2**31-5 bytes

CHAR fixed-length character string, <= 255 bytes

CHARZ fixed-length, null-terminated character string, <= 65534 bytes

CHARF used in TYPE or VAR statements to force CHAR to default to
CHAR, instead of VARCHAR2 or CHARZ

MLSLABEL tag for operating system label, 2-5 bytes (Trusted Oracle only)

Brief descriptions of the Oracle datatypes follow.
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VARCHAR?2

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

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

When you precompile using the options DBMS=V6 or CHAR_MAP=VARCHAR?2,
Oracle assigns the VARCHAR?2 datatype to all host variables that you declare as
char[n] or char.

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

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

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

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

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

Oracle can convert NUMBER column values to character values. The length of the
character host variable determines precision. If the host variable is too short for the
number, scientific notation is used. For example, if you SELECT the column value
123456789 into a character host variable of length 6, Oracle returns the value
‘1.2E08".

NUMBER

You use the NUMBER datatype to store fixed or floating-point Oracle numbers.
You can specify precision and scale. The maximum precision of a NUMBER value
is 38; the magnitude range is 1.0E-129 to 9.99E125. Scale can range from -84 to 127.
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NUMBER values are stored in a variable-length format, starting with an exponent
byte and followed by 19 mantissa bytes. The high-order bit of the exponent byte is
a sign bit, which is set for positive numbers. The low-order 7 bits represent the
magnitude.

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

On output, the host variable contains the number as represented internally by
Oracle. To accommodate the largest possible number, the output host variable must
be 21 bytes long. Only the bytes used to represent the number are returned. Oracle
does not blank-pad or null-terminate the output value. If you need to know the
length of the returned value, use the VARNUM datatype instead.

There is seldom a need to use this external datatype.

INTEGER

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

FLOAT

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

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

STRING

The STRING datatype is like the VARCHAR? datatype, except that a STRING
value is always null-terminated. When you precompile using the option
CHAR_MAP=STRING, Oracle assigns the STRING datatype to all host variables
that you declare as char[n] or char.
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On Input Oracle uses the specified length to limit the scan for the null terminator. If
a null terminator is not found, Oracle generates an error. If you do not specify a
length, Oracle assumes the maximum length of 2000 bytes. The minimum length of
a STRING value is 2 bytes. If the first character is a null terminator and the
specified length is 2, Oracle inserts a null unless the column is defined as NOT
NULL,; if the column is defined as NOT NULL, an error occurs. An all-blank value
is stored intact.

On Output Oracle appends a null byte to the last character returned. If the string
length exceeds the specified length, Oracle truncates the output value and appends
a null byte. If a NULL is SELECTed, Oracle returns a null byte in the first character
position.

VARNUM

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

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

Normally, there is little reason to use this datatype.

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

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

VARCHAR

You use the VARCHAR datatype to store variable-length character strings.
VARCHAR variables have a 2-byte length field followed by a <=65533-byte string
field. However, for VARCHAR array elements, the maximum length of the string
field is 65530 bytes. When you specify the length of a VARCHAR variable, be sure
to include 2 bytes for the length field. For longer strings, use the LONG VARCHAR
datatype.
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ROWID

You can use the ROWID datatype to store binary rowids in (typically 13-byte) fixed-
length fields. The field size is port specific. Check your system-specific Oracle
documentation.

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

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

0OOOOO0OE. 000A. 0007

points to the 11th row in the 15th block in the 7th database file.

Typically, you FETCH a rowid into a character host variable, then compare the host
variable to the ROWID pseudocolumn in the WHERE clause of an UPDATE or
DELETE statement. That way, you can identify the latest row fetched by a cursor.
For an example, see "Mimicking CURRENT OF" on page 12-27.

Note: If you need full portability or your application communicates with a non-
Oracle database using Oracle Open Gateway technology, specify a maximum
length of 256 (not 18) bytes when declaring the host variable. Though you can
assume nothing about the host variable’s contents, the host variable will

behave normally in SQL statements.

DATE

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

Table 3-3 DATE Format

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

at 1:23:12 PM
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The century and year bytes are in excess-100 notation. The hour, minute, and
second are in excess-1 notation. Dates before the Common Era (B.C.E.) are less than
100. The epoch is January 1, 4712 B.C.E. For this date, the century byte is 53 and the
year byte is 88. The hour byte ranges from 1 to 24. The minute and second bytes
range from 1 to 60. The time defaults to midnight (1, 1, 1).

Normally, there is little reason to use this datatype.

VARRAW

You use the VARRAW datatype to store variable-length binary data or byte strings.
The VARRAW datatype is like the RAW datatype, except that VARRAW variables

have a 2-byte length field followed by a <=65533-byte data field. For longer strings,
use the LONG VARRAW datatype.

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

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

RAW

You use the RAW datatype to store binary data or byte strings. The maximum
length of a RAW value is 255 bytes.

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

LONG RAW

You use the LONG RAW datatype to store binary data or byte strings. The
maximum length of a LONG RAW value is 2147483647 bytes or two gigabytes.

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

UNSIGNED

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

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

LONG VARRAW

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

CHAR

You use the CHAR datatype to store fixed-length character strings. The maximum
length of a CHAR value is 255 bytes.

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

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

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

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

CHARZ

When DBMS=V7 or V8, Oracle, by default, assigns the CHARZ datatype to all
character host variables in a Pro*C/C++ program. The CHARZ datatype indicates
fixed-length, null-terminated character strings. The maximum length of a CHARZ
value is 255 bytes.
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On input, the CHARZ and STRING datatypes work the same way. You must null-
terminate the input value. The null terminator serves only to delimit the string; it
does not become part of the stored data.

On output, CHARZ host variables are blank-padded if necessary, then null-
terminated. The output value is always null-terminated, even if data must be
truncated.

CHARF

The CHARF datatype is used in EXEC SQL TYPE and EXEC SQL VAR statements.
When you precompile with the DBMS option set to V7 or V8, specifying the
external datatype CHAR in a TYPE or VAR statement equivalences the C type or
variable to the fixed-length, null-terminated datatype CHARZ. When you
precompile with DBMS=V6, the C type or variable is equivalenced to VARCHAR?2.

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

MLSLABEL

You use the MLSLABEL datatype to store variable-length, binary operating system
labels. Trusted Oracle uses labels to control access to data. For more information,
see the Trusted Oracle7 Administrator’s Guide.

You can use the MLSLABEL datatype to define a column. However, with standard
Oracle, such columns can store NULLs only. With Trusted Oracle, you can insert
any valid operating system label into a column of type MLSLABEL.

On Input Trusted Oracle translates the input value into a binary label, which must
be a valid operating system label. If it is not, Trusted Oracle issues an error
message. If the label is valid, Trusted Oracle stores it in the target database column

On Output Trusted Oracle converts the binary label to a character string, which can
be of type CHAR, CHARZ, STRING, VARCHAR, or VARCHAR?2.
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Host Variables

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

A host variable can be any arbitrary C expression that resolves to a scalar type. But,
a host variable must also be an Ivalue. Host arrays of most host variables are also
supported. See "Pointer Variables" on page 3-41 for more information.

Declaring Host Variables

You declare a host variable according to the rules of C, specifying a C datatype
supported by the Oracle program interface. You do not have to declare host
variables in a special Declare Section. However, if you do not use a Declare Section,
the FIPS flagger warns you about this, as the Declare Section is part of the SQL
Standard.

The C datatype must be compatible with that of the source or target database
column. Table 3-4 shows the C datatypes and the pseudotypes that you can use
when declaring host variables. Only these datatypes can be used for host variables.
Table 3-5 shows the compatible Oracle internal datatypes.

Table 3-4  C Datatypes for Host Variables

C Datatype or Pseudotype Description

char single character

char[n] n-character array (string)

int integer

short small integer

long large integer

float floating-point number (usually single
precision)

double floating-point number (always double
precision)

VARCHAR[N] variable-length string
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Table 3-5  C-Oracle Datatype Compatibility
Internal Type C Type Description
VARCHAR2(Y) |char single character
(Note 1)
CHAR(X) char[n] n-byte character array
(Note 1) VARCHAR[N] n-byte variable-length character array
int integer
short small integer
long large integer
float floating-point number
double double-precision floating-point
number
NUMBER int integer
NUMBER(P,S) short small integer
(Note 2)
long large integer
float floating-point number
double double-precision floating-point
number
char single character
char[n] n-byte character array
VARCHAR[N] n-byte variable-length character array
DATE char[n] n-byte character array
VARCHAR[N] n-byte variable-length character array
LONG char[n] n-byte character array
VARCHAR[N] n-byte variable-length character array
RAW(X) unsigned char[n] | n-byte character array
(Note 1) VARCHAR[N] n-byte variable-length character array
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Table 3-5  C-Oracle Datatype Compatibility

Internal Type C Type Description

LONG RAW unsigned char[n] | n-byte character array
VARCHAR[N] n-byte variable-length character array

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

MLSLABEL unsigned char[n] | n-byte character array

VARCHAR[N] n-byte variable-length character array

Notes:

1. X ranges from 1 to 255. 1 is the default value. Y ranges from 1 to 4000.

2. P ranges from 2 to 38. S ranges from -84 to 127.

For a description of the Oracle datatypes, see "Datatype Conversion" on page 3-58.

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

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

Storage-Class Specifiers

Pro*C/C++ lets you use the auto, extern, and static storage-class specifiers when
you declare host variables. However, you cannot use the register storage-class
specifier to store host variables, since the precompiler takes the address of host
variables by placing an ampersand (&) before them. Following the rules of C, you
can use the auto storage class specifier only within a block.

To comply with the ANSI C standard, the Pro*C/C++ Precompiler allows you to
declare an extern char[n] host variable with or without a maximum length, as the
following examples shows:

extern char protocol [ 15];
extern char nsg[];
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However, you should always specify the maximum length. In the last example, if
msg is an output host variable declared in one precompilation unit but defined in
another, the precompiler has no way of knowing its maximum length. If you have
not allocated enough storage for msg in the second precompilation unit, you might
corrupt memory. (Usually, “enough” is the number of bytes in the longest column
value that might be SELECTed or FETCHed into the host variable, plus one byte for
a possible null terminator.)

If you neglect to specify the maximum length for an extern char[ ] host variable, the
precompiler issues a warning message. Also, it assumes that the host variable will
store a CHARACTER column value, which cannot exceed 255 characters in length.
So, if you want to SELECT or FETCH a VARCHAR?2 or a LONG column value of
length greater than 255 characters into the host variable, you must specify a
maximum length.

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

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

Referencing Host Variables

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

char buf [ 15] ;
int enp_nunber ;
float salary;

get s(buf);
enp_nunber = atoi (buf);

EXEC SQL SHECT sal INTO:salary FROM enp
WHERE enpno = : enp_nunber ;

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

i nt enpno;
char enane[ 10] ;
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fl oat sal ;

EXEC S SELECT enane, sal |NTO:enane, :sal FROMenp
WHERE enpno = : enpno;

Restrictions

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

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

#define MAX EMP NUM 9000
int get_dept();

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

Indicator Variables

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

Note: This applies to relational columns, not object types, which are discussed in
Chapter 8, “Object Support in Pro*C/C++".

Using the Keyword INDICATOR

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

:host _variabl e | ND CATCR :indicator_variabl e

which is equivalent to
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An Example

:host _variabl e:indicator _variable

You can use both forms of expression in your host program.

Possible indicator values, and their meanings, are:

0 The operation was successful

-1 A NULL was returned, inserted, or updated.

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

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

able was truncated. In this case, if the host variable is an NLS
multi-byte variable, the indicator value is the original column
length in characters. If the host variable is not an NLS variable,
then the indicator length is the original column length in bytes.

