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Introduction

This introduction provides an overview of the information in this publication and
describes the conventions it uses.

About this publication

This publication explains how to use IBM® Informix® ESQL/C, the Informix
implementation of Embedded Structured Query Language (SQL) for C (ESQL/C),
to create client applications with database-management capabilities. This
publication is a complete guide to the features of Informix ESQL/C that enable
you to interact with the database server, access databases, manipulate the data in
your program, and check for errors. However, certain operating systems do not
support every documented ESQL/C feature. Check the IBM Informix Client
Software Development Kit (Client SDK) Machine Notes for your operating system
to determine exactly which features do not operate in your environment.

This publication progresses from general topics to more advanced programming
techniques and examples.

Types of users

This publication is written primarily for C programmers who want to embed SQL
statements in their programs to access IBM Informix databases.

This publication assumes that you have the following background:

* A working knowledge of your computer, your operating system, and the utilities
that your operating system provides

* Some experience working with relational or object-relational databases, or
exposure to relational database concepts

* C language programming

The following users might also be interested in some of the topics in this book:
 Database server administrators

* Performance engineers

You can access the Informix information centers and other technical information
such as technotes, white papers, and IBM Redbooks® publications online at
|http: / /www.ibm.com /software/data/sw-library/ I

Software compatibility

For information about software compatibility, see the IBM Informix ESQL/C
release notes.

Assumptions about your locale

IBM Informix products can support many languages, cultures, and code sets. All
the information related to character set, collation and representation of numeric
data, currency, date, and time that is used by a language within a given territory
and encoding is brought together in a single environment, called a Global
Language Support (GLS) locale.
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The IBM Informix OLE DB Provider follows the ISO string formats for date, time,
and money, as defined by the Microsoft OLE DB standards. You can override that
default by setting an Informix environment variable or registry entry, such as
DBDATE.

If you use Simple Network Management Protocol (SNMP) in your Informix
environment, note that the protocols (SNMPv1 and SNMPv2) recognize only
English code sets. For more information, see the topic about GLS and SNMP in the
IBM Informix SNMP Subagent Guide.

The examples in this publication are written with the assumption that you are
using one of these locales: en_us.8859-1 (ISO 8859-1) on UNIX platforms or
en_us.1252 (Microsoft 1252) in Windows environments. These locales support U.S.
English format conventions for displaying and entering date, time, number, and
currency values. They also support the ISO 8859-1 code set (on UNIX and Linux)
or the Microsoft 1252 code set (on Windows), which includes the ASCII code set
plus many 8-bit characters such as §é, ¢, and f.

You can specify another locale if you plan to use characters from other locales in
your data or your SQL identifiers, or if you want to conform to other collation
rules for character data.

For instructions about how to specify locales, additional syntax, and other
considerations related to GLS locales, see the IBM Informix GLS User’s Guide.

Demonstration databases

The DB-Access utility, which is provided with your IBM Informix database server
products, includes one or more of the following demonstration databases:

¢ The stores_demo database illustrates a relational schema with information about
a fictitious wholesale sporting-goods distributor. Many examples in IBM
Informix publications are based on the stores_demo database.

* The superstores_demo database illustrates an object-relational schema. The
superstores_demo database contains examples of extended data types, type and
table inheritance, and user-defined routines.

For information about how to create and populate the demonstration databases,
see the IBM Informix DB—Access User’s Guide. For descriptions of the databases and
their contents, see the IBM Informix Guide to SQL: Reference.

The scripts that you use to install the demonstration databases reside in the
$INFORMIXDIR/bin directory on UNIX platforms and in the %SINFORMIXDIR%\bin
directory in Windows environments.

What's new in ESQL/C for Client SDK, Version 3.70

xiv

This publication includes information about new features and changes in existing
functionality.

The following changes and enhancements are relevant to this publication. For a
complete list of what's new in this release, see the release notes or the information
center at |http:/ /publib.boulder.ibm.com/infocenter /idshelp /v117/topic/|
fcom.ibm.po.doc/new_features.htm|.
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Table 1. What's New in IBM Informix ESQL/C Programmer's Manual for Version 3.70.xC1

Overview

Reference

Trusted connections: Improved security for
multiple-tier application environments

You can define trusted contexts, which can
then be used to establish trusted connections
between an application server and the
Informix database server on a network.
Trusted connections let you set the identity
of each specific user accessing a database
through the middle-tier server, which
facilitates discretionary access control and
auditing based on user identity. Without a
trusted connection in such an environment,
each action on a database is performed with
the single user ID of the middle-tier server,
potentially lessening granular control and
oversight of database security.

See the documentation about trusted contexts
and trusted connections in the IBM Informix
Security Guide.

New editions and product names

IBM Informix Dynamic Server editions were
withdrawn and new Informix editions are

available. Some products were also renamed.

The publications in the Informix library
pertain to the following products:

* IBM Informix database server, formerly
known as IBM Informix Dynamic Server
(IDS)

¢ IBM OpenAdmin Tool for Informix,

formerly known as OpenAdmin Tool for
Informix Dynamic Server (IDS)

e IBM Informix SQL Warehousing Tool,
formerly known as Informix Warehouse
Feature

For more information about the Informix
product family, go to [http:/ /www.ibm.com /|
[software/data/informix/|

Example code conventions

Examples of SQL code occur throughout this publication. Except as noted, the code
is not specific to any single IBM Informix application development tool.

If only SQL statements are listed in the example, they are not delimited by
semicolons. For instance, you might see the code in the following example:

CONNECT TO stores_demo

DELETE FROM customer

WHERE customer_num = 121

COMMIT WORK
DISCONNECT CURRENT

To use this SQL code for a specific product, you must apply the syntax rules for
that product. For example, if you are using an SQL API, you must use EXEC SQL
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at the start of each statement and a semicolon (or other appropriate delimiter) at
the end of the statement. If you are using DB-Access, you must delimit multiple
statements with semicolons.

Tip: Ellipsis points in a code example indicate that more code would be added in
a full application, but it is not necessary to show it to describe the concept being
discussed.

For detailed directions on using SQL statements for a particular application
development tool or SQL API, see the documentation for your product.

Additional documentation

Documentation about this release of IBM Informix products is available in various
formats.

You can access or install the product documentation from the Quick Start CD that
is shipped with Informix products. To get the most current information, see the
Informix information centers at ibm.com®. You can access the information centers
and other Informix technical information such as technotes, white papers, and IBM
Redbooks publications online at [http: / /www.ibm.com /software /data/sw-library /|

Compliance with industry standards

IBM Informix products are compliant with various standards.

IBM Informix SQL-based products are fully compliant with SQL-92 Entry Level
(published as ANSI X3.135-1992), which is identical to ISO 9075:1992. In addition,
many features of IBM Informix database servers comply with the SQL-92
Intermediate and Full Level and X/Open SQL Common Applications Environment
(CAE) standards.

The IBM Informix Geodetic DataBlade® Module supports a subset of the data types
from the Spatial Data Transfer Standard (SDTS)—Federal Information Processing
Standard 173, as referenced by the document Content Standard for Geospatial
Metadata, Federal Geographic Data Committee, June 8, 1994 (FGDC Metadata
Standard).

Syntax diagrams

Syntax diagrams use special components to describe the syntax for statements and
commands.

Table 2. Syntax Diagram Components

Component represented in PDF

Component represented in HTML

Meaning

>
>

Statement begins.

v

Statement continues on next
line.

\4

Statement continues from
previous line.

\ 4
'y

Statement ends.
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Table 2. Syntax Diagram Components (continued)

Component represented in PDF

Component represented in HTML

Meaning

SELECT—— |- SELECT=cmmmmmemem Required item.
e e R Optional item.
LOCAL (R LOCAL--=---- '
ALL o J I P Required item with choice.
+--DISTINCT----- + Only one item must be
—— DISTINCT—— ' UNIQUE~----~- X present.
—— UNIQUE ———
e e feee Optional items with choice
— FOR UPDATE i‘ +--FOR UPDATE----- + are shown below the main
L FOR READ ONLY '--FOR READ ONLY--' line, one of which you might
specify.
NEXT- em o NEXTmmmmmmmmm The values below the main
e e e R line are optional, one of
PRIOR +==-PRIOR=====mm- + which you might specify. If
'---PREVIOUS----- ' you do not specify an item,
— PREVIOUS—— the value above the line will
be used as the default.
) emmeme S Optional items. Several items
l | v are allowed; a comma must
oo R precede each repetition.
index_name +---index_name---+
table_name '---table_name---'

»—iTabIe Reference H

>>-| Table Reference |-><

Reference to a syntax
segment.

Table Reference

I view |
table

synonym ——

Table Reference

[ View-------- +--|
EEEEEEE table------ +
'----synonym------ '

Syntax segment.

How to read a command-line syntax diagram

Command-line syntax diagrams use similar elements to those of other syntax

diagrams.

Some of the elements are listed in the table in|Syntax Diagrams}

Creating a no-conversion job

»»>—onpladm create job—job

»— -t—table

I— -p—project‘—|

-n— -d—device— -D—database——>
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M

>«

|_ -S—server—l |_ -T—target—l i Setting the Run Mode |—

Notes:

1 See page Z-1

This diagram has a segment named “Setting the Run Mode,” which according to
the diagram footnote is on page Z-1. If this was an actual cross-reference, you

(1)

would find this segment on the first page of Appendix Z. Instead, this segment is

shown in the following segment diagram. Notice that the diagram uses segment

start and end components.

Setting the run mode:

e

I I B I B N R

To see how to construct a command correctly, start at the upper left of the main
diagram. Follow the diagram to the right, including the elements that you want.
The elements in this diagram are case-sensitive because they illustrate utility

syntax. Other types of syntax, such as SQL, are not case-sensitive.

The Creating a No-Conversion Job diagram illustrates the following steps:

1. Type onpladm create job and then the name of the job.
2. Optionally, type -p and then the name of the project.
3. Type the following required elements:

* -n

¢ -d and the name of the device

* -D and the name of the database

* -t and the name of the table

4. Optionally, you can choose one or more of the following elements and repeat

them an arbitrary number of times:
* -S and the server name

e -T and the target server name

* The run mode. To set the run mode, follow the Setting the Run Mode
segment diagram to type -f, optionally type d, p, or a, and then optionally

type 1 or u.
5. Follow the diagram to the terminator.

Keywords and punctuation

Keywords are words reserved for statements and all commands except

system-level commands.
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When a keyword appears in a syntax diagram, it is shown in uppercase letters.
When you use a keyword in a command, you can write it in uppercase or
lowercase letters, but you must spell the keyword exactly as it appears in the
syntax diagram.

You must also use any punctuation in your statements and commands exactly as
shown in the syntax diagrams.

Identifiers and names

Variables serve as placeholders for identifiers and names in the syntax diagrams
and examples.

You can replace a variable with an arbitrary name, identifier, or literal, depending
on the context. Variables are also used to represent complex syntax elements that

are expanded in additional syntax diagrams. When a variable appears in a syntax
diagram, an example, or text, it is shown in lowercase italic.

The following syntax diagram uses variables to illustrate the general form of a
simple SELECT statement.

A\
A

»>—SELECT—column_name—FROM—table_name

When you write a SELECT statement of this form, you replace the variables
column_name and table_name with the name of a specific column and table.

How to provide documentation feedback

You are encouraged to send your comments about IBM Informix user
documentation.

Use one of the following methods:

¢ Send e-mail to [docinf@us.ibm.com|]

e In the Informix information center, which is available online at
|http: / /www.ibm.com /software /data/sw-library / |, open the topic that you want
to comment on. Click the feedback link at the bottom of the page, fill out the
form, and submit your feedback.

* Add comments to topics directly in the information center and read comments
that were added by other users. Share information about the product
documentation, participate in discussions with other users, rate topics, and
more!

Feedback from all methods is monitored by the team that maintains the user
documentation. The feedback methods are reserved for reporting errors and
omissions in the documentation. For immediate help with a technical problem,
contact IBM Technical Support. For instructions, see the IBM Informix Technical
Support website at/|http://www.ibm.com/planetwide /}

We appreciate your suggestions.
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Part 1. What is Informix ESQL/C
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Chapter 1. Informix ESQL/C programming

The last section of these topics, [“A sample Informix ESQL/C program” on page]
presents the demol sample program, which is annotated. The demol
program illustrates the basic concepts of Informix ESQL/C programming that these
topics introduce.

What is Informix ESQL/C?

IBM Informix ESQL/C is an SQL application programming interface (API) that
enables you to embed Structured Query Language (SQL) statements directly into a
C program.

The Informix ESQL/C preprocessor, esql, converts each SQL statement and all IBM
Informix-specific code to C-language source code and starts the C compiler to
compile it.

ESQL/C components

IBM Informix ESQL/C consists of the following software components:

The Informix ESQL/C libraries of C functions, which provide access to the
database server.

The Informix ESQL/C header files, which provide definitions for the data
structures, constants, and macros useful to the Informix ESQL/C program.

The esql command, which processes the Informix ESQL/C source code to create
a C source file that it passes to the C compiler.

The finderr utility on the UNIX system and the Windows Informix Error
Messages utility, which enable you to obtain information about error messages
specific to Informix.

The Informix GLS locale and code-set-conversion files, which provide
locale-specific information.

For more information about these files, see the IBM Informix GLS User’s Guide.

ESQL/C files for Windows

For Windows environments, the IBM Informix ESQL/C product contains the
following additional executable files:

The Setnet32 utility is a Windows-based utility that enables you to set
configuration information.

For more information, see the IBM Informix Client Products Installation Guide.

The ILOGIN utility is a demonstration program that opens a dialog box with
fields for the connection parameters, for testing a connection to the database
server (uses the stores7 database).

For more information, see the IBM Informix Client Products Installation Guide.

The ESQLMEEXE multibyte filter changes escape characters in multibyte strings
into hexadecimal literals.

These Informix ESQL/C executable files are located in the $INFORMIXDIR%\bin,
%INFORMIXDIR%\1ib, and %INFORMIXDIR%\demo directories. The %INFORMIXDIR%
variable represents the value of the INFORMIXDIR environment variable.
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ESQL/C library functions

The IBM Informix ESQL/C library contains a set of C functions that you can use in
your application.

These functions fall into the following categories:

* Data type alignment library functions provide support for computer-
independent size and alignment information for different data types and assist
in working with null database values.

* Character and string library functions provide character-based manipulations
such as comparison and copying.

* DECIMAL library functions support access to DECIMAL values through the
decimal structure.

¢ Formatting functions enable you to specify display formats for different data

types.
* DATE library functions support access to DATE values.

* DATETIME and INTERVAL library functions support access to values of these
data types through the datetime and interval structures.

* Error message functions provide support for obtaining and formatting
Informix-specific error-message text.

* Database server control functions enable your application to implement such
features as canceling queries and terminating connections.

 INTS library functions enable you to access INT8 values through the int8
structure.

* Smart-large-object library functions provide a file-like interface to the BLOB and
CLOB data types.

Related reference
[Appendix B, “The ESQL/C function library,” on page B-1|

Creating an ESQL/C program

To create an IBM Informix ESQL/C program:

1. Embed Informix ESQL/C statements in a C-language source program to
perform the following tasks:

* Define host variables to store data for transfer between the Informix ESQL/C
program and the database server.

* Access the database server through SQL statements.
* Provide directives for the Informix ESQL/C preprocessor and the C compiler.

2. Preprocess the Informix ESQL/C source file with the esql command to create a
C-language source file and start the C compiler.

3. As necessary, correct errors reported by the preprocessor and the compiler and
repeat step

4. Using the esql command, link the compiled object code into one or more
executable files.

An Informix ESQL/C source file can contain the following types of statements:

Preprocessor directives
Informix ESQL/C preprocessor directives to create simple macro
definitions, include Informix ESQL/C files, and perform conditional
Informix ESQL/C compilation.
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C preprocessor directives to create macro definitions, include system and C
source files, and perform conditional C compilation.

Language statements
Informix ESQL/C host variable definitions to store data for transfer
between the Informix ESQL/C program and the database server.

Embedded SQL statements to communicate with the database server.

C language statements to provide program logic.

For information about C preprocessor directives and C language statements, see a
C programming text.

Your Informix ESQL/C source code file name can have either of the following
forms:

* esqlc_source.ec
* esqlc_source.ecp

The particular suffix that your Informix ESQL/C source file has determines the
default order in which that source file gets compiled by the esql command. The
.ec suffix is the default suffix. For more information about the .ecp suffix and the
non-default order of compilation, see [‘Run the C preprocessor before the ESQL/C]
[preprocessor” on page 2-16.

Related concepts

[“ESQL/C preprocessor directives” on page 1-27]
Related tasks
[“Declaring and using host variables” on page 1-8|

Related reference
[“Embed SQL statements”|
[“ESQL/C header files” on page 1-24|

Embed SQL statements

An IBM Informix ESQL/C program can use SQL statements to communicate with
the database server. The program can use both static and dynamic SQL statements.

A static SQL statement is one in which all the components are known when you
compile the program. A dynamic SQL statement is one in which you do not know
all the components at compile time; the program receives all or part of the
statement at runtime. For a description of dynamic SQL, see [Chapter 14, “Using]
[dynamic SQL,” on page 14-1)

You can embed SQL statements in a C function with one of two formats:
¢ The EXEC SQL keywords:
EXEC SQL SQL_statement;

Using EXEC SQL keywords is the ANSI-compliant method to embed an SQL
statement.

* The dollar sign ($) notation:
$SQL_statement;

In either of these formats, replace SQL_statement with the complete text of a valid
statement. Informix ESQL/C statements can include host variables in most places
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where you can use a constant. For any exceptions, see the syntax of individual
statements in the IBM Informix Guide to SQL: Syntax.

Case sensitivity in embedded SQL statements

The following table describes how the IBM Informix ESQL/C preprocessor treats
uppercase and lowercase letters.

Table 1-1. Case sensitivity in ESQL/C files

ESQL/C identifier

Case
sensitive

Example

Host variable

Yes

Informix ESQL/C treats the variables fname and Fname as distinct variables:

EXEC SQL BEGIN DECLARE SECTION;
char fname[16], Tname[16];
char Fname[16];

EXEC SQL END DECLARE SECTION;

This sample does not generate a warning from the preprocessor.

Variable types

Yes

Both Informix ESQL/C and C treat the names of data types as case sensitive.
The CHAR type in the following example is considered distinct from the char
data type and it generates an error:

EXEC SQL BEGIN DECLARE SECTION;
char fname[16], Tname[16];
CHAR Fname[16];

EXEC SQL END DECLARE SECTION;

The CHAR type does not generate an error, however, if you provide a typedef
statement for it. In the following example, the CHAR type does not generate
an error:

typedef char CHAR;

EXEC SQL BEGIN DECLARE SECTION;
char fname[16], Tname[16];
CHAR Fname[16];

EXEC SQL END DECLARE SECTION;

SQL keyword

Both CONNECT statements are valid ways of establishing a connection to the
stores7 demonstration database:
EXEC SQL CONNECT TO 'stores7';

or
EXEC SQL connect to 'stores7';

In examples given in this publication, SQL keywords are displayed as
lowercase characters.

Statement identifiers

Cursor names

No

The following example shows the creation of statement IDs and cursor names:

EXEC SQL prepare st from
'select * from tabl';

/* duplicate x/

EXEC SQL prepare ST from
"insert into tab2
values (1,2)';

EXEC SQL declare curname cursor
for st;

/* duplicate */

EXEC SQL declare CURNAME cursor
for ST;

This code produces errors because the statement IDs st and ST are duplicates,
as are the cursor names curname and CURNAME. For more information about
statement IDs and cursor names, see the IBM Informix Guide to SQL: Syntax.
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Related tasks
[‘Declaring and using host variables” on page 1-8]

Quotation marks and escape characters

An escape character indicates to the IBM Informix ESQL/C preprocessor that it
should print the following character as a literal character instead of interpreting it.
You can use the escape character with an interpreted character to make the
compiler escape, or ignore, the interpreted meaning.

In ANSI SQL, the backslash character (\) is the escape character. To search for data
that begins with the string \abc, the WHERE clause must use an escape character
as follows:

. where coll = '"\\abc';

However, ANSI standards specify that using the backslash character (\) to escape
single (' ') or double (" ") quotation marks is invalid. For example, the following
attempt to find a quotation mark does not conform to ANSI standards:

. where coll = "\'';

In non-embedded tools such as DB-Access, you can escape a quotation mark with
either of the following methods:
* You can use the same quotation mark as an escape character, as follows:

. where coll =

* You can use an alternative quotation mark. For example, to look for a double
quotation mark, you can enclose this double quotation mark with quotation
marks, as follows:

. where coll = "' "';

The following figure shows a SELECT statement with a WHERE clause that
contains a double quotation mark enclosed with quotation marks.

EXEC SQL select coll from tabl where coll = ' "';

Figure 1-1. A SELECT statement with an invalid WHERE clause

For the WHERE clause in [Table 1-2 on page 1-6} the Informix ESQL/C preprocessor
does not process a double quotation mark; it passes it on to the C compiler. When
the C compiler receives the string ' " ' (double quotation mark enclosed with
quotation marks), it interprets the first quotation mark as the start of a string and
the double quotation mark as the end of a string. The compiler cannot match the
quotation mark that remains and therefore generates an error.

To cause the C compiler to interpret the double quotation mark as a character,
precede the double quotation mark with the C escape character, the backslash ().

The following example illustrates the correct syntax for the query in[Table 1-2 o

EXEC SQL select coll from tabl where coll = "\"';

Because both C and ANSI SQL use the backslash character as the escape character,
be careful when you search for the literal backslash in embedded queries. The
following query shows the correct syntax to search for the string "\" (where the
double quotation marks are part of the string):
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EXEC SQL select coll from tabl where coll = "\"\\\\\"';

This string requires five backslashes to obtain the correct interpretation. Three of
the backslashes are escape characters, one for each double quotation mark and one
for the backslash. The following table shows the string after it passes through each
of the processing steps.

Table 1-2. Escaped query string as it is processed

Processor After processing
ESQL/C preprocessor VNN

C compiler "N
ANSI-compliant database server M

Informix ESQL/C supports strings in either quotation marks ('string') or double
quotation marks ("string"). However, the C language supports strings only in

double quotation marks. Therefore, the Informix ESQL/C preprocessor converts
every statement in an Informix ESQL/C source file into a double-quoted string.

Newline characters in quoted strings

IBM Informix ESQL/C does not allow a newline character (0x0A) in a quoted
string. The database server does allow a newline character in a quoted string,
however, if you specify that you want to allow it. Consequently, you can include
the newline character in a quoted string that is part of a dynamically prepared
SQL statement because the database server, rather than Informix ESQL/C,
processes the prepared statement.

You can specify that you want the database server to allow the newline character
in a quoted string either on a per session basis or on an all session basis. A session
is the duration of the client connection to the database server.

To allow or disallow a newline character in a quoted string for a particular session,
you must execute the user-defined routine ifx_allow_newline(boolean). The
following example illustrates how to start the ifx_allow_newline() user-defined
routine to allow newlines in quoted strings:

EXEC SQL execute procedure ifx_allow_newline('t');

To disallow newline in quoted strings, change the argument to f as in the
following example:

EXEC SQL execute procedure ifx_allow_newline('f');

To allow or disallow a newline character in a quoted string for all sessions, set the
ALLOW_NEWLINE parameter in the onconfig file. A value of 1 allows the
newline character. A value of 0 disallows the newline character. For more
information about the ALLOW_NEWLINE parameter, see your IBM Informix
Administrator’s Guide.

Related concepts
[Chapter 14, “Using dynamic SQL,” on page 14-1|

Add comments to ESQL/C programs

To add comments to an IBM Informix ESQL/C program, you can use either of the
following formats:
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* You can use a double dash (--) comment indicator on any Informix ESQL/C
statement. The statement must begin with either EXEC SQL or $ and terminate
with a semicolon. The comment continues to the end of the line.

For example, the comment on the first of the following lines notes that the
Informix ESQL/C statement opens the stores7 demonstration database:

EXEC SQL database stores7; -- stores7 database is open now!

printf("\nDatabase opened\n"); /* This is not an ESQL/C */
/* line so it needs a */
/* regular C notation x/
/* for a comment */

* You can use a standard C comment on an Informix ESQL/C line, as the
following example shows:

EXEC SQL begin work; /* You can also use a C comment here =/

Host variables

Host variables are IBM Informix ESQL/C or C variables that you use in embedded
SQL statements to transfer data between database columns and the Informix
ESQL/C program.

When you use a host variable in an SQL statement, you must precede its name
with a symbol to distinguish it as a host variable. You can use either of the
following symbols:

* A colon ()
For example, to specify the host variable that is called hostvar as a connection
name, use the following syntax:
EXEC SQL connect to :hostvar;
Using the colon (:) as a host-variable prefix conforms to ANSI SQL standards.
* A dollar sign ($)

For example, to specify the host variable that is called hostvar as a connection
name, use the following syntax:

EXEC SQL connect to $hostvar;

When you list more than one host variable within an SQL statement, separate the
host variables with commas (,). For example, the esql command interprets the
following line as two host variables, hostl and host2:

EXEC SQL select fname, 1name into :hostl, :host2 from customer;
If you omit the comma, esql interprets the second variable as an indicator variable

for the first host variable. The esql command interprets the following line as one
host variable, hostl, and one indicator variable, host2, for the hostl host variable:

EXEC SQL select fname, lname into :hostl :host2 from customer;

Outside an SQL statement, treat a host variable as you would a regular C variable.
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Related concepts

[“Indicator variables” on page 1-21|
Related tasks

[‘Declaring and using host variables”|

Declaring and using host variables

1-8

In an IBM Informix ESQL/C application, the SQL statements can refer to the
contents of host variables. A host variable is an Informix ESQL/C program variable
that you use to transfer information between the Informix ESQL/C program and
the database.

You can use host variables in Informix ESQL/C expressions in the same way that
you use literal values except that they cannot be used:

* In prepared statements

* In stored procedures

* In check constraints

* In views

e In triggers

* As part of a string concatenation operation

To use a host variable in an SQL statement:

1. Declare the host variable in the C program.

2. Assign a value to the host variable.

3. Specify the host variable in an embedded SQL statement.

Declare a host variable

You must define the data storage that a host variable needs before you can use that
variable in an IBM Informix ESQL/C program. To assign an identifier to the
variable and associate it with a data type, you declare the variable.

You declare host variables within the Informix ESQL/C program as C variables,
with the same basic syntax as C variables.

To identify the variable as a host variable, you must declare it in either of the
following ways:

e Put the declarations in an ESQL declare section:

EXEC SQL BEGIN DECLARE SECTION;
-- put host variable declarations here
EXEC SQL END DECLARE SECTION;

Make sure you terminate the statements EXEC SQL BEGIN DECLARE SECTION
and EXEC SQL END DECLARE SECTION with semicolons.

Using the EXEC SQL BEGIN DECLARE SECTION and EXEC SQL END
DECLARE SECTION keywords conforms to ANSI standards.

* Preface each declaration with a dollar sign ($).

Within the declaration itself, you must specify the following information:
¢ The name of the host variable

* The data type of the host variable

* The initial value of the host variable (optional)
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* The scope of the host variable (which the placement of the declaration within
the program determines)

Related reference

[‘Sample host-variable declarations” on page 1-11

Host variable names

The name of the host variable must conform to the naming conventions of the C
language. In addition, you must follow any limitations that your C compiler
imposes.

In general, a C variable must begin with a letter or an underscore (_) and can
include letters and digits and underscores.

Important: Many variable names used in the implementation of the IBM Informix
ESQL/C product begin with an underscore. To avoid conflicting with internal
Informix ESQL/C variable names, avoid using an underscore for the first character
of a variable name.

The C variable names are case-sensitive, so the variables hostvar and HostVar are
distinct.

You can use non-ASCII (non-English) characters in Informix ESQL/C host-variable
names if your client locale supports these non-ASCII characters. For more
information about how the client locale affects host-variable names, see the IBM
Informix GLS User’s Guide.

Tip: Good programming practice requires that you create a naming convention for
host-variable names.

Related reference

[“Case sensitivity in embedded SQL statements” on page 1-4]

Host-variable data types

Because a host variable is a C variable, you must assign a C data type to the
variable when you declare it. Likewise, when you use a host variable in an SQL
statement, you also associate it with an SQL data type.

For more information about the relationship between SQL data types and C data
types, see|Chapter 3, “Informix ESQL/C data types,” on page 3-1] In addition, the
IBM Informix Guide to SQL: Reference contains information about the SQL data

types.

You can also declare host variables as many of the more complex C data types,
such as pointers, structures, typedef expressions, and function parameters. For
more information, see|“Host variables in data structures” on page 1-15]

Initial host-variable values
You can declare host variables with normal C initializer expressions using IBM
Informix ESQL/C.

The following example shows valid C initializers:

EXEC SQL BEGIN DECLARE SECTION;

int varname = 12;

Tong cust_nos[8] = {0,0,0,0,0,0,0,9999};

char descr[100] = "Steel eyelets; Nylon cording.";
EXEC SQL END DECLARE SECTION;

Chapter 1. Informix ESQL/C programming 1-9



1-10

The Informix ESQL/C preprocessor does not check initializer expressions for valid
C syntax; it copies them to the C source file. The C compiler diagnoses any errors.

Scope of host variables
The scope of reference, or the scope, of a host variable is that portion of the
program in which the host variable can be accessed.

The placement of the IBM Informix ESQL/C declaration statement determines the
scope of the variable as follows:

* If the declaration statement is inside a program block, the variable is local to that
program block.

Only statements within that program block can access the variable.
e If the declaration statement is outside a program block, the variable is modular.
All program blocks that occur after the declaration can access the variable.

Host variables that you declare within a block of code are local to that block. You
define a block of code with a pair of curly braces, { }.

For example, the host variable blk_int in the following figure is valid only in the
block of code between the curly braces, whereas p_int is valid both inside and
outside the block.

EXEC SQL BEGIN DECLARE SECTION;
int p_int;
EXEC SQL END DECLARE SECTION;

EXEC SQL select customer_num into :p_int from customer
where Tname = "Miller";

EXEC SQL BEGIN DECLARE SECTION;
int blk_int;

EXEC SQL END DECLARE SECTION;

blk_int = p_int;

EXEC SQL select customer_num into :bTk_int from customer
where Tname = "Miller";

}

Figure 1-2. Declaring host variables inside and outside a code block

You can nest blocks up to 16 levels. The global level counts as level one.

The following C rules govern the scope of Informix ESQL/C host variables as well:

* A host variable is an automatic variable unless you explicitly define it as an
external or static variable or unless it is defined outside of any function.

e A host variable that a function declares is local to that function and masks a
definition with the same name outside the function.

* You cannot define a host variable more than once in the same block of code.
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Sample host-variable declarations

The following figure shows an example of how to use the EXEC SQL syntax to
declare host variables.

EXEC SQL BEGIN DECLARE SECTION;
char  *hostvar; /* pointer to a character */
int hostint; /* integer */
double hostdbl; /* double =/
char  hostarr[80]; /* character array */
struct {
int svarl;
int svar2;
} hoststruct; /* structure */
EXEC SQL END DECLARE SECTION;

Figure 1-3. Declaring host variables with the EXEC SQL syntax

The following figure shows an example of how to use the dollar sign ($) notation
to declare host variables.

$char  *hostvar;
$int hostint;
$double hostdbl;
$char  hostarr[80];

$struct {

int svarl;
int svar2;

} hoststruct;

Figure 1-4. Declaring host variables with the dollar sign ($) notation

Related concepts

[“Host variables” on page 1-7|

Host variable information

You can use host variables to contain the following types of information:

SQL identifiers
SQL identifiers include names of parts of the database such as tables,
columns, indexes, and views.

Data Data is information that the database server fetches from or stores in the
database. This information can include null values. A null value indicates
that the value of the column or variable is unknown.

Host variables can be displayed within an SQL statement as syntax allows. (For
information about the syntax of SQL statements, see the IBM Informix Guide to SQL:
Syntax.) However, you must precede the host-variable name with a symbol to
distinguish it from regular C variables.
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Related concepts

[‘Host variables” on page 1-7|

SQL identifiers
An SQL identifier is the name of a database object.

The following objects are examples of SQL identifiers:

* Parts of the database schema such as tables, columns, views, indexes, synonyms,
and stored procedure names

¢ Dynamic IBM Informix ESQL/C structures such as cursors and statement IDs

As syntax allows, you can use a host variable within an embedded SQL statement
to hold the name of an SQL identifier.

For information about the sizes and naming conventions for SQL identifiers, see
the Identifier segment in the IBM Informix Guide to SQL: Syntax.

Long identifiers:

IBM Informix allows identifiers of up to 128 characters in length, and user names
up to 32 characters in length. Other versions of Informix database servers support
an identifier length of 18 characters and a user name length of 8 characters.

The database server uses the following two criteria to determine whether the client
program can receive long identifiers:

* The internal version number of the client program
¢ The setting of the IFX_LONGID environment variable

If the IFX_LONGID environment variable is set to 0 (zero) the database server treats
the client as if it cannot handle long identifiers. If IFX_LONGID is set to 1 (one)
and the client version is recent enough, then the database server treats the client as
if it is able to receive long identifiers. If IFX_LONGID is not set it is treated as if it is
set to 1 (one).

Important: If you set IFX_LONGID in the environment of the client, it will take
effect only for that client. If you set the IFX_LONGID environment variable in the
environment of the database server, it takes effect for all client programs.

For more information about the IFX_LONGID environment variable, see the IBM
Informix Guide to SQL: Reference.

Client programs that meet the following conditions can use long identifiers and

long user names without recompiling:

* It was compiled with a version of ESQL/C that was released later than version
9.20

* It uses shared libraries (that is, program was compiled without the -static
option)

If the database server truncates a long identifier or long user name, it sets the
SQLSTATE variable to '01004" and sets the sqlwarn1 flag to 'W' in the SQL
Communications Area (sqlca).
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Related concepts

[“Specify versions of Informix general libraries” on page 2-27)

Related reference

[Chapter 11, “Exception handling,” on page 11-1|

Delimited identifiers:

If an identifier name does not conform to naming conventions, you must use a
delimited identifier. A delimited identifier is an SQL identifier that is enclosed in

"o

double quotation marks, " ".

When you use double quotation marks to delimit identifiers, you conform to ANSI
standards; single quotation marks (' ') delimit strings.

Use delimited identifiers when your program must specify some identifier name
that would otherwise be syntactically invalid. Examples of possible invalid
identifiers include:

* An identifier that is the same as an SQL reserved word.

For a list of SQL reserved words, see the description of identifiers in the IBM
Informix Guide to SQL: Syntax.

* An identifier that does not contain alphabetic characters.

To use delimited identifiers, you must compile and run your IBM Informix
ESQL/C program with the DELIMIDENT environment variable set. You can set
DELIMIDENT at either of the following phases:

* At compile time, the Informix ESQL/C preprocessor allows quoted strings in
areas of the SQL syntax where identifiers are valid.

e At run time, the database server accepts quoted strings in dynamic SQL
statements where identifiers are valid.

Database utilities such as dbexport and DB-Access also accept delimited
identifiers.

Important: When you use the DELIMIDENT environment variable, you can no longer
use double quotation marks to delimit strings. If you want to indicate a quoted
string, enclose the text with single quotation marks (' ).

Delimited identifiers are case sensitive. All database object names that you place
within quotation marks maintain their case. Keep in mind that Informix ESQL/C
restricts identifier names to a maximum of 128 characters.

The following restrictions apply to delimited identifiers:
* You cannot use a delimited identifier for a database name.

"non

This restriction prevents the creation of a database name such as and avoids

conflict with the syntax for IBM Informix SE database names.

* You cannot use a delimited identifier for a storage identifier, for instance, the
name of a dbspace.

The DELIMIDENT environment variable applies only to database identifiers.
Example of a delimited identifier:

The following figure shows a delimited identifier that specifies characters that are
not alphabetic in both a cursor name and a statement ID.
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EXEC SQL BEGIN DECLARE SECTION;
char curnamel[10];
char stmtname[10];

EXEC SQL END DECLARE SECTION;

stcopy("%#!", curnamel);
stcopy (" (_=", stmtname);
EXEC SQL prepare :stmtname from
'select customer_num from customer';
EXEC SQL declare :curnamel cursor for $stmtname;
EXEC SQL open :curname;

Figure 1-5. Using delimited identifiers for a cursor name

In the previous figure, you can also list the cursor name or statement ID directly in
the SQL statement. For example, the following PREPARE statement is also valid
(with DELIMIDENT set):

EXEC SQL prepare "%#!" from
'select customer_num from customer';

If you set DELIMIDENT, the SELECT string in the preceding PREPARE statement
must be enclosed in quotation marks for the preprocessor to treat it as a string. If
you enclose the statement in double quotation marks, the preprocessor treats it as
an identifier.

To declare a cursor name that contains a double quotation mark, you must use
escape characters in the delimited identifier string. For example, to use the string
"abc" as a cursor name, you must escape the initial quotation mark in the cursor
name:
EXEC SQL BEGIN DECLARE SECTION;

char curname2[10];

char stmtname[10];
EXEC SQL END DECLARE SECTION;

stcopy("\"abc\"", curname2);
EXEC SQL declare :curname2 cursor for :stmtname;

In the preceding example, the cursor name requires several escape characters:

* The backslash (\) is the C escape character. You need it to escape the double
quotation mark.
Without the escape character, the C compiler would interpret the double
quotation mark as the end of the string.

* The cursor name must contain two double quotation marks.
The first double quotation mark escapes the double quotation mark and the
second double quotation mark is the literal double quotation mark. The ANSI
standard states that you cannot use a backslash to escape quotation marks.
Instead, you must escape the quotation mark in the cursor name with another
quotation mark.

The following table shows the string that contains the cursor name as it is
processed.

Table 1-3. Escaped cursor name string as it is processed

Processor After processing
ESQL/C preprocessor \"\"abc
C Compiler ""abc
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Table 1-3. Escaped cursor name string as it is processed (continued)

Processor After processing

ANSI-compliant database server "abc

Null values in host variables
A null value represents unknown or not applicable values. This value is distinct
from all legal values in any given data type.

The representation of null values depends on both the computer and the data type.
Often, the representation does not correspond to a legal value for the C data type.
Do not attempt to perform arithmetic or other operations on a host variable that
contains a null value.

A program must, therefore, have some way to recognize a null value. To handle
null values, IBM Informix ESQL/C provides the following features:

* The risnull() and rsetnull() library functions enable you to test whether a host
variable contains a null value and to set a host variable to a null value.

* Indicator variables are special Informix ESQL/C variables that you can associate
with host variables that hold values for database columns that allow null values.

The value of the indicator variable can show whether the associated host
variable contains a null value.

In an ANSI-compliant database, a host variable that is used in an INSERT
statement or in the WHERE clause of any SQL statement must be null terminated.

Related concepts

[“Indicator variables” on page 1-21|

Related reference
|Appendix B, “The ESQL/C function library,” on page B-1|

Host variables in data structures

IBM Informix ESQL/C supports the use of host variables in the following data
structures:

* Arrays

* C structures (struct)
* C typedef statements
* Pointers

* Function parameters

Arrays of host variables

IBM Informix ESQL/C supports the declaration of arrays of host variables. You
must provide an integer value as the size of the array when you declare the array.
An array of host variables can be either one or two dimensional.

You can use elements of an array within Informix ESQL/C statements. For
example, if you provide the following declaration:

EXEC SQL BEGIN DECLARE SECTION;
Tong customer_nos[10];
EXEC SQL END DECLARE SECTION;

you can use the following syntax:
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for (i=0; i<10; i++)
{

EXEC SQL fetch customer_cursor into :customer nos[i];

}

You can also use the array name alone within some SQL statements if the array is
of type CHAR. For information about specific statements, see the IBM Informix
Guide to SQL: Syntax.

C structures as host variables

IBM Informix ESQL/C supports the declaration of a C structure (struct) as a host
variable. You can use the components of the structure within Informix ESQL/C
statements.

The following definition of the cust_rec variable serves as a host variable for the
first three columns of the customer table in the stores7 database:
EXEC SQL BEGIN DECLARE SECTION;

struct customer_t

{
int  c_no;
char  fname[32];
char  Tname[32];
} cust_rec;
EXEC SQL END DECLARE SECTION;

The following INSERT statement specifies the components of the cust_rec host
variable in its VALUES clause:
EXEC SQL insert into customer (customer num, fname, Tname)

values (:cust_rec.c_no, :cust_rec.fname,
:cust_rec.Iname);

If an SQL statement requires a single host variable, you must use the structure
component name to specify the host variable. Informix requires structure
component names in the SET clause of an UPDATE statement.

In SQL statements that allow a list of host variables, you can specify the name of
the C structure and Informix ESQL/C expands the name of the structure variable
to each of its component elements. You can use this syntax with SQL statements
such as the FETCH statement with an INTO clause or the INSERT statement with
a VALUES clause.

The following INSERT statement specifies the entire cust_rec structure in its
VALUES clause:

EXEC SQL insert into customer (customer_num, fname, Tname)
values (:cust_rec);

This insert performs the same task as the insert that specifies the individual
component names of the cust_rec structure.

C typedef statements as host variables
IBM Informix ESQL/C supports the C typedef statements and allows the use of
typedef names in declaring the types of host variables.
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For example, the following code creates the smallint type as a short integer and
the serial type as a long integer. It then declares a row_nums variable as an array
of serial variables and a variable counter as a smallint.

EXEC SQL BEGIN DECLARE SECTION;

typedef short smallint;
typedef long serial;

serial row_nums [MAXROWS];
smallint counter;
EXEC SQL END DECLARE SECTION;

You cannot use a typedef statement that names a multidimensional array, or a
union, or a function pointer, as the type of a host variable.

Pointers as host variables
You can use a pointer as a host variable provided that your program uses the
pointer to input data to an SQL statement.

For example, the following figure shows how you can associate a cursor with a
statement and insert values into a table.

EXEC SQL BEGIN DECLARE SECTION;
char *s;
char *i;

EXEC SQL END DECLARE SECTION;

/* Code to allocate space for two pointers not shown */

S
i

"select * from cust_calls";
IINSII;

EXEC SQL prepare x from :s;
EXEC SQL insert into state values (:i, 'New State');

Figure 1-6. Declaring a character pointer to input data

The following figure shows how to use an integer pointer to input data to an
INSERT statement.
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EXEC SQL BEGIN DECLARE SECTION;
short =*i;
int *o0;
short *s;

EXEC SQL END DECLARE SECTION;

short i_num = 3

int o_num = 1002;
short s_num = 8;
i = &i_num;

= &o_num;
s = &s_num;

EXEC SQL connect to 'stores7';
EXEC SQL insert into items values (:*i, :*0, :*s, 'ANZ', 5, 125.00);
EXEC SQL disconnect current;

Figure 1-7. Declaring an integer pointer to input data

If you use a host variable that is a pointer to char to receive data from a SELECT
statement, you receive a compile-time warning and your results might be
truncated.

Function parameters as host variables

You can use host variables as parameters to functions. You must precede the name
of the host variable with the parameter keyword to declare it as a function
parameter.

For example, the following figure shows a code fragment with a Kernighan and
Ritchie-style prototype declaration that expects three parameters, two of which are
host variables.

f(s, id, s_size)

EXEC SQL BEGIN DECLARE SECTION;
PARAMETER char s[20];
PARAMETER int id;

EXEC SQL END DECLARE SECTION;

int s_size;

{
select fname into :s from customer

where customer_num = :id;

}

Figure 1-8. Using EXEC SQL to declare host variables as parameters to a Kernighan and
Ritchie-Style function declaration

You can also declare parameter host variables with the dollar sign ($) notation. For
example, the following figure shows the function header in with the

dollar sign ($) notation.
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f(s, id, s_size)

$parameter char s[20];

$parameter int id;
int s_size;

Figure 1-9. Using the dollar sign ($) to declare host variables as parameters to a function

You can declare parameters in an ANSI-style prototype function declaration as host
variables as well. You can also put all parameters to a prototype function
declaration inside the EXEC SQL declare section, even if some of the parameters
cannot be used as host variables. The following figure shows that the function
pointer f can be included in the EXEC SQL declare section, even though it is not a
valid host-variable type and cannot be used as a host variable.

int * foo(
EXEC SQL BEGIN DECLARE SECTION;
PARAMETER char s[20],
PARAMETER int id,
PARAMETER int (*f) (double)
EXEC SQL END DECLARE SECTION;
)
{
select fname into :s from customer
where customer_num = :id;

}

Figure 1-10. Using exec sql to declare host variables as parameters to ANSI-style function
declaration

The functionality that allows inclusion of function parameters inside of the EXEC
SQL declare section is in compliance with the requirement that any valid C
declaration syntax must be allowed inside the EXEC SQL declare sections to use
common header files for C and Informix ESQL/C source files. For more
information about how to use common header files between C and Informix

ESQL/C source files, see|“Define host variables based on C #defines and typedefs”|
h

Important: If you want to define Informix ESQL/C host variables that are
ANSI-style parameters, you must use the EXEC SQL BEGIN DECLARE SECTION
and the EXEC SQL END DECLARE SECTION syntax. You cannot use the $BEGIN
DECLARE and $END DECLARE syntax. This restriction is because SQL statements
that begin with the dollar sign ($) notion must end with a semicolon (;). However,
ANSI syntax requires that each parameter in a parameter list should not end with
a semicolon terminator, but with a comma (,) delimiter.

The following limitations apply to using host variables as function parameters:
* You cannot declare a parameter variable inside a block of C code.

* You cannot use the parameter keyword in declarations of host variables that are
not part of a function header. If you do, you receive unpredictable results.

Host variables in Windows environments

This section describes the following topics about IBM Informix ESQL/C host
variables that are unique to the Windows environments:
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* How to declare host variables with non-ANSI storage-class modifiers
* How global Informix ESQL/C variables are declared

Declare variables with non-ANSI storage-class modifiers

The ANSI C standards define a set of storage-class specifiers for variable
declarations. The C compilers in Windows environments often support non-ANSI
storage-class specifiers. To provide support for these non-ANSI storage-class
specifiers in IBM Informix ESQL/C host-variable declarations, the Informix
ESQL/C preprocessor supports the form of the ANSI syntax that the following
figure shows.

B

v
A

EXEC SQL BEGIN DECLARE SECTION;—'I Declaration '——EXEC SQL END DECLARE SECTION;

v 3 L
$—| Declaration |

Declaration:

—e variable type

I - |
|_ — _| variable name i
("—modifier name—")

|—("—modifier name—")—|

Figure 1-11. ESQL/C syntax for non-ANS| storage-class specifiers

Element Purpose Restrictions Syntax
modifier Text that you want to The modifier must be See your C compiler
name pass to the C compiler  valid for your C documentation.

for translation. compiler or be a name

that you define in your
This text is usually the  program.

name of the storage-class

modifier.
variable Identifier name of the None. See |”Declare a hosﬂ
name ESQL/C host variable [variable” on page 1-8.
variable type Data type of the The type must be a valid See ['Declare a host]

ESQL/C host variable C or ESQL/C data type. [variable” on page 1-8.|

For example, the Microsoft Visual C++ compiler supports the declspec compiler
directive to enable you to declare extended storage-class attributes. This compiler
directive has the following syntax:

__declspec(attribute) var_type var_name;

In this example, attribute is a supported keyword (such as thread, dllimport, or
dllexport), var_type is the data type of the variable, and var_name is the variable
name.

To enable you to declare Informix ESQL/C host variables as extended storage-class
variables, the Informix ESQL/C preprocessor supports the declspec directive with
the following syntax:

@("__declspec(attribute)") var_type var_name;
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In this example, attribute, var_type, and var_name are the same as in the previous
example. You might find it convenient to declare a macro for the declspec syntax.
The following example declares threadCount as an instance-specific integer
variable of the thread-extended storage class:

#define DLLTHREAD _ declspec(thread)

EXEC SQL BEGIN DECLARE SECTION;
@("DLLTHREAD") int threadCount;
EXEC SQL END DECLARE SECTION;

This example creates the DLLTHREAD macro to simplify the declaration of
thread-extended storage-class attributes. You can declare similar macros to simplify
declaration of variables to be exported (or imported) to the dynamic link library
(DLL), as follows:

#define DLLEXPORT _ declspec(dllexport);

EXEC SQL BEGIN DECLARE SECTION;
@("DLLEXPORT") int winHd1;
EXEC SQL END DECLARE SECTION;

Indicator variables

When an SQL statement returns a value, it returns it in the host variable for the
specified column. In some cases, you can associate an indicator variable with the
host variable to obtain additional information about the value that is returned. If
you specify an indicator variable, IBM Informix ESQL/C sets it in addition to
returning the value to the host variable.

The indicator variable provides additional information in the following situations:

* If the host variable is associated with a database column or an aggregate
function that allows null values, the indicator variable can specify whether the
value is null.

* If the host variable is a character array and the column value is truncated by the
transfer, the indicator variable can specify the size of the returned value.

The following topics describe how to declare an indicator variable and associate it
with a host variable, and also how Informix ESQL/C sets an indicator variable to
specify the two preceding conditions.

Declare indicator variables

You declare indicator variables in the same way as host variables, between BEGIN
DECLARE SECTION and END DECLARE SECTION statements as the following
example shows:

EXEC SQL BEGIN DECLARE SECTION;

-- put indicator variable declarations here
EXEC SQL END DECLARE SECTION;

Indicator variables can be any valid host-variable data type except DATETIME or
INTERVAL. Usually, you declare an indicator variable as an integer. For example,
suppose your program declares a host variable called name. You can declare a
short integer-indicator variable called nameind, as the following example shows:
EXEC SQL BEGIN DECLARE SECTION;

char name[16];

short nameind;
EXEC SQL END DECLARE SECTION;
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You can use non-ASCII (non-English) characters in Informix ESQL/C
indicator-variable names if your client locale supports these non-ASCII characters.

For more information about how the client locale affects host-variable names, see
the IBM Informix GLS User’s Guide.

Related concepts

[“Declare a host variable” on page 1-§|

Associate an indicator variable with a host variable

You associate an indicator variable with its host variable in one of the following
two ways:

* Prefix the indicator variable with a colon (:) and place the keyword INDICATOR
between the host variable name and the indicator variable name as follows:

:hostvar INDICATOR :indvar

* Place a separator symbol between the host variable name and the indicator
variable name. The following separator symbols are valid:
— A colon (3)
:hostvar:indvar

— A dollar sign ($)
$hostvar$indvar

You can use a dollar sign ($) instead of a colon (:), but the colon makes the
code easier to read.

You can have one or more white space characters between the host variable and
indicator variable. For example, both of the following formats are valid to specify
an indicator variable, hostvarind, on the hostvar host variable:

$hostvar:hostvarind
$hostvar :hostvarind

Indicate null values

When an IBM Informix ESQL/C statement returns a null value to a host variable,
the value might not be a meaningful C value. Your program can take one of the
following actions:

* If you have defined an indicator variable for this host variable, Informix
ESQL/C sets the indicator variable to -1.

Your program can check the indicator variable for a value of -1.

 If you did not define an indicator variable, the runtime behavior of Informix
ESQL/C depends on how you compiled the program:

— If you compile the program with the -icheck preprocessor option, Informix
ESQL/C generates an error and sets sqlca.sqlcode to a negative value when
the database server returns a null value.

— If you compile the program without the -icheck option, Informix ESQL/C
does not generate an error when the database server returns a null value. In
this case, you can use the risnull() function to test the host variable for a null
value.

If the value returned to the host variable is not null, Informix ESQL/C sets the
indicator variable to 0. If the SQL operation is not successful, the value of the
indicator variable is not meaningful. Therefore, you should check the outcome of
the SQL statement before you check for a null value in the host variable.
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The NULL keyword of an INSERT statement allows you to insert a null value into
a table row. As an alternative to the NULL keyword in an INSERT statement, you
can use a negative indicator variable with the host variable.

If you want to insert a variable while the indicator is set to NULL (-1), the
indicator value will take precedence over the variable value. The value inserted in
this case will NULL instead of the value of the host variable.

When you return aggregate function values into a host variable, keep in mind that
when the database server performs an aggregate function on an empty table, the
result of the aggregate operation is the null value. The only exception to this rule is
the COUNT(*) aggregate function, which returns 0 in this case.

Important: If you activate the DATASKIP feature of the database server, an
aggregate function also returns null if all fragments are offline or if all the
fragments that are online are empty.

The DATASKIP feature is unavailable for IBM Informix SE.
Related reference

[“Syntax of the esql command” on page 2-4|

(Chapter 11, “Exception handling,” on page 11-1|

Indicate truncated values

When an SQL statement returns a non-null value into a host-variable character
array, it might truncate the value to fit into the variable. If you define an indicator
variable for this host variable, IBM Informix ESQL/C:

 Sets the SQLSTATE variable to "01004" to signal the occurrence of truncation.

For more information about SQLSTATE, see [“List of SQLSTATE class codes” on|
page 11-8)) Informix ESQL/C also sets sqlwarn1 of the sqlca.sqlwarn structure
to W.

* Sets the associated indicator variable equal to the size in bytes of the SQL host
variable before truncation.

If you do not define an indicator variable, Informix ESQL/C still sets SQLSTATE
and sqlca.sqlwarn to signal the truncation. However, your program has no way to
determine how much data was truncated.

If the database server returns a value that is neither truncated nor null, Informix
ESQL/C sets the indicator variable to 0.

An example of using indicator variables

The code segments in[Figure 1-12 on page 1-24|and [Figure 1-13 on page 1-24| show
examples of how to use indicator variables with host variables. Both examples use
indicator variables to perform the following tasks:

¢ Determine if truncation has occurred on a character array

If you define Iname in the customer table with a length that is longer than 15
characters, nameind contains the actual length of the Iname column. The name
host variable contains the first 15 characters of the Iname value. (The string
name must be terminated with a null character.) If the surname of the company
representative with customer_num = 105 is shorter than 15 characters, Informix
ESQL/C truncates only the trailing blanks.

e Check for a null value
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If company has a null value for this same customer, compind has a negative
value. The contents of the character array comp cannot be predicted.

The following figure shows an Informix ESQL/C program that uses the EXEC SQL
syntax for the SQL statements.

EXEC SQL BEGIN DECLARE SECTION;
char  name[16];
char  comp[20];
short nameind;
short compind;
EXEC SQL END DECLARE SECTION;

EXEC SQL select Tname, company
into :name INDICATOR :nameind, :comp INDICATOR :compind
from customer
where customer_num = 105;

Figure 1-12. Using indicator variables with EXEC SQL and the colon (:) symbol

uses the INDICATOR keyword to associate the main and indicator
variables. This method complies with the ANSI standard.

The following figure shows an Informix ESQL/C program that uses the dollar sign
($) format for the SQL statements.

$char  name[16];
$char  comp[20];
$short nameind;
$short compind;

$select Tname, company
into $name$nameind, $comp$compind
from customer
where customer_num = 105;

Figure 1-13. Using indicator variables with the dollar sign ($) notation

ESQL/C header files

1-24

When you install IBM Informix ESQL/C, the installation script stores the header
files in the $INFORMIXDIR/inc1/esql directory on a UNIX operating system and in
the %INFORMIXDIR%\inc1\esql directory in a Windows environment.

The following table shows the header files provided with the Informix ESQL/C
product.

Table 1-4. ESQL/C header files

Additional
Header file  Contains information

datetime.h Definitions of the Informix ESQL/C datetime and
interval structures, which are the host variables for
DATETIME and INTERVAL columns
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Table 1-4. ESQL/C header files (continued)

Header file

Contains

Additional
information

decimal.h

Definition of the Informix ESQL/C decimal data type,
which is the host variable for DECIMAL and MONEY
data types

gls.h

Function prototypes and data structures for the GLS
functionality

IBM Informix GLS
User’s Guide

ifxtypes.h

Correctly maps the Informix data types intl, int2, int4,
mint, mlong, MSHORT, and MCHAR for 32-bit and
64-bit platforms

“The integer host|
variable es”
on page 5-1

locator.h

Definition of the Informix ESQL/C locator structure
(ifx_loc_t or loc_t), which is the host variable for byte and
text columns

sqlca.h

Definition of the structure that ESQL/C uses to store
error-status codes

The esql preprocessor automatically includes this file
when it preprocesses your program.

sqlda.h

Structure definition for value pointers and descriptions of
dynamically defined variables

sqlhdr.h

This file includes the sqlda.h header file, other header
files, and function prototypes.