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

BEXEC SQ. BEA N DECLARE SECTI O\
int enp_nunber ;
float salary, commission;
short coomind; /* indicator variable */
BEXEC SQ. BEND DEQLARE SECTI ON
char tenp[16];
float pay; /* not used in a SQL statenent */

printf("Emwl oyee nunber? ");

get s(tenp);

enp_nunber = atof (tenp);

BEXEC SQ. SELECT SAL, GOMM
I NTO : sal ary, :comm ssion:ind _comm
FROM BWP
WHERE EMPNO = : enp_nunber ;
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i f(ind_comm==-1) [* commission is null */
pay = sal ary;

el se
pay = sal ary + conm ssi on;

For more information about using indicator variables, see "Using Indicator
Variables" on page 5-3.

Guidelines

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

= be declared explicitly (in the Declare Section if present) as a 2-byte integer
= be prefixed with a colon (:) in SQL statements

« immediately follow its host variable in SQL statements and PL/SQL blocks
(unless preceded by the keyword INDICATOR)

An indicator variable must not
« be prefixed with a colon in host language statements
« follow its host variable in host language statements

= be an Oracle reserved word

Oracle Restrictions

When DBMS=V6, Oracle does not issue an error if you SELECT or FETCH a null
into a host variable that is not associated with an indicator variable. However,
when DBMS=V7 or V8, if you SELECT or FETCH a null into a host variable that
has no indicator, Oracle issues the following error message:

(RA-01405: fetched col um value is NULL

When precompiling with MODE=ORACLE and DBMS=V7 or V8 specified, you
can specify UNSAFE_NULL=YES to disable the ORA-01405 message. For more
information, see "UNSAFE_NULL" on page 9-37.

Host Structures

You can use a C structure to contain host variables. You reference a structure
containing host variables in the INTO clause of a SELECT or a FETCH statement,
and in the VALUES list of an INSERT statement. Every component of the host
structure must be a legal Pro*C/C++ host variable, as defined in Table 3-4.
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When a structure is used as a host variable, only the name of the structure is used
in the SQL statement. However, each of the members of the structure sends data to
Oracle, or receives data from Oracle on a query. The following example shows a
host structure that is used to add an employee to the EMP table:

typedef struct

{
char enp_nane[11]; /* one greater than col um |ength */
int  enp_nunber;
int dept _nunber ;
float sal ary;
} enp_record;

/* define a newstructure of type "enp_record" */
enp_record new enpl oyee;

strcpy(new _enpl oyee. enp_nane, "CGHEN');
new _enpl oyee. enp_nunber = 9876;
new_enpl oyee. dept _nunber = 20;

new _enpl oyee. sal ary = 4250. 00;

EXEC SQL | NSERT | NTO enp (enane, enpno, deptno, sal)
VALUES (: new _enpl oyee) ;

The order that the members are declared in the structure must match the order that
the associated columns occur in the SQL statement, or in the database table if the
column list in the INSERT statement is omitted.

For example, the following use of a host structure is invalid, and causes a runtime
error:

st ruct

{
int enpno;
float sal ary; /* struct conponents in wong order */
char enp_nare[ 10] ;

} enp_record;

SELECT enpno, enane, sal
I NTO : enp_record FROM enp;

The example is wrong because the components of the structure are not declared in

the same order as the associated columns in the select list. The correct form of the
SELECT statement is
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SELECT enpno, sal, enane /* reverse order of sal and enane */
I NTO : enp_record FROM enp;

Host Structures and Arrays

An array is a collection of related data items, called elements, associated with a
single variable name. When declared as a host variable, the array is called a host
array. Likewise, an indicator variable declared as an array is called an indicator array.
An indicator array can be associated with any host array.

Host arrays can increase performance by letting you manipulate an entire
collection of data items with a single SQL statement. With few exceptions, you can
use host arrays wherever scalar host variables are allowed. Also, you can associate
an indicator array with any host array.

For a complete discussion of host arrays, see Chapter 12, “Using Host Arrays”.

You can use host arrays as components of host structures. In the following
example, a structure containing arrays is used to INSERT three new entries into the
EMP table:

struct

{
char enp_nane[ 3][ 10] ;
int enp_nunber[3];
int dept_nunber[3];

} enp_rec;

strcpy(enp_rec. enp_nane[ 0], "ANQETIL");
strcpy(enp_rec. enp_nane[ 1], "MERCKX');
strcpy(enp_rec. enp_nare[ 2], "HNAUT');

enp_rec. enp_nunber[0] = 1964; enp_rec. dept_nunber[0] = 5;
enp_rec. enp_nunber[1] = 1974; enp_rec. dept_nunber[1] = 5;
enp_rec. enp_nunber[2] = 1985; enp_rec. dept_nunber[2] = 5;

EXEC SQL | NSERT | NTO enp (enang, enpno, dept no)
VALUES (:enp_rec);

PL/SQL Records
You cannot use a C struct as a host variable for a PL/SQL RECORD variable.
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Nested Structures and Unions
You cannot nest host structures. The following example is invalid:

struct

{
i nt enp_nunber;
struct
{

float salary;
fl oat corm ssion;
} sal _info; /* ITNVALID */
int dept_nunber;
} enp_record;

EXEC SQ. SHLECT enpno, sal, conmm deptno
I NTO : enp_record
FRQM enp;

Also, you cannot use a C union as a host structure, nor can you nest a union in a
structure that is to be used as a host structure.

Host Indicator Structures

When you need to use indicator variables, but your host variables are contained in
a host structure, you set up a second structure that contains an indicator variable
for each host variable in the host structure.

For example, suppose you declare a host structure student_record as follows:

st ruct

{
char s_nane[ 32];
int sid;
char grad_date[9];
} student _record;

If you want to use the host structure in a query such as

EXEC SQL SELECT student _nane, student_i dno, graduation date
I NTO : st udent _record
FROM col | ege_enrol | nent
WHERE st udent i dno = 7200;

and you need to know if the graduation date can be NULL, then you must declare
a separate host indicator structure. You declare this as
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st ruct

{

short s _nane_ind; /* indicator variables nust be shorts */
short s_id. ind;
short grad date_ind;

} student _record_ind;

Reference the indicator structure in the SQL statement in the same way that you
reference a host indicator variable:

EXEC SQL SELECT student _nane, student_i dno, graduation date
I NTO : student _record | ND CATCR : student _record_i nd
FROM col | ege_enrol | nent
WHERE st udent i dno = 7200;

When the query completes, the NULL/NOT NULL status of each selected
component is available in the host indicator structure.

Note: This Guide conventionally names indicator variables and indicator struc-
tures by appending _ind to the host variable or structure name. However, the
names of indicator variables are completely arbitrary. You can adopt a different
convention, or use no convention at all.

Sample Program: Cursor and a Host Structure

The demonstration program in this section shows a query that uses an explicit
cursor, selecting data into a host structure. This program is available inthe file
sample2.pc in your demo directory.

/
sanpl e2. pc

This programconnects to CRACLE, decl ares and opens a cursor,
fetches the nanes, salaries, and commssions of all
sal espeopl e, displays the results, then closes the cursor.

I T

*
~

# ncl ude <stdio. h>
#i ncl ude <sql ca. h>

#defi ne UNAME_LEN 20
#defi ne PWD LEN 40
/ *

* Use the precompiler typedefing capability to create
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* null-termnated strings for the authenticati on host

*variables. (This isn't really necessary—plain char *s
* does work as well. This is just for illustration.)

¥

typedef char asciizPWD_LEN];

EXEC SQL TYPE asciiz IS STRING(PWD_LEN) REFERENCE;
asciz  usemame;
asciz password;

structemp_info

{
asciz emp_name;
float salary;
float commission;

I3

F* Declare function to handle unrecoverable errors. */
void sql_error();

main()
{
structemp_info *emp_rec_ptr;

 Allocate memory foremp_info struct. */
if (emp_rec_ptr=
(structemp_info *) malloc(sizeof(struct emp_info))) = 0)
{
fprintf(stderr, "Memory allocation error.\n");
exit(1);
}

 Connectto ORACLE. ¥/
strepy(usemame, "SCOTT);
strepy(password, "TIGER);

EXEC SQL WHENEVER SQLERROR DO sq_ermor('ORACLE efror-");

EXEC SQL CONNECT :usemame IDENTIFIED BY :password;
printf\nConnected to ORACLE as user: %s\n", usemame);

 Declare the cursor. All static SQL explicit cursors
* contain SELECT commands. 'salespeople’ is a SQL identifier,
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* not a (Q host variable.
*/
EXEC SQL. DEQLARE sal espeopl e QURSCR FCR
SHECT ENAVE, SAL, COm
FROM BwP
WHERE JOB LIKE 'SALESY;

F Openthe cursor. */
EXEC SQL OPEN salespeople;

 Get ready to print results. */
printf(\n\nThe company’s salespeople are—\n\n");
printf("Salesperson Salary Commission\n”);
printf(" — ),

F Loop, fetching all salesperson’s statistics.
* Cause the program to break the loop when no more
* data can be retrieved on the cursor.
*
EXEC SQL WHENEVER NOT FOUND DO break;

for ;)
{
EXEC SQL FETCH salespeople INTO :emp_rec_ptr;
printf('%6-115%9.2%613.2fn", emp_rec_pir->emp_name,
emp_rec_ptr->salary, emp_rec_ptr->commission);
}

F Close the cursor. */
EXEC SQL CLOSE salespeaple;

printf(\nAmvederci\n\n';

EXEC SQL COMMIT WORK RELEASE;
exit(0);
}

void
sql_error(msg)
char*msg;
{
charemr_msg[512];
intbuf_len, msg_len;

3-40 Pro*C/C++ Precompiler Programmer’s Guide



Pointer Variables

BEXEC S WHENEVER SQLERRCR GONTI NUE;
printf("\n%\n", nsg);

/[* Gl sglgln{) to get the conplete text of the
* error nessage.

*/
buf | en = sizeof (err_nsg);
sql gl n{err_nsg, &uf _len, &g | en);
printf("%*s\n", nsg_len, err_nsg);
BEXEC SQ. RO.LBACK RELEASE,
exit(1);

}

Pointer Variables

C supports pointers, which “point” to other variables. A pointer holds the address
(storage location) of a variable, not its value.

Declaring Pointer Variables
You define pointers as host variables following the normal C practice, as the next
example shows:

int *int_ptr;
char *char_ptr;

Referencing Pointer Variables
In SQL statements, prefix pointers with a colon, as shown in the following example:

EXEC S SHECT intcol INTO:int_ptr FROM. ..

Except for pointers to character strings, the size of the referenced value is given by
the size of the base type specified in the declaration. For pointers to character
strings, the referenced value is assumed to be a null-terminated (also known as 0-
terminated) string. Its size is determined at run time by calling the strlen() function.
For details, see the section "Handling Character Data" on page 3-50.
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You can use pointers to reference the members of a struct. First, declare a pointer
host variable, then set the pointer to the address of the desired member, as shown
in the example below. The datatypes of the struct member and the pointer variable
must be the same. Most compilers will warn you of a mismatch.

st ruct

{ . .
int i;
char c;

} structvar;

int *i_ptr;

char *c_ptr;

rral n()

{

i_ptr = &structvar.i;
c_ptr = &structvar.c;
[* We i_ptr and c_ptr in SQL statenents. */

Structure Pointers
You can use a pointer to a structure as a host variable. The following example

« declares a structure

« declares a pointer to the structure

« allocates memory for the structure

= uses the struct pointer as a host variable in a query

« dereferences the struct components to print the results

struct BW_REC

{
i nt enp_nunber;
float sal ary;

b

char *nane = "H NALLT";

struct BEMP_REC *sal _rec;
sal_rec = (struct BEMP_REC *) nal | oc(si zeof (struct EMP_REQ);

EXEC SQ SHECT enpno, sal INTO:sal _rec
FROM enp
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WHERE enane = : nane;

printf("Emwl oyee nunber and salary for %: ", nane);
printf("%l, %)\n", sal_rec->enp_nunber, sal _rec->sal ary);

In the SQL statement, pointers to host structures are referred to in exactly the same
way as a host structure. The ““address of” notation (&) is not required; in fact, it is
an error to use it.