The preprocessor automatically includes this file when it
preprocesses your program.

sqliapi.h

Function prototypes for internal library APIs

For internal Informix ESQL/C use only.

sqlstype.h

Definitions of constants for SQL statements

The DESCRIBE statement uses these constants to describe
a dynamically prepared SQL statement.

sqltypes.h

Defines constants that correspond to ESQL/C and SQL
data types

ESQL/C uses these constants when your program
contains a DESCRIBE statement.

sqlxtype.h

Defines constants that correspond to Informix ESQL/C
and SQL data types when you are in X/Open mode

ESQL/C uses these constants when your program
contains a DESCRIBE statement.

value.h

Value structures that Informix ESQL/C uses

For internal Informix ESQL/C use only.

None

varchar.h

Macros that you can use with the VARCHAR data type
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The following figure shows the Informix ESQL/C header files specific to IBM
Informix.

Table 1-5. ESQL/C header files for IBM Informix

Additional
Header file  Contents information

collct.h Definitions of data structures for complex types in
Informix ESQL/C

ifxgls.h Function prototypes for the GLS application programming None
interface

For internal Informix ESQL/C use only.

int8.h Definition of the structure that stores the INTS data type  [‘The int§ datal
type” on page 5-2|

The following table shows the Informix ESQL/C header files specific to Windows
environments.

Table 1-6. ESQL/C header files for Windows environments

Header file Contents Additional information

sqlproto.h Function prototypes of all ESQL/C library ‘Declare function|
functions for use with source that is not fully prototypes”]
ANSI C compliant

infxcexp.c Contains the C code to export the addresses of ‘Same runtime routines|
all C runtime routines that the ESQL for version|
client-interface DLL uses independence” on page]
D-28
login.h The definition of the InetLogin and ‘Fields of the InetLogin|

HostInfoStruct structures, which enable you to structure” on page 1-32|
customize configuration information for the
application

Because this file does not contain ESQL
statements, you do not need to include it with
the ESQL include directive. Use instead the C
#include preprocessor directive.

Declare function prototypes

IBM Informix ESQL/C provides the sqlproto.h header file to declare function
prototypes for all Informix ESQL/C library functions. These function prototypes
are required in an Informix ESQL/C source file that you compile with an ANSI C
compiler. By default, the esql command processor does not include
function-prototype declarations. Having the processor include the ANSI-compliant
function prototypes for the Informix ESQL/C functions prevents an ANSI C
compiler from generating warnings.

Restriction: Although you can use an ANSI C compiler, the Informix ESQL/C
preprocessor does not fully support ANSI C, so you might not be able to
preprocess all programs that follow the ANSI C standards.

Because the sqlproto.h file does not contain any Informix ESQL/C statements,
you can include this file in either of the following ways:
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* With the Informix ESQL/C include preprocessor directive:
EXEC SQL include sqlproto;

* With the C #include preprocessor directive:
#include "sqlproto.h";

Header files included in your program

The IBM Informix ESQL/C preprocessor automatically includes the following
Informix ESQL/C header files in your program:

* The sqlhdr.h file provides cursor-related structures for your Informix ESQL/C
program.

This header file automatically includes the sqlda.h and ifxtypes.h header files.

* The sqlca.h file, which allows your program to check the success or failure of
your Informix ESQL/C statements with the SQLSTATE or SQLCODE variable

Restriction: Although you can now use an ANSI C compiler, the Informix
ESQL/C preprocessor does not fully support ANSI C, so you might not be able to
preprocess all programs that follow the ANSI C standards.

To include any of the other header files in your Informix ESQL/C program, you
must use the include preprocessor directive. However, you only need to include an
Informix ESQL/C header file if your program refers to the structures or the
definitions that the header file defines. For example, if your program accesses
datetime data, you must include the datetime.h header file, as follows:

EXEC SQL include datetime.h;

Make sure to terminate the line of code with a semicolon. Some additional
examples follow:

EXEC SQL include varchar.h;
EXEC SQL include sqlda;
$include sqlstype;

Tip: You do not have to enter the .h file extension for an Informix ESQL/C header
file; the esql preprocessor assumes a .h extension.

Related concepts

[‘The include directive” on page 1-28

ESQL/C preprocessor directives

You can use the following capabilities of the IBM Informix ESQL/C preprocessor
when you write Informix ESQL/C code:

* The include directive expands Informix ESQL/C include files within your
program.

* The define and undef directives create compile-time definitions.
¢ The ifdef, ifndef, else, elif, and endif directives specify conditional compilation.

As with embedded SQL statements, you can use either of two formats for Informix
ESQL/C preprocessor directives:

* The EXEC SQL keywords:

EXEC SQL preprocessor_directive;

The EXEC SQL keywords conform to ANSI standards.
* The dollar sign ($) notation:

$preprocessor_directive;
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In either of these formats, replace preprocessor_directive with one of the valid
preprocessor directives that the following sections describe. You must terminate
these directives with a semicolon ().

The Informix ESQL/C preprocessor works in two stages. In stage 1, it acts as a
preprocessor for the Informix ESQL/C code. In stage 2, it converts all of the
embedded SQL code to C code.

In stage 1, the Informix ESQL/C preprocessor incorporates other files in the source
file by processing all include directives ($include and EXEC SQL include
statements). Also in stage 1, Informix ESQL/C creates or removes compile-time
definitions by processing all define ($define and EXEC SQL define) and undef
($undef and EXEC SQL undef) directives.

The remainder of this section describes each of the Informix ESQL/C preprocessor
directives in more detail.

The include directive

The include directive allows you to specify a file to include within your IBM
Informix ESQL/C program.

The Informix ESQL/C preprocessor places the contents of the specified file into the
Informix ESQL/C source file. Stage 1 of the Informix ESQL/C preprocessor reads
the contents of filename into the current file at the position of the include directive.

You can use the include preprocessor directive in either of the following two
formats:

* EXEC SQL include filename;
* S$include filename;

Replace filename with the name of the file you want to include in your program.
You can specify filename with or without quotation marks. If you use a full path
name, however, you must enclose the path name in quotation marks.

The following example shows how to use full path names in a Windows
environment.

EXEC SQL include decimal.h;

EXEC SQL include "C:\apps\finances\credits.h";

Tip: If you specify the full path name, you must recompile the program if the
location of the file changes. Better programming practice specifies search locations
with the esql -I option and specifies only the file name with the include directive.

If you omit the quotation marks around the file name, Informix ESQL/C changes
the file name to lowercase characters. If you omit the path name, the Informix
ESQL/C preprocessor checks the preprocessor search path for the file. For more
information about this search path, see [Name the location of include files” on|

You can use include for the following types of files:
* An Informix ESQL/C header file
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You do not have to use the .h file extension for an Informix ESQL/C header file;
the compiler assumes that your program refers to a file with a .h extension. The
following examples show valid statements to include Informix ESQL/C header
files:

EXEC SQL include varchar.h;

$include sqlda;
EXEC SQL include sqlstype;

e Other user-defined files

You must specify the exact name of the file that you want to include. The
compiler does not assume the .h extension when you include a header file that
is not an Informix ESQL/C header file.

The following examples show valid statements to include the files constant_defs
and typedefs.h in a UNIX environment:

EXEC SQL incTude constant defs;

EXEC SQL incTude "constant_defs";

$include typedefs.h;

EXEC SQL include "typedefs.h";

You must use the Informix ESQL/C include directive if the file you specify
contains embedded SQL statements, or other Informix ESQL/C statements.

Use the standard C #include directive to include system header files. The #include
of C includes a file after Informix ESQL/C preprocessing.

Restriction: Embedded INCLUDE statements are not supported within declare
sections and can generate misleading errors. For correct usage, see
lstatements inside C header files” on page 2-20.

Related reference
[“ESQL/C header files” on page 1-24|

The define and undef directives

The IBM Informix ESQL/C preprocessor allows you to create simple variables that
are available only to the Informix ESQL/C preprocessor. Informix calls these
variables definitions. The Informix ESQL/C preprocessor manages these definitions
with two directives:

define Creates a name-flag definition. The scope of this definition is from the
point where you define it to the end of the Informix ESQL/C source file.

undef Removes a name flag that EXEC SQL define or $define creates.

The Informix ESQL/C preprocessor rather than the C preprocessor (which
processes #define and #undef) processes these directives. The Informix ESQL/C
preprocessor creates (define) or removes (undef) these definitions in stage 1 of
preprocessing.

The Informix ESQL/C define directive can create definitions with the following
formats:

* The format for Boolean symbols is define symbolname;

The following examples show the two ways to define a Boolean symbol that is
called TRANS:

EXEC SQL define TRANS;
$define TRANS;

e The format for integer constants is define symbolname value;
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The following examples show both formats for two integer constants,
MAXROWS (with a value of 25), and USETRANSACTIONS (with a value of 1):

EXEC SQL define MAXROWS 25;
$define MAXROWS 25;

EXEC SQL define USETRANSACTIONS 1;
$define USETRANSACTIONS 1;

Important: Unlike the C #define statement, the define directive does not support
string constants or macros of statements that receive values at run time.

You can override define and undef statements in the source program with the esql
command line options, -ED and -EU. For more information about these options,
see [“Define and undefine definitions while preprocessing” on page 2-12]

The ifdef, ifndef, elif, else, and endif directives

The Informix ESQL/C preprocessor supports the following directives for
conditional compilation:

ifdef Tests a name and executes subsequent statements if define has created the
name.

ifndef Tests a name and executes subsequent statements if define has not created
the name.

elif Begins an alternative section to an ifdef or ifndef condition and checks for
the presence of another define. It is shorthand for “else if define ”.

else  Begins an alternative section to an ifdef or ifndef condition.

endif Closes an ifdef or ifndef condition.

In the following example, the BEGIN WORK statement only compiles if you
previously defined the name USETRANSACTIONS with a define directive:
EXEC SQL ifdef USETRANSACTIONS;

EXEC SQL begin work;
EXEC SQL endif;

The following example illustrates the use of the elif statement. This sample code
will print “USETRANSACTIONS defined”.

EXEC SQL define USETRANSACTIONS;

EXEC SQL ifndef USETRANSACTIONS;
printf("USETRANSACTIONS not defined");
EXEC SQL elif USETRANSACTIONS;
printf("USETRANSACTIONS defined");
EXEC SQL endif;

The Informix ESQL/C preprocessor does not support a general if directive; it
supports only the ifdef and ifndef statements that test whether a name was
defined with define.

The Informix ESQL/C preprocessor processes conditional compilation definitions
in stage 1 of the preprocessing.
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Set and retrieve environment variables in Windows environments

You might change the settings of environment variables or create new variables to
increase the flexibility of an application. Instead of assuming a particular
environment configuration, you can define the environment at run time.

This option can benefit your application in the following ways:
* The application becomes less dependent on a predefined environment.
 Users can enter their user name and password within an application.

* Users can run two applications with different network parameters on the same
client computer.

* The same application can run on client computers with different configurations.

The following Informix ESQL/C library functions are available for setting and
retrieving environment variables.

ifx_putenv()
Modifies or removes an existing environment variable or creates a new
variable

ifx_getenv()
Retrieves the value of an environment variable

Important: The ifx_putenv() function sets the value of an environment variable in
the InetLogin structure, and the ifx_getenv() function retrieves the value of an
environment variable from InetLogin. It is recommended that you use these
functions to set and retrieve InetLogin field values.

These functions affect only the environment that is local to the current process. The
ifx_putenv() function cannot modify the command-level environment. The
functions operate only on data structures accessible to the Informix ESQL/C
runtime library and not on the environment segment that the operating system
creates for the process. When the current process terminates, the environment
reverts to the level of the calling process (in most cases, the operating-system
level).

The process cannot directly pass on the modified environment to any new
processes that _spawn(), _exec(), or system() creates. These new processes do not
receive any new variables that ifx_putenv() added. You can, however, pass on an
environment variable to a new process in the following way:

1. The current process creates an environment variable with the Informix ESQL/C
ifx_putenv() function.

2. The current process uses the C putenv() function to put the environment
variable into the operating-system environment segment.

3. The current process starts a new process.

4. The new process uses the C getenv() function to retrieve the environment
variable from the operating-system environment segment.

5. The new process uses the Informix ESQL/C ifx_getenv() function to retrieve
the variable into the runtime environment segment.

Environment variable guidelines

For environment variable entries, observe the following guidelines:
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* If you plan to set any Informix environment variables with ifx_putenv(), have
the application set all of them before it calls any other Informix ESQL/C library
routine, including ifx_getenv(), or any SQL statement. The first call to any other
Informix ESQL/C library routine or SQL statement requires initialization of the
GLS locales. This initialization loads and freezes the values of CLIENT_LOCALE,
DB_LOCALE, and the DATE, TIME, and DATETIME formatting values.

e If Setnet32 sets an Informix environment variable to a non-null value in the
Registry, the ifx_putenv() function cannot change the value of the variable to a
null string.

If you specify a null string for an environment variable in an ifx_putenv()
function call, Informix ESQL/C clears any value set for the environment variable
from the runtime environment segment. Then the Registry value for the
environment variable is available to the application.

* Do not change an environment variable with setenv in the command line or
with the C putenv() function because a change to the operating-system
environment segment has no effect on the ESQL client-interface DLL after
application execution begins.

Instead, use ifx_putenv() to change an environment variable in the runtime
environment segment.

* To modify the return value of ifx_getenv() without affecting the environment
table, use _strdup() or strcpy() to make a copy of the string.

Restriction: Never free the pointer to an environment entry that ifx_getenv()
returns. Also, do not pass ifx_putenv() a pointer to a local variable and then exit
the function that declares the variable.

Related reference

[“Fields of the InetLogin structure”|
[Appendix B, “The ESQL/C function library,” on page B-1|

The InetLogin structure

An IBM Informix ESQL/C client application in a Windows environment can use
the InetLogin structure to set dynamically the configuration information that the
application needs.

Important: IBM Informix supports the InetLogin structure for compatibility with
earlier versions only. For new development, it is recommended that you use the
ifx_getenv() and ifx_putenv() functions instead.

This section provides the following information about InetLogin:
e A description of the InetLogin structure, its fields, and header file

* The precedence of configuration information that the client application sends
when it establishes a connection

* How to set the InetLogin fields directly

Fields of the InetLogin structure
The InetLogin structure is a global C structure that the Togin.h header file
declares.

To use this structure in your IBM Informix ESQL/C program, you must include

login.h in your source file (.ec). For more information about Togin.h, see [Table 1-6
“
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Tip: Because login.h does not contain Informix ESQL/C statements, you can
include the file with the C #include or the Informix ESQL/C include directive.

The following table defines the fields in the InetLogin structure.

Table 1-7. Fields of the InetLogin structure

Inetlogin field Data type Purpose

InfxServer

char[19]

Specifies the value for the INFORMIXSERVER environment variable (the
default database server)

DbPath char[129] Specifies the value for the DBPATH environment variable

DbDate char[6] Specifies the value for the DBDATE environment variable
Provides compatibility for client applications that are based on earlier
versions of IBM Informix products

DbMoney char[19] Specifies the value for the DBMONEY environment variable
Provides compatibility for client applications that are based on earlier
versions of IBM Informix products

DbTime char[81] Specifies the value for the DBTIME environment variable
Provides compatibility for client applications that are based on earlier
versions of IBM Informix products

DbTemp char[81] Specifies the value for the DBTEMP environment variable

DbLang char[19] Specifies the value for the DBLANG environment variable

DbAnsiWarn char[1] Specifies the value for the DBANSIWARN environment variable

InformixDir char[255] Specifies the value for the INFORMIXDIR environment variable

Client_Loc char * Specifies the value for the CLIENT_LOCALE environment variable

DB_Loc char * Specifies the value for the DB_LOCALE environment variable

CollChar char[3] Specifies the value for the COLLCHAR environment variable
Provides compatibility for client applications that are based on earlier
versions of IBM Informix NLS products

Lang char[81] Specifies the value for the LANG environment variable for the database
locale
Provides compatibility for client applications that are based on earlier
versions of IBM Informix NLS products

Lc_Collate char[81] Specifies the value for the LC_COLLATE environment variable for the
database locale
Provides compatibility for client applications that are based on earlier
versions of IBM Informix NLS products

Lc_CType char[81] Specifies the value of the LC_CTYPE environment variable for the
database locale
Provides compatibility for client applications that are based on earlier
versions of IBM Informix NLS products

Lc_Monetary char[81] Specifies the value of the LC_MONETARY environment variable for the

database locale

Provides compatibility for client applications that are based on earlier
versions of IBM Informix NLS products
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Table 1-7. Fields of the InetLogin structure (continued)

Inetlogin field Data type Purpose

Lc_Numeric char[81] Specifies the value of the LC_NUMERIC environment variable for the
database locale
Provides compatibility for client applications that are based on earlier
versions of IBM Informix NLS products

Lc_Time char([81] Specifies the value for the LC_TIME environment variable for the
database locale
Provides compatibility for client applications that are based on earlier
versions of IBM Informix NLS products

ConRetry char([4] Specifies the value of the environment variable INFORMIXCONRETRY

ConTime char[4] Specifies the value of the environment variable INFORMIXCONTIME

DelimIdent char[4] Specifies the value of the DELIMIDENT environment variable

Host char[19] Specifies the value for the HOST network parameter

User char[19] Specifies the value for the USER network parameter

Pass char[19] Specifies the value for the PASSWORD network parameter

AskPassAtConnect char[2] Indicates whether sqlauth() should request a password at connection
time; should contain the value for yes or no. AskPassAtConnect is set if
the first character is Y or y.

Service char[19] Specifies the value for the SERVICE network parameter

Protocol char[19] Specifies the value for the PROTOCOL network parameter

Options char[20] Reserved for future use

InformixSqlHosts char[255] Specifies the value for the INFORMIXSQLHOSTS environment variable

FetBuffSize char[6] Specifies the value for the FET_BUF_SIZE environment variable

CC8BitLevel char[2] Specifies the value for the CC8BITLEVEL environment variable

EsqlMF char[2] Specifies the value for the ESQLMF environment variable

GlDate char[129] Specifies the value for the GL_DATE environment variable

GlDateTime char[129] Specifies the value for the GL_DATETIME environment variable

DbAlsBc char[2] Specifies the value for the DBALSBC environment variable
Provides compatibility for client applications that are based on earlier
versions of IBM Informix products

DbApiCode char[24] Specifies the value for the DBAPICODE environment variable
Provides compatibility for client applications that are based on earlier
versions of IBM Informix products

DbAsciiBc char[2] Specifies the value for the DBASCIIBC environment variable
Provides compatibility for client applications that are based on earlier
versions of IBM Informix products

DbCentury char[2] Specifies the value for the DBCENTURY environment variable

DbCodeset char[24] Specifies the value for the DBCODESET environment variable

Provides compatibility for client applications that are based on 4.x
versions of IBM Informix Asian Language Support (ALS) products
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Table 1-7. Fields of the InetLogin structure (continued)

Inetlogin field

Data type Purpose

DbConnect

char[2] Specifies the value for the DBCONNECT environment variable

Provides compatibility for client applications that are based on earlier
versions of IBM Informix products

DbCsConv

char[9] Specifies the value for the DBCSCONV environment variable

Provides compatibility for client applications that are based on earlier
versions of IBM Informix products

DbCsOverride

char[2] Specifies the value for the DBCSOVERRIDE environment variable

Provides compatibility for client applications that are based on earlier
versions of IBM Informix Asian Language Support (ALS) products

DbCsWidth

char[12] Specifies the value for the DBCSWIDTH environment variable

Provides compatibility for client applications that are based on earlier
versions of IBM Informix products

DbF1tMsk

char[4] Specifies the value for the DBFLTMASK environment variable

DbMoneyScale

char[6] Specifies the value for the DBMONEYSCALE environment variable

Provides compatibility for client applications that are based on earlier
versions of IBM Informix products

DbSS2

char[5] Specifies the value for the DBSS2 environment variable

Provides compatibility for client applications that are based on earlier
versions of IBM Informix products

DbSS3

char[5] Specifies the value for the DBSS3 environment variable

Provides compatibility for client applications that are based on earlier
versions of IBM Informix products

OptoFC

char[2] Not used

OptMSG

char[2] Not used

All fields in the InetLogin structure, except DbAnsiWarn, Client_Loc, and
DB_Loc, are of data type char and are null-terminated strings. The Client_Loc and
DB_Loc fields are character pointers whose data space your Informix ESQL/C
program must allocate.

InetLogin field values

Your application must set InetLogin values before it executes the SQL statement or
Informix ESQL/C library function that needs the configuration information. It is
recommended that you use the ifx_putenv() and ifx_getenv() functions to set and
retrieve InetLogin field values through environment variables, but you can set the
values of the InetLogin fields directly.

The following figure shows a dialog box that a client application might use to
obtain network parameters from an end user. This application takes the account
information that the user enters and sets the appropriate network values in the
InetLogin structure.
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Login Parameters

Host Name | camp |

Service Name | sqglexec |

User Name | maribeth

Password HRrRRx |
| OK || Cancel |

Figure 1-14. User dialog box for login parameters

The following figure shows a code fragment that sets login values in the InetLogin
structure. The application can obtain these values from the end user through a

dialog box (such as the one in|Figure 1-14).

strcpy(InetLogin.InfxServer, "mainsrvr");

case IDOK:
*szD1gString = '\0';
GetD1gItemText (hdlg, IDC_HOST, szD1gString, cbhSzD1gMax);
strcpy (InetLogin.Host, szD1gString);

*szD1gString = '\0';
GetDl1gItemText (hdlg, IDC_USER, szD1gString, cbSzDlgMax);
strcpy(InetLogin.User, szD1gString);

Figure 1-15. Code to prompt the user for InetLogin values

In the previous figure, if the user enters host information, the fragment sets the
InetLogin.Host and InetLogin.User fields for the mainsrvr database server to the
user-specified names of the host name and user name. If the user does not enter
host information, Informix ESQL/C uses the HOST and USER Registry values
from the subkey for the mainsrvr database server.

Tip: For another example of how to set the InetLogin fields, see the ILOGIN
demonstration program in the %INFORMIXDIR%\demo\ilogin directory.

Precedence of configuration values
When a client application in a Windows environment requires configuration
information, IBM Informix ESQL/C obtains it from the following locations:

1. The InetLogin structure
If the application uses the InetLogin structure, Informix ESQL/C first checks
for configuration information in this structure. (To set the value of an
environment variable for the application process, the ifx_putenv() function
changes the value of an InetLogin field.)

2. The INFORMIX subkey of the Registry
If the application has not set the configuration information you want in
InetLogin, Informix ESQL/C checks for this information in its copy of the
Registry information. For more information about how to set the Registry, see
the IBM Informix Client Products Installation Guide.
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You do not need to define all the values in the InetLogin structure. The application
uses the configuration information in the Registry for any values it cannot find in
InetLogin. If you do not set the corresponding Registry value, the application uses
its default value.

Important: The first time that the application requires configuration information,
Informix ESQL/C reads this information from the Registry and stores it in
memory. For subsequent references to Registry information, Informix ESQL/C
accesses this in-memory copy and does not reread the Registry.

This hierarchy of configuration information is valuable if, for example, you want
the application user to provide a user name and password at runtime, or if an
application has some configuration information that differs from the general values
in the Registry. For example, suppose the application sets the ConRetry field of
InetLogin to 2 but does not set the ConTime field, as the following code fragment
shows:

strcpy(InetLogin.ConRetry, "2");
EXEC SQL connect to 'accnts';

When Informix ESQL/C establishes the connection to the acents database, it tries
to establish the connection twice (instead of the default value of once) but it still
uses a connection time of 15 seconds (the default value from the in-memory copy
of the Registry information). If Setnet32 has modified the connection values,
Informix ESQL/C uses the modified Registry values instead of the default values.

Tip: Use the Setnet32 utility to define configuration information in the Registry.
For more information about Setnet32, see the IBM Informix Client Products
Installation Guide.

Global ESQL/C variables in a Windows environment

In earlier versions of the IBM Informix ESQL/C product, Informix ESQL/C
provided several global variables to support different features. The following table
describes these global variables.

Table 1-8. Global ESQL/C variables

Global variable Description
SQLSTATE An ANSI-compliant status code as a five-character string (plus null
terminator)

For more information about SQLSTATE, see [Chapter 11, “Exception|
[handling,” on page 11-1.|

SQLCODE An Informix-specific status code as an integer value
sqlca.sqlcode

For more information about SQLCODE, see [Chapter 11, “Exception|
lhandling,” on page 11-1.|

sqlca structure Informix-specific diagnostic information

For more information about this structure, see|Chapter 11, “Exception|
lhandling,” on page 11-1.|
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Table 1-8. Global ESQL/C variables (continued)

Global variable Description
FetBufSize and The size of the fetch buffer
BigFetBufSize

BigFetBufSize is same as FetBufSize except for a higher upper limit
value of the cursor buffer

For more information about FetBufSize and BigFetBufSize, see
[Chapter 14, “Using dynamic SQL,” on page 14-1/

InetLogin Environment information for the client ESQL/C application
structure

For more information, see|“The InetLogin structure” on page 1-32

In environments, Informix ESQL/C implements the global variables in
as functions, which the sqlhdr.h file defines. These functions return
values that have the same data types as their global-variable counterparts.
Therefore, this change in implementation does not require modification of existing
Informix ESQL/C code. You can still use these functions in the same context as
their global-variable counterparts.

A sample Informix ESQL/C program

1-38

The demol.ec program illustrates most of the concepts that this section presents,
such as include files, identifiers, host variables, and embedded SQL statements. It
demonstrates how to use header files, declare and use host variables, and embed
SQL statements.

Important: If you are using UNIX, you can find an online version of this and other
demonstration programs in the $INFORMIXDIR/demo/esqlc directory. If you are
using Windows, you can find the demonstration programs in the
%INFORMIXDIR%\demo\esqldemo directory.

Compile the demo1 program

The following command compiles the demol program: esql demol.ec
On UNIX, the name of the executable program defaults to a.out.

In Windows environments, the name of the executable program defaults to
demo.exe.

You can use the -0 option to assign a different name to the executable program.

Related concepts

[“The esql command” on page 2-3|

Guide to demo1.ec file

The sample IBM Informix ESQL/C program, demol.ec, uses a static SELECT
statement. This means that at compile time the program can obtain all of the
information that it needs to run the SELECT statement.

The demol.ec program reads from the customer table in the stores7 database the
first and surnames of customers whose surname begins with a value less than 'C'.
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Two host variables (:fname and :Iname) hold the data from the customer table. A
cursor manages the rows that the database server retrieves from the table. The
database server fetches the rows one at a time. The program then prints the names
to standard output.

#include <stdio.h>

EXEC SQL define FNAME_LEN 15;

EXEC SQL define LNAME_LEN 15;
main()

EXEC SQL BEGIN DECLARE SECTION;
char fname[ FNAME_LEN + 1 ];
char Tname[ LNAME_LEN + 1 J;
EXEC SQL END DECLARE SECTION;

OOoONOOOTPH WN =

Line 1

The #include statement tells the C preprocessor to include the stdio.h system
header file from the /usr/include directory. The stdio.h file enables demol to use
the standard C language I/0O library.

Lines2to 3

Informix ESQL/C processes the define directives in stage 1 of preprocessing. The
directives define the constants FNAME_LEN and LNAME_LEN, which the
program uses later in host-variable declarations.

Lines 4 to 9

Line 4 begins the main() function, the entry point for the program. The EXEC SQL
block declares host variables that are local to the main() function that receive data
from the fname and Iname columns of the customer table. The length of each
array is 1 byte greater than the length of the character column from which it
receives data. The extra byte stores the null terminator.