VARCHAR Variables

You can use the VARCHAR pseudotype to declare variable-length character
strings. When your program deals with strings that are output from, or input to,
VARCHAR2 or LONG columns, you might find it more convenient to use
VARCHAR host variables instead of standard C strings. The datatype nhame
VARCHAR can be uppercase or lowercase, but it cannot be mixed case. In this
Guide, uppercase is used to emphasize that VARCHAR is not a native C datatype.

Declaring VARCHAR Variables

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

VARCHAR  user naneg[ 20] ;

into the following struct with array and length members:

st ruct

{

unsi gned short |en;
unsi gned char  arr[20];
} user nane;

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

usemame.anusemame.len] =0}

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

printf('Usemame is %.%s\n’", usemame.len, usemame.ar);
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You specify the maximum length of a VARCHAR variable in its declaration. The
length must lie in the range 1..65,533. For example, the following declaration is
invalid because no length is specified:

VARHAR  nul | _string[]; /* invalid */
The length member holds the current length of the value stored in the array
member.

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

VARCHAR enp_nane[ ENAME LEN, dept _| oc[ DEPT_NAME LEN ;

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

You can also declare pointers to VARCHAR datatypes. See the section "Handling
Character Data" on page 3-50.

Do not attempt to use a typedef statement such as :

typedef VARCHAR buf [ 64] ;

This causes errors during the C compilation.

Referencing VARCHAR Variables

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

int part _nunber ;
VARCHAR  part_desc[40];

rral n()

{

EXEC SQL SH ECT pdesc | NTO : part _desc
FROMparts
WHERE pnum = : part _nunber ;

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

In C statements, you reference VARCHAR variables using the component names,
as the next example shows:
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printf("\n\nEnter part description: ");
gets(part_desc.arr);
/* You nust set the length of the string

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

Returning NULLs to a VARCHAR Variable

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

Note: If you select a NULL into a VARCHAR host variable, and there is no asso-
ciated indicator variable, an ORA-01405 error occurs at run time. Avoid this by
coding indicator variables with all host variables. (As a temporary fix, use the
DBMS=V6 or UNSAFE_NULL=YES precompiler option. See "DBMS" on page
9-14).

Inserting NULLs Using VARCHAR Variables

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

Passing VARCHAR Variables to a Function

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

VARCHAR enp_nane[ 20] ;

enp_nane. | en = 20;

SH ECT enane | NTO : enp_nane FROM enp

WHERE enpno = 7499;

print _enpl oyee_nane(&np_nane); /* pass by pointer */
print _enpl oyee_nane( nane)

VARCHAR * nane;
{
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printf("nane is %*s\n", name->len, nane->arr);

Finding the Length of the VARCHAR Array Component

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

VARCHAR ny_var char[ 12] ;
is expanded by the precompiler to

struct ny_varchar

{

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

h

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

The sglvep() function—part of the SQLLIB runtime library—returns the actual
(possibly padded) length of the array member.

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

The syntax of sglvep() is

sql vep(size t *datlen, size t *totlen);

Put the length of the VARCHAR in the first parameter before calling sglvep(). When
the function returns, the second parameter contains the total length of the array

element. Both parameters are pointers to long integers, so must be passed by
reference.

Sample Program: Using sqlvcp()

The following sample program shows how you can use the sglvep() function in a
Pro*C/C++ application. (The sample also uses the sqlgls() function, which is
described in Chapter 11, “Handling Runtime Errors”.) The sample declares a
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VARCHAR pointer, then uses the sqlvcp() function to determine the size required
for the VARCHAR buffer. The program FETCHes employee names from the EMP
table and prints them. Finally, the sample uses the sqlgls() function to print out the
SQL statement and its function code and length attributes. This program is
available on-line as sqglvcp.pc in your demo directory.

/

VARCHARS.

E S . T . . . R .

The sql vcp. pc programdenonstrat es how you can use the
sqlvep() function to determine the actual size of a
VARCHAR struct. The size is then used as an offset to
increnent a pointer that steps through an array of

This programal so demonstrates the use of the sql gl s()
function, to get the text of the last SQL statenent executed.
sqlgls() is described in the "Eror Handling" chapter of

* _The Programmer’s Guide to the Oracle Pro*C/C++ Precompiler.

¥

#include <stdio.h>
#include <sglca.h>
#include <sgcpr.h>

P Fake a VARCHAR pointer type. */

structmy vc_ptr
{
unsigned shortlen;
unsigned char an{32767];

¥

 Define atype for the VARCHAR pointer */
typedef structmy_vc_ptrmy_vc_ptr;
my_vc_pir*vc_pir;

EXEC SQL BEGIN DECLARE SECTION;
VARCHAR *names;

int  limit; /forusein FETCH FOR clause *
char *usemame = "scottftiger";

EXEC SQL END DECLARE SECTION;

void sql_error();

extemn void sgivep(), salals();

main()
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unsi gned int vcpl en, function_code, padl en, buflen;
int i;
char stnt_buf[120];

EXEC S WHENEVER SQLERRXR DO sql _error();

EXEC SQL. GONNECT : user nang;
printf("\nGnnected.\n");

/* F nd nunber of rows in table. */
BEXEC S SH.ECT QANT(*) INTO:linmt FROM enp;

/* Declare a cursor for the FETCH statenent. */
BEXEC S DEALARE enp_nane_cur sor AURSCR FCR
SH ECT enane FROM enp;
EXEC S FCR :limt CPEN enp_nane_cursor;

/[* Set the desired DATA length for the VARGHAR */
vepl en = 10;

[* e SQAMP to help find the length to mall oc. */
sql vep(&cpl en, &padl en);
printf("Actual array length of VAROHAR is %d\n", padlen);

/* Alocate the names buffer for nanes.
Set the limt variable for the FCR cl ause. */
nanes = (VARCHAR *) nal | oc((sizeof (short) +
(int) padlen) * limt);
if (names = 0)
{
printf("Mnory allocation error.\n");
exit(1);
}
/[* Set the maxi numlengths before the FETCH
* Note the "trick” to get an effective VARCHAR *.
*/
for (vc_ptr = (ny_vc_ptr *) pnanes, i =0; i <limt; i+
{
vc_ptr->len = (short) padl en;
vc_ptr = (ny_vc_ptr *)((char *) vc_ptr +
padl en + sizeof (short));

}
/* Execute the FETCH */
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/*

/*

EXEC S FCR :limt FETCH enp_nane_cursor | NTO : nanes;

Print the results. */
printf("Enpl oyee names--\n");

for (vc_ptr = (ny_vc_ptr *) panes, i =0; i <limt; i+
{
printf
("%*s\t(%)\n", vc_ptr->len, vc_ptr->arr, vc_ptr->len);
vc_ptr = (ny_vc_ptr *)((char *) vc_ptr +
padl en + sizeof (short));

}

Get statistics about the nost recent

SQ statenent using SQLAS. Note that

the nost recent statenent in this exanpl e

is not a FETCH but rather "SHECT ENAME FROM BW!
(the cursor).

buflen = (long) sizeof (stn_buf);
The returned val ue should be 1, indicating no error. */

sql gl s(stni_buf, &uflen, & unction_code);
if (buflen !=0)

{
/* Print out the SQL statenent. */
printf("The SQL statenent was--\n%=*s\n", buflen, stm_buf);
/* Print the returned length. */
printf("The statenent length is %d\n", buflen);
/* Print the attributes. */
printf("The function code is %d\n", function_code);
BXEC SO COMW T RELEASE,
exit(0);
}
el se
{
printf("The SQLAS function returned an error.\n");
BXEC S ROLLBACK RELEASE;
exit(1);
}
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voi d
sql _error()

char err_nsg[512];
int buf _len, nsg_|en;

EXEC SO WENEVER SQLERRCR OONTI NLE:

buf | en = sizeof (err_nsg);
sql gl n{err_nsg, &uf _|en, &sg | en);
printf("%*s\n", nsg_len, err_nsg);

BEXEC SQ. ROLLBACK RELEASE,
exit(1);

Handling Character Data

This section explains how the Pro*C/C++ Precompiler handles character host
variables. There are four host variable character types:

« character arrays

= pointers to strings

=  VARCHAR variables

« pointers to VARCHARSs

Do not confuse VARCHAR (a host variable data structure supplied by the
precompiler) with VARCHAR?2 (an Oracle internal datatype for variable-length
character strings).

Precompiler Option CHAR_MAP

The CHAR_MAP precompiler command line option is available to specify the
default mapping of char[n] and char host variables. In Oracle V6, these host
variables were mapped to VARCHAR?2 by default. Oracle7 and Oracle8 map them
to CHARZ. CHARZ implements the ANSI Variable Character format. Strings are
fixed-length, blank-padded and 0-terminated. VARCHAR?2 values (including
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NULLSs) are always fixed-length and blank-padded. Table 3-6 shows the possible

settings of CHAR_MAP:

Table 3-6 CHAR_MAP Settings

CHAR_MAP
Setting Is Default for | Description
VARCHAR2 DBMS=V6 All values (including NULL) are fixed-
length blank-padded.
CHARZ DBMS=V?7, Fixed-length blank-padded, then 0-ter-
DBMS=V8 minated. Conforms to the ANSI Vari-
able Character type.
STRING New format 0-terminated. Conforms to ASCIIZ for-
mat used in C programs.
CHARF Previously, Fixed-length blank-padded. NULL is
only through left unpadded. Conforms to the ANSI
VAR or TYPE |Fixed Character type.
declarations.

When you specify DBMS=V6, any option you use for CHAR_MAP, other than
VARCHAR2, results in an error. The default mapping is
CHAR_MAP=VARCHARZ2, which was the case in previous versions of Pro*C/C++.

The option DBMS=V6_CHAR, which Oracle introduced in Pro*C/C++ 2.2 to obtain
default mapping of character host variables to VARCHAR?Z, is being deprecated
(will become obsolete). Use CHAR_MAP=VARCHAR?2 instead.

Inline Usage of the CHAR_MAP Option

Unless you declared a char or char[n] variable otherwise, the inline CHAR_MAP
option determines its mapping. The following code fragment illustrates the results
of setting this option inline in Pro*C:

char ch_array[5];

strncpy(ch_array, "12345", 5);

/* char_nmap=charz is the default in Qacle7 and O acl e8 */
EXEC CGRACLE CPTI ON (char _nap=char z) ;

/* Select retrieves a string "AB' fromthe dat abase */
SQ SHECT ... INTO:ch array FROM... WERE ... ;

Fch aray={'A,B,"”,",\0'}*
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strncpy (ch_array, "12345", 5);

EXEC CGRACLE CPTI ON (char _nap=string) ;

/* Select retrieves a string "AB' fromthe dat abase */
EXEC S SHECT ... INTO:ch array FROM... WERE ... ;
Fch_ amay=—{'A,'B,\0,'4,'5'}*

strepy(ch_array, "12345", 5);

EXEC ORACLE OPTION (char_map=charf);

 Select retrieves a string "AB" from the database */

EXEC SQL SELECT ... INTO :ch_array FROM ... WHERE ...;
Fch amay={'A,B,","," }*/

Effect of the DBMS and CHAR_MAP Options

The DBMS and CHAR_MAP options determine how Pro*C/C++ treats data in
character arrays and strings. These options allows your program to observe
compatibility with ANSI fixed-length strings, or to maintain compatibility with
previous releases of Oracle and Pro*C/C++ that use variable-length strings. See
Chapter 9, “Running the Pro*C/C++ Precompiler” for a complete description of
the DBMS and CHAR_MAP options.