10. printf( "DEMO1 Sample ESQL Program running.\n\n");

11. EXEC SQL WHENEVER ERROR STOP;

12. EXEC SQL connect to 'stores7';

13. EXEC SQL DECLARE democursor cursor for

14. select fname, lname

15. into :fname, :1name

16. from customer

17. where Tname < 'C';

18. EXEC SQL open democursor;

Lines 10 to 12

The printf() function shows text to identify the program and to notify the user
when the program begins to execute. The WHENEVER statement implements a
minimum of error handling, causing the program to display an error number and
terminate if the database server returns an error after processing an SQL statement.
The CONNECT statement initiates a connection to the default database server and
opens the stores7 demonstration database. You specify the default database server
in the INFORMIXSERVER environment variable, which you must set before an
application can connect to any database server.

Lines 13 to 17

The DECLARE statement creates a cursor that is called democursor to manage the
rows that the database server reads from the customer table. The SELECT
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statement within the DECLARE statement determines the type of data that the
database server reads from the table. This SELECT statement reads the first and
surnames of those customers whose surname (Iname) begins with a letter less than
1 C 1 .

Line 18

The OPEN statement opens the democursor cursor and begins execution of the
SELECT statement.

19. for (33)

20. {

21. EXEC SQL fetch democursor;

22. if (strncmp(SQLSTATE, "ee", 2) !'= 0)

23. break;
24, printf("%s %s\n",fname, Tname);
25. }

26. if (strncmp(SQLSTATE, "02", 2) != 0)

27. printf("SQLSTATE after fetch is %s\n", SQLSTATE);
28. EXEC SQL close democursor;

29. EXEC SQL free democursor;

Lines 19 to 25

This section of code executes a FETCH statement inside a loop that repeats until
SQLSTATE is not equal to "00". This condition indicates that either the end-of-data
condition or a runtime error has occurred. In each iteration of the loop, the FETCH
statement uses the cursor democursor to retrieve the next row that the SELECT
statement returns and to put the selected data into the host variables fname and
Iname. The database server sets status variable SQLSTATE to "00" each time it
fetches a row successfully. If the end-of-data condition occurs, the database server
sets SQLSTATE to "02"; if an error occurs, it sets SQLSTATE to a value greater than
"02". For more information about error handling and the SQLSTATE status
variable, see [Chapter 10, “Opaque data types,” on page 10-1)

Lines 26 to 27

If the class code in SQLSTATE is any value except "02", then the SQLSTATE value
for the user is displayed by this printf(). This output is useful in the event of a
runtime error.

Lines 28 to 29

The CLOSE and FREE statements free the resources that the database server had
allocated for the cursor. The cursor is no longer usable.
30. EXEC SQL disconnect current;

31. printf("\nDEMO1 Sample Program over.\n\n");
32. }

Lines 30 to 32

The DISCONNECT CURRENT statement closes the database and terminates the
current connection to a database server. The final printf() tells the user that the
program is over. The right brace (}) on the line 32 marks the end of the main()
function and of the program.
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Chapter 2. Compile programs

These topics contain the following information:

* Compile an IBM Informix ESQL/C program

* Using the esql command

¢ Compiling and linking options of the esql command

* Windows environment system processor options available to the esql command
* Accessing the ESQL Client-Interface in Windows environments

Compile an IBM Informix ESQL/C program

You use the esql command to compile your IBM Informix ESQL/C program.

The esql command passes your Informix ESQL/C source file to the Informix
ESQL/C preprocessor and to the C compiler. It passes along options that are
specific to both the Informix ESQL/C preprocessor and the C compiler to
preprocess, compile, and link your Informix ESQL/C program.

The ESQL/C preprocessor

To preprocess, compile, and link a program that contains IBM Informix ESQL/C
statements, you must pass it through the Informix ESQL/C preprocessor. You use
the esql command to run the preprocessor on your Informix ESQL/C source file
and create an executable file. The esql command follows these steps to carry out
the conversion:

* In stage one, the Informix ESQL/C preprocessor performs the following steps:

— Incorporates header files into the source file when it processes all include
directives ($include and EXEC SQL include statements)

— Creates or removes compile-time definitions when it processes all define
($define and EXEC SQL define) and undef ($undef and EXEC SQL undef)
directives

* In stage two, the Informix ESQL/C preprocessor processes any conditional
compilation directives (ifdef, ifndef, else, elif, endif) and translates embedded
SQL statements to Informix ESQL/C function calls and special data structures.

Stages one and two mirror the preprocessor and compiler stages of the C
compiler. Successful completion of the preprocessing step yields a C source file
(.c extension). For information about command-line options that affect the
preprocessing step, see [‘Options that affect preprocessing” on page 2-10

The esql command processor is installed as part of the Informix ESQL/C product.
Before you use esql, ensure that:

* the file name of the Informix ESQL/C source file has the .ec or the .ecp.
* the INFORMIXDIR and PATH environment variables are set correctly.

If the INFORMIXDIR environment variable is not set in the command window or
in the Windows Registry, it is set internally to the location of the IBM Informix
Client SDK dynamically-linked libraries.

If the INFORMIXDIR environment variable is not set in UNIX, an error is returned
when compiling any IBM Informix Client Software Development Kit (Client
SDK) application.
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For information about how to set the INFORMIXDIR and PATH variables, see the
IBM Informix Client Products Installation Guide for your operating system.

For a detailed explanation of the syntax of the esql command, see
ffommand” on page 2-3)

Important: Always link your Informix ESQL/C program with the esql program.
The lists of libraries that Informix uses can change between releases. Linking with
esql assures that your Informix ESQL/C program will link correctly with Informix
libraries.

The C code that the Informix ESQL/C preprocessor generates might change from
one release of the product to the next. Therefore, do not design Informix ESQL/C
programs that depend on how Informix implements the functionality and features
of the product in the C code that the Informix ESQL/C preprocessor generates.
Instead, develop your programs with the functionality and features of the product
that this publication describes.

The C preprocessor and compiler

The esql command does not itself compile and link the IBM Informix ESQL/C
program. The esql command translates Informix ESQL/C code to C code and then
calls the C compiler to compile and link the C code. The C preprocessor
preprocesses the C language preprocessing directives. The C compiler performs the
compilation, and it also calls a link editor to link the C object files.

Your Informix ESQL/C source file contains commands for the C preprocessor
(directives of the form #directive). When you use the default order of compilation,
these C directives have no effect on Informix ESQL/C statements but take effect in
the usual way when the C compiler processes the source file.

If you choose to run the C preprocessor on the Informix ESQL/C source file before
the Informix ESQL/C preprocessor, you can use the C language #define and
typedef directives to define Informix ESQL/C host variables.

The C compiler takes the following actions:

* Compiles the C language statements to object code

* Links to Informix ESQL/C libraries and any other files or libraries you specify
* Creates an executable file

If you use a compiler other than the local C compiler by setting the INFORMIXC
environment variable to a non-default value, you might need to override the
default options of that compile. For information about the INFORMIXC environment
variable, see thelBM Informix Guide to SQL: Reference.

Related concepts

“Run the C preprocessor before the ESQL/C preprocessor” on page 2-16

“Compiling and linking options of the esql command” on page 2-22|

Default compilation order

After you have created an IBM Informix ESQL/C program file, you run the esql
command on that file. By default, the Informix ESQL/C preprocessor runs first and
translates the embedded SQL statements in the program into Informix ESQL/C
function calls that communicate with the database server. The Informix ESQL/C
preprocessor produces a C source file and calls the C compiler. The C compiler
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then preprocesses and compiles your source file and links any other C source file,
object file, or library file the same way as any other C program. If esql does not
encounter errors in one of these steps, it generates an executable file. You can run
the compiled Informix ESQL/C program as you would any C program. When the
program runs, it calls the Informix ESQL/C library procedures; the library
procedures set up communications with the database server to carry out the SQL
operations.

The following figure illustrates the process by which an Informix ESQL/C program
becomes an executable program.

O

&

SN

ESQL/C source ESQL/C preprocessor C source program C language Executable
program stages 1.and 2 with SQL statements preprocessor program
converted toESQL/C and compiler
calls

Figure 2-1. Relationship between Informix ESQL/C and C

Important: Keep in mind that with the default order of compilation, esql handles
Informix ESQL/C preprocessor directives before it calls the C compiler. Therefore,
the Informix ESQL/C directives take effect before the C compiler performs any
preprocessing. You cannot access Informix ESQL/C definitions within C
preprocessor directives, nor can you use the C preprocessor to perform conditional
compilation of Informix ESQL/C statements.

Run the C preprocessor first

With IBM Informix ESQL/C, you change the default order of processing when you
compile your Informix ESQL/C program. Informix ESQL/C allows you to run the
C preprocessor on the Informix ESQL/C source file first, and then pass that file to
the Informix ESQL/C preprocessor. This feature enables your Informix ESQL/C
program to access variables made available by C preprocessor directives.

Related concepts

[“‘Run the C preprocessor before the ESQL/C preprocessor” on page 2-16

The esql command

To create an executable C program from an IBM Informix ESQL/C source file, use
the esql command. The IBM Informix installation script installs the esql command
as part of the Informix ESQL/C product. This section describes what the esql
command can do and how you use it.

The esql command performs the following steps:

1. Converts the embedded SQL statements to C language code.

2. Converts your ESQL/C source files to C language source files.

3. Compiles the files that result with the C compiler to create an object file.
4

. Creates the resource compiler and links any resource files (.res) that you
specify on the esql command line for Windows.

5. Links the object file with the Informix ESQL/C libraries and your own libraries.
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Related concepts

[‘Compile an IBM Informix ESQL/C program” on page 2-1

Requirements for using the esql command

Before you use esql, make sure that:

* The file name of your Informix ESQL/C source files have the .ec extension. You
can also use the .ecp extension if you want the C preprocessor to run before the
Informix ESQL/C preprocessor.

* You have set the environment variable INFORMIXDIR correctly and the PATH
environment variable includes the path to the bin directory of the INFORMIXDIR
directory ($INFORMIXDIR/bin on the UNIX operating system and
%INFORMIXDIR%\bin in Windows environments).

For a complete description of INFORMIXDIR, see the IBM Informix Guide to SQL:
Reference or the IBM Informix Client Products Installation Guide for your operating
system.

Syntax of the esql command

The following topics describe the syntax of the esql command.

This section organizes the command-line options by the processing phase that they

affect:

* Preprocessing options determine how esql translates the embedded SQL
statements.

* Compilation options affect the compilation phase, when the C compiler
translates the C source to object code.

* Linking options affect the linking phase, when the C compiler links the object
code to produce an executable file.

(1)

v

»»>—esql

—-ansi———— |——e—| I——]og—logfile—l |——Hbs—| ]

—=CC—ccargs

—= EDname—L—_|—
=value

—-EUname
9

o

—-Ipathname
—-1icheck
—-Tocal
—-nowarn
—source.ec
—otherarg

i |——o—outfile—| |——thr‘ead—| l——static—l |——V—| I——ver‘sion—|
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A\
A

(2) |—-xopen—|

UNIX-only arguments |7
(3)

Windows-only arguments |7

Notes:

1 Order of the arguments that follow esql at this level does not matter. For
example -e can come before -local.

2 Allowed only if esql is running on a UNIX operating system.
3  Allowed only if esql is running on a Windows operating system.

-ansi  Causes esql to warn you if the source file uses Informix extensions to
ANSI-standard SQL syntax. This argument only affects source files to the
right of it on the command line. See [“Check for ANSI-standard SQL)
lsyntax” on page 2-11)

-cc ccargs
Passes ccargs to the C compiler without interpreting or changing them. The
variable ccargs represents all of the arguments between the -cc and the next
occurrence of any of these arguments:

* -1 (Windows only)
* -r (Windows only)
* -f (Windows only)

¢ any file name except those that are arguments for an option

See [“Pass options to the C compiler” on page 2-22

-e Preprocesses only, no compiling or linking. The ESQL/C preprocessor
produces a C source file with a .c extension. See [“Preprocess without]
fcompiling or linking” on page 2-11/

-EDname
Creates a definition for name. The effect is the same as if the source file
contained an ESQL/C define directive for name. If =value is included, the
definition is set to value. For details, see [‘Define and undefine definitions|
fwhile preprocessing” on page 2-12.|

-EUname
Undefines the Informix ESQL/C definition named name. The effect is as if
the source file included an Informix ESQL/C undef directive for that
name. For details, see [Define and undefine definitions while|
[preprocessing” on page 2-12)

-g Reverses the effects of the last -G option for source files to the right of this
option on the command line. See|“Line numbers” on page 2-14.

-G Normally #line directives are added to the C source code so that the C
compiler can direct you to the correct line in the Informix ESQL/C file
when it detects an error in the C file. The -G option turns off this feature
for the Informix ESQL/C source files that follow it on the command line.
Use the -g argument to turn the feature back on. The -nln argument is a
synonym for -G. See [“Line numbers” on page 2-14|

-Ipathname
Adds pathname to the search path for Informix ESQL/C and C include
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files. The search path is used when searching for the files named in
include and #include directives. See ["Name the location of include files”]

-icheck
Tells esql to add code that generates an error if a null value is returned to
a host variable that does not have an indicator variable associated with it.
This argument only affects source files to the right of it on the command
line. See [“Check for missing indicator variables” on page 2-13

-local Specifies that the static cursor names and static statement IDs that you
declare in a source file are local to that file. If you do not use the -local
option, cursor names and statement IDs, by default, are global entities.
This argument only affects source files to the right of it on the command
line. See [“Cursor names and statement IDs” on page 2-14|

-log logfile
Sends the error and warning messages generated by the Informix ESQL/C
preprocessor to the specified file instead of to standard output. This option
affects only preprocessor errors and warnings. See [“Redirect errors and|
warnings” on page 2-15)

-libs  Prevents all compiling and linking and instead shows the names of all the
libraries that would be linked based on the other options.

-nln  Synonym for -G.

-nowarn
Suppresses warning messages from the preprocessor. Error messages are
still issued. This argument only affects the preprocessing of source files to
thiight of it on the command line. See [“Suppress warnings” on page|
P-15,

-0 outfile
Specifies the name of the output file that will be created by the compiler.
See [‘Name he executable” on page 2-22.|

otherarg
Any argument that esql does not recognize or deal with directly is passed
to the C compiler. This allows you to include libraries, resource files, C
compiler options, and similar arguments on the command line. If an
argument that you want to pass to the C compiler conflicts with one of the
esql arguments, use the -cc option to protect it from esql. See
foptions to the C compiler” on page 2-22

source.ec
An Informix ESQL/C source file with the default suffix .ec.

-thread
Tells the Informix ESQL/C preprocessor to create thread-safe code. See
[“Specify versions of Informix general libraries” on page 2-27 |

-static Links Informix static libraries instead of the default Informix shared
libraries. See [“Specify versions of Informix general libraries” on page 2-27 |

-V Prints the version information for your Informix ESQL/C preprocessor
then exits. If this argument is given then all other arguments are ignored.

-version
Prints the build and version information for your Informix ESQL/C
preprocessor then exits. If this argument is given then all other arguments
are ignored.
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-xopen
Generates warning messages for SQL statements that use Informix
extensions to the X/Open standard. It also indicates that dynamic SQL
statements use the X/Open set of codes for data types (when using GET
DESCRIPTOR and SET DESCRIPTOR statements or an sqlda structure).
See [“The X/Open standards” on page 2-15|

UNIX-only arguments:

e
I |—source.ecp—| |—-cp—| I—-g]u—I |—-np—| |—-nup—| |—-on]ycp—| I

Notes:
1 Order of the arguments at this level does not matter.

-cp Causes esql to run the C preprocessor before the Informix ESQL/C
preprocessor when processing source.ec files. The SQL keywords in the file
are protected from interpretation by the C preprocessor and the protection
is removed after the C preprocessor runs. This argument only affects
source files to the right of it on the command line. See |“Run the ( ]
fpreprocessor before the ESQL/C preprocessor” on page 2-16.

-glu  Compile such that your application can use GLU (GLS for Unicode). For
details see [“Enabling the GLS for Unicode (GLU) feature” on page 2-15.|

-np Prevents the protecting of SQL statements in source files that are processed
by the C preprocessor before being processed by the Informix ESQL/C
preprocessor. This argument only affects source files to the right of it on
the command line. See [“Run the C preprocessor before the ESQL/C|
fpreprocessor” on page 2-16.|

-nup No unprotect mode. The SQL keyword protection is not removed after the
C preprocessor is run. The compilation stops after the C preprocessor and
the results are put in a file with the extension .icp. See |”Run the C|
[preprocessor before the ESQL/C preprocessor” on page 2-16.|

-onlycp
This mode is like the -cp mode in that it forces the C preprocessor to run
first before the Informix ESQL/C preprocessor. However, the processing
stops after the C preprocessor runs, leaving the result in a .icp file. See
[‘Run the C preprocessor before the ESQL/C preprocessor” on page 2-16/

source.ecp
An Informix ESQL/C source file with the special suffix .ecp. It is treated as
if it were a normal Informix ESQL /C file that was preceded with the -cp
option. See [“Run the C preprocessor before the ESQL/C preprocessor” on|

|Eage 2-16.|

Windows-only arguments:

LY

I E—]—Zargsj l—@respfile—l I——dcmd]—| l——f—filename—l I——mserr—l

v

-Tw:width
-ts:width
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v

g N I O R 0

cpu: alpha
|:;386j
ips

-pa
_p'|
_pm
(1) (1)
-runtime: libc -target: d11
—|: (1) I—sJ |:exej_
-rte—m8 —[:nibcmt -wd
—[msvcr't
d

\

(1)

-subsystem: |_Lonsole
—|: (1) c

-sSi——————— windows
_[w

—-Sc
—-Sw

Notes:

1 There should be no space between this option and the part that follows.

@ respfile
Specifies a file containing additional options. For details see
fresponse file” on page 2-24|

-bc Tells the preprocessor to use the Borland C compiler instead of the
Microsoft Visual C++ compiler. See [“Specify a particular C compiler]
[(Windows)” on page 2-23.|

-cpu:  This argument has no effect if you are using Borland C to compile. This
argument tells esql what type of processor you would like the executable
to be optimized for. There are three possible values:

alpha For processors that are compatible with the Alpha architecture.

i386  For processors that are compatible with the Intel386 architecture.
This is the default.

mips  For processors that use the MIPS32 or MIPS64 instructions set
architecture (ISA).

-demdl
Shows the command line used to start the C compiler. This lets you
visually verify the options that are used.
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-f filename
Specifies the name of a file that contains the names of additional Informix
ESQL/C source files.

-1 largs Passes largs to the linker without interpreting or changing them. The largs
is all of the arguments between the -cc and a -r option or the end of the
line. See [“Pass arguments to the linker” on page 2-27.|

-lw:width
When an Informix ESQL/C source file is converted into a C source file this
argument causes lines in the C source file to be wrapped at the column
position that width indicates. This argument only affects source files to the
right of it on the command line. See [’Line wrapping” on page 2-21/

-mc  Tells the preprocessor to use the Microsoft Visual C++ compiler to compile
and link. See [“Specify a particular C compiler (Windows)” on page 2-23]

-mserr Provides Microsoft-style messages and warnings.

-n Prevents esql from printing a version message when it runs.
P Synonym for -e.

-pa Synonym for -cpu:alpha.

-pi Synonym for -cpu:i386.

-pm  Synonym for -cpu:mips.

-rt: Synonym for -runtime:.

-runtime:
Determines what C runtime libraries will be linked with the executable. An
indicator of the library type must follow this option with no space in
between. The type must be one of the following:

d Links a multithreaded shared library. This is the default library
that is used if -runtime: is not given. You can also use the library
name in place of d. If you are using Microsoft Visual C++ to
compile, the library name is msvcrt. If you are using Borland C, it
is cw32mti.

m Links a static multithreaded shared library. You can also use the
library name in place of m. If you are using Microsoft Visual C++
to compile, the library name is libemt. If you are using Borland C,
it is cw32mt. Cannot be used with the -static option.

s Links a static single-threaded library. You can also use the library
name in place of s. If you are using Microsoft Visual C++ to
compile, the library name is libc. If you are using Borland C, it is
cw32. Cannot be used with the -static option.

t This option can be used only if you are using Borland C. It links
the static multithreaded library. You can also use the library name
cw32i in place of t. Cannot be used with the -static option.

-Sc Synonym for -subsystem:console.
-ss: Synonym for -subsystem:
-Sw  Synonym for -subsystem:windows.

-subsystem:
Determines what subsystem will be linked into the executable. An
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indicator of the subsystem type must follow this option with no space in
between. The type must be one of the following:

console
This is the default type. It creates a console application. This
indicator can be abbreviated as c.

windows
Creates a Windows application. This indicator can be abbreviated
as w.

The -subsystem: option can be abbreviated -ss:.

-target:
Determines what type of file will be created. An indicator of the target
type must follow this option with no space in between. The indicator must
be one of the following;:

dll A Dynamic Load Library (DLL) file will be created.
exe This is the default type. A regular executable file will be created.

-ts:width
Tells the preprocessor to define tab stops every width columns when
creating the C source file. By default, the preprocessor sets tab stops every
eighth column. See [“Set tab stops” on page 2-22)

-v Synonym for -V.
-wd  Synonym for -target:dIl.

-we Synonym for -target:exe.

Options that affect preprocessing

An Informix ESQL/C program must be preprocessed before a C compiler can
compile it. The Informix ESQL/C preprocessor converts the embedded SQL
statements to C language code.

You can use all the preprocessor options that the following topics describe for
preprocessing only or for preprocessing, compiling, and linking.

Check the version number

Use the -V option to obtain the IBM Informix version number and serial number
for your Informix ESQL/C product, as the following example shows:

esql -V

The -version option provides more detailed version information that might be
needed when dealing with IBM Informix technical support.

Associate options with files
Many preprocessor options affect only files that are displayed to the right of the
option on the command line. For example in this command line:

esql -G sourcel.ec -ansi source2.ec

The -G option affects the sourcel.ec file, and both the -ansi and the -G options
affect the source?.ec file.

IBM Informix ESQL/C Programmer’s Guide



Preprocess without compiling or linking

By default, the esql command causes the IBM Informix ESQL/C program to be
preprocessed, compiled, and linked. The output of the esql command is an
executable file. You can specify the -e option to suppress the compilation and
linking of your Informix ESQL/C program. With this option, esql only causes
preprocessing of the code. The output of this command is a C source file (.c
extension).

For example, to preprocess the program that is in the file demol.ec, you use the
following command:

esql -e demol.ec

The preceding command would generate a C source file that is called demol.c. The
following esql command preprocesses demol.ec, checks for Informix extensions to
ANSI-standard syntax, and does not use line numbers:

esql -e -ansi -G demol.ec

Generate thread-safe code
You can use the -thread option to instruct the preprocessor to generate thread-safe
code.

You must use the THREADLIB environment variable with this option to specify
which thread package to use when you compile your application.

For Windows environments, the IBM Informix general libraries (libgen, libos,
libgls, libafs, and libsql) are shared, thread-safe DLLs. Therefore, the esql
command links the shared, thread-safe DLLs automatically. You do not set the
THREADLIB environment variable when you compile multithreaded applications in a
Windows environment.

Check for ANSI-standard SQL syntax

When you compile an IBM Informix ESQL/C program, you can instruct the
preprocessor to check for Informix extensions to ANSI-standard SQL syntax in one
of two ways:

* You can set the DBANSIWARN environment variable.

After you set the DBANSIWARN environment variable, every time you compile or
run an Informix ESQL/C program, Informix ESQL/C checks for ANSI
compatibility. For information about how to set DBANSIWARN, see the IBM Informix
Guide to SQL: Reference. For details about how to check for runtime warnings, see
[Chapter 10, “Opaque data types,” on page 10-1] For details on how to set
environment variables, see the IBM Informix Client Products Installation Guide for
your operating system.

* You can specify the -ansi option at compile time whenever you want to check
for ANSI compatibility.

The -ansi option does not cause Informix ESQL/C to check for ANSI
compatibility at runtime.

With the -ansi option, the Informix ESQL/C preprocessor generates a warning
message when it encounters an Informix extension to ANSI SQL syntax. The
following esql command preprocesses, compiles, and links the demol.ec program
and verifies that it does not contain any Informix extensions to the ANSI-standard
syntax:

esql -ansi demol.ec
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If you compile a program with both the -ansi and -xopen options, the Informix
ESQL/C preprocessor generates warning messages for Informix extensions to both
ANSI and X/Open SQL syntax.

Define and undefine definitions while preprocessing
You can use the -ED and -EU options to create or remove definitions during IBM
Informix ESQL/C preprocessing.

To create a global definition, use one of the following forms of the -ED option:
* Use the -EDname syntax to define a Boolean symbol, as follows:

esql -EDENABLE_CODE define_ex.ec
* Use the -EDname=value syntax to define an integer constant, as follows:

esql -EDMAXLENGTH=10 demol.ec

The -EDname is equivalent to the define preprocessor directive ($define or EXEC
SQL define) with name at the top of your Informix ESQL/C program.

To remove or undefine a definition globally for the entire source file, use the
following syntax for the -EU option:

-EUname

The -EU option has a global effect over the whole file, regardless of other define
directives for name.

Restriction: Do not put a space between ED or EU and the symbol name.
As with the define and undef statements, the Informix ESQL/C preprocessor
processes the -ED and -EU options in stage 1 of preprocessing (before it

preprocesses the code in your source file).

The following figure shows a code fragment that uses conditional compilation (the
ifdef and ifndef directives).
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/* define_ex.ec */

#include <stdio.h>

EXEC SQL include sqlca;
EXEC SQL define ENABLE_CODE;

main()

EXEC SQL ifdef ENABLE_CODE;
printf("First block enabled");
EXEC SQL endif ENABLE_CODE;

EXEC SQL ifndef ENABLE_CODE;
EXEC SQL define ENABLE_CODE;
EXEC SQL endif ENABLE_CODE;

EXEC SQL ifdef ENABLE_CODE;
printf("Second block enabled");
EXEC SQL endif ENABLE_CODE;

}

Figure 2-2. ESQL/C excerpt that uses ifdef, ifndef, and endif

For the code fragment shown in the following esql command line does
not generate code because the command line undefines the ENABLE_CODE
definition for the entire source file:

esql -EUENABLE_CODE define_ex.ec
Related concepts

[“The define and undef directives” on page 1-29)

Check for missing indicator variables

If you include the -icheck option, the Informix ESQL/C preprocessor generates
code in your program that returns a runtime error if an SQL statement returns a
null value to a host variable that does not have an associated indicator variable.
For example, the following command tells the preprocessor to insert code that
checks for null values into the demol.ec program:

esql -icheck demol.ec

If you do not use the -icheck option, Informix ESQL/C does not generate an error
if the database server passes a null value to a host variable without an indicator
variable.

Related concepts

[“Indicator variables” on page 1-21|

Name the location of include files

The -I preprocessor option allows you to name a directory where the preprocessor
searches for IBM Informix ESQL/C and C include files.

This option is valid for both the Informix ESQL/C and the C preprocessors as
follows:

* The Informix ESQL/C preprocessor (esql) processes only Informix ESQL/C
include files.
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You specify these include files with the include preprocessor directive $include
or EXEC SQL include.
¢ The C preprocessor (cc) processes only the C include files.

You specify these files with the #include preprocessor statement. Because the C
preprocessing begins after the Informix ESQL/C compilation is completed, the C
include files are processed after the Informix ESQL/C include files.

The preprocessor passes the -I option to the C compiler for processing of C include
files (those that a #include preprocessor statement specifies). The syntax for the -I
option is as follows:

esql -Idirectory esqlcprogram.ec

The directory can be on a mounted remote file system if the standard C library
functions fopen(), fread(), and fclose() can access them.

The following esql command names the UNIX directory /usr/johnd/incls as a
directory to search for Informix ESQL/C and C include files within the demol
program:

esql -I/usr/johnd/incls demol.ec

Each -I option lists a single directory. To list several directories, you must list
multiple -I options on the command line.