The DBMS option affects character data both on input (from your host variables to
the Oracle table) and on output (from an Oracle table to your host variables).

Character Array and the CHAR_MAP Option

The mapping of character arrays can also be set by the CHAR_MAP option
independent of the DBMS option. By default, DBMS=V6 uses
CHAR_MAP=VARCHAR? (the only option permitted for V6), while DBMS=V7 or
DBMS=V8 both use CHAR_MAP=CHARZ, which can be overridden by specifying
either CHAR_MAP=VARCHAR?2 or STRING or CHARF.

On Input

Character Array On input, the DBMS option determines the format that a host
variable character array must have in your program. When the
CHAR_MAP=VARCHAR2, (or DBMS=V6), host variable character arrays must be
blank padded, and should not be 0-terminated. When the DBMS=V7 or V8§,
character arrays must be null-terminated ("O\").

When the CHAR_MAP option is set to VARCHARZ2, or DBMS is set to V6, trailing
blanks are stripped up to the first non-blank character before the value is sent to the
database. Note that an uninitialized character array can contain null characters. To
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make sure that the nulls are not inserted into the table, you must blank-pad the
character array to its length. For example, if you execute the statements :

char enp_nane[ 10] ;

strcpy(enp_nane, "MLLER'); /* WRON@ Note no bl ank- paddi ng */
EXEC SQL | NSERT | NTO enp (enpno, enang, deptno) VALUES
(1234, :enp_nanme, 20);

you will find that the string "MILLER" was inserted as "MILLER\O\O\O\0O" (with
four null bytes appended to it). This value does not meet the following search
condition:

... WHERE ename ='MILLER;;

To INSERT the character array when DBMS is set to V6 or CHAR_MAP is set to
VARCHARZ2, you should execute the statements

stmcpy(emp_name, "MILLER ", 10); /* 4 trailing blanks */
EXEC SQL INSERT INTO emp (empno, ename, deptno) VALUES
(1234, :emp_name, 20);

When DBMS=V7 or V8, input data in a character array must be null-terminated. So,
make sure that your data ends with a null.

charemp_name[11]; /*Note: one greater than column size of 10*

strepy(emp_name, "MILLER");  * No blank-padding required */

EXEC SQL INSERT INTO emp (empno, ename, deptno) VALUES
(1234, :emp_name, 20);

Character Pointer The pointer must address a null-terminated buffer that is large
enough to hold the input data. Your program must allocate enough memory to do
this.

On Input

The following example illustrates all possible combinations of the effects of the
CHAR_MAP option settings on the value retrieved from a database into a character
array.

Assume a database
TABLE strdbase ( ..., strval VARCHAR2(6);
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which contains the following strings in the column strval:

-- string of length O

"AB' -- string of length 2
"KI NG' -- string of length 4
"QUEEN'" -- string of length 5
"MLLER" -- string of length 6

In a Pro*C/C++ program, initialize the 5-character host array str with "X’ characters
and use for the retrieval of all the values in column strval:

d,]ar w[S] :{YXV’ IXI’ VXI’YXI, 1XY} ;
shortstr_ind;

EXEC SQL SELECT strval INTO strstr_ind WHERE .. ;

with the following results for the array, str, and the indicator variable, str_ind, as
CHAR_MAP is set to VARCHAR?2, CHARF, CHARZ and STRING:

srval="" "AB" "KING" "QUEEN"' "MILLER"

VARCHAR2" "-1"AB "0 "KING" 0"QUEEN" 0"MILLE" 6
CHARF "XXXXX'-1"AB "0 "KING" 0"QUEEN" O0"MILLE" 6
CHARZ " ('-1"AB 0"0 "KINGO" 0"QUEEQ" 5"MILLO" 6
STRING "0OXXXX"-1"ABOXX"0 "KINGO" 0"QUEEQ" 5"MILLO" 6

where 0 stands for the null character, "\0’.

On Output

Character Array On output, the DBMS and CHAR_MAP options determines the
format that a host variable character array will have in your program. When
DBMS=V6 or CHAR_MAP=VARCHAR?2, host variable character arrays are blank
padded up to the length of the array, but never null-terminated. When DBMS=V7
or V8 (or CHAR_MAP=CHARZ), character arrays are blank padded, then null-
terminated in the final position in the array.

Consider the following example of character output:
CREATE TABLE test_char (C.col (HAR(10), V_col VARCHAR2(10));

INSERT INTO test_char VALUES (MILLER, KING);
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A precompiler program to select from this table contains the following embedded
SQL:

char nanel[ 10];
char nane2[ 10];

EXEC SQL SELECT C col, V. col INIO:nanel, :name2
FROMtest char;

If you precompile the program with DBMS=V6 (or CHAR_MAP=VARCHAR2),
namel will contain:

"M LLER#HHH"

that is, the name "MILLER" followed by 4 blanks, with no null-termination. (Note

that if namel had been declared with a size of 15, there are 9 blanks following the
name.)

name2 will contain:

" KI NGHHHAHE" /* 6 trailing bl anks */

If you precompile the program with DBMS=V7 or V8, namel will contain:

"MLLERH#A 0" /* 3 trailing blanks, then a null-termnator */
that is, a string containing the name, blank-padded to the length of the column,
followed by a null terminator. name2 will contain;

" KI NGHHH## 0"

In summary, if DBMS=V6 or DBMS=V6 (or CHAR_MAP=VARCHAR?2), the output
from either a CHARACTER column or a VARCHAR?2 column is blank-padded to
the length of the host variable array. If DBMS=V7 or V8, the output string is always
null-terminated.

Character Pointer The DBMS and CHAR_MAP options do not affect the way
character data are output to a pointer host variable.

When you output data to a character pointer host variable, the pointer must point
to a buffer large enough to hold the output from the table, plus one extra byte to
hold a null terminator.

The precompiler runtime environment calls strlen() to determine the size of the
output buffer, so make sure that the buffer does not contain any embedded nulls
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(’\0". Fill allocated buffers with some value other than '\0’, then null-terminate the
buffer, before fetching the data.

Note: C pointers can be used in a Pro*C/C++ program that is precompiled
with DBMS=V7 or V8 and MODE=ANSI. However, pointers are not legal host
variable types in a SQL standard compliant program. The FIPS flagger warns
you if you use pointers as host variables.

The following code fragment uses the columns and table defined in the previous
section, and shows how to declare and SELECT into character pointer host
variables:

char *p_nanel;
char *p_nane2;
p_namel = (char *) malloc(11);
p_name2 = (char *) malloc(11);

strcpy(p_nanel, " ");
strcpy(p_nane2, "0123456789");

EXEC S SHLECT Ccol, V. col INIO:p_nanel, :p_hane2
FROMtest char;

When the SELECT statement above is executed with any DBMS or CHAR_MAP
setting, the value fetched is:

"M LLERHH#HA 0" [* 4 trailing blanks and a null termnator */

" KI NGt 0" /* 6 blanks and nul | */

VARCHAR Variables and Pointers
The following example shows how VARCHAR host variables are declared:
VARCHAR  enp_nanel[10]; /* VARGHAR variable */

VARCHAR *enp_nane2; /* pointer to VARGHAR */
On Input
VARCHAR Variables When you use a VARCHAR variable as an input host variable,

your program need only place the desired string in the array member of the
expanded VARCHAR declaration (emp_namel.arr in our example) and set the
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length member (emp_namel.len). There is no need to blank-pad the array. Exactly
emp_namel.len characters are sent to Oracle, counting any blanks and nulls. In the
following example, you set emp_namel.len to 8:

strcpy(enp_nanel. arr, "VAN HORN');
enp_nanel. | en = strlen(enp_nanel. arr);

Pointer to a VARCHAR When you use a pointer to a VARCHAR as an input host
variable, you must allocate enough memory for the expanded VARCHAR
declaration. Then, you must place the desired string in the array member and set
the length member, as shown in the following example:

enp_nane2 = nal | oc(si zeof (short) + 10) /* len + arr */
strcpy(enp_nane2->arr, "MLLER');

enp_nane2->l en = strl en(enp_nane2->arr);

Or, to make emp_name2 point to an existing VARCHAR (emp_namel in this case),
you could code the assignment

enp_nane2 = &enp_nanel;
then use the VARCHAR pointer in the usual way, as in

BEXEC SQL | NSERT | NTO BEMP (EMPNQ ENAME, DEPTNO
VALUES (: enp_nunber, :enp_nane2, :dept_nunber);

On Output

VARCHAR Variables When you use a VARCHAR variable as an output host variable,
the program interface sets the length member but does not null-terminate the array
member. As with character arrays, your program can null-terminate the arr
member of a VARCHAR variable before passing it to a function such as printf() or
strlen(). An example follows:

emp_namel.anfemp_namellen] =10
printf('%s", emp_namel.ar);

Or, you can use the length member to limit the printing of the string,
asin:

printf('%.*s", emp_namellen, emp_namel.arr);

An advantage of VARCHAR variables over character arrays is that the length of the
value returned by Oracle is available right away. With character arrays, you might
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need to strip the trailing blanks yourself to get the actual length of the character
string.

VARCHAR Pointers When you use a pointer to a VARCHAR as an output host
variable, the program interface determines the variable’s maximum length by
checking the length member (emp_name2->len in our example). So, your program
must set this member before every fetch. The fetch then sets the length member to
the actual number of characters returned, as the following example shows:

enp_nane2->len = 10; /* Set maxi numlength of buffer. */
EXEC SQL SELECT ENAME | NTO : enp_nane2 WHERE BEMPNO = 7934,
printf("%l characters returned to enp_nane2", enp_nane2->l en);

Datatype Conversion

At precompile time, a default external datatype is assigned to each host variable.
For example, the precompiler assigns the INTEGER external datatype to host
variables of type short and int.

At run time, the datatype code of every host variable used in a SQL statement is
passed to Oracle. Oracle uses the codes to convert between internal and external
datatypes.

Before assigning a SELECTed column (or pseudocolumn) value to an output host
variable, Oracle must convert the internal datatype of the source column to the
datatype of the host variable. Likewise, before assigning or comparing the value of
an input host variable to a column, Oracle must convert the external datatype of
the host variable to the internal datatype of the target column.

Conversions between internal and external datatypes follow the usual data
conversion rules. For example, you can convert a CHAR value of "1234" to a C short
value. You cannot convert a CHAR value of "65543" (number too large) or "10F"
(number not decimal) to a C short value. Likewise, you cannot convert a char[n]
value that contains any alphabetic characters to a NUMBER value.

Datatype Equivalencing

Datatype equivalencing lets you control the way Oracle interprets input data, and
the way Oracle formats output data. It allows you to override the default external
datatypes that the precompiler assigns. On a variable-by-variable basis, you can
equivalence supported C host variable datatypes to Oracle external datatypes. You
can also equivalence user-defined datatypes to Oracle external datatypes.

3-58 Pro*C/C++ Precompiler Programmer’s Guide



Datatype Equivalencing

Host Variable Equivalencing

By default, the Pro*C/C++ Precompiler assigns a specific external datatype to
every host variable. Table 3-7 shows the default assignments:

Table 3-7  Default Type Assignments

C Type, or Oracle External

Pseudotype Type

char VARCHAR?2 (DBMS=V6 default or

char[n] CHARZ CHAR_MAP=VARCHAR?2)

char* STRING (DBMS=V7, V8 default)
CHARF (CHAR_MAP=STRING)

(CHAR_MAP=CHARF)

int, int* INTEGER

short, short* INTEGER

long, long* INTEGER

float, float* FLOAT

double, dou- FLOAT

ble*

VARCHAR*, VARCHAR

VARCHARI[N]

With the VAR statement, you can override the default assignments by
equivalencing host variables to Oracle external datatypes. The syntax you use is

EXEC S VAR host_variable IS type nane [ (length) ];

where host_variable is an input or output host variable (or host array) declared
earlier, type_name is the name of a valid external datatype, and length is an integer
literal specifying a valid length in bytes.