To search in both the C:\dorrie\incl and C:\johnd\incls directories in a Windows
environment, you would need to issue the following command:

esql -IC:dorrie\incl -IC:\johnd\incls demol.ec

When the preprocessor reaches an include directive, it looks through a search path
for the file to include. It searches directories in this sequence:

1. The current directory

2. The directories that -I preprocessor options specify (in the order in which you
specify them on the command line)

3. The directory $INFORMIXDIR/inc1/esql on a UNIX operating system and the
%INFORMIXDIR%\inc1\esql in a Windows environment (where $INFORMIXDIR and
%INFORMIXDIR% represent the contents of the environment variable of that name)

4. The directory /usr/include
Related concepts

[‘The include directive” on page 1-28

Line numbers

By default, the Informix ESQL/C preprocessor puts #line directives in the .c file
so that if an error is detected by the C compiler it directs you to the line that
generated the problem C code in the Informix ESQL/C source file. If you instead
want to be directed to the problem line in the C file itself you can turn off line
numbering by using the -G option. The -G option prevents the generation of #line
directives in source code files that follow it on the command line. To turn line
numbers back on, use the -g option. Files that follow the -g option will have #line
directives generated.

Cursor names and statement IDs

By default, Informix ESQL/C defines cursor names and statement IDs as global
entities. If you use the -local option, static cursor names and static statement IDs
that you declare in a file are local to that file.
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To create the local name, Informix ESQL/C adds a unique tag (two to nine
characters long) to the cursor names and statement IDs in an Informix ESQL/C
program. If the combined length of the cursor name (or statement ID) and the
unique tag exceeds 128 characters, you receive a warning message.

The -local option is provided primarily for compatibility with applications that
were created in previous versions of Informix ESQL/C. Do not use this option
when you compile new applications. Do not mix files compiled with and without
the -local flag. If you mix them, you might receive unpredictable results.

If you use the -local option, you must recompile the source files every time you
rename them.

Redirect errors and warnings

By default, esql directs error and warning messages it generates to standard
output. If you want the errors and warnings to be put into a file, use the -log
option with the file name.

For example, the following esql command compiles the program demol.ec and
sends the errors to the err.out file:

esql -log err.out -o demorun demol.ec

This option only affects the error warnings that the Informix ESQL/C preprocessor
generates. The warnings from the compile and link stages still go to the standard
error output, which is stderr on UNIX, for example.

Suppress warnings

By default, the preprocessor generates warning messages when it processes an
Informix ESQL/C file. To suppress these warning messages, use the -nowarn
option. This option has no effect on error messages.

Enabling the GLS for Unicode (GLU) feature

The GLS for Unicode (GLU) is a feature that allows your application to use the
International Components for Unicode (ICU) libraries instead of the usual GLS
libraries when handling Unicode.

The main advantage of using the ICU libraries is that they take the locale into
account when collating Unicode characters, the GLS libraries do not.

To enable GLU:
1. Compile your application using the -glu option to the esql command.

2. Set the GL_USEGLU environment variable to 1 in the environment of both client
and database server.

3. Choose a locale that uses either Unicode or GB18030-2000 as a code set.

The X/Open standards

The -xopen option tells the IBM Informix ESQL/C preprocessor that your program
uses X/Open standards.

When you specify this option, the preprocessor performs the following two tasks:
* It checks for Informix extensions to X/Open-standard syntax.

If you include Informix extensions to X/Open-standard syntax in your code, the
preprocessor generates warning messages.

* It uses the X/Open set of codes for SQL data types.
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Informix ESQL/C uses these codes in a dynamic management structure (a
system-descriptor area or an sqlda structure) to indicate column data types.
Informix defines these codes in the sqlxtype.h header file.

If you use X/Open SQL in an Informix ESQL/C program, you must recompile any
other source files in the same application with the -xopen option.

If you compile a program with both the -xopen and -ansi options, the Informix
ESQL/C preprocessor generates warning messages for Informix extensions to both
X/Open and ANSI SQL syntax.

Run the C preprocessor before the ESQL/C preprocessor

The compilation of an IBM Informix ESQL/C source file can follow either the
default order, where the Informix ESQL/C preprocessor runs first on the source
file, or it can allow the C preprocessor to run on the source file before the Informix
ESQL/C preprocessor.

The default sequence of compilation for an Informix ESQL/C source file is as
follows:

1. The Informix ESQL/C preprocessor performs the following steps to create a .c
file from the Informix ESQL/C source file:

* Incorporates Informix ESQL/C header files into the source file when it
processes all include directives ($include and EXEC SQL include statements)

* Creates or removes compile-time definitions when it processes all define
($define and EXEC SQL define) and undef ($undef and EXEC SQL undef)
directives

* Processes any conditional compilation directives (ifdef, ifndef, else, elif,
endif) and translates embedded SQL statements to Informix ESQL/C
function calls and special data structures

2. The C preprocessor takes the following actions:

* Incorporates C header files into the source file when it processes all C
include directives (#include)

* Creates or removes compile-time definitions when it processes all C language
define (#define) and undef (#undef) directives

* Processes C conditional compilation directives (#ifdef, #ifndef, #else, #elif,
#endif)

3. The C compiler, assembler, and linker work in the usual way, as they do for a
C source file, translating the C code file into an executable program.

This default order of compilation is restrictive because you cannot use #defines or
typedefs defined in C system header files or custom C header files to define
Informix ESQL/C host variables and constants, nor can you use them for
conditional compilation of Informix ESQL/C code. With the default order of
compilation, C header files do not get included into the Informix ESQL/C source
code until after the Informix ESQL/C preprocessor has run, making these
definitions unavailable to the Informix ESQL/C preprocessor.

Options for running the C preprocessor first

You can make the C preprocessor run on an Informix ESQL/C source file first,
thus expanding any C-dependent typedefs or #defines inside the Informix
ESQL/C source file before the Informix ESQL/C preprocessor is run on that source
file. You can do this in any of the following ways:

* Pass the -cp or the -onlycp option to the esql command.
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Both force the C preprocessor to run first, but in the case of the -cponly option,
the compilation stops after the C preprocessor is run, and the result is put in a
Jdcp file.

* Create the Informix ESQL/C source file with a .ecp extension.
This triggers the -cp option on the file automatically.

* Set the CPFIRST environment variables to TRUE (uppercase only).

* Use the eprotect.exe utility.

The CPFIRST environment variable (UNIX)

The CPFIRST environment variable specifies whether the C preprocessor should run
before the IBM Informix ESQL/C preprocessor on all Informix ESQL/C source
files.

Set the environment variable to TRUE (uppercase only) to run the C preprocessor
on all Informix ESQL/C source files, irrespective of whether the -cp option is
passed to the esql command, and irrespective of whether the source file has the
.ec or the .ecp extension.

Using the eprotect.exe utility (Windows)
Windows users can use the eprotect.exe utility to run the preprocessor on an IBM
Informix ESQL/C source file.

The eprotect.exe utility protects all of the SQL keywords against interpretation by
the C preprocessor. The eprotect.exe -u option will remove SQL keyword
protection.

To change the preprocessor order for an Informix ESQL/C source file on Windows:
1. Run the following command:
%INFORMIXDIR%\1ib\eprotect.exe filename.ec filename.c

This protects all of the SQL keywords against interpretation by the C
Preprocessor and writes the result to the file filename.c.

2. Run the following command:
cl /E filename.c > filenameZ2.c

This runs the C Preprocessor on the source file filename.c and writes the result
to the file filename?2.c.

3. Run the following command:
%INFORMIXDIR%\1ib\eprotect.exe -u filename2.c filename.ec

This removes SQL keyword protection and stores the result in filename.ec.
4. Run esql on the source file to compile it.

The order of compilation when the C preprocessor runs first
When a user chooses to run the C preprocessor on an IBM Informix ESQL/C
source file before the Informix ESQL/C preprocessor, the file undergoes the
following order of compilation.

1. The eprotect utility runs on the source file to protect all SQL keywords against
interpretation by the C preprocessor.

2. The C preprocessor runs on the source file.

3. The eprotect utility runs on the output of the C preprocessor with the -u mode
to remove SQL keyword protection.
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4. The Informix ESQL/C preprocessor runs on the output of the C preprocessor,
which no longer has any SQL keyword protection.

5. The output of the Informix ESQL/C preprocessor undergoes compilation and
linking by the C compiler and linker to produce an executable file.

Related concepts

[“SQL keyword protection” on page 2-2()

Define host variables based on C #defines and typedefs

When the C preprocessor runs on a source file, it expands the contents of all C
header files where they are included within the source file. This expansion makes
it possible to use host variables in IBM Informix ESQL/C source files based on
types and #define and typedef statements in C header files. The examples given
here indicate some of the advantages of sharing header files. In the following
example, the same C header file is used by both Informix ESQL/C and C source
files.

/*header file i.hx/
#define LEN 15
typedef struct customer_t{
int C_ho;
char  fname[LEN];
char  Tname[LEN];
} CUST REC;

/*cust.ecx/
#include <stdio.h>

EXEC SQL BEGIN DECLARE SECTION;
#include "i.h"
EXEC SQL END DECLARE SECTION;

int main()

{

EXEC SQL BEGIN DECLARE SECTION;
CUST_REC cust;
EXEC SQL END DECLARE SECTION;

/*name.c*/
#include "i.h"
int main ()
{...
CUST_REC cust;

}

Figure 2-3. ESQL/C and C excerpt that share a C header file

In the following example, the Informix ESQL/C source file contains a host variable
based on a type defined in the time.h system-header file.
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/*time.ecx/
#include <time.h>

main ()

{...

EXEC SQL BEGIN DECLARE SECTION;
time_t time_hostvar;

EXEC SQL END DECLARE SECTION;

}

Figure 2-4. ESQL/C excerpt that uses a host variable of the type defined in a C
system-header file

A C header file can be included anywhere inside an Informix ESQL/C source file.
However, to define host variables in Informix ESQL/C files based on #defines and
typedefs defined in C header files, you must include the C header file within the
EXEC SQL declare section.

Contrast the example in which leads to error -33051: Syntax error on
identifier or symbol 'name_hostvar with the example in [Figure 2-3 on page 2-18
which does not. The only difference is that in the example in [Figure 2-3 on page]
the C header file with the #define and the typedef that is used in the EXEC
SQL declare section is included within that declare section.

/*header file i.hx/
#define LEN 15
typedef struct customer t{
int c_no;
char  fname[LEN];
char  Tname[LEN];
} CUST_REC;

/*cust.ecx/
#include "i.h"

int main()

{

EXEC SQL BEGIN DECLARE SECTION;
CUST_REC cust;

...Leads to error -33051...

Figure 2-5. ESQL/C excerpt that defines a host variable based on a c header file included
outside the declare section

Allow all valid Cdeclaration syntax inside the EXEC SQL declare
section

When the IBM Informix ESQL/C preprocessor runs on a file, it expands all the
contents of header files inside the Informix ESQL/C source file where the header
file was included in the source file. Therefore, one consequence of including C
header files inside the EXEC SQL declare section is that all types of C declaration
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syntax are included in the EXEC SQL declare section after the pass through the C
preprocessor. You can now include all valid C declaration syntax in the EXEC SQL
declare section in the EXEC SQL declare section. However, you can only declare
host variables based on certain types described in|“Host-variable data types” on|

Exclude statements inside C header files

If the IBM Informix ESQL/C preprocessor has problems with certain statements in
C header files, you can exclude specific lines from the preprocessing that the
Informix ESQL/C preprocessor performs as shown in the following example.

/*header file i.h*/

#ifndef ESBDS /*define empty macros, if included by a C\
source*/

#define ESBDS

#define ESEDS

#endif

ESEDS
statement that you do not want ESQL/C preprocessor to see
ESBDS

/*name.ecx/

#define ESBDS "EXEC SQL BEGIN DECLARE SECTION;"
#define ESEDS "EXEC SQL END DECLARE SECTION"
main ()

{...
EXEC SQL BEGIN DECLARE SECTION;

#include "i.h"
EXEC SQL END DECLARE SECTION;

}

Figure 2-6. ESQL/C and C excerpt that uses a common C header file

SQL keyword protection

If the code in the IBM Informix ESQL/C files is passed unprotected to the C
preprocessor before it is passed to the Informix ESQL/C preprocessor, certain SQL
keywords might be analyzed by the C preprocessor, which causes unintended
results. In the following example, the SQL keyword NULL is replaced by the C
preprocessor with the value zero, which creates a valid SQL statement, but one
which inserts a value into the orders table other than the value that the
programmer intended:

EXEC SQL insert into orders (shipcharge) values (NULL);

When a user gives the option to run the C preprocessor before the Informix
ESQL/C preprocessor, the utility eprotect runs before the C preprocessor runs on
the Informix ESQL/C source file. The eprotect utility adds a prefix to any SQL
keyword that occurs in an SQL statement with the prefix SQLKEYWORD_. This
prefix is affixed on all SQL keywords inside SQL statements that begin with the
EXEC SQL directive and end with a semicolon. When the Informix ESQL/C source
file that contains the select statement mentioned earlier is passed to the C
preprocessor, the SELECT statement has the following form:

EXEC SQL SQLKEYWORD_insert SQLKEYWORD into orders (order_num)
SQLKEYWORD_values (SQLKEYWORD_NULL);
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After the C preprocessor runs on an Informix ESQL/C source file, the esql
command runs the eprotect utility with the -u mode, which removes all the
SQLKEYWORD_ prefixes before it runs the Informix ESQL/C preprocessor on the
output of the C preprocessor.

SQL keyword protection and the dollar sign ($) symbol

All SQL statements within IBM Informix ESQL/C source files can either begin with
the EXEC SQL key words or with the $ prefix. All of the following pairs of
statements are equivalent:

EXEC SQL BEGIN DECLARE SECTION;
$BEGIN DECLARE SECTION;

EXEC SQL connect to 'database9';
$connect to 'database9';

EXEC SQL select fname into :hostvarl from tablel;
$ select fname into :hostvarl from tablel;

However, the $ symbol can also occur at the beginning of typedef definitions such
as in the following example:

$int *ip = NULL;

In cases such as the preceding typedef example, program logic might require that
the C preprocessor substitute the value zero in the place of the keyword NULL.
Not allowing the C preprocessor to make value substitutions in such cases would
lead to errors. Therefore the eprotect utility does not add a prefix to the
SQLKEYWORD_ prefix on SQL keywords that are displayed in SQL statements
that begin with the dollar sign ($) symbol.

Important: If you want to run the C preprocessor on your Informix ESQL/C
source file before the Informix ESQL/C preprocessor, and if you do not want the C
preprocessor to substitute values for the SQL keywords in SQL statements that
occur in your source file, you must begin each SQL statement with the keywords
EXEC SQL, and not with the dollar sign ($) symbol.

Preprocessor options specific to Windows environments

The following additional preprocessing options are available to you if you use IBM
Informix ESQL/C in a Windows environment.

Line wrapping

The Informix ESQL/C preprocessor translates one embedded SQL statement as one
C line. Long lines can cause problems for some debuggers and editors. You can use
the -lw option to tell the preprocessor to wrap output lines at a specific column
position. For example, the following esql command tells the preprocessor to wrap
lines at column 75:

esql -1w:75 demo.ec

If you omit the -lw option, the preprocessor does not perform line wrapping.
Change error and warning displays

By default, the IBM Informix ESQL/C preprocessor generates error and warning
messages when it processes an Informix ESQL/C file. It displays these errors and

warnings in the console window. You can change the display of error and warning
messages with the following command-line options:
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* Use the -nowarn option to suppress warning messages. This option has no effect
on error messages.

* Use the -mserr option to display error and warning messages in Microsoft Error

Message format. Some text editors understand this format and can use it to go
to the line in the Informix ESQL/C source file that caused the error or warning.

Set tab stops

By default, the IBM Informix ESQL/C preprocessor formats the C source file with
tab stops at every eighth column position. You can use the -ts option to set
different tab stops. For example, the following esql command tells the preprocessor
to set tab stops every four characters:

esql -ts:4 demo.ec

Compiling and linking options of the esql command

2-22

The following sections describe the compiling and linking options of the esql
command.

Name he executable

You can explicitly specify the name of the executable file with the -o option.

For example, the following esql command produces an executable file called inpt:
esql -o inpt custinpt.ec ordinpt.ec

If esql is running on a Windows operating system the name of the target file
defaults to the name of the first IBM Informix ESQL/C source file on the esql
command line. The extension is changed to either .exe or .d11 depending on the
type of target being generated.

If esql is running on a UNIX operating system the name of the target file defaults
to whatever is the default for your C compiler, usually a.out.

Set the type of executable files created (Windows)

The esql command can be used to compile regular executable files and also
Dynamic Link Libraries (DLLs). Use the -target: option to tell esql which type of
output you want. The -target: option only tells esql how to compile your
application. If you compile to a DLL, your source code must be written as a DLL
or the compile fails

Pass options to the C compiler

The esql command processor passes any unrecognized arguments in the command
line to the C compiler.

For example, because esql does not recognize /Zi as an option, the following esql
command passes the /Zi option to the C compiler:

esql /Zi demol.ec

If you want to pass C compiler options that have the same names as IBM Informix
ESQL/C processor options, precede them with the -cc option. The esql command
ignores any options between the -cc and the next occurrence of any of these
arguments:

* -1 (Windows only)
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e -r (Windows only)
* -f (Windows only)
* An Informix ESQL/C source file.

Specify a particular C compiler (Windows)

ESQL/C in Windows environments supports the following C compilers:
* Microsoft Visual C++, Version 2.x or later
¢ Borland C++, Version 5

Either the Microsoft C compiler or the Borland C compiler must be on your
computer before you can compile an IBM Informix ESQL/C program. The default
C compiler option, -mc, starts the Microsoft compiler. To choose the Borland
compiler, use the -bc option.

Compile without linking

By default, the IBM Informix ESQL/C command processor preprocesses, compiles,
and links the Informix ESQL/C program and creates either an executable file or a
DLL. To suppress the linking of your Informix ESQL/C program specify the -c
option. With this option, esql only preprocesses and compiles the code. The output
of this command is a C object file (.obj extension) for each C source file (.c) or
Informix ESQL/C source file (.ec).

For example, to preprocess and compile the Informix ESQL/C source file demol.ec,
use the following command:

esql -c demol.ec

The preceding command generates a C object file called demol.obj. The following
esql command preprocesses demol.ec, checks for Informix extensions to
X/Open-standard syntax, and suppresses warning messages:

esql -c -xopen -nowarn demol.ec

Important: If you specify the conflicting options -c and -o, the preprocessor
ignores the -0 option and processes the -c option. The preprocessor reports the
conflict in an error message.

Special compile options for Windows environments

You can give the following additional compile options to the esql command if you
are running IBM Informix ESQL/C in a Windows environments.

Specify the name of a project file
The -f option enables you to specify the name of a project file at the esql command
line.

The filename that follows -f is a project file that contains the names of the IBM
Informix ESQL/C source (.ec) files to compile.

For example, suppose the project file, project.txt, contains the following lines:

first.ec
second.ec
third.ec

In this example, first.ec, second.ec, and third.ec represent the names of
Informix ESQL/C source files that you want to compile.

Chapter 2. Compile programs 2-23



2-24

The following esql command uses the project.txt project file to specify the three
source files to compile and link:

esql -f project.txt

The preceding esql command is the equivalent of the following esql command:

esql first.ec second.ec third.ec

You can accomplish the same task with a response file.
Related reference

[“Create a response file”|

Create a response file
You can specify the command-line arguments for the IBM Informix ESQL/C

command processor in a response file and specify the file name for the Informix
ESQL/C processor.

The Informix ESQL/C response file is a text file with Informix ESQL/C
command-line options and file names, separated by a space, a new line, a carriage
return, a line feed, or a combination of these characters.

The following example shows the syntax that specifies a response file called
resp.esq:
esql @resp.esq

The response file, resp.esq, might contain the following lines:

-we
first.ec
second.ec
third.ec
-r foo.rc

Use of this response file is the equivalent of the following esql command:
esql -we -f project.txt -r foo.rc

In this example, project.txt is a project file that contains the file names first.ec,
second.ec, and third.ec on separate lines, as the previous shows.

You might use a response file for the following reasons:

* The command line is limited to 1,024 characters. If your esql options exceed this
length, you must use a response file.

* If you use one or more sets of esql options regularly, you can save yourself a
great deal of typing by putting each set in a different response file. Instead of
typing the options, you can list the appropriate response file in the esql
command.

Implicit options invoked by the esql preprocessor in Windows
environments

The Informix ESQL/C command processor implicitly passes compiler and linker
flags to the supported C compilers. The following table lists the implicit options
that esql passes when you use the indicated esql options. If you choose to create
your own build file, use the indicated flags as appropriate for your application.

Important: The esql command does not implicitly pass any options to the resource
compiler.
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Table 2-1. Implicitly passed compiler options

Implicit options

Compiler Module type esql options Compiler Linker

Microsoft ~ executable -target:exe -c -I%INFORMIXDIR%\incT\ -DEF:deffile -OUT:target -MAP

Visual C++, esq1/D_systype/D proctype/  -SUBSYSTEM:systype

Version 2.x -we threadtype /DWIN32 %INFORMIXDIR%\1ib\isq1t09a.1ib

or later %INFORMIXDIR%\11b\1g149303.11b
%INFORMIXDIR%\1ib\ig1xg303.1ib
%INFORMIXDIR%\1ib\1go4g303.11b
libset

dil -target:dll -c -I%INFORMIXDIR%\incl\ -DLL -DEF:deffile -OUT:target -MAP
esql/D_systype/D_proctype/ -SUBSYSTEM:systype
-wd threadtype /DWIN32 %INFORMIXDIR%\1ib\isq1t09a.1ib

%INFORMIXDIR%\1ib\ig149303.11b
%INFORMIXDIR%\1ib\ig1xg303.1ib
%INFORMIXDIR%\1ib\1go4g303.11b
libset

Borland executable -target:exe -c -I%INFORMIXDIR%\ -c -Tpe -M

C++, incl\esql-etarget-subtype-  -DEF:deffile-subsystem

Version 5 -we libtlog-libtlg %INFORMIXDIR%\11b\ig14b303.1ib
%INFORMIXDIR%\1ib\ig1xb303.11b
%INFORMIXDIR%\1ib\ig0o4b303.1ib
c0t32.0bj
libset

dll -target:dll -c -I%INFORMIXDIR%\incl\ -c -Tpd -M
esql-etarget-subtype- -DEF:deffile-subsystem
-wd libtlog-libtlg %INFORMIXDIR%\11b\ig14b303.1ib

%INFORMIXDIR%\1ib\ig1xb303.1ib
%INFORMIXDIR%\1ib\1g0o4b303.1ib
c0d32.0bj
libset

The italicized terms in the compiler and linker options represent the following

definitions.

deffile

file on the command line.)

libset

CONSOLE).

libtlg
libtlog

proctype

Type of processor (X86)

subsystem

-D_RTLDLL for a dynamic library or " " for a shared library
-WM for a multithread library or " " for a single-thread library

ap for a console subsystem or aa for a Windows subsystem

subtype

WC for a console executable, W for a Windows executable file, WCD for a

console DLL, or WD for a Windows DLL
systype Type of subsystem (WINDOWS or CONSOLE)

t X for a console subsystem and W for a Windows subsystem

target

the -0 command-line option)

Name of a .def file (The -DEF option executes only if you specify a .def

Library set (depends on whether the application is WINDOWS or

Name of the executable file (name of first .ec file or the name specified by
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threadtype
Type of thread option (ML, MT, MD, depending on the value of the
-runtime command-line option)

For more information about the -target, -wd, and -we command-line options, see
[“Syntax of the esql command” on page 2-4|

The library set that the linker uses depends on whether you are creating a
Windows or console application. The following table lists the library sets that the
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indicated esql options use.

Table 2-2. Library sets that the linker uses

Compiler esql Options Library Sets That the Linker Uses
Microsoft Visual C++, -subsystem:windows advapi32.lib
Version 2.x or later
-Sw wsock32.1ib
-SSTW user32.1ib
winmm.lib
gdi32.1ib
comdlg32.lib

winspool.lib

-subsystem:console netapi32.1lib
-Sc wsock32.1ib
-8s:C user32.1ib
winmm.lib
Borland C++, Version 5 -subsystem:windows cw32mti.lib
-Sw import32.lib
-SSIW
-subsystem:console cw32mti.lib
-Sc import32.lib
-ss:ic

Linking options

The C compiler performs the linking phase of an IBM Informix ESQL/C compile.

This section describes the esql command-line arguments that affect how this

linking occurs.

General linking options

The following linking options affect both UNIX and Windows environments:

¢ Linking other C source and object files

* Specifying versions of IBM Informix general libraries
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Linking other C source and object files: You can list the following types of files
on the esql command line to indicate that you want the link editor to link to the
resulting object file:

e C source files in the form otherCsrc.c

If you list files with the .c extensions, esql passes them through to the C
compiler, which compiles them to object files (.0 extensions) and links these
object files.

* C object files in the form otherCobj.o on a UNIX operating system or
otherCobj.obj in a Windows environment

If you list files with .0 or .obj extensions, esql passes them through to the C
compiler, which links these object files. The link editor links the C object files
with the appropriate IBM Informix ESQL/C library functions.

* Library files, either your own libraries or system libraries that are compatible
with the linker

* Module definitions (.def)
* Resource files, either compiled (.res) or uncompiled (.rc)

Tip: If you specify uncompiled resource files, esql passes them to the resource
compiler and links the resulting .res file to the Informix ESQL/C application.

The Informix ESQL/C command preprocessor passes these files directly to the
linker. It also links the libraries it needs to support the Informix ESQL/C function
library. You can use the -libs option to determine which libraries esql
automatically links, as follows:

esql -1ibs

Specify versions of Informix general libraries: By default, the esql command
links the shared libraries for the IBM Informix general libraries: libgen, libos,
libgls, libafs, and libsql. To use shared libraries, your computer must support
shared memory.

You can use the following command-line options to change which versions of the

Informix general libraries the preprocessor links with your program:

* The -thread option tells the preprocessor to link the thread-safe versions of the
Informix shared libraries.

* The -static option tells the preprocessor to link the static libraries for the
Informix general libraries in a UNIX environment. If you use the -static option,
you cannot set the IFX_LONGID environment variable. You must recompile with
1ibos.a.

You can combine these options to tell the preprocessor to link in the thread-safe
versions of the Informix static libraries.

Related reference

[“The esql command” on page 13-2|

Special linking options for Windows
The following sections give linking options that you can only use in Windows
environments.

Pass arguments to the linker:

On the esql command line, you can list linker arguments by prefacing them with
the -1 processor option.
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The esql command processor passes to the linker all arguments after the -1 option,
up to whichever of the following items it encounters first:

* The -r option to specify resource compiler options
* The end of the command line

Pass arguments to the resource compiler:

On the esql command line, you can list resource compiler arguments by prefacing
them with the -r processor option.

The IBM Informix ESQL/C command processor passes to the resource compiler all
arguments after the -r, up to the end of the command line. The processor then runs
the resource compiler to create a .res file, which it then passes to the linker. If you
specify the -r option but do not specify an associated resfile.rc, esql uses the
name for the target and appends the .rc extension.

ESQL/C dynamic link libraries: For Windows environments, the IBM Informix
ESQL/C product includes the following dynamic link libraries (DLLs):

* The ESQL client-interface DLL (isq1t09a.d11) contains the Informix ESQL/C
library functions that the Informix ESQL/C preprocessor needs to translate
embedded SQL statements and other internal functions that are needed at run
time.

* The esqlauth.d11 DLL provides runtime verification of the connection

information that the client application sends to the database server. When your

application requests a connection, Informix ESQL/C calls the sqlauth() function,

which esqlauth.d11 defines. For more information about sqlauth(), see

“Connection authentication functionality in a Windows environment” on pagge|

12-7

e The Registry DLL, iregt07b.d11, is used by the Setnet32 utility and the IBM
Informix Connect library to set and access configuration information in the
Registry.

* The ig14b304.d11, igo4g303.d11, and 1g1xg303.d11 DLLs are required for Global

Language Support (GLS). For more information about code-set conversion, see
the IBM Informix GLS User’s Guide.

Informix DLLs are located in the $INFORMIXDIR%\bin directory. 4INFORMIXDIR% is the
value of the INFORMIXDIR environment variable.