Host variable equivalencing is useful in several ways. For example, suppose you
want to SELECT employee names from the EMP table, then pass them to a routine
that expects null-terminated strings. You need not explicitly null-terminate the

names. Simply equivalence a host variable to the STRING external datatype, as
follows:

char enp_nane[ 11] ;
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EXEC S VAR enp_nane 1S STRINJ 11);

The length of the ENAME column in the EMP table is 10 characters, so you allot the
new emp_name 11 characters to accommodate the null terminator. When you
SELECT a value from the ENAME column into emp_name, the program interface
null-terminates the value for you.

You can use any of the datatypes listed in the external datatypes table on "Oracle
External Datatypes" on page 3-19 except NUMBER (use VARNUM instead):

User-Defined Type Equivalencing

You can also equivalence user-defined datatypes to Oracle external datatypes. First,
define a new datatype structured like the external datatype that suits your needs.
Then, equivalence your new datatype to the external datatype using the TYPE
statement.

With the TYPE statement, you can assign an Oracle external datatype to a whole
class of host variables. The syntax you use is:

EXEC SQL TYPE user_type |S type nane [ (length) | [ REFERENCH;

Suppose you need a variable-length string datatype to hold graphics characters.
First, declare a struct with a short length component followed by a 65533-byte data
component. Second, use typedef to define a new datatype based on the struct.
Then, equivalence your new user-defined datatype to the VARRAW external
datatype, as shown in the following example:

struct screen

{

short len;
char  buf f[4000] ;

h

typedef struct screen graphics;
EXEC SQL TYPE graphi cs |'S VARRAW4000) ;
graphics crt; — host variable of type graphics

You specify a length of 4000 bytes for the new graphics type because that is the
maximum length of the data component in your struct. The precompiler allows for
the len component (and any padding) when it sends the length to the Oracle server.
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REFERENCE Clause

You can declare a user-defined type to be a pointer, either explicitly, as a pointer to
a scalar or struct type, or implicitly, as an array, and use this type in an EXEC SQL
TYPE statement. In this case, you must use the REFERENCE clause at the end of
the statement, as shown in the following example:

typedef unsigned char *ny_raw

EXEC S TYPE ny_raw | S VARRAW4000) REFERENCE
ny_raw graphi cs_buffer;

graphi cs_buffer = (ny_raw) nal | oc(4004);

In this example, you allocated additional memory over and above the type length
(4000). This is necessary because the precompiler also returns the length (the size of
a short), and can add padding after the length due to word alignment restrictions
on your system. If you do not know the alignment practices on your system, make
sure to allocate sufficient extra bytes for the length and padding (9 should usually
be sufficient).

CHAREF External Datatype

Release 1.6 of the Pro*C/C++ Precompiler introduced a new external datatype
named CHARF, which is a fixed-length character string. You can use this new

datatype in VAR and TYPE statements to equivalence C datatypes to the fixed-
length SQL standard datatype CHAR, regardless of the setting of the DBMS or
CHAR_MAP option.

When DBMS=V7 or V8, specifying the external datatype CHARACTER in a VAR or
TYPE statement equivalences the C datatype to the fixed-length datatype CHAR
(datatype code 96). However, when DBMS=V6 or CHAR_MAP=VARCHAR?2, the C
datatype is equivalenced to the variable-length datatype VARCHAR?2 (code 1).

Now, you can always equivalence C datatypes to the fixed-length SQL standard
type CHARACTER by using the CHARF datatype in the VAR or TYPE statement.
When you use CHARF, the equivalence is always made to the fixed-length
character type, regardless of the setting of the DBMS or CHAR_MAP option.

Using the EXEC SQL VAR and TYPE Directives

You can code an EXEC SQL VAR ... or EXEC SQL TYPE ... statement anywhere in
your program. These statements are treated as executable statements that change
the datatype of any variable affected by them from the point that the TYPE or VAR
statement was made to the end of the scope of the variable. If you precompile with
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MODE=ANSI, you must use Declare Sections. In this case, the TYPE or VAR
statement must be in a Declare Section.

Sample Program: Datatype Equivalencing

The demonstration program in this section shows you how you can use datatype
equivalencing in your Pro*C/C++ programs. This program demonstrates the use of
type equivalencing using the LONG RAW external datatype. In order to provide a
useful example that is portable across different systems, the program inserts binary
files into and retrieves them from the database. For example, suppose you have a
file called ’hello’ in the current directory. You can create this file by compiling the
following source code:

#i ncl ude <stdio. h>

int
nai n()
{
printf("Hello Wrld\n");

}

Wien this programis run, we get:

$hel |l o
Hello Veérl d!

Here is sone sanpl e output froma run of sanpl e4:

$sanpl e4

Gonnect ed.

Do you want to create (or recreate) the EXEQUTABLES table (y/n)? y
EXEQUTABLES t abl e successful |y dropped. Now creating newtable...
EXEQUTABLES t abl e creat ed.

Sanpl e 4 Menu.  Wul d you like to:

(I')nsert a new executabl e i nto the dat abase

(Retrieve an executabl e fromthe dat abase

(L)ist the executables currently stored in the database
(Quit the program

Enter i, r, |, or g |

Execut abl es currently stored:
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Total: O

Sanpl e 4 Menu.  Wul d you like to:

(I')nsert a new executabl e into the database

(Retrieve an executabl e fromthe dat abase

(L)ist the executables currently stored in the database
(Quit the program

Enter i, r, |, or q: i

Enter the key under which you will insert this executable: hello
Enter the flename to insert under key *hello’.

If the file is not in the current directory, enter the full

path: hello

Inserting file hello’ under key hello'...

Inserted.

Sample 4 Menu. Would you like to:

(Dnsert a new executable into the database
(R)etrieve an executable from the database

(List the executables currently stored in the database
(Quit the program

Enteri,r,l,orq:|
Executables currently stored:

hello

Total: 1

Sample 4 Menu. Would you like to:

(Dnsert a new executable into the database
(R)etrieve an executable from the database

(Dist the executables currently stored in the database
(Quit the program

Enteri,r,l,orqg:r

Enter the key for the executable you wish to retrieve: hello

Enter the file to write the executable stored under key hellointo. If you
dontwant the file to be in the current directory, enter the

full path: h1

Retrieving executable stored under key 'hello’ to file 'h1....

Retrieved.
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Sanpl e 4 Menu.  Wul d you like to:

(I')nsert a new executabl e i nto the dat abase

(Retrieve an executabl e fromthe dat abase

(L)ist the executables currently stored in the database
(Quit the program

Enter i, r, |, or g q
We now have the binary file 'h1’ created, and we can runit

$hl
Hello World!

This program is available on-line in the file sample4.pc in your demo directory.

1/

sampled.pc

#include <stdio.h>
#include <sysfypes.h>
#include <sysffile.h>
#include <fcnt.h>
#include <string.h>
#include <sglca.h>

* Oracle enor code for table or view does not exist’. */
#define NON_EXISTENT -942

P This is the maximum size (in bytes) of a file that

* can be inserted and retrieved.

* If your system cannot allocate this much contiguous
* memory, this value might have to be lowered.

¥

#define MAX_FILE_SIZE 500000

P This is the definition of the long varraw structure.
* Note that the first field, len, is along instead

*of ashort. Thisis because the first4

* bytes contain the length, not the first 2 bytes.

¥

typedef struct

{
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long | en;
char buf[ MMX_FI LE S ZF] ;
} long_varraw

/* Type Equival ence long_varrawto | ong varraw
* Al variables of type |ong_varraw fromthis point

*oninthe filewll have external type 95 (long varraw

* associated wth them
*/

EXEC SQL type long varraw is long varraw (MAX FI LE Sl ZF);

F This program’s functions declared. */
void do_connect();

void create_table();

void sql_error();

void list_executables();

void print_menu();

main()

{
char reply{20], key[20], flename[100];
intok=1;

P Connect to the database. */
do_connect();

printf('Do you want to create (or recreate) the EXECUTABLES table (y/n)? ");
gets(reply);

if (reply[0] =) || (reply[0] ="Y?))
create_table();

f* Print the menu, and read in the user’s selection. */
print_menu();

gets(reply);

while (ok)
{
switch(reply[O]) {
case I case T
P User selected insert - get the key and file name. */
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printf("
Enter the key under which you will insert this executable: ");
get s(key);
printf(
"Enter the flename to insert under key '%s'\n", key);
printf(
"Ifthe file is not in the current directory, enter the ful\n®);
printf( path: *);
gets(flename);
insert(key, flename);
break;
case'R:case'r:
P User selected retrieve - get the key and file name. */
printf(
"Enter the key for the executable you wish to retrieve: );
gets(key);
printf(
"Enter the file to write the executable stored under key *);
printf('%s into. If you\n", key);
printf(
"don'twant the file to be in the current directory, enter the\n”);
printf( full path: );
gets(flename);
retrieve(key, flename);
break;
case'L:case:
P User selected list - just call the list routine. */
list_executables();
break;
case’'Q:caseq:
P User selected quit - just end the loap. */
ok=0;
break;
default:
F Invalid selection. */
printf{Invalid selection.\n");
break;
}

if (ok)
{

# Print the menu again. */
print_menu();
}gets(reply);
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}

BEXEC SQL commit work rel ease;

/* (onnect to the database. */
voi d
do_connect ()

/* Note this declaration: uidis a char *
* pointer, so Qacle will do a strlen() onit
* at runtine to deternmine the length.
*/
char *uid = "scott/tiger";

EXEC SQI whenever sglerror do sql _error("Connect");

EXEC SQL connect : ui d;

printf("CGonnected.\n");

/* Geates the executabl es table. */
voi d
create_tabl e()

/* \%¢ are going to check for errors oursel ves
* for this statement. */
EXEC SQI whenever sgl error conti nue;

EXEC SQL drop tabl e execut abl es;

i f (sqlca.sql code == 0)

{
printf("EXEQUTABLES tabl e successful |y dropped.
printf("Now creating newtable...\n");

}

else if (sqlca. sql code = NON_EX STENT)

{
printf("EXEQUTABLES tabl e does not exist. ");
printf("Now creating newtable...\n");

}

el se
sql _error("create_table");

");
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/* Reset error handler. */
EXEC SQL whenever sqlerror do sqgl _error("create_table");

EXEC SQL create tabl e execut abl es
(name var char 2( 20),
binary long raw;

printf("EXEQUTABLES tabl e created.\n");
}

F Opens the binary file identified by ‘flename’ for
* reading, and copies itinto 'buf.

*"hufsize’ should contain the maximum size of
*'buf. Retums the actual length of the file read in,
*or -1 if there is an enor.