Related concepts

[“Access the ESQL Client-interface DLL in Windows environments” on page 2-29|

Same runtime routines for version independence: If your application was
compiled with a version of Microsoft Visual C++ earlier than 4.x, you must export
your C runtime library to the ESQL client-interface DLL (isq1t09a.d11). The ESQL
client-interface DLL uses your runtime routines to make sure all the pieces of your
application are compiled with the same runtime version. Any application that is
linked to your application and calls IBM Informix ESQL/C library routines or SQL
statements must also use your C runtime library.

To export a C runtime library, include the following line in your code before the
first call to an Informix ESQL/C library routine or SQL statement:

#include "infxcexp.c";

The infxcexp.c file contains the C code to export the addresses of all C runtime
routines that the ESQL client-interface DLL uses. This file is in the
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%INFORMIXDIR%\inc1\esql directory, which the esql command processor
automatically searches when it compiles a program. If you do not use the esql
command processor, add the SINFORMIXDIR%\inc1\esql directory to the compiler
search path before you compile.

You must include the infxcexp.c file only once, in the main() routine (once per
process), before the first Informix ESQL/C library call or SQL statement in the
program. The code in this file exports your runtime library to the ESQL runtime
DLL (isq1t09a.d11) so that they use the same C runtime code. Exporting your
runtime routines enables the ESQL runtime routines to allocate memory (malloc()),
return the pointer to a C program, and let the program free the memory (free()). It
also enables a C program to open a file and to pass the handle (or file pointer) to
the ESQL runtime routines for read-write access.

Access the ESQL Client-interface DLL in Windows environments

A dynamic link library (DLL) is a collection of functions and resources that can be
shared by applications. It is similar to a runtime library in that it stores functions
that many applications need. It differs, however, from a runtime library in the way
that it is linked to the calling application.

Libraries that are linked at compile time are static-link libraries. The libraries such as
libc and libemt (used with the Microsoft Visual C++, Version 2.x) are static-link
libraries. Whenever you link one of these Microsoft Visual C++ (Version 2.x)
libraries to your application, the linker copies the code from the appropriate
static-link library to the executable file (.exe) for your application. By contrast,
when you link dynamically, no code is copied to the executable file of your
application. Instead, your functions are linked at runtime.

Static-link libraries are effective in an environment where no multitasking is
required. However, they become inefficient when more than one application calls
the same functions. For example, if two applications that are running
simultaneously in a Windows environment call the same static-link function, two
copies of the function is in memory. This situation is inefficient.

But if a function is dynamically linked, the Windows system first checks memory
to see if a copy of the function already is there. If a copy exists, the Windows
system uses that copy rather than making another copy. If the function does not
yet exist in memory, the Windows system links or copies the function into memory
from the DLL.

The IBM Informix ESQL/C library functions, and other internal functions, are
contained in the ESQL client-interface DLL. To use these functions in your Informix
ESQL/C application, you must perform the following tasks:

¢ Access the import library for the ESQL client-interface DLL
* Locate the ESQL client-interface DLL

Access the import library

The import library of the DLL is provided to enable your IBM Informix ESQL/C
application to access the ESQL client-interface DLL.

The linker uses an import library to locate functions that are contained in the DLL.

It contains references that reconcile function names used in an application with the
library module that contains the function.

Chapter 2. Compile programs 2-29



2-30

When you link a static library to your application, the linker copies program code
from your static-link libraries to the executable file. However, if you link an import
library to your application, the linker does not copy the program code when it
links the executable file. Instead, the linker stores the information needed to locate
the functions in the DLL. When you run your application, this location information
serves as a dynamic link to the DLL.

The ESQL client-interface library provides location information for the Informix
ESQL/C function calls. The esql command processor automatically links the
import and Windows libraries for the DLL whenever you use it to compile and
link your Informix ESQL/C program.

Locate a DLL

During the development of your application, the IBM Informix ESQL/C software
(such as the esql command processor) must be able to access object libraries and
import libraries. However, DLLs must be accessible when the application is

running. Consequently, Windows must be able to locate them on your hard disk.

Search directories for your DLL in the following order:
1. The directory from which you loaded the application
2. The Windows environment system directory, SYSTEM

3. The current directory (where the executable file exists or the working directory
that the Program Item Properties value for the icon specifies)

4. Directories that your PATH environment variable lists

For the most recent information about your particular Windows operating system,
see the Dynamic-Link Library Search Order documentation at
http:/ /www.microsoft.com|

Build an application DLL

You can tell the IBM Informix ESQL/C processor to build an Informix ESQL/C
program as a DLL (.d11 file) with the -target (or -wd) command-line option. Such
an Informix ESQL/C program is called an application DLL.

To build an Informix ESQL/C program as a DLL, follow the guidelines for
general-purpose DLLs. For more information, see your system documentation.
Compile the Informix ESQL/C source file with the -target:d11 (or -wd) to create
the application DLL.

For an example of how to build an application DLL, see the WDEMO
demonstration program in the $INFORMIXDIR%\demo\wdemo directory. The Informix
ESQL/C source file for the sample application DLL is called wd11.ec. To compile
this DLL, use the following esql command:

esql -subsystem:windows -target:d11 wdll.ec

The source code for the WDEMO executable file is in the wdemo.exe file.
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Chapter 3. Informix ESQL/C data types

These topics contain information about the correspondence between SQL and C
data types and how to handle data types in an IBM Informix ESQL/C program.

These topics contain the following information:

¢ Choosing the appropriate data type for a host variable

* Converting from one data type to another

* Functions for working with nulls and different data types

Choose data types for host variables

When you access a database column in your IBM Informix ESQL/C program, you
must declare a host variable of the appropriate C or Informix ESQL/C data type to
hold the data. lists the SQL data types of the IBM Informix and the
corresponding Informix ESQL/C data types that you can declare for host-variables.
[Table 3-2 on page 3-2|lists the additional SQL data types available with Informix
and the Informix ESQL/C data types that you can use as host variables for those
types of columns. Both figures include a reference to the section or chapter in this
book where you can obtain more information about the host-variable data type.
For more information about the SQL data types that you can assign to database
columns, see the IBM Informix Guide to SQL: Reference.

Table 3-1. Corresponding SQL and host variable data types

ESQL/C predefined

SQL data type data type C language type See

BIGINT BIGINT 8-byte integer [Chapter 5, “Numeric data types,” on page 5-1

BIGSERIAL BIGINT 8-byte integer [Chapter 5, “Numeric data types,” on page 5-1

BOOLEAN boolean [Table 3-8 on page 3-6|

BYTE ifx_loc_t or loc_t [Chapter 7, “Simple large objects,” on page 7-1|

CHAR(n) fixchar [1] or string char [n + 1] or char [Chapter 4, “Character and string data types,” on|
[n+1] * page 4-1|

CHARACTER(n)

DATE date 4-byte integer [Chapter 6, “Time data types,” on page 6-1|

DATETIME datetime or dtime_t [Chapter 6, “Time data types,” on page 6-1|

DECIMAL decimal or dec_t [Chapter 5, “Numeric data types,” on page 5-1

DEC

NUMERIC

MONEY

FLOAT double [Chapter 6, “Time data types,” on page 6-1|

DOUBLE PRECISION

INTS int8 or ifx_int8_t [Chapter 5, “Numeric data types,” on page 5-1f

INTEGER 4-byte integer [Chapter 5, “Numeric data types,” on page 5-1|

INT
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Table 3-1. Corresponding SQL and host variable data types (continued)

SQL data type

ESQL/C predefined

data type

C language type

See

INTERVAL interval or intrvl_t [Chapter 6, “Time data types,” on page 6-1]|
LVARCHAR lvarchar char [n + 1] or char [Chapter 4, “Character and string data types,” on|
* page 4-1|

NCHAR(n) fixchar [n] or string  char [n + 1] or char [Chapter 4, “Character and string data types,” on|
[n+1] * page 4—1|

NVARCHAR(m) varchar[m+1] or char [m+1] Chapter 4, “Character and string data types,” on|
string [m+1] page 4-1|

SERIAL 4-byte integer [Chapter 5, “Numeric data types,” on page 5-1|

SERIALS int8 or ifx_int8_t [Chapter 5, “Numeric data types,” on page 5-1|

SMALLFLOAT float [Chapter 5, “Numeric data types,” on page 5-1

REAL

SMALLINT 2-byte integer [Chapter 5, “Numeric data types,” on page 5-1

TEXT loc_t [Chapter 7, “Simple large objects,” on page 7-1|

VARCHAR(m,x) varchar[m+1] or char d[m+1] Chapter 4, “Character and string data types,” on|

string [m+1]

page 4—1|

Data type constants
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Table 3-2. Corresponding SQL and host variable data types specific to IBM Informix

ESQL/C predefined

SQL data type data type See

BLOB ifx_lo_t |Chapter 8, “Smart large objects,” on page 8-1|
CLOB ifx_lo_t |Chapter 8, “Smart large objects,” on page 8-1|
LIST(e) collection [Chapter 8, “Smart large objects,” on page 8-1|
MULTISET(e) collection |Chapter 9, “Complex data types,” on page 9-1|

Opaque data type

lvarchar, fixed
binary, or var
binary

|Chapter 10, “Opaque data types,” on page 10-1]

ROW(...)

row

[Chapter 9, “Complex data types,” on page 9-1|

SET(e)

collection

|Chapter 9, “Complex data types,” on page 9-1|

The IBM Informix ESQL/C sqltypes.h header file contains integer constants for
both SQL and Informix ESQL/C data types. Some Informix ESQL/C library
functions require data type constants as arguments. You can also compare these
data type constants in dynamic SQL programs to determine the type of column
that the DESCRIBE statement described. The Informix ESQL/C code excerpt in the
following figure compares the sqltype element of an sqlvar structure to a series of
SQL data type constants to determine what types of columns a DESCRIBE

statement returned.



for (col = udesc->sqlvar, i = 0;

switch(col->sqltype)

case SQLSMFLOAT:
col->sqltype = CFLOATTYPE;
break;

case SQLFLOAT:
col->sqltype =
break;

CDOUBLETYPE;

case SQLMONEY:

case SQLDECIMAL:
col->sqltype =
break;

CDECIMALTYPE;

case SQLCHAR:
col->sqltype =
break;

CCHARTYPE;

default:

* data types.
* an unsupported type.
*/

return;

}

i < udesc->sqld; col++, i++)

/* The program does not handle INTEGER,
* SMALL INTEGER, DATE, SERIAL or other
Do nothing if we see

Figure 3-1. Code excerpt using SQL data type constants

For more information about the use of data type constants with the DESCRIBE

statement, see [Chapter 15, “Determine SQL statements,” on page 15-1]

SQL data type constants

available with the Informix.

Table 3-3[ shows the SQL data type constants for the IBM Informix. [Table 3-4 o
age 3-4|shows the SQL data type constants for the additional data types that are

Table 3-3. Constants for Informix SQL column data types

SQL data type Defined constant

Integer value

CHAR SQLCHAR 0
SMALLINT SQLSMINT 1
INTEGER SQLINT 2
FLOAT SQLFLOAT 3
SMALLFLOAT SQLSMFLOAT 4
DECIMAL SQLDECIMAL 5
SERIAL SQLSERIAL 6
DATE SQLDATE 7
MONEY SQLMONEY 8
DATETIME SQLDTIME 10
BYTE SQLBYTES 11
TEXT SQLTEXT 12
VARCHAR SQLVCHAR 13
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Table 3-3. Constants for Informix SQL column data types (continued)

SQL data type

Defined constant

Integer value

INTERVAL SQLINTERVAL 14
NCHAR SQLNCHAR 15
NVARCHAR SQLNVCHAR 16
INT8 SQLINTS8 17
BIGSERIAL SQLBIGSERIAL 53
LVARCHAR SQLLVARCHAR 43
BOOLEAN SQLBOOL 45
BIGINT SQLINFXBIGINT 52
BIGSERIAL SQLBIGSERIAL 53

Table 3-4. Constants for Informix SQL column data types that are specific to IBM Informix

SQL data type

Defined constant

Integer value

SET SQLSET 19
MULTISET SQLMULTISET 20
LIST SQLLIST 21
ROW SQLROW 22
Varying-length opaque type ~ SQLUDTVAR 40
Fixed-length opaque type SQLUDTFIXED 41
SENDRECYV (client-side only) SQLSENDRECV 44

Important: The SENDRECYV data type has an SQL constant but can only be used
in an Informix ESQL/C program. You cannot define a database column as type

SENDRECV.

ESQL/C data type constants

You assign an IBM Informix ESQL/C data type to a host variable in an Informix

ESQL/C program. The following table shows these constants.

Table 3-5. Constants for ESQL/C host-variable data types

ESQL/C data type Constant Integer value
char CCHARTYPE 100
short int CSHORTTYPE 101
int4 CINTTYPE 102
long CLONGTYPE 103
float CFLOATTYPE 104
double CDOUBLETYPE 105
dec_t or decimal CDECIMALTYPE 107
fixchar CFIXCHARTYPE 108
string CSTRINGTYPE 109
date CDATETYPE 110
dec_t or decimal CMONEYTYPE 111
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Table 3-5. Constants for ESQL/C host-variable data types (continued)

ESQL/C data type Constant Integer value
datetime or dtime_t CDTIMETYPE 112
ifx_loc_t or loc_t CLOCATORTYPE 113
varchar CVCHARTYPE 114
intrvl_t or interval CINVTYPE 115
char CFILETYPE 116
int8 CINTSTYPE 117
collection CCOLTYPE 118
lvarchar CLVCHARTYPE 119
fixed binary CFIXBINTYPE 120
var binary CVARBINTYPE 121
boolean CBOOLTYPE 122
row CROWTYPE 123

You can use these Informix ESQL/C data types as arguments for some of the
functions in the Informix ESQL/C library. For example, both the rtypalign() and
rtypmsize() functions require data type values as arguments.

X/Open data type constants

If your programs conform to the X/Open standards (compile with the -xopen
option), you must use the data type values that the following table shows. IBM

Informix defines the constants for these values in the sqlxtype.h header file.

Table 3-6. Constants for Informix SQL column data types in an X/Open environment

SQL data type

Defined constant

X/Open integer value

CHAR XSQLCHAR 1
DECIMAL XSQLDECIMAL 3
INTEGER XSQLINT 4
SMALLINT XSQLSMINT 5
FLOAT XSQLFLOAT 6

Header files for data types

To use an SQL data type, your program must include the appropriate IBM
frale 3.7

Informix ESQL/C header file.

ble 3-7| shows the relationship between

host-variable data types and Informix ESQL/C header files for all database servers.

[Table 3-8 on page 3-6|shows the relationship between host-variable data types and

Informix ESQL/C header files that are specific to IBM Informix with Universal

Data Option.

Table 3-7. SQL Data Types and ESQL/C Header Files

SQL data type

ESQL/C or C data type

ESQL/C header file

BLOB ifx_lo_t locator.h
BOOLEAN boolean Defined automatically
BYTE ifx_loc_t or loc_t locator.h
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Table 3-7. SQL Data Types and ESQL/C Header Files (continued)

SQL data type ESQL/C or C data type ESQL/C header file

CHAR(n) fixchar array[n] or string Defined automatically
array[n+1]

CHARACTER(n)

DATE date Defined automatically

DATETIME datetime or dtime_t datetime.h

DECIMAL decimal or dec_t decimal.h

DEC

NUMERIC

MONEY

FLOAT double Defined automatically

DOUBLE PRECISION

INTS8 int8 int8.h

INTEGER 4-byte integer Defined automatically
INT

INTERVAL interval or intrvl_t datetime.h
LVARCHAR Ivarchar array[n + 1] where n Defined automatically

is the length of the longest
string that might be stored in
the LVARCHAR field.

MULTISET(e) collection Defined automatically

NCHAR(n) fixchar array[n] or string Defined automatically
array[n+1]

NVARCHAR(m) varchar[m+1] or string Defined automatically
array[m+1]

SERIAL 4-byte integer Defined automatically

SERTALS int8 int8.h

BIGINT BIGINT Defined automatically

BIGSERIAL BIGINT Defined automatically

SMALLFLOAT float Defined automatically

REAL

SMALLINT short int Defined automatically

TEXT loc_t locator.h

VARCHAR(m,x) varchar[m+1] or string Defined automatically
array[m+1]

Table 3-8. SQL data types and ESQL/C header files that are specific to IBM Informix

SQL data type ESQL/C or C data type ESQL/C header file
BLOB ifx_lo_t Tocator.h

CLOB ifx_lo_t locator.h

LIST(e) collection Defined automatically
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Table 3-8. SQL data types and ESQL/C header files that are specific to IBM
Informix (continued)

SQL data type ESQL/C or C data type ESQL/C header file
Opaque data type lvarchar or fixed binary or ~ User-defined header file that
var binary contains definition of internal
structure for opaque type
ROWC(...) row Defined automatically
SET(e) collection Defined automatically

Data conversion

When a discrepancy exists between the data types of two values, IBM Informix
ESQL/C attempts to convert one of the data types. The process of converting a
value from one data type to another is called data conversion.

The following list names a few common situations in which data conversion can
occur:

Comparison
Data conversion can occur if you use a condition that compares two
different types of values, such as comparing the contents of a zip-code
column to an integer value.

For example, to compare a CHAR value and a numeric value, Informix
ESQL/C converts the CHAR value to a numeric value before it performs
the comparison.

Fetching and inserting
Data conversion can occur if you fetch or insert values with host variables
and database columns of different data types.

Arithmetic operations
Data conversion can occur if a numeric value of one data type operates on
a value of a different data type.

Related reference

[“Fetch and insert with host variables”]

[“Perform arithmetic operations” on page 3-9|

Fetch and insert with host variables

If you try to fetch a value from a database column into a host variable that you do
not declare according to the correspondence shown in [Table 3-1 on page 3-1, IBM
Informix ESQL/C attempts to convert the data types. Similarly, if you try to insert
a value from a host variable into a database column, Informix ESQL/C might need
to convert data types if the host variable and database column do not use the
correspondences in [Table 3-1 on page 3-1} Informix ESQL/C converts the data
types only if the conversion is meaningful.

This section provides the following information about data conversion for fetching
and inserting values with host variables:

* How Informix ESQL/C converts between numeric and character data
* How Informix ESQL/C converts floating-point numbers to strings

* How Informix ESQL/C converts BOOLEAN values to characters

* How Informix ESQL/C converts DATETIME and INTERVAL values
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* How Informix ESQL/C converts between VARCHAR columns and character
data

Convert numbers and strings

Before IBM Informix ESQL/C can convert a value from one data type to another, it
must determine whether the conversion is meaningful.

The following table shows possible conversions between numeric data types and
character data types. In this figure, N represents a value with a numeric data type
(such as DECIMAL, FLOAT, or SMALLINT) and C represents a value with a
character data type (such as CHAR or VARCHAR).

If conversion is not possible, either because it makes no sense or because the target
variable is too small to accept the converted value, Informix ESQL/C returns
values that the Results column in the following table describes.

Table 3-9. Data conversion problems and results

Conversion Problem Results

CccC Does not fit Informix ESQL/C truncates the string, sets a warning
(sqlca.sqlwarn.sqlwarnl to W and SQLSTATE to 01004),
and sets any indicator variable to the size of the original
string.

NC None Informix ESQL/C creates a string for the numeric value;
it uses an exponential format for very large or very
small numbers.

NC Does not fit Informix ESQL/C fills the string with asterisks, sets a
warning (sqlca.sqlwarn.sqlwarn1 to W and SQLSTATE
to 01004), and sets any indicator variable to a positive
integer.

When the fractional part of a number does not fit in a
character variable, Informix ESQL/C rounds the
number. Asterisks are displayed only when the integer
part does not fit.

CN None Informix ESQL/C determines the numeric data type
based on the format of the character value; if the
character contains a decimal point, Informix ESQL/C
converts the value to a DECIMAL value.

CN Not a number The number is undefined; Informix ESQL/C sets
sqlca.sqlcode and SQLSTATE to indicate a runtime
erTor.

CN Overflow The number is undefined; Informix ESQL/C sets
sqlca.sqlcode and SQLSTATE to indicate a runtime
error.

NN Does not fit Informix ESQL/C attempts to convert the number to the
new data type.

For information about possible errors, see the IBM
Informix Guide to SQL: Reference.

N N Overflow The number is undefined; Informix ESQL/C sets
sqlca.sqlcode and SQLSTATE to indicate a runtime
error.
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In [Table 3-9 on page 3-8 the phrase Does not fit means that the size of the data
from the source variable or column exceeds the size of the target column or
variable.

Related reference

[“Convert floating-point numbers to strings’|

[“Fetch and insert character data types” on page 4-7

Convert floating-point numbers to strings

IBM Informix ESQL/C can automatically convert floating-point column values
(data type of DECIMAL(n), FLOAT, or SMALLFLOAT) between database columns
and host variables of character type char, varchar, string, or fixchar. When
Informix ESQL/C converts a floating-point value to a character string whose buffer
is not large enough to hold the full precision, Informix ESQL/C rounds the value
to fit it in the character buffer.

Related reference

[“Implicit data conversion” on page 5-9

Convert BOOLEAN values to characters
The database server can automatically convert BOOLEAN values between database
columns and host variables of the fixchar date type.

The following list shows the character representations for the BOOLEAN values.
\o1 T

"\00' 'F

Related reference

[Chapter 5, “Numeric data types,” on page 5-1|
Convert DATETIME and INTERVAL values

IBM Informix ESQL/C can automatically convert DATETIME and INTERVAL
values between database columns and host variables of character type char, string,
or fixchar. Informix ESQL/C converts a DATETIME or INTERVAL value to a
character string and then stores it in a host variable.

You can use Informix ESQL/C library functions to explicitly convert between
DATE and DATETIME values.

Related concepts

“Implicit data conversion” on page 6-
p pag
Related tasks

[“Converting data for datetime values” on page 6-§

Convert between VARCHAR and character data types
IBM Informix ESQL/C can automatically convert VARCHAR values between
database columns and host variables of character type char, string, or fixchar.

Related reference
[“Fetch and insert VARCHAR data” on page 4-§|

Perform arithmetic operations

When IBM Informix ESQL/C performs an arithmetic operation on two values, it
might need to convert data types if the two values do not have data types that
match.
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This section provides the following information about data conversion for
arithmetic operations:

* How Informix ESQL/C converts numeric values
* How Informix ESQL/C handles operations that involve floating-point values

Convert numbers to numbers

If two values of different numeric data types operate on one another, Informix
ESQL/C converts the values to the data type that the following table indicates and
then performs the operation.

Table 3-10. Data types for which ESQL/C carries out numeric operations

Operands DEC FLOAT INT SERIAL SMALLFLOAT SMALLINT
DEC DEC DEC DEC DEC DEC DEC
FLOAT DEC FLOAT FLOAT FLOAT FLOAT FLOAT

INT DEC FLOAT INT INT FLOAT INT
SERIAL DEC FLOAT INT INT FLOAT INT
SMALLFLOAT DEC FLOAT FLOAT FLOAT FLOAT FLOAT
SMALLINT DEC FLOAT INT INT FLOAT INT

able 3-10| shows that if Informix ESQL/C performs an operation between an
operand with a data type of FLOAT and a second operand with a data type of
DECIMAL (DEC), Informix ESQL/C generates a result that has a DECIMAL data

type.
Operations that involve a decimal value

The following lists shows the numeric data types. Database columns use the SQL
data types, and IBM Informix ESQL/C host variables use the corresponding
Informix ESQL/C data types.

SQL data type
ESQL/C data type

INTEGER

4-byte integer
SMALLINT

short integer

DECIMAL
decimal

MONEY
decimal

FLOAT
double

SMALLFLOAT
float

When Informix ESQL/C performs arithmetic operations on operands with numeric
data types and one of the operands has a decimal value (an SQL data type of
DECIMAL or an Informix ESQL/C data type of decimal), Informix ESQL/C
converts each operand and the result to a decimal value.
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An SQL DECIMAL data type has the format DECIMAL(p,s), where p and s
represent the following parameters:

¢ The p parameter is the precision, which is the total number of significant digits
in a real number.

For example, the number 1237.354 has a precision of seven.

e The s parameter is the scale, which is the number of digits that represent the
fractional part of the real number.

For example, the number 1237.354 has a scale of three. If the DECIMAL data
type includes a scale parameter (DECIMAL(p,s)), it holds fixed-point decimal
numbers. If the DECIMAL data type omits a scale parameter (DECIMAL(p)), it
holds floating-point decimal numbers.

The Informix ESQL/C decimal data type keeps track of precision and scale
differently from the SQL DECIMAL data type. For simplicity, this section uses the
format of the SQL DECIMAL data type to describe how Informix ESQL/C
performs data conversion for arithmetic operations that involve a decimal value.
However, this same data-conversion information applies to arithmetic operations
that involve an Informix ESQL/C decimal host variable.

Related reference

[“The decimal structure” on page 5-5

Convert the non-decimal numeric operand:

IBM Informix ESQL/C converts all operands that are not already DECIMAL (or
decimal) to DECIMAL before it performs the arithmetic operation.

The following list shows the precision and scale that Informix ESQL/C uses for the
non-DECIMAL operand.

Operand type
Convert to

FLOAT
DECIMAL(1?)

SMALLFLOAT
DECIMAL(9)

INTEGER
DECIMAL(10,0)

SMALLINT
DECIMAL(5,0)

Informix ESQL/C does not consider leading or trailing zeros as significant digits.
Leading or trailing zeros do not contribute to the determination of precision and
scale. If the operation is addition or subtraction, Informix ESQL/C adds trailing
zeros to the operand with the smaller scale until the scales are equal.

Obtain the DECIMAL data type of the arithmetic result:

The precision and scale of the arithmetic result depend on the precision and scale
of the operands and on whether one of the operands is a floating-point decimal, as
follows:

* When one of the operands is a floating-point decimal, the arithmetic result is a
floating-point decimal.
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For example, for an arithmetic operation between a fixed-point decimal of
DECIMAL(8,3) and a FLOAT value, IBM Informix ESQL/C converts the FLOAT
value to a floating-point decimal of DECIMAL(17). The arithmetic result has a
data type of DECIMAL(17).

* When both of the operands are fixed-point decimals, the arithmetic result is also
a fixed-point decimal.

The following table summarizes the rules for arithmetic operations on operands

with definite scale (fixed-point decimals). In the following table, p; and s, are the
precision and scale of the first operand, and p, and s, are the precision and scale
of the second operand.

Table 3-11. Precision and scale of fixed-decimal arithmetic results

Operation Precision and scale of result
Addition and Precision: MIN(32, MAX(p, - 51, p, - 5,) + MAX(sy, s,) + 1)
Subtraction Scale: MAX(sy, s,)
Multiplication Precision: MIN@2, p, + p2)
Scale:
5+ Sy

If (s, + s,) > precision, the result is a floating-point
decimal number (no scale value).

Division Precision: 32

Scale:
Result is a floating-point decimal number.

The sum: 32 - p, + s, - 5, cannot be negative.

If the data type of the result of an arithmetic operation requires the loss of
significant digits, Informix ESQL/C reports an error.

Data-type alignment library functions

The following IBM Informix ESQL/C library functions provide
machine-independent size and alignment information for different data types and
help you work with null database values.

Function name Description See
risnull() Checks whether a C variable is null
rsetnull() Sets a C variable to null
function”
rtypalign() Aligns data on correct type boundaries
rtypmsize() Gives the byte size of SQL data types “The rtypmsize()
function” on|
age B-208
rtypname() Returns the name of a specified SQL data type “The rtypname
function” on|
age B-211
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Function name  Description

rtypwidth() Returns the minimum number of characters that a
character data type needs to avoid truncation

When you compile your Informix ESQL/C program with the esql command, esql
calls on the linker to link these functions to your program.

Related reference
|Appendix B, “The ESQL/C function library,” on page B-1|
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Chapter 4. Character and string data types

These topics explain how to use character data types in an IBM Informix ESQL/C
program.

The topics contain the following information:
* An overview of the character data types

* Some issues to consider when you insert data from character host variables into
the database

* The syntax of Informix ESQL/C library functions that you can use to manipulate
the character data type

For information about SQL data types, see the IBM Informix Guide to SQL: Reference.
Related reference
(Chapter 3, “Informix ESQL/C data types,” on page 3-1|

Character data types

IBM Informix ESQL/C supports five data types that can hold character data that
you retrieve from and send to the database.

If you use a character data type (such as the SQL data types CHAR and
VARCHAR) for your database column, you can choose any of the following data
types for your host variable:

* The C character data type: char
* One of the Informix ESQL/C predefined data types: fixchar, string, varchar
* The lvarchar data type

If you use locale-sensitive character data types (NCHAR or NVARCHAR), you
have the same choice of character data types for your associated host variables. For
more information about how to declare host variables for the NCHAR and
NVARCHAR data types, see the IBM Informix GLS User’s Guide.

The following two conditions determine which character data type to use:

* Whether you want Informix ESQL/C to terminate the character data with the
null character

* Whether you want Informix ESQL/C to pad the character data with trailing
blanks

The following table summarizes the attributes of each of the character data types.

Table 4-1. ESQL/C character data types

ESQL/C character data type Null terminated Contains trailing blanks

char Y Y

fixchar Y

string Y Returns a trailing blank only if
the column contains an empty
string.

varchar Y Y
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Table 4-1. ESQL/C character data types (continued)

ESQL/C character data type Null terminated Contains trailing blanks

lvarchar Y

The char data type
The char data type is the C data type that holds character data.

When an application reads a value from a CHAR column into a host variable of
type char, IBM Informix ESQL/C pads this value with trailing blanks up to the
size of the host variable. It leaves just one place for the null character that
terminates the host array. The behavior is the same if an application reads a value
from a VARCHAR (or NVARCHAR) column into a host variable of the char data

type.

Declare a char data type with a length of [n + 1] (where 7 is the size of the column
with values that you want read) to allow for the null terminator. Use the following
syntax to declare a host variable of the char data type:

EXEC SQL BEGIN DECLARE SECTION;

char ch_name[n + 1];
EXEC SQL END DECLARE SECTION;

The fixchar data type

The fixchar data type is an IBM Informix ESQL/C data type that holds character
data that does not append a null terminator.

When an application reads a value from a CHAR column into a host variable of
type fixchar, Informix ESQL/C pads this value with trailing blanks up to the size
of the host variable. Informix ESQL/C does not append any null character. The
behavior is the same if an application reads a value from a VARCHAR (or
NVARCHAR) column into a host variable of the fixchar data type.

Restriction: Do not use the fixchar data type with VARCHAR, or NVARCHAR,
data. With a fixchar, even if the length of the data is shorter than the size of the
fixchar, the database server stores all n characters of the fixchar, including any
blanks at the end of the string. Unless the blanks have significance, storing them
defeats the space savings that the VARCHAR data type provides.

Declare a fixchar host variable as an array with n components (where 7 is the size
of the column with values that you want read). Use the following syntax to declare
a host variable of the fixchar data type:

EXEC SQL BEGIN DECLARE SECTION;

fixchar fch_name[n];
EXEC SQL END DECLARE SECTION;

Important: You can copy a null-terminated C string into a fixchar variable if space
is available for the null character. However, this is not good practice. When the
database server inserts this value into a column, it also inserts the null terminator.
As a result, later searches of the table might fail to find the value.

The string data type

The string data type is an IBM Informix ESQL/C data type that holds character
data that is null terminated and does not contain trailing blanks.
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However, if a string of blanks (that is, * ’) is stored in a database field and selected
into a host variable of the string data type, the result is a single blank character.

When an application reads a value from a CHAR column into a host variable of
the string data type, it strips the value of any trailing blanks and appends a null
terminator. The behavior is the same if an application reads a value from a
VARCHAR column into a host variable of the string data type.

The one exception to this rule is that if the BLANK_STRINGS_NOT_NULL environment
variable is set to 1 or any other value, like 0 or 2, the string host variable stores an
empty string as a single blank followed by a null terminator. If this environment
variable is not set, string host variables store an empty string as a null string.

EXEC SQL BEGIN DECLARE SECTION;

string buffer[16];
EXEC SQL END DECLARE SECTION;

EXEC SQL select Tname into :buffer from customer
where customer_num = 102;

Declare the string data type with a length of [n + 1] (where 7 is the size of the
column with values that you want read) to allow for the null terminator. In the
preceding code fragment, the Iname column in the customer table is 15 bytes so
the buffer host variable is declared as 16 bytes. Use the following syntax to declare
a host variable of the string data type:
EXEC SQL BEGIN DECLARE SECTION;

string str_name[n + 1];
EXEC SQL END DECLARE SECTION;

The varchar data type

The varchar data type is an IBM Informix ESQL/C data type that holds character
data of varying lengths.

When an application reads a value from a CHAR column into a host variable of
type varchar, Informix ESQL/C preserves any trailing blanks and terminates the
array with a null character. The behavior is the same if an application reads a
value from a VARCHAR column into a host variable of the varchar data type.

Declare the varchar data type with a length of [n+1] (where 7 is the maximum size
of the column with values that you want read) to allow for the null terminator.
Use the following syntax to declare a host variable of the varchar data type:

EXEC SQL BEGIN DECLARE SECTION;

varchar varc_name[n + 1];
EXEC SQL END DECLARE SECTION;

VARCHAR size macros

IBM Informix includes the varchar.h header file with the Informix ESQL/C
libraries. This file defines the names and macro functions shown in the following
table.

Table 4-2. VARCHAR size macros

Name of Macro Description

MAXVCLEN The maximum number of characters that you can store in a
VARCHAR column. This value is 255.

VCLENGTH(s) The length to declare the host variable.
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Table 4-2. VARCHAR size macros (continued)

Name of Macro Description

VCMIN(s) The minimum number of characters that you can store in the
VARCHAR column. Can range from 1 to 255 bytes but must be
smaller than the maximum size of the VARCHAR.

VCMAX(s) The maximum number of characters that you can store in the
VARCHAR column. Can range from 1 to 255 bytes.

VCSIZ(min, max) The encoded size value, based on min and max, for the VARCHAR
column.

These macros are useful when your program uses dynamic SQL. After a
DESCRIBE statement, the macros can manipulate size information that the
database server stores in the LENGTH field of the system-descriptor area (or the
sqllen field of the sqlda structure). Your database server stores size information for
a VARCHAR column in the syscolumns system catalog table.

The varchar.ec demonstration program

The varchar.ec demonstration program obtains collength from the syscolumns
system catalog table for the cat_advert column (of the stores7 database). It then
uses the macros from varchar.h to display size information about the column. This
sample program is in the varchar.ec file in the demo directory. The following figure
shows the main() function for the varchar.ec demonstration program.
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/*

* varchar.ec *

The following program illustrates the use of VARCHAR macros to
obtain size information.

*/
EXEC SQL include varchar;
char errmsg[512];

main()

{
mint vc_code;
mint max, min;
mint hv_length;

EXEC SQL BEGIN DECLARE SECTION;
mint vc_size;
EXEC SQL END DECLARE SECTION;

printf("VARCHAR Sample ESQL Program running.\n\n");

EXEC SQL connect to 'stores7';
chk_sqlcode("CONNECT")

printf("VARCHAR field 'cat_advert':\n");
EXEC SQL select collength into $vc_size from syscolumns
where colname = "cat_advert";
chk_sqlcode("SELECT");
printf("\tEncoded size of VARCHAR (from syscolumns.collength) = %d\n",
vc size);

max = VCMAX(vc_size);
printf("\tMaximum number of characters = %d\n", max);

min = VCMIN(vc_size);
printf("\tMinimum number of characters = %d\n", min);

hv_length = VCLENGTH(vc_size);
printf("\tLength to declare host variable = char(%d)\n", hv_length);

vc_code = VCSIZ(max, min);
printf("\tEncoded size of VARCHAR (from VCSIZ macro) = %d\n", vc_code);

printf("\nVARCHAR Sample Program over.\n\n");
1

Figure 4-1. The varchar.ec demonstration program

When the IFX_PAD_VARCHAR environment variable is set to 1, the client sends the

VARCHAR data type with padded trailing spaces. When this environment is not
set (the default), the client sends the VARCHAR data type value without trailing
spaces. The IFX_PAD_VARCHAR environment variable must be set only at the client
side and is supported only with IBM Informix ESQL/C Version 9.53 and 2.90 or
later and IBM Informix Version 9.40 or later.

The Ivarchar data type

The lvarchar data type is an IBM Informix ESQL/C data type that holds character
data of varying lengths.
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The lvarchar data type is implemented as a variable length user-defined type that
is similar to the varchar data type except that it can support strings of greater than
256 bytes and has the following two uses:
¢ To hold a value for an LVARCHAR column in the database.
When an application reads a value from an LVARCHAR column into a host
variable of the lvarchar data type, Informix ESQL/C preserves any trailing
blanks and terminates the array with a null character. The behavior is the same
if an application reads a value from a VARCHAR column into a host variable of
the lvarchar data type.

* To represent the string or external format of opaque data types.

Important: You cannot retrieve or store smart large objects (CLOB or BLOB data
types) from or to an lvarchar host variable.

Related concepts

[“Access the external format of an opaque type” on page 10-3|

The Ivarchar keyword syntax
To declare an lvarchar host variable for a character column (CHAR, VARCHAR, or
LVARCHAR), use the lvarchar keyword as the variable data type.

The following syntax shows the Ivarchar keyword as the variable data type.

(1)
] varchar—'[variable name—[—variable size—] | : ><
*—variable name

Notes:

1 Informix extension
Element Purpose Restrictions
variable name Name of an lvarchar variable of a None

specified size

variable size

Number of bytes to allocate for an Integer value can be between 1 and 32,768 (32 KB).
lvarchar variable of specified size

*variable name

Name of an lvarchar pointer variable Not equivalent to a C char pointer (char *). Points to an
for data of unspecified length internal ESQL/C representation for this type. You must use

the ifx_var() functions to manipulate data. .

The following figure shows declarations for three lvarchar variables that hold
values for LVARCHAR columns.

EXEC SQL BEGIN DECLARE SECTION;

lvarchar *a_polygon;

Tvarchar circlel[CIRCLESZ], circle2[CIRCLESZ];
EXEC SQL END DECLARE SECTION;

Figure 4-2. Sample Ivarchar host variables

Important: To declare a lvarchar host variable for the external format of an opaque
data type, use the syntax described in [‘Declare Ivarchar host variables” on page|
-10—4.
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Related reference

[‘The lvarchar pointer and var binary library functions” on page 10-21]

A Ivarchar host variable of a fixed size

If you do not specify the size of a lvarchar host variable, the size is equivalent to a
1-byte C-language char data type. If you specify a size, the lvarchar host variable
is equivalent to a C-language char data type of that size. When you specify a
fixed-size Ivarchar host variable, any data beyond the specified size is truncated
when the column is fetched. Use an indicator variable to check for truncation.

Because a lvarchar host variable of a known size is equivalent to a C-language
char data type, you can use C-language character string operations to manipulate
them.

The Ivarchar pointer host variable

When the lvarchar host variable is a pointer, the size of the data that the pointer
references can range up to 2 GB. The lvarchar pointer host variable is designed to
insert or select user-defined or opaque types that can be represented in a character
string format.

You must use the ifx_var() functions to manipulate a lvarchar pointer host
variable.

Related reference
[Appendix B, “The ESQL/C function library,” on page B-1|
(Chapter 10, “Opaque data types,” on page 10-1|

Fetch and insert character data types

You can transfer character data between CHAR and VARCHAR columns and
character (char, string, fixchar, varchar, or lvarchar) host variables with either of
the following operations:

* A fetch operation transfers character data from a CHAR or VARCHAR column
to a character host variable.

* An insert or update operation transfers character data from a character host
variable to a CHAR, VARCHAR, or LVARCHAR column.

If you use locale-sensitive character data types (NCHAR or NVARCHAR), you can
also transfer character data between NCHAR or NVARCHAR columns and
character host variables. For more information about how to declare host variables
for the NCHAR and NVARCHAR data types, see the IBM Informix GLS User’s
Guide.

Fetch and insert CHAR data

When an application uses a character host variable to fetch or insert a CHAR
value, IBM Informix ESQL/C must ensure that the character value fits into the
host variable or database column.

Fetch CHAR data

An application can fetch data from a database column of type CHAR or
VARCHAR into a character (char, string, fixchar, varchar, or lvarchar) host
variable. If the column data does not fit into the character host variable, IBM
Informix ESQL/C truncates the data. To notify the user of the truncation, Informix
ESQL/C performs the following actions:
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* It sets the sqlca.sqlwarn.sqlwarnl warning flag to W and the SQLSTATE variable
to 01004.

* It sets any indicator variable that is associated with the character host variable to
the size of the character data in the column.

Related concepts

[“Indicator variables” on page 1-21]

Insert CHAR data

An application can insert data from a character host variable (char, string, fixchar,
varchar, or lvarchar) into a database column of type CHAR. If the value is shorter
than the size of the database column then the database server pads the value with
blanks up to the size of the column.

If the value is longer than the size of the column the database server truncates the
value if the database is non-ANSIL. No warning is generated when this truncation
occurs. If the database is ANSI and the value is longer than the column size then
the insert fails and this error is returned:

-1279: Value exceeds string column Tength.

Although char, varchar, lvarchar, and string host variables contain null
terminators, Informix ESQL/C never inserts these characters into a database
column. (Host variables of type fixchar should never contain null characters.)

If you use the locale-sensitive character data type, NCHAR, you can insert a value
from a character host variable into an NCHAR column. Insertion into NCHAR
columns follows the same behavior as insertion into CHAR columns. For more
information about how to declare host variables for the NCHAR data type, see the
IBM Informix GLS User’s Guide.

Do not use the fixchar data type for host variables that insert character data into
ANSI-compliant databases.

Related reference

[‘Fetch and insert with an ANSI-compliant database” on page 4-12|

Fetch and insert VARCHAR data

When an application uses a character host variable to fetch or insert a VARCHAR
value, Informix ESQL/C must ensure that the character value fits into the host
variable or database column. When Informix ESQL/C calculates the length of a
source item, it does not count trailing spaces. The following sections describe how
Informix ESQL/C performs the conversion of VARCHAR data to and from char,
fixchar, and string character data types.

These conversions also apply to NVARCHAR data. For more information about the
NVARCHAR data type, see the IBM Informix GLS User’s Guide.

Fetch VARCHAR data

The following table shows the conversion of VARCHAR data when an application
fetches it into host variables of char, fixchar, lvarchar, and string character data

types.
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Table 4-3. Converting the VARCHAR data type to ESQL/C character data types

Destination

Source type type Result

VARCHAR char If the source is longer, truncate and null terminate the
value, and set any indicator variable. If the destination is
longer, pad the value with trailing spaces and null
terminate it.

VARCHAR fixchar If the source is longer, truncate the value and set any
indicator variable. If the destination is longer, pad the
value with trailing spaces.

VARCHAR string If the source is longer, truncate and null terminate the
value, and set any indicator variable. If the destination is
longer, null terminate the value.

VARCHAR lvarchar If the source is longer, truncate and set any indicator

variable. If the destination is longer, null terminate it.

The following table shows examples of conversions from VARCHAR column data
to character host variables that IBM Informix ESQL/C might perform during a
fetch. In this figure, a plus (+) symbol represents a space character and the value in
the Length column includes any null terminators.

Table 4-4. Examples of VARCHAR conversion during a fetch

Destination

Source type Contents Length  type Contents Indicator
VARCHAR(9) Fairfield 9 char(5) Fair\0 9
VARCHAR(©9) Fairfield 9 char(12) Fairfield++\0 0
VARCHAR(12)  Fairfield+++ 12 char(10) Fairfield\0 12
VARCHAR(10)  Fairfield+ 10 char(4) Fai\0 10
VARCHAR(11)  Fairfield++ 11 char(14) Fairfield++++\0 0
VARCHAR(©9) Fairfield 9 fixchar(5) Fairf 9
VARCHAR(9) Fairfield 9 fixchar(10) Fairfield+ 0
VARCHAR(10)  Fairfield+ 10 fixchar(9) Fairfield 10
VARCHAR(10)  Fairfield+ 10 fixchar(6) Fairfi 10
VARCHAR(10)  Fairfield+ 10 fixchar(11) Fairfield++ 0
VARCHAR(9) Fairfield 9 string(4) Fai\0 9
VARCHAR(©9) Fairfield 9 string(12) Fairfield\0 0
VARCHAR(12)  Fairfield+++ 12 string(10) Fairfield\0 12
VARCHAR(11)  Fairfield++ 11 string(6) Fairf\0 11
VARCHAR(10)  Fairfield++ 10 string(11) Fairfield\0O 0
VARCHAR(10)  Fairfield+ 10 Ivarchar(11)  Fairfield+ 0
VARCHAR(©9) Fairfield 9 Ivarchar(5) Fair\0 9

Insert VARCHAR data

When an application inserts a value from a char, varchar, lvarchar, or string host
variable into a VARCHAR column, IBM Informix ESQL/C also inserts any trailing
blanks. Informix ESQL/C does not, however, add trailing blanks.
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If the value is longer than the maximum size of the column, the database server
truncates the value if the database is non-ANSI. No warning is generated when
this truncation occurs. If the database is ANSI and the value is longer than the
maximum column size then the insert fails and this error is returned:

-1279: Value exceeds string column Tength.

Although char, varchar, Ivarchar, and string host variables contain null
terminators, Informix ESQL/C never inserts these characters into a database
column. (Host variables of type fixchar should never contain null characters.) If an
application inserts a char, varchar, lvarchar, or string value into a VARCHAR
column, the database server keeps track of the end of the value internally.

The following table shows the conversion of VARCHAR data when an application
inserts it from host variables of char, fixchar, lvarchar, and string character data

types.
Table 4-5. Converting ESQL/C character data types to the VARCHAR data type

Source Destination

type type Result

char VARCHAR If the source is longer than the max VARCHAR, truncate the
value and set the indicator variable. If the max VARCHAR is
longer than the source, the length of the destination equals the
length of the source (not including the null terminator of the
source).

fixchar VARCHAR If the source is longer than the max VARCHAR, truncate the

value and set the indicator variable. If the max VARCHAR is
longer than the source, the length of the destination equals the
length of the source.

string VARCHAR If the source is longer than the max VARCHAR, truncate the
value and set the indicator variable. If the max VARCHAR is
longer than the source, the length of the destination equals the
length of the source (not including the null terminator of the
source).

lvarchar VARCHAR If the source is longer than the max VARCHAR, truncate the
value and set the indicator variable. If the max VARCHAR is
longer than the source, the length of the destination equals the
length of the source.

If you use the locale-sensitive character data type, NVARCHAR, you can insert a
value from a character host variable into an NVARCHAR column. Insertion into
NVARCHAR columns follows the same behavior as insertion into VARCHAR
columns. For more information about how to declare host variables for the
NVARCHAR data type, see the IBM Informix GLS User’s Guide.

The following table shows examples of conversions from character host variables
to VARCHAR column data that Informix ESQL/C might perform during an insert.
In this figure, a plus (+) symbol represents a space character.

Table 4-6. Examples of VARCHAR conversion during an insert

Source Type  Contents Length  Destination type Contents Length
char(10) Fairfield\0 10 VARCHAR(4) Fair 4
char(10) Fairfield\0 10 VARCHAR(11) Fairfield 9
char(12) Fairfield++\0 12 VARCHAR(9) Fairfield 9
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Table 4-6. Examples of VARCHAR conversion during an insert (continued)

Source Type  Contents Length  Destination type Contents Length
char(13) Fairfield+++\0 13 VARCHAR(6) Fairfi 6
char(11) Fairfield+\0 11 VARCHAR(11) Fairfield+ 10
fixchar(9) Fairfield 9 VARCHAR(3) Fai 3
fixchar(9) Fairfield 9 VARCHAR(11) Fairfield 9
fixchar(11) Fairfield++ 11 VARCHAR(9) Fairfield 9
fixchar(13) Fairfield++++ 13 VARCHAR(?) Fairfie 7
fixchar(10) Fairfield+ 10 VARCHAR(12) Fairfield+ 10
string(9) Fairfield\0 9 VARCHAR(4) Fair 4
string(9) Fairfield\0 9 VARCHAR(11) Fairfield 9

Fetch and insert Ivarchar data
When an application uses a lvarchar host variable to fetch or insert a data value,

IBM Informix ESQL/C must ensure that the value fits into the host variable or
database column.

Fetch Ivarchar data

An application can fetch data from a database column of type LVARCHAR into a
character (char, string, fixchar, varchar, or lvarchar) host variable. If the column
data does not fit into the host variable, IBM Informix ESQL/C truncates the data.
To notify the user of the truncation, Informix ESQL/C performs the following
actions:

* It sets the sqlca.sqlwarn.sqlwarnl warning flag to W and the SQLSTATE variable
to 01004.

* It sets any indicator variable that is associated with the character host variable to
the size of the character data in the column.

Related concepts

[“Indicator variables” on page 1-21|

Insert Ivarchar data

An application can insert data from a character host variable (char, string, fixchar,
varchar, or lvarchar) into a database column of type LVARCHAR.

If the value is longer than the maximum size of the column the database server
truncates the value if the database is non-ANSI. No warning is generated when
this truncation occurs. If the database is ANSI and the value is longer than the
maximum column size then the insert fails and this error is returned:

-1279: Value exceeds string column Tength.

If the host variable you use for the insert is a char or varchar, the database server
casts the type to lvarchar.

When you write data to an LVARCHAR column, the database server imposes a
limit of 32 KB on the column. If the host variable is a lvarchar data type and the
data exceeds 32 KB, the database server returns an error. If the column has an
input support function, it must use any data beyond 32 KB, if necessary, to prevent
the database server from returning the error.
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Fetch and insert with an ANSI-compliant database

For an ANSI-compliant database, when you use a character host variable in an
INSERT statement or in the WHERE clause of an SQL statement (SELECT,
UPDATE, or DELETE), the character value in the host variable must be null
terminated. Therefore, use the following data types for character host variables:

* char, string, or varchar

¢ lvarchar

For example, the following insertion is valid because the first and last host
variables are of type char, which is null terminated:
EXEC SQL BEGIN DECLARE SECTION;

char first[16], last[16];
EXEC SQL END DECLARE SECTION;

stcopy("Dexter", first);

stcopy("Haven", Tlast);

EXEC SQL insert into customer (fname, 1name)
values (:first, :last);

The stcopy() function copies the null terminator into the host variable and the char
data type retains the null terminator.

Do not use the fixchar data type for host variables because it does not include a
null terminator on the string. For an ANSI-compliant database, the database server
generates an error under either of the following conditions:

 If you try to insert a string that is not null terminated.
* If you use a string that is not null terminated in a WHERE clause.

Character and string library functions

4-12

The IBM Informix ESQL/C library contains the following character-manipulation
functions. You can use these functions in your C programs to manipulate single
characters and strings of bytes and characters, including variable-length
expressions of the following data types:

e varchar

¢ fixed-size lvarchar

The internal structure referenced by the Ivarchar pointer data type is different than
the character representation of a fixed-size lvarchar variable. You must use the
ifx_var() functions to manipulate lvarchar pointer variables. For more information
about the ifx_var() functions, see [“The lvarchar pointer and var binary library]|
ffunctions” on page 10-21]

The functions whose names begin with by act on and return fixed-length strings of
bytes. The functions whose names begin with rst and st (except stchar) operate on
and return null-terminated strings. The rdownshift() and rupshift() functions also
operate on null-terminated strings but do not return values. When you compile
your Informix ESQL/C program with the esql preprocessor, it calls on the linker to
link these functions to your program. The following list provides brief descriptions
of the character and string library functions and refers you to the pages where
detailed information for each function is given.
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Function name

Description

bycmpr() Compares two groups of contiguous bytes

bycopy() Copies bytes from one area to another

byfill() Fills an area you specify with a character

byleng() Counts the number of bytes in a string

Idchar() Copies a fixed-length string to a null-terminated string

rdownshift() Converts all letters to lowercase “The
rdownshift()
function” on

age B-176

rstod() Converts a string to a double value
function”

rstoi() Converts a string to a short integer value

rstol() Converts a string to a 4-byte integer value

rupshift() Converts all letters to uppercase

stcat() Concatenates one string to another

stchar() Copies a null-terminated string to a fixed-length string

stempr() Compares two strings

stcopy() Copies one string to another string
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Function name Description

stleng() Counts the number of bytes in a string
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Chapter 5. Numeric data types

IBM Informix database servers support the following numeric data types:
* Integer data types: SMALLINT, INTEGER, INT8, SERIAL, SERIALS8

¢ The Boolean data type

* Fixed-point data types: DECIMAL and MONEY

* Floating-point data types: SMALLFLOAT and FLOAT

These topics contain information about working with numeric data types:

* Informix ESQL/C data types to use as host variables for SQL numeric data types
* Characteristics of Informix ESQL/C numeric data types

* Formatting masks, which you can use to format numeric data types

* Informix ESQL/C library functions that you can use to manipulate numeric data

types

Related reference
[Chapter 3, “Informix ESQL/C data types,” on page 3-1|

The integer data types

The database server supports the following data types for integer values.

SQL integer data type Number of bytes Range of values
SMALLINT 2 -32767 - 32767

INTEGER, INT, SERIAL 4 -2,147,483,647 - 2,147,483,647
INTS, BIGINT, SERIALS, 8 -9,223,372,036,854,775,807 -
BIGSERIAL 9,223,372,036,854,775,807

The C language supports the short int and long int data types for integers. The
size of these C integer data types depends on the hardware and operating system
of the computer you use. For example, a long data type could be 4 bytes long on a
32-bit platform but 8 bytes long on a 64-bit platform.

Therefore, when you declare an integer host variable, you must ensure that this
host variable is large enough for all possible values of the SQL integer data type
with which the variable is associated. For more information about how to
implement integer data types on your system, check with your system
administrator or your C documentation.

The integer host variable types
The following data types are provided for specifying integer host variables of
specific lengths.

Data type
Length

intl  One-byte integer
int2  Two-byte integer
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int4  Four byte integer
mint Native integer data type for the machine

mlong Native long integer data type for the machine, the size of which is equal to
that of the pointer for the machine. The mlong data type is mapped to the
long data type on Windows 32-bit and UNIX and LINUX 32-bit and 64-bit
platforms. It is mapped to the __int64 data type on Windows 64-bit
platforms.

MSHORT
Native short integer data type for the machine

MCHAR
Native char data type for the machine

Restriction: The preceding integer data types are reserved. Your programs
must not use typedef or $typedef statements to define these data types.

The integer host variable data types are defined in the ifxtypes.h file, which is
automatically included in your program when you compile it with the esql script.

Important: Many of the IBM Informix ESQL/C library functions have been
changed to declare the Informix integer data types rather than the machine specific
types such as int, short, and long. It is recommended that you use the Informix
integer types when you call Informix ESQL/C library functions.

The INT8 and SERIAL8 SQL data types

IBM Informix ESQL/C supports the SQL INT8 and SERIALS data types with the
int8 data type. The int8 data type is a machine-independent method that
represents numbers in the range -(2% -1) to 2°*-1.

For a complete description of the INT8 and SERIALS SQL data types, see the IBM
Informix Guide to SQL: Reference. This section describes how to manipulate the
Informix ESQL/C data type, int8.

The int8 data type

Use the Informix ESQL/C int8 data type to declare host variables for database
values of type INT8 and SERIALS.

The following table shows the fields of the structure ifx_int8_t, which represents
an INT8 or SERIALS value.

Table 5-1. Fields of the ifx_int8_t structure

Field name  Field type Purpose

data unsigned 4-byte An array of integer values that make up the 8-byte
integer[INT8SIZE] integer value. When the INT8SIZE constant is defined
as 2, this array contains two unsigned 4-byte integers.
The actual data type of an unsigned 4-byte integer can
be machine specific.

sign short integer A short integer to hold the sign (null, negative, or
positive) of the 8-byte integer. The actual data type of
a 2-byte integer can be machine specific.
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The int8.h header file contains the ifx_int8 structure and a typedef called
ifx_int8_t. Include this file in all C source files that use any int8 host variables as
shown in the following example:

EXEC SQL include int8;

You can declare an int8 host variable in either of the following ways:
EXEC SQL BEGIN DECLARE SECTION;

int8 int8_varl;

ifx_int8_t int8 var2;
EXEC SQL BEGIN DECLARE SECTION;

The int8 library functions

You must perform all operations on int8 type numbers through the IBM Informix
ESQL/C library functions for the int8 data type. Any other operations,
modifications, or analyses can produce unpredictable results. The Informix
ESQL/C library provides functions that allow you to manipulate int8 numbers and
convert int8 type numbers to and from other data types. The following table
describes these functions.