*

int

read file(flename, buf, bufsize)

char *flename, *ouf;

long bufsize;

{

FWe will read in the file LOCAL_BUFFERSIZE bytes at atime. */
#define LOCAL_BUFFERSIZE 512

F* Buffer to store each section of the file. */
charlocal_buffer]LOCAL_BUFFERSIZE];

F Number of bytes read each time. */
int number_read;

 Total number of bytes read (the size of the file). */
inttotal_size =0;

* File descriptor for the input file. */
intin_fd;

 Open the file for reading. */
in_fd =open(filename, O_RDONLY, Q);
if (n_fd==-1)
retum(-1);
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/* \Wile loop to actually read in the file,
* LOCAL BUFFERSI ZE bytes at a tine.
*/
whil e ((nunber_read = read(in_fd, |ocal buffer,
LOCAL BUFFERSI ZF)) > 0)
{
if (total _size + nunber_read > buf si ze)
{
/* The nunber of bytes we have read in so far exceeds the buffer
* size - close the file and return an error. */
cl ose(in_fd);
return(-1);

}

/* Copy the bytes just read in fromthe | ocal buffer
into the output buffer. */
nmencpy(buf +total _si ze, |ocal _buffer, nunber_read);

/* Increnent the total number of bytes read by the nunber
we just read. */
total _size += nunber_read;

}

/* dose the file, and return the total file size. */
close(in_fd);
return(total _size);

}

 Generic error handler. The 'routine’ parameter
* should contain the name of the routine executing when
*the emor occurred. This is be specified inthe
*'EXEC SQL whenever sglerror do sql_enror()' statement.
*
void
sql_error(routing)
char *routine;
{
char message_buffer{512];
int buffer_size;
intmessage_length;

#Tum off the call to sgl_error() to avoid

* a possible infinite loop.
#
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BEXEC S WHENEVER SQLERRCR QONTI NUE
printf("\nQacle error while executing %!\n", routine);

/* We sqglgln{) to get the full text of the error nessage. */
buf f er_si ze = si zeof (message_buffer);
sql gl n{rmessage_buffer, &buffer_size, &message |ength);
printf("%*s\n", nessage | ength, nessage buffer);

BEXEC SQ. ROLLBACKK WIRK RELEASE;
exit(1);

F Opens the binary file identified by ‘flename’ for
*writing, and copies the contents of 'buf into it.
*'bufsize’ should contain the size of 'buf.
* Retums the number of bytes written (should be = bufsize),
*or -1 ifthere is an enor.
¥
int
wiite_file(flename, buf, bufsize)
char *filename, *buf;
long bufsize;
{
intout fd;  # File descriptor for the outpuit file. */
int num_waitten; * Number of bytes written. */

 Open the file for writing. This command replaces
* any existing version. */
out_fd = creat(flename, 0755);
if (out_fd==-1){
F Cant create the outpuit file - retum an error. */
retum(-1);
}

P Wiite the contents of buf to the file. */
num_written =write(out_fd, buf, bufsize);

F Close the file, and retum the number of bytes written. */
close(out_fd);
retum(num_waitten);

}
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/* Inserts the binary file identified by file into the

* executabl es table identified by key.
*
/
i nt
i nsert (key, file)
char *key, *file;
{

I ong_varraw | vr;

printf('Inserting file '%s’ under key '%s’..\n", file, key);
rlen=read _fie(fie, br.buf, MAX_FILE_SIZE);
if (vrlen=-1)
{
* File size is too big for the buffer we have -
* exitwith an error.
¥
fprintf(stderr,
"\n\nError while reading file '%s"\n", file);
fprintf(stder,
"The file you selected toread is
too large for the buffer.\n';
fprintf(stderr,
"Increase the MAX_FILE_SIZE macro in the source code,\n");
fprintf(stderr,
"reprecompile, compile, and link, and try again\n'Y;
fprintf(stder,
"The current value of MAX_FILE_SIZE is %d bytes.\n",
MAX_FILE SIZE);

EXEC SQL rollback work release;

exit(1);
}

EXEC SQL whenever sglerror do sgl_error(‘insert”);
EXEC SQL insert into executables (name, binary)
values (key, w);

EXEC SQL commit;
printf('Inserted \n'Y);
}

F Retrieves the executable identified by key into file */
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int
retrieve(key, file)
char *key, *file;

{

/* Type equival ence key to the string external datatype.*/
BEXEC SQ. VAR key is string(21);

I ong_varraw | vr;
short ind;
int numwitten;

printf('Retrieving executable stored under key '%6s’ to file '%s’..\n",
key, file);

EXEC SQL whenever sglerror do sgl_error('retrieve’);
EXEC SQL select binary

into :vr:ind

from executables

where name = key;

num_written =write_file(file, vr.buf, vr.len);
if (num_written = r.len) {
* Error while writing - exit with an emror. */
fprintf(stderr,
"\m\nEmor while writing file '%s"\n", file);
fprintf(stder,
"Cantt create the output fle. Check to be sure that youln");
fprintf(stderr,
"have write permissions in the directory into which you\n”);
fprintf(stderr,
"are writing the file, and that there is enough disk space.\n");

EXEC SQL rollback work release;

exit(1);
}

printf('Retrieved \n"Y);
}
void
list_executables()

{
char key[21];
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/* Type equival ence key to the string external
* datatype, so we don't have to nulHerminate it
*

EXEC SQL VAR key is string(21);

EXEC SQL whenever sglerror do sgl_error(list_executables”);

EXEC SQL declare key_cursor cursor for
select name from executables;

EXEC SQL openkey_cursor,
printf( \nExecutables currently stored:\n");
printf('—— —\n);

while (1)

{
EXEC SQL whenever not found do break;
EXEC SQL fetch key_cursor into :key;

printf('%s\n", key);
}

EXEC SQL whenever not found continue;
EXEC SQL close key_cursor;

printf(\nTotal: %d\n", sglca.sqlerd[2]);
}

F* Prints the menu selections. *

void

print_menu()

{
printf(\nSample 4 Menu. Would you like to\n");
printf('(Nnsert a new executable into the database\n');
printf('(R)etrieve an executable from the database\n”);
printf('(L)ist the executables currently stored in the database\n”);
prnt("(Q)uit the programin\n’;
printf('Enteri,r, |, orq:");
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Advanced Pro*C/C++ Applications

This chapter presents advanced techniques in Pro*C/C++. Topics are:
= National Language Support

« NCHAR Variables

« Handling LOB Types

« Cursor Variables

« Connecting to Oracle8

« Concurrent Connections

« Changing Passwords at Runtime

« Embedding (OCI Release 7) Calls

« Developing Multi-threaded Applications

« SQLLIB Extensions for OCI Release 8 Interoperability
« Interfacing to OCI Release 8

« Developing X/Open Applications
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National Language Support

Although the widely-used 7- or 8-bit ASCII and EBCDIC character sets are
adequate to represent the Roman alphabet, some Asian languages, such as
Japanese, contain thousands of characters. These languages can require at least 16
bits (two bytes) to represent each character. How does Oracle8 deal with such
dissimilar languages?

Oracle8 provides National Language Support (NLS), which lets you process single-
byte and multi-byte character data and convert between character sets. It also lets
your applications run in different language environments. With NLS, number and
date formats adapt automatically to the language conventions specified for a user
session. Thus, NLS allows users around the world to interact with Oracle8 in their
native languages.

You control the operation of language-dependent features by specifying various
NLS parameters. Default values for these parameters can be set in the Oracle8
initialization file. Table 4-1 shows what each NLS parameter specifies.

Table 4-1 NLS Parameters

NLS Parameter Specifies ...

NLS_LANGUAGE language-dependent conventions
NLS_TERRITORY territory-dependent conventions
NLS_DATE_FORMAT date format

NLS_DATE_LANGUAGE language for day and month names
NLS_NUMERIC_CHARACTERS decimal character and group separator
NLS_CURRENCY local currency symbol
NLS_ISO_CURRENCY I1SO currency symbol

NLS_SORT sort sequence

The main parameters are NLS LANGUAGE and NLS_TERRITORY.
NLS_LANGUAGE specifies the default values for language-dependent features,
which include

« language for Server messages

« language for day and month names
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. sort sequence

NLS_TERRITORY specifies the default values for territory-dependent features,
which include

« date format

« decimal character

= group separator

« local currency symbol
« ISO currency symbol

You can control the operation of language-dependent NLS features for a user
session by specifying the parameter NLS_LANG as follows:

NS LANG = < anguage> <territory> <character set>

where language specifies the value of NLS_LANGUAGE for the user session,
territory specifies the value of NLS_TERRITORY, and character set specifies the
encoding scheme used for the terminal. An encoding scheme (usually called a
character set or code page) is a range of numeric codes that corresponds to the set
of characters a terminal can display. It also includes codes that control
communication with the terminal.

You define NLS_LANG as an environment variable (or the equivalent on your
system). For example, on UNIX using the C shell, you might define NLS_LANG as
follows:

setenv NLS_LANG French_Fr ance. WEBI SC8859P1

During an Oracle8 database session you can change the values of NLS parameters.
Use the ALTER SESSION statement as follows:

ALTER SESSI QN SET <nl s_paranet er> = <val ue>

The Pro*C/C++ Precompiler fully supports all the NLS features that allow your
applications to process foreign-language data stored in an Oracle8 database. For
example, you can declare foreign-language character variables and pass them to
string functions such as INSTRB, LENGTHB, and SUBSTRB. These functions have
the same syntax as the INSTR, LENGTH, and SUBSTR functions, respectively, but
operate on a per-byte basis rather than a per-character basis.

You can use the functions NLS_INITCAP, NLS_LOWER, and NLS_UPPER to
handle special instances of case conversion. And, you can use the function
NLSSORT to specify WHERE-clause comparisons based on linguistic rather than
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binary ordering. You can even pass NLS parameters to the TO_CHAR, TO_DATE,
and TO_NUMBER functions. For more information about NLS, see Oracle8
Application Developer’s Guide.

NCHAR Variables

Two internal database datatypes are for multi-byte character data. They are
NCHAR and NVARCHAR?2 (also known as NCHAR VARYING). You use these
datatypes only in relational columns. Pro*C/C++ supported multi-byte NCHAR
host variables in earlier releases, with slightly different semantics.

When you set the command-line option NLS_LOCAL to YES, multi-byte support
with earlier semantics will be provided by SQLLIB (the letter "N" is stripped from
the quoted string), as in Oracle7. SQLLIB provides blank padding and stripping,
sets indicator variables, etc.

If you set NLS_LOCAL to NO (the default), Oracle8 supports multi-byte strings

with the new semantics (the letter "N" will be concatenated in front of the quoted
string). The database, rather than SQLLIB provides blank padding and stripping,
and setting of indicator variables. Use NLS_LOCAL=NO for all new applications.

CHARACTER SET [IS] NCHAR_CS

You specify which host variables hold National Character Set data. You insert the
clause "CHARACTER SET [IS] NCHAR_CS™" in character variable declarations.
Then you are able to store National Character Set data in those variables. You can
omit the token IS. NCHAR_CS is the name of the National Character Set.

For example:
char character set is nchar_cs *str = "<Japanese_string>";
In this example, <Japanese_string> consists of double-byte characters which are in

the National Character Set JALGEUCFIXED, as defined by the variable
NLS_NCHAR.

You can accomplish the same thing by entering NLS_CHAR=str on the command
line, and coding in your application:

char *str = "<Japanese_stri ng>"

Pro*C/C++ treats variables declared this way as of the character set specified by
the environment variable NLS_NCHAR. The variable size of an NCHAR variable is
specified as a byte count, the same way that ordinary C variables are.
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To select data into str, use the following simple query:

BXEC S

SELECT ENAME INTO :str FROM EMP WHERE DEPT = n'<Japanese_string1>';
Or, you can use str in the following SELECT:

EXEC SQL SELECT DEPT INTO :dept FROM DEPT_TAB WHERE ENAME = :str;

Environment Variable NLS_NCHAR

You set the environment variable NLS_NCHAR to specify a client-side (database)
National character Set. When NLS_LOCAL=NO, the database supports NCHAR, if
you have set a valid National Character Set with the precompiler option
NLS_NCHAR.

NLS_NCHAR must have a valid character set specification (not a language name,
that is set by NLS_LANG) at both precompile-time and runtime. SQLLIB performs
a runtime check when the first SQL statement is executed. If the precompile-time
and runtime character sets are different, SQLLIB will return an error code.

CONVBUFSZ Clause in VAR

You can override the default assignments by equivalencing host variables to
Oracle8 external datatypes, using the EXEC SQL VAR statement. This is called host
variable equivalencing.

The EXEC SQL VAR statement can have an optional clause: CONVBUFSZ (<size>).
You specify the size, <size>, in bytes, of the buffer in the Oracle8 runtime library
used to perform conversion of the specified host variable between character sets.

The new syntax is:
EXEC SQL VAR <id> is <datatype> [CONVBUFSZ [IS] (<size>)];

or
EXEC SQL VAR <id> [CONVBUFSZ [IS] (<size>)];

where <datatype> is:

<SQL datatype> [ ({<length> | <precision>, <scale>})]

where:
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host_variable

ext_type_name

length

precision and scale

is an input or output host variable (or host table) declared
earlier.

The VARCHAR and VARRAW external datatypes have a 2-
byte length field followed by an n-byte data field, where n
lies in the range 1 .. 65533. So, if type_name is VARCHAR or
VARRAW, host_variable must be at least 3 bytes long.

The LONG VARCHAR and LONG VARRAW external
datatypes have a 4-byte length field followed by an n-byte
data field, where n lies in the range 1 .. 2147483643. So, if
type_name is LONG VARCHAR or LONG VARRAW,
host_variable must be at least 5 bytes long.

is the name of a valid external datatype such as RAW or
STRING.

is a constant expression or a constant integer specifying a
valid length in bytes. The value of length must be large
enough to accommodate the external datatype.

When type_name is VARNUM, ROWID, or DATE, you can-
not specify length because it is predefined. For other exter-
nal datatypes, length is optional. It defaults to the length of
host_variable.

When specifying length, if type_name is VARCHAR,
VARRAW, LONG VARCHAR, or LONG VARRAW, use the
maximum length of the data field. Pro*C/C++ accounts
for the length field. If type_name is LONG VARCHAR or
LONG VARRAW and the data field exceeds 65533 bytes,
put "-1" in the length field.

are constant expressions or constants that represent, respec-
tively, the number of significant digits and the point at
which rounding will occur. For example, a scale of 2 means
the value is rounded to the nearest hundredth (3.456
becomes 3.46); a scale of -3 means the number is rounded
to the nearest thousand (3456 becomes 3000).

You can specify a precision of 1 .. 99 and a scale of -84 .. 99.
However, the maximum precision and scale of a database
column are 38 and 127, respectively. So, if precision exceeds
38, you cannot insert the value of host_variable into a data-
base column. On the other hand, if the scale of a column
value exceeds 99, you cannot select or fetch the value into
host_variable.
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size the size, in bytes, of a buffer used to perform conversion of
the specified host_variable to another character set. A con-
stant or constant expression.

There must be at least one of the two clauses, or both. The EXEC SQL VAR
statement cannot be used with NCHAR variables.

Note that <size>, <length>, <precision> and <scale> can be any arbitrarily complex
C constant expression whose value is known when the precompiler is run.

For example:
#defi ne LENGIH 10

char enane[ LENGIH+] ;
exec sql var enane is string(LENGIH+L) convbufsz is (LENGTH2);

Note also that macros are permitted in this statement.

When you have not used the CONVBUFSZ clause, the Oracle8 runtime
automatically determines a buffer size based on the ratio of the host variable
character size (determined by NLS_LANG) and the character size of the database
character set. This can sometimes result in the creation of a buffer of LONG size.
Database tables are allowed to have only one LONG column. An error is raised if
there is more than one LONG value.

To avoid such errors, you use a length shorter than the size of a LONG. If a
character set conversion results in a value longer than the length specified by
CONVBUFSZ, then an error is returned at runtime. For a syntax diagram of this
statement, see "VAR (Oracle Embedded SQL Directive)" on page -75.

Character Strings in Embedded SQL

A multi-byte character string in an embedded SQL statement consists of a character
literal that identifies the string as multi-byte, immediately followed by the string.
The string is enclosed in the usual single quotes.

For example, an embedded SQL statement such as
EXEC SQL SHLECT enpno | NTO : enp_num FRCM enp
WHERE ename=N'<Japanese_string>';

contains a multi-byte character string (<Japanese_string> could actually be Kaniji),
since the N character literal preceding the string identifies it as a multi-byte string.
Since Oracle8 is case-insensitive, you can use "n" or "N" in the example.
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Strings Restrictions

You cannot use datatype equivalencing (the TYPE or VAR commands) with NLS
multi-byte character strings.

Dynamic SQL method 4 is not available for NLS multi-byte character string host
variables in Pro*C/C++.

Indicator Variables

You can use indicator variables with host character variables that are NLS multi-
byte (as specified using the NLS_CHAR option).

Handling LOB Types

LOB types can appear as table columns and also as object type attributes. These are
the LOB datatypes: binary LOB (BLOB), character LOB (CLOB), National Character
LOB (NCLOB) and binary external file LOB (BFILE).

Declaring LOBs

A Pro*C/C++ host variable that corresponds to a LOB attribute in a table must be
declared as OCIBlobLocator*, OCIClobLocator*, or OCIBfileLocator* depending on its
LOB type. These special LOB locator types are defined in the OCI header file oci.h.
In case a LOB column appears as an object type attribute, OTT (Object Type
Translator) will translate the attribute to a LOB descriptor pointer of the
appropriate type.

An indicator variable for the LOB descriptors is a sighed 2-byte scalar quantity,
declared as OClInd.

Using LOBs in Embedded SQL

Host variables for LOB locators are structures that are dynamically allocated and
freed. The memory management scheme differs somewhat based on whether the
LOB locator is for a relational column or for an embedded object type attribute, the
important difference being that memory for an embedded LOB locator comes from
the object cache during allocation of the object itself, whereas other LOB locators do
not reside in the object cache.

Locators for LOB Columns in Tables

When it is used as a host variable for a column, you must explicitly allocate
memory for a LOB locator using the EXEC SQL ALLOCATE command before
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using it in any embedded SQL or PL/SQL statement. At the end of its use, you free
a previously-allocated locator with the EXEC SQL FREE command. The allocated
space is also freed automatically by SQLLIB when all the database connections in
Pro*C/C++ are closed.

At runtime, the ALLOCATE statement will allocate a LOB descriptor of the
appropriate type based on the type of the host variable. Upon a successful
allocation, the value of the LOB host variable will be set to point to the allocated
memory.

Once a LOB locator has been allocated, the host variable may be used in SQL
statements and in embedded PL/SQL blocks. See PL/SQL User’s Guide and Reference

LOB Operations in OCl and in Embedded PL/SQL

LOB data can be manipulated through the LOB locator host variables using OCI
functions such as OCILobRead(), OCILobWrite(), OCILobOpenFile() etc., to read,
write, and otherwise manipulate LOB data.

An alternative way to operate on LOB data is to use PL/SQL stored procedures
defined in the package ‘dbms_lob’. This will be illustrated by a sample program.

Sample Program for LOB Datatypes

The following program illustrates the use of LOB variables. The EXEC SQL TYPE
command is used to equivalence a blob variable with a LONG RAW datatype 8192
bytes in length.

A stream of binary data, (from a blob variable) is stored in a database BLOB
column using a PL/SQL procedure, Store_Obj, which has procedure
DBMS_LOB.WRITE embedded in it. Then the data is retrieved using a PL/SQL
procedure, Get_Obj, which has procedure DBMS_LOB.READ embedded in it. The
buffers holding the output data and the input data are then compared for equality.

#i ncl ude <stdio. h>
#i ncl ude <string. h>
#i ncl ude <sql ca. h>
#def i ne LENGTH 8192

typedef char bl ob[ LENGTH ;
EXEC S TYPE bl ob 1S LONG RAWLENGIH) ;

void sqlerror()

Advanced Pro*C/C++ Applications 4-9



Handling LOB Types

BEXEC S WENEVER SQLERRCR GONTI NUE,
printf("%*s\n", sqglca.sqglerrmsqgl errn, sqglca. sglerrmsglerrnt);
BEXEC SQ. ROLLBACK WIRK RELEASE;

exit(1);
}
voi d mai n()
{
EXEC SQ. BEA N DEQLARE SECTI ON
char *usr = "scott/tiger";
int si zel;
int si ze2;
bl ob bl;
bl ob b2;

BEXEC S BEND DECLARE SECTI ON

BEXEC S WENEVER SQLERRCR DO sql error () ;
BEXEC SQI QONNECT : usr;
printf("Initialize BLOB buffers\n");
nenset (b1, 65, LENGIH; bl LENGTH 1] =0;
nenset (b2, 95, LENGIH; b2[ LENGTH 1] =0;

LENGTH
LENGTH

si zel
si ze2

printf("Witing BLAB frombuffer #1\n");
BEXEC S BEXEQUTE
BEG N
Sore o (:bl, :sizel);
END,
END- EXEC

BEXEC S GOMMT;

printf("Reading BLAB into buffer #2\n");
BEXEC S EXEQUTE
BEA N
Get_oj (: b2, :size2);
END,
END- EXEC,

printf("Wite and Read Succeeded\n");
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if (!strcenp((const char *)bl, (const char *)b2))
printf("BLB buffers are Equal\n");
el se

{ . .
inti;
for (i =0; i <LENGH i+
if (b1[i] '=b2[i]) break;
printf("BLCB buffers differ at index %l\n", i);
}

EXEC S ROLLBACK WIRK RELEASE;
exit(0);
}

For more information on LOBs, see Oracle8 Server Application Developer’s Guide. For
more information on embedding PL/SQL, see “Using Embedded PL/SQL” in this
guide. For more information on the EXEC SQL TYPE command, see “User-Defined
Type Equivalencing”on page 3 - 60.

Cursor Variables

You can use cursor variables in your Pro*C/C++ program for queries. A cursor
variable is a handle for a cursor that must be defined and opened on the Oracle
(release 7.2 or later) server, using PL/SQL. See the PL/SQL User’s Guide and
Reference for complete information about cursor variables.

The advantages of cursor variables are:

« Ease of maintenance: queries are centralized, in the stored procedure that opens
the cursor variable. If you need to change the cursor, you only need to make
the change in one place: the stored procedure. There is no need to change each
application.

= Convenient security: the user of the application is the username used when the
Pro*C/C++ application connects to the server. The user must have execute per-
mission on the stored procedure that opens the cursor but not read permission
on the tables used in the query. This capability can be used to limit access to the
columns in the table, and access to other stored procedures.

Declaring a Cursor Variable

You declare a cursor variable in your Pro*C/C++ program using the Pro*C/C++
pseudotype SQL_CURSOR. For example:
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EXEC S BEG N DECLARE SECTI QN

sql _cur sor enp_cursor; /* a cursor variable */
QA ARCR dept _cursor; /* another cursor variable */
sql _cur sor *ecp; /* a pointer to a cursor variable */

EXEC SQ. BEND DEQLARE SECTI ON
ecp = &enp_cursor; /* assign a value to the pointer */

You can declare a cursor variable using the type specification SQL_CURSOR, in all
upper case, or sgl_cursor, in all lower case; you cannot use mixed case.

A cursor variable is just like any other host variable in the Pro*C/C++ program. It
has scope, following the scope rules of C. You can pass it as a parameter to other
functions, even functions external to the source file in which you declared it. You
can also define functions that return cursor variables, or pointers to cursor
variables.

Caution: A SQL_CURSOR is implemented as a C struct in the code that
Pro*C/C++ generates. So you can always pass it by pointer to another function,
or return a pointer to a cursor variable from a function. But you can only pass it
or return it by value if your C compiler supports these operations.

Allocating a Cursor Variable

Before you can use a cursor variable, either to open it or to FETCH it, you must
allocate the cursor. You do this using the new precompiler command ALLOCATE.
For example, to allocate the SQL_CURSOR emp_cursor that was declared in the
example above, you write the statement:

EXEC SQL ALLCCATE : enp_cur sor;

Allocating a cursor does not require a call to the server, either at precompile time or
at runtime. If the ALLOCATE statement contains an error (for example, an
undeclared host variable), Pro*C/C++ issues a precompile time (PCC) error.
Allocating a cursor variable does cause heap memory to be used. For this reason,
you should normally avoid allocating a cursor variable in a program loop. Memory
allocated for cursor variables is not freed when the cursor is closed, but only when
the connection is closed.

Opening a Cursor Variable

You must open a cursor variable on the Oracle8 Server. You cannot use the
embedded SQL OPEN command to open a cursor variable. You can open a cursor
variable either by calling a PL/SQL stored procedure that opens the cursor (and
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defines it in the same statement). Or, you can open and define a cursor variable
using an anonymous PL/SQL block in your Pro*C/C++ program.

For example, consider the following PL/SQL package, stored in
the database:

CREATE PACKAGE deno_cur _pkg AS
TYPE EnpNane | S REGCRD (nane VARCHAR2(10));
TYPE cur_type | S REF ORSCR RETURN Enphang;
PROCEDURE open_enp_cur (
curs I'N QJT cur_type,
dept_numIN NUMBER) ;
END

CREATE PACKAGE BCQDY deno_cur _pkg AS
CREATE PROCEDURE open_enp_cur (
curs I'N QJT cur_type,
dept_numIN NMBER) 1S
BEG N

CPEN curs FCR
SH ECT enane FROM enp
WHERE deptno = dept _num
CROER BY enane ASC
END,
B\D,

After this package has been stored, you can open the cursor curs by calling the
open_emp_cur stored procedure from your Pro*C/C++ program, and FETCH from
the cursor in the program. For example:

sql _cursor enp_cur sor;
char enp_nane[ 11] ;

EXEC SQI ALLQCATE :enp_cursor; /* allocate the cursor variable */

/* Qpen the cursor on the server side. */
EXEC SQ. EXEQUTE
begi n
deno_cur_pkg. open_enp_cur (: enp_cursor, :dept_num);
end;

BXEC SQ. WENEVER NOT FOUND DO br eak;
for (33)
{
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BEXEC SQL FETCH : enp_cursor | NTO : enp_nane;
printf("9%\n", enp_nane);

To open a cursor using a PL/SQL anonymous block in your Pro*C/C++ program,
you define the cursor in the anonymous block. For example:

int dept_num= 10;

BEXEC S EXEQUTE
BEA N
CPEN : enp_cursor FCR SELECT enane FROM enp
WHERE deptno = : dept_num
END,
BEN\D- EXEC,

The above examples show how to use PL/SQL to open a cursor variable. You can
also open a cursor variable using embedded SQL with the CURSOR clause:

sgl _cursor enp_cursor;

EXEC CRACLE CPTI ON sel ect _error=no);

BEXEC SQL
SH ECT ORSCR SELECT enane FRCM enp WHERE dept no = : dept _nun)
I NTO : enp_cur sor FRCOM DUAL;

EXEC CRACLE CPTI ON sel ect _error=yes);

In the above statement, the emp_cursor cursor variable is bound to the first column
of the outermost select. The first column is itself a query, but it is represented in the
form compatible with a sql_cursor host variable since the CURSOR(...) conversion
clause is used.

Before using queries which involve the CURSOR clause, you must set the
select_error option to NO. This will prevent the cancellation of the parent cursor
and allow the program to run without errors.

Opening in a Stand-Alone Stored Procedure

In the example above, a reference cursor was defined inside a package, and the
cursor was opened in a procedure in that package. But it is not always necessary to
define a reference cursor inside the package that contains the procedures that open
the cursor.
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If you need to open a cursor inside a stand-alone stored procedure, you can define
the cursor in a separate package, and then reference that package in the stand-alone
stored procedure that opens the cursor. Here is an example:

PACKAGE dummy | S
TYPE EnpNane | S REGCRD (nane VARCHAR2(10));
TYPE enp_cursor_type IS REF AURSCR RETURN EnpNane;
BND,
-- and then define a stand-al one procedure:
PROCEDURE open_enp_curs (
enp_cursor |N QJT dummy. enp_cur sor_t ype;
dept_num IN NMBER IS
BEA N
CPEN enp_cursor FCR
SELECT enane FROM enp WHERE dept no = dept _num

BND,
BEND,

Return Types

When you define a reference cursor in a PL/SQL stored procedure, you must
declare the type that the cursor returns. See the PL/SQL User’s Guide and Reference
for complete information on the reference cursor type and its return types.

Closing a Cursor Variable

Use the CLOSE command to close a cursor variable. For example, to close the
emp_cursor cursor variable that was OPENed in the examples above, use the
embedded SQL statement:

EXEC SQ. ALCEE : enp_cursor;
Note that the cursor variable is a host variable, and so you must precede it with a
colon.

You can re-use ALLOCATEd cursor variables. You can open, FETCH, and CLOSE
as many times as needed for your application. However, if you disconnect from the
server, then reconnect, you must re-ALLOCATE cursor variables.

Note: Cursors are automatically de-allocated by the SQLLIB runtime library
upon exiting the current connection.
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Using Cursor Variables with the OCI (Release 7 Only)

You can share a Pro*C/C++ cursor variable with an OCI function. To do so, you
must use the SQLLIB conversion functions, sqlcdat() and sglcur(). These functions
convert between OCI cursor data areas and Pro*C/C++ cursor variables.

The sqglcdat() function translates an allocated cursor variable to an OCI cursor data
area. The syntax is:

voi d sql cdat (Cda_Def *cda, void *cur, int *retval);

where the parameters are:

cda A pointer to the destination OCI cursor data area.
cur A pointer to the source Pro*C/C++ cursor variable.
retval 0 if no error, otherwise a SQLLIB (SQL) error number.

Note: In the case of an error, the V2 and rc return code fields in the CDA also
receive the error codes. The rows processed count field in the CDA is not set.

The sqglcur() function translates an OCI cursor data area to a Pro*C/C++ cursor
variable. The syntax is:

void sql cur(void *cur, Cda_Def *cda, int *retval);

where the parameters are:

cur A pointer to the destination Pro*C/C++ cursor variable.
cda A pointer to the source OCI cursor data area.
retval 0 if no error, otherwise an error code.

Note: The SQLCA structure is not updated by this routine. The SQLCA compo-
nents are only set after a database operation is performed using the translated
cursor.

ANSI and K&R prototypes for these functions are provided in the sgl2oci.h header
file. Memory for both cda and cur must be allocated prior to calling these functions.

Restrictions
The following restrictions apply to the use of cursor variables:

= You cannot translate a cursor variable to an OCI release 8 equivalent.
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= You cannot use cursor variables with dynamic SQL.

= You can only use cursor variables with the ALLOCATE, FETCH, FREE, and
CLOSE commands

« The DECLARE CURSOR command does not apply to cursor variables.
= You cannot FETCH from a CLOSEd cursor variable.
=« You cannot FETCH from a non-ALLOCATEdAd cursor variable.

« If you precompile with MODE=ANSI, it is an error to close a cursor variable
that is already closed.

= You cannot use the AT clause with the ALLOCATE command, nor with the
FETCH and CLOSE commands if they reference a cursor variable.

« Cursor variables cannot be stored in columns in the database.

« Acursor variable itself cannot be declared in a package specification. Only the
type of the cursor variable can be declared in the package specification.

« Acursor variable cannot be a component of a PL/SQL record.

A Sample Program

The following sample programs—a PL/SQL script and a Pro*C/C++ program—
demonstrate how you can use cursor variables. These sources are available on-line
in your demo directory.

cv_demo.sql

-- PL/SQ source for a package that decl ares and
-- opens a ref cursor
GONNECT SQOTT/ Tl GBR
CREATE (R REPLACE PACKACGE enp_deno_pkg as
TYPE enp_cur_type | S REF ORSCR RETURN enp%R0NYPE;
PROCEDURE open_cur (curs | N QJT enp_cur _type, dno I N NOMBER ;
BEND enp_deno_pkg;

CREATE (R REPLACE PACKACE BDY enp_deno_pkg AS
PROCEDURE open_cur (curs |N QJT enp_cur_type, dno INNUMER 1S
BEA N
CPEN curs FCR SELECT *
FRCM enp WHERE dept no = dno

Advanced Pro*C/C++ Applications 4-17



Cursor Variables

CRCER BY enane ASC

END,
BEND enp_deno_pkg;

samplell.pc
/*
* Fetch fromthe BMP tabl e, using a cursor variabl e.

* The cursor is opened in the stored PL/SQL procedure
* open_cur, in the BEMP_DEMD PKG package.

*

* This package is available on-line in the file

* sanplell.sql, in the deno directory.

*

*/

#i ncl ude <stdio. h>
#i ncl ude <sql ca. h>

[* Bror handling function. */
void sql _error();

nai n()

{
char tenp[32];

EXEC SQL BEA N DEALARE SECTI ON
char *uid = "scott/tiger";
Q. AURSCR enp_cur sor;

int dept_num
st ruct
{
int  enp_num

char enp_nane[ 11] ;
char job[10];
int nanager ;
char hire_date[ 10];
float salary;
fl oat conm ssion;
int  dept_num

} enp_info;

struct

{

short enp_numi nd;
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short enp_nane_i nd;
short job_ind;
short nanager _i nd;
short hire_date_ind;
short sal ary_ind;
short commission_ind,
short dept_numi nd;
} enp_info_ind;
EXEC S END DEQLARE SECTI ON

EXEC S WHENEVER SQLERRR do sql _error("Qracl e error™);

/* onnect to Qacle. */
EXEC SQL GONNECT : ui d;

/* Alocate the cursor variable. */
EXEC SQL ALLCCATE : enp_cur sor;

[* Bxit the inner for (;;) | oop when NO DATA FOUND. */
BEXEC S WHENEVER NOT FOUND DO br eak;

for (3;)
{
printf("\nEnter departnent nunber (0 to exit): ");
gets(tenp);
dept_num= atoi (tenp);
if (dept_num<= 0)
br eak;

EXEC S BEXEQUTE

begi n
enp_deno_pkg. open_cur (: enp_cursor, :dept_num;
end;
BEND- EXEC
printf("\nFor departnent %l--\n", dept_nun;
printf("ENAMAt SAL\t M n);
printf("----- \t ---\t ----\n");

/* Fetch each rowin the BW table into the data struct.
Note the use of a parallel indicator struct. */
for (57)
{
BEXEC SQL FETCH : enp_cur sor
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INTO : enp_i nfo | ND CATCR : enp_i nf o_i nd;

printf("9%\t", enp_info.enp_nane);
printf("98. 2f\t\t", enp_info.salary);
if (enp_info_ind. coomssion_ind != 0)
printf(" NLLL\ n");
el se
printf("98.2f\n", enp_info.commssion);

/* Qose the cursor. */
BEXEC S OLCEE : enp_cursor;

exit(0);

}

voi d

sql _error(nsg)

char *nsg;

{
long clen, fc;
char cbuf [ 128];
clen = (long) sizeof (cbuf);
sql gl s(cbuf, &len, &c);
printf("\n%\n", nsg);
printf("Satenment is--\n%\n", cbuf);
printf("Function code is %d\n\n", fc);
sql gl n{cbuf, (int *) &len, (int *) &len);
printf ("\n%*s\n", clen, cbuf);
BEXEC SQ. WHENEVER SQLERROR QONTI NUE;
EXEC S ROLLBACK WIRK;
exit(-1);

}
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Connecting to Oracle8

Your Pro*C/C++ program must connect to Oracle8 before querying or
manipulating data. To log on, simply use the CONNECT statement

EXEC SQI. GONNECT : user nare | DENTI H ED BY : passwor d;

where username and password are char or VARCHAR host variables.
Or, you can use the statement
EXEC SQL GONNECT : usr _pwd;

where the host variable usr_pwd contains your username and password separated
by a slash character (/).

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

To supply the Oracle8 username and password separately, you define two host
variables as character strings or VARCHARSs. (If you supply a username containing
both username and password, only one host variable is needed.)

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

char *user name ;
“TIGR'

char *password

EXEC SQI. GONNECT : user nare | DENTI H ED BY : passwor d;

Howev