Function name

Description

See

Manipulation functions

ifx_getserial8()

Returns an inserted SERIALS value

“The ifx_intSadd()|

function” on page|

B-75|

ifx_int8add()

Adds two int8 numbers

“The ifx_int8cmp()|

function” on page|

[S5]

-77|

ifx_int8cmp()

Compares two int8 numbers

“The ifx_int8copy()|

function” on page|

[S5]

-79

ifx_int8copy()

Copies an int8 number

“The ifx_int8cvasc()|

function” on pag

[S5]

-80

ifx_int8div()

Divides two int8 numbers

“The ifx_int8div()|

function” on page

[S5]

-90

ifx_int8mul()

Multiplies two int8 numbers

“The ifx_int8mul()|

function” on page|

B-91

ifx_int8sub()

Subtracts two int8 numbers

“The ifx_int8sub()

function” on page

B-92

Type conversion functions

ifx_int8cvasc()

Converts a C char type value to an int8 type
value

“The ifx_int8cvdbl()|

function” on page|

B-82

ifx_int8cvdbl()

Converts a C double type value to an int8 type
value

“The ifx_int8cvdbl()|

function” on page|

B-82

ifx_int8cvdec()

Converts a C decimal type value to a int8 type
value

“The ifx_int8cvdec()

function” on page

B-83
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Function name

Description

See

ifx_int8cvflt()

Converts a C float type value to an int8 type
value

“The ifx_int8cvflt()

function” on page|

B-85

ifx_int8cvint()

Converts a C int type value to an int8 type
value

“The ifx_int8cvint()

function” on page|

B-87|

ifx_int8cvlong()

Converts a C 4-byte integer type value to an
int8 type value

“The ifx_intScvlong()

function” on page|

[55]

-88

ifx_int8toasc()

Converts anint8 type value to a text string

“The ifx_int8toasc()|

function” on page|

[55]

-94

ifx_int8todbl()

Converts an int8 type value to a C double type
value

“The ifx_int8todbl()|

function” on pag

[55]

-96

ifx_int8todec()

Converts aint8 type value to a decimal type
value

“The ifx_int8todec()|

function” on page|

[55]

-98

ifx_int8toflt()

Converts an int8 type value to a C float type
value

“The ifx_intStoflt()|

function” on page|

[S5]

-101]

ifx_int8toint()

Converts an int8 type value to a C int type
value

“The ifx_int8toint()|

function” on page|

E
—_
o

ifx_int8tolong()

Converts an int8 type value to a C 4-byte
integer type value

“The ifx_int8tolong()|

function” on page|

-10

E

Related reference

[Appendix B, “The ESQL/C function library,” on page B-1|

The BOOLEAN data type
IBM Informix ESQL/C uses the boolean data type to support the SQL BOOLEAN

5-4

data type.

For a complete description of the SQL BOOLEAN data type, see the IBM Informix
Guide to SQL: Reference. This section describes how to manipulate the Informix
ESQL/C boolean data type.

You can declare a boolean host variable as follows:
EXEC SQL BEGIN DECLARE SECTION;

boolean flag;

EXEC SQL BEGIN DECLARE SECTION;

In an Informix ESQL/C program, the following values are the only valid values
that you can assign to boolean host variables:

TRUE
FALSE

V\ll

V\Ol

NULL Use the rsetnull() function with the CBOOLTYPE as the first argument
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If you want to assign the character representations of 'T' or 'F' to a BOOLEAN
column, you must declare a fixchar host variable and initialize it to the desired
character value. Use this host variable in an SQL statement such as the INSERT or
UPDATE statement. The database server converts the fixchar value to the
appropriate BOOLEAN value.

The following code fragment inserts two values into a BOOLEAN column called
bool_col in the table2 table:

EXEC SQL BEGIN DECLARE SECTION;
boolean flag;
fixchar my_boolflag;
int id;

EXEC SQL END DECLARE SECTION;

id = 1;
flag = '\0'; /% valid boolean assignment to FALSE x/
EXEC SQL insert into table2 values (:id, :flag); /* inserts FALSE =%/

id = 23
rsetnul1(CBOOLTYPE, (char *) &flag); /* valid BOOLEAN assignment
* to NULL =/
EXEC SQL insert into table2 values (:id, :flag); /* inserts NULL =/

id = 3;

my _boolflag = 'T' /* valid character assignment to TRUE */

EXEC SQL insert into table2 values (:id, :my_boolflag); /* inserts TRUE
*/

The decimal data type

IBM Informix ESQL/C supports the SQL DECIMAL and MONEY data types with
the decimal data type. The decimal data type is a machine-independent method
that represents numbers of up to 32 significant digits, with valid values in the
range 10™% - 10*'%,

The DECIMAL data type can take the following two forms:
* DECIMAL(p) floating point

When you define a column with the DECIMAL(p) data type, it has a total of p

(< = 32) significant digits. DECIMAL(p) has an absolute value range 10" - 10",
* DECIMAL(p,s) fixed point

When you define a column with the DECIMAL(p,s) data type, it has a total of p

(< = 32) significant digits (the precision) and s (< = p) digits to the right of the

decimal point (the scale).

For a complete description of the DECIMAL data type, see the IBM Informix Guide
to SQL: Reference.

The decimal structure

Use the decimal data type to declare host variables for database values of type
DECIMAL.

A structure of type decimal represents a value in a decimal host variable, as
follows:

#define DECSIZE 16
struct decimal
{

short dec_exp;
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short dec_pos;

short dec_ndgts;
char dec_dgts[DECSIZE];

}s

typedef struct decimal dec_t;

The decimal.h header file contains the decimal structure and the typedef dec_t.
Include this file in all C source files that use any decimal host variables with the
following include directive:

EXEC SQL include decimal;

The decimal structure stores the number in pairs of digits. Each pair is a number
in the range 00 - 99. (Therefore, you can think of a pair as a base-100 digit.) The
following table shows the four parts of the decimal structure.

Table 5-2. Fields in the decimal structure

Field

Description

dec_exp

The exponent of the normalized decimal type number. The normalized
form of this number has the decimal point at the left of the left-most
digit. This exponent represents the number of digit pairs to count from
the left to position the decimal point (or as a power of 100 for the
number of base-100 numbers).

dec_pos

The sign of the decimal type number. The dec_pos field can assume
any one of the following three values:

1: when the number is zero or greater
0: when the number is less than zero
-1: when the value is null

dec_ndgts

The number of digit pairs (number of base-100 significant digits) in the
decimal type number. This value is also the number of entries in the
dec_dgts array.

dec_dgtsl]

A character array that holds the significant digits of the normalized
decimal type number, assuming dec_dgts[0] ! = 0.

Each byte in the array contains the next significant base-100 digit in the
decimal type number, proceeding from dec_dgts[0] to
dec_dgts[dec_ndgts].

The following table shows some sample decimal values.

Table 5-3. Sample decimal values

decimal Structure Field Values

Value dec_exp dec_pos dec_ndgts dec_dgtsl]

-12345.6789 3 0 5 dec_dgts[0] = 01
dec_dgts[1] = 23
dec_dgts[2] = 45
dec_dgts[3] = 67
dec_dgts[4] = 89

1234.567 2 1 4 dec_dgts[0] = 12
dec_dgts[1] = 34
dec_dgts[2] = 56
dec_dgts[3] = 70
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Table 5-3. Sample decimal values (continued)

decimal Structure Field Values

Value dec_exp dec_pos dec_ndgts dec_dgtsl]
-123.456 2 0 4 dec_dgts[0] = 01
dec_dgts[1] = 23
dec_dgts[2] = 45
dec_dgts[3] = 60
480 2 1 2 dec_dgts[0] = 04
dec_dgts[1] = 80
152 0 1 2 dec_dgts[0] = 15
dec_dgts[1] = 20
-6 1 0 1 dec_dgts[0] = 06

You can use the deccvasc demonstration program to experiment with how
Informix ESQL/C stores decimal numbers.

The decimal library functions
You must perform all operations on decimal type numbers through the following

Informix ESQL/C library functions for the decimal data type. Any other
operations, modifications, or analyses can produce unpredictable results.

Function name Description See

Manipulation functions

decadd() Adds two decimal numbers
deccmp() Compares two decimal numbers
deccopy() Copies a decimal number
decdiv() Divides two decimal numbers
decmul() Multiplies two decimal numbers
decround() Rounds a decimal number
decsub() Subtracts two decimal numbers
dectrunc() Truncates a decimal number
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Function name Description See

Type conversion functions

deccvasc() Converts a C char type value to a decimal type
value

deccvdbl() Converts a C double type value to a decimal
type value

deccvint() Converts a C int type value to a decimal type
value

deccvlong() Converts a C 4-byte integer type value to a

decimal type value

dececvt() Converts a decimal value to an ASCII string

decfevt() Converts a decimal value to an ASCII string

dectoasc() Converts a decimal type value to an ASCII
string

dectodbl() Converts a decimal type value to a C double
type value

dectoint() Converts a decimal type value to a C int type
value

dectolong() Converts a decimal type value to a C 4-byte

integer type value

For information about the function rfmtdec(), which allows vou to format a
decimal number, see |”Numeric—formatting functions” on page 5-14) For additional
information about decimal values, see [‘Operations that involve a decimal value’]
on pag 0
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The floating-point data types

The database server supports the following data types for floating-point values.

SQL floating-point data =~ ESQL/C or C language

type type Range of values

SMALLFLOAT, REAL float Single-precision values with up to 9
significant digits

FLOAT, DOUBLE double Double-precision values with up to 17

PRECISION significant digits

DECIMAL(p) decimal Absolute value range 10" - 10"

Declare float host variables

When you use the C float data type (for SMALLFLOAT values), be aware that
most C compilers pass float to a function as the double data type. If you declare
the function argument as a float, you might receive an incorrect result. For
example, in the following excerpt, :hostvar might produce an incorrect value in
tab1, depending on how your C compiler handles the float data type when your
program passes it as an argument.

main()

{
double dbl val;

EXEC SQL connect to 'mydb';
ins_tab(dbl_val);

}

ins_tab(hostvar)

EXEC SQL BEGIN DECLARE SECTION;
PARAMETER double hostvar;

EXEC SQL END DECLARE SECTION;

{

}

EXEC SQL insert into tabl values (:hostvar, ...);

For more information about the SQL floating point data types, see the IBM Informix
Guide to SQL: Reference

Implicit data conversion

When an IBM Informix ESQL/C program fetches a floating-point column value
into a character host variable (char, fixchar, varchar, or string), it includes only the
number of decimal digits that can fit into the character buffer. If the host variable
is too small for the full precision of the floating-point number, Informix ESQL/C
rounds the number to the precision that the host variable can hold.

In the following code fragment, an Informix ESQL/C program retrieves the value
1234.8763512 from a FLOAT column that is called principal into the prncpl_strng
character host variable:

EXEC SQL BEGIN DECLARE SECTION;

char prncpl_strng[15]; /* character host variable */
EXEC SQL END DECLARE SECTION;
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EXEC SQL select principal into :prncpl_strng from loan
where customer_id = 1098;
printf("Value of principal=%s\n", prncpl_strng);

Because the prncpl_strng host variable is a buffer of 15 characters, Informix
ESQL/C is able to put all decimal digits into the host variable and this code
fragment produces the following output:

Value of principal=1234.876351200

However, if the preceding code fragment declares the prncpl_strng host variable as
a buffer of 10 characters, Informix ESQL/C rounds the FLOAT value to fit into
prncpl_strng and the code fragment produces the following output:

Value of principal=1234.8764

Informix ESQL/C assumes a precision of 17 decimal digits for FLOAT or
SMALLFLOAT values. For DECIMAL(n,m), Informix ESQL/C assumes m decimal
digits.

Format numeric strings

A numeric-formatting mask specifies a format to apply to some numeric value.

This mask is a combination of the following formatting characters:

* This character fills with asterisks any positions in the display field that
would otherwise be blank.

& This character fills with zeros any positions in the display field that would
otherwise be blank.

# This character changes leading zeros to blanks. Use this character to
specify the maximum leftward extent of a field.

< This character left-justifies the numbers in the display field. It changes
leading zeros to a null string.

, This character indicates the symbol that separates groups of three digits
(counting leftward from the units position) in the whole-number part of
the value. By default, this symbol is a comma. You can set the symbol with
the DBMONEY environment variable. In a formatted number, this symbol
appears only if the whole-number part of the value has four or more
digits.

This character indicates the symbol that separates the whole-number part
of a money value from the fractional part. By default, this symbol is a
period. You can set the symbol with the DBMONEY environment variable. You
can have only one period in a format string.

- This character is a literal. It appears as a minus sign when expr1 is less
than zero. When you group several minus signs in a row, a single minus
sign floats to the rightmost position that it can occupy; it does not interfere
with the number and its currency symbol.

+ This character is a literal. It appears as a plus sign when expr1 is greater
than or equal to zero and as a minus sign when expr1 is less than zero.
When you group several plus signs in a row, a single plus or minus sign
floats to the rightmost position that it can occupy; it does not interfere with
the number and its currency symbol.
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( This character is a literal. It appears as a left parenthesis to the left of a
negative number. It is one of the pair of accounting parentheses that
replace a minus sign for a negative number. When you group several in a
row, a single left parenthesis floats to the rightmost position that it can
occupy; it does not interfere with the number and its currency symbol.

) This is one of the pair of accounting parentheses that replace a minus sign
for a negative value.

$ This character displays the currency symbol that appears at the front of the
numeric value. By default, the currency symbol is the dollar sign ($). You
can set the currency symbol with the DBMONEY environment variable. When
you group several dollar signs in a row, a single currency symbol floats to
the rightmost position that it can occupy; it does not interfere with the
number.

Any other characters in the formatting mask are reproduced literally in the result.

When you use the following characters within a formatting mask, the characters
float; that is, multiple occurrences of the character at the left of the pattern in the
mask appear as a single character as far to the right as possible in the formatted
number (without removing significant digits):

A~~~ + 1

For example, if you apply the mask $$$,$$$.## to the number 1234.56, the result is
$1,234.56.

When you use rfmtdec(), rfmtdouble(), or rfmtlong() to format MONEY values,
the function uses the currency symbols that the DBMONEY environment variable
specifies. If you do not set this environment variable, the numeric-formatting
functions use the currency symbols that the client locale defines. The default local,
U.S. English, defines currency symbols as if you set DBMONEY to "$,.". For a
discussion of DBMONEY, see the IBM Informix Guide to SQL: Reference. For more
information about locales, see the IBM Informix GLS User’s Guide.

Sample format strings for numeric expressions

The following table shows sample format strings for numeric expressions. The
character b represents a blank or space.

Table 5-4. Sample format patterns and their results

Formatting mask Numeric value Formatted result

" 0 bbbbb 00000 bbbb$ ***** (null
"&&&&&" 0 string)

"$$$5%" 0

ME T T 0

<" 0
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Table 5-4. Sample format patterns and their results (continued)

Formatting mask Numeric value Formatted result
R 12345 12,345 b1,234 bbb123 bbbb12
VEE R 1234 bbbbb1 bbbbbl bbbbbb
A 123

"H# A 12

i 1

"Hi#t A -1

"H# A 0

"&&, &&&" 12345 12,345

"&&, &&&" 1234 01,234

"& &, &&&" 123 000123

"&&, &&&" 12 000012

"&&, &&&" 1 000001

"& &, &&&" -1 000001

"&&, &&&" 0 000000

"$$,$$$" 12345 et (gverflow)
"$$,$$$" 1234

"$$,$$%" 123 $1,234 bb$123 bbb$12 bbbb$1
"$$,$$%" 12 bbbb$1 bbbbb$ DM1,234
"$$,565" 1

"$$,$$$" -1

"$$,$55" 0

"$$,5$5" 1234

(DBMONEY set to DM)

R R 12345 12,345

1 1234 *1,234

Tk sk 123 #2103

"**,***" 12 ****12

"3(-3(-,3(-3(-3(-" 1 >(->(->(->(->(-1

”ﬁ(-*,*ﬁ(-*" 0 HRAAAK

"H# A 12345.67 12,345.67

"t A A 1234.56 b1,234.56

HH A 123.45 bbb123.45

"H A 12.34 bbbb12.34

"H# A 1.23 bbbbb1.23

HHE A 0.12 bbbbbb.12

HH A 0.01 bbbbbb.01

"H# A -0.01 bbbbbb.01

" HHEAHE -1 bbbbb1.00

"& &, &&& . &&" .67 000000.67

"& &, &&& . &&" 1234.56 01,234.56

"& &, &&& . &&" 123.45 000123.45

"& &, && & . &&" 0.01 000000.01

"$$,$$5.$$" 12345.67 rREREE (overflow)
"$$,$$5.$$" 1234.56

"$3,$55.##" 0.00 $1,234.56 bbbbb$.00 $1,234.00
'S S " 1234.00 bbbbb$.00 $1,234.00
"$$,$$$.&&" 0.00

"$$,$$$.&&" 1234.00
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Table 5-4. Sample format patterns and their results (continued)

Formatting mask

Numeric value

Formatted result

A A A -12345.67 -12,345.67
"4 A A -123.45 -bbb123.45
" A A -12.34 -bbbb12.34
" A -12.34 b-bbb12.34
R -12.34 bb-bb12.34
o -12.34 bbbb-12.34
Mo A -12.34 bbbb-12.34
A -1.00 b-bbbb1.00
T -1.00 bbbbb-1.00
" 12345.67 b12,345.67
A A A 1234.56 bb1,234.56
A A A 123.45 bbbb123.45
A A A 12.34 bbbbb12.34
" A 12.34 bbbbb12.34
R 12.34 bbbbb12.34
o 12.34 bbbbb12.34
e e 1.00 bbbbbb1.00
-.01 bbbbbb-.01
e & & -.01 bbbbbb-.01
"-$$$,$$%.&&" -12345.67 -$12,345.67
"-$$$,$$%$.&&" -1234.56 -b$1,234.56
"-$$$,$$%$.&&" -123.45 -bbb$123.45
"-$$,$$$.&&" -12345.67 -$12,345.67
"-$$,$$$.&&" -1234.56 b-$1,234.56
"-$$,$$$.&&" -123.45 b-bb$123.45
"-$$,$$$.&&" -12.34 b-bbb$12.34
"-$$,$$$.&&" -1.23 b-bbbb$1.23
e $ & & -12345.67 -$12,345.67
e - $ & & -1234.56 b-$1,234.56
e $. & & -123.45 bbb-$123.45
e $ & & -12.34 bbbb-$12.34
e & & -1.23 bbbbb-$1.23
e - $ & & -12 bbbbbb-$.12
NG Qe & 12345.67 $*12,345.67
G R Qe & 1234.56 $**1,234.56
Gt Q& 123.45 $*+++123.45
NG Qe R 12.34 G120 34
”$>(->H-’>(-*=(-.&&” 123 $>(->(->H—*>(—1.23
"$>(->(->(-,>(->(->(-.&&” 12 $>(->(->(->(->(->(->{-.12
"($$$,$$%$.&&)" -12345.67 ($12,345.67)
"($$$,$5%$.&&)" -1234.56 (b$1,234.56)
"($$$,$$%$.&&)" -123.45 (bbb$123.45)
"(($$,$$$.&&)" -12345.67 ($12,345.67)
"((5$,$5%.&&)" -1234.56 b($1,234.56)
"(($$,$$%.&&)" -123.45 b(bb$123.45)
"(($$,$$$.&&)" -12.34 b(bbb$12.34)
"(($$,$$$.&&)" -1.23 b(bbbb$1.23)
"(C(($-&&)" -12345.67 ($12,345.67)
"(C(($-&&)" -1234.56 b($1,234.56)
"((($-&&)" -123.45 bbb($123.45)
"((($-&&)" -12.34 bbbb($12.34)
"(C(($-&&)" -1.23 bbbbb($1.23)
"(((((3-&&)" -12 bbbbbb($.12)
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Table 5-4. Sample format patterns and their results (continued)

Formatting mask Numeric value Formatted result
"($$%,$$$.&&)" 12345.67 b$12,345.67
"($$$,$$$.&&)" 1234.56 bb$1,234.56
"($$$,$$$.&&)" 123.45 bbbb$123.45
“(($%,$$%.&&)” 12345.67 b$12,345.67
"(($%$,9$$.&&)" 1234.56 bb$1,234.56
"(($$,$%%.&&)" 123.45 bbbb$123.45
"(($%$,$$$.&&)" 12.34 bbbbb$12.34
"(($%,$$%.&&)" 1.23 bbbbbb$1.23
"G((3-&&)" 12345.67 b$12,345.67
(5 -&&)" 1234.56 bb$1,234.56
"((G($-&&)" 123.45 bbbb$123.45
(5. &&)" 12.34 bbbbb$12.34
(5 -&&)" 1.23 bbbbbb$1.23
"(((G((3-&&)" 12 bbbbbbb$.12
Mg, <<<" 12345 12,345

<<, <<<" 1234 1,234

g, <<<" 123 123

<< <<<" 12 12

Numeric-formatting functions

Special functions are provided that allow you to format numeric expressions for
display.

These formatting functions apply a given formatting mask to a numeric value to
allow you to line up decimal points, right- or left-justify the number, enclose a
negative number in parentheses, and other formatting features. The Informix
ESQL/C library includes the following functions that support formatting masks for
numeric values.

Function name  Description See

rfmtdec() Converts a decimal value to a string “The rfmtdec()
function” on page]
B—181|
rfmtdouble() Converts a double value to a string “The rfmtdouble()|
function” on page]
B—18§|

rfmtlong() Converts a 4-byte integer value to a string “The rfmtlong()
function” on page

B—18§|

Related reference
[Appendix B, “The ESQL/C function library,” on page B-1|
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Chapter 6. Time data types

These topics explain how to use date, datetime, and interval data types in an IBM
Informix ESQL/C program.

This section contains the following information:
e An overview of the Informix ESQL/C date data type

* The syntax of the Informix ESQL/C library functions that you can use to
manipulate the date data type

* An overview of the Informix ESQL/C datetime and interval data types and
how to use them

* The syntax of Informix ESQL/C library functions that you can use to manipulate
the datetime and interval data types

For information about SQL data types, see the IBM Informix Guide to SQL: Reference.
Related reference
(Chapter 3, “Informix ESQL/C data types,” on page 3-1|

The SQL DATE data type

IBM Informix ESQL/C supports the SQL DATE data type with the Informix
ESQL/C date data type for host variables. The date data type stores internal DATE
values. It is implemented as a 4-byte integer whose value is the number of days
since December 31, 1899. Dates before December 31, 1899, are negative numbers,
while dates after December 31, 1899, are positive numbers. For a complete
description of the SQL DATE data type, see the IBM Informix Guide to SQL:
Reference.

Format date strings

A date-formatting mask specifies a format to apply to some date value.

This mask is a combination of the following formats.

dd Day of the month as a two-digit number (01 - 31)

ddd  Day of the week as a three-letter abbreviation (Sun - Sat)

mm  Month as a two-digit number (01 - 12)

mmm Month as a three-letter abbreviation (Jan - Dec)

vy Year as a two-digit number (00 - 99)

yyyy Year as a four-digit number (0001 - 9999)

ww  Day of the week as a two-digit number (00 for Sunday, 01 for Monday, 02
for Tuesday ... 06 for Saturday)

Any other characters in the formatting mask are reproduced literally in the result.

When you use a nondefault locale whose dates contain eras, you can use
extended-format strings in a numeric-formatting mask. For more information, see
the IBM Informix GLS User’s Guide.
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When you use rfmtdate() or rdefmtdate() to format DATE values, the function
uses the date end-user formats that the GLDATE or DBDATE environment variable
specifies. If neither of these environment variables is set, these date-formatting
functions use the date end-user formats for the locale. The default locale, U.S.
English, uses the format mm/dd/yyyy. For a discussion of GLDATE and DBDATE
environment variables, see the IBM Informix GLS User’s Guide.

DATE library functions

The following date-manipulation functions are in the Informix ESQL/C library.
They convert dates between a string format and the internal DATE format.

Function name

Description

See

rdatestr()

Converts an internal DATE to a character string
format

“The rdatestr(),

function” on page|

B-171

rdayofweek()

Returns the day of the week of a date in internal
format

“The rdayofweek()|

function” on page|

-17'

5

rdefmtdate()

Converts a specified string format to an internal
DATE

“The rdefmtdate()

function” on page

B-

—_
N

rfmtdate()

Converts an internal DATE to a specified string
format

“The rfmtdate(il

function” on page|

-17.

IZ

rjulmdy()

Returns month, day, and year from a specified
DATE

“The rjulmdy/()

function” on page|

-19

£

rleapyear()

Determines whether specified year is a leap year

“The rleapyear()

function” on page

B—19j

rmdyjul()

Returns an internal DATE from month, day, and
year

“The rmdyjul()

function” on pagel

B—19§|

rstrdate()

Converts a character string format to an internal
DATE

“The rstrdate(),

function” on page

B—ZOé_ll

rtoday()

Returns a system date as an internal DATE

“The rtoday()

function” on pagel

B—ZOS

When you compile your Informix ESQL/C program with the esql command, esql
automatically links these functions into your program.

The SQL DATETIME and INTERVAL data types

Informix ESQL/C supports two data types that can hold information about time

values:

* The datetime data type, which encodes an instant in time as a calendar date and

a time of day.

¢ The interval data type, which encodes a span of time.

6-2
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The following table summarizes these two time data types.

Table 6-1. ESQL/C time data types

ESQL/C C typedef
SQL data type data type name Sample declaration

DATETIME datetime dtime_t EXEC SQL BEGIN DECLARE SECTION;

datetime year to day sale;

EXEC SQL END DECLARE SECTION;
INTERVAL interval intrvl_t EXEC SQL BEGIN DECLARE SECTION;

interval hour to second test_num;

EXEC SQL END DECLARE SECTION;

The header file datetime.h contains the dtime_t and intrvl_t structures, along with
a number of macro definitions that you can use to compose qualifier values.
Include this file in all C source files that use any datetime or interval host
variables:

EXEC SQL include datetime;

The decimal.h header file defines the type dec_t, which is a component of the
dtime_t and intrvl_t structures.

Because of the multiword nature of these data types, it is not possible to declare an
uninitialized datetime or interval host variable named year, month, day, hour,
minute, second, or fraction. Avoid the following declarations:
EXEC SQL BEGIN DECLARE SECTION;

datetime year; /* will cause an error =/

datetime year to day year, today; /* ambiguous */
EXEC SQL END DECLARE SECTION;

A datetime or interval data type is stored as a decimal number with a scale factor
of zero and a precision equal to the number of digits that its qualifier implies.
Once you know the precision and scale, you know the storage format. For
example, if you define a table column as DATETIME YEAR TO DAY, it contains
four digits for year, two digits for month, and two digits for day, for a total of
eight digits. It is thus stored as if it were decimal(8,0).

If the default precision of the underlying decimal value is not appropriate, you can
specify a different precision. For example, if you have a host variable of type
interval, with the qualifier day to day, the default precision of the underlying
decimal value is two digits. If you have intervals of one hundred or more days,
this precision is not adequate. You can specify a precision of three digits as follows:

interval day(3) to day;

For more information about the DATETIME and INTERVAL data types, see the
IBM Informix Guide to SQL: Reference.

The datetime data type

Use the datetime data type to declare host variables for database values of type
DATETIME. You specify the accuracy of the datetime data type with a qualifier.

For example, the qualifier in the following declaration is year to day:
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datetime year to day sale;

As a host variable, a dtime_t. structure represents a datetime value:

typedef struct dtime {
short dt_qual;
dec_t dt_dec;

} dtime_t;

The dtime structure and dtime_t typedef have two parts. The following table lists
these parts.

Table 6-2. Fields in the dtime structure

Field Description
dt_qual Qualifier of the datetime value
dt_dec Digits of the fields of the datetime value This field is a decimal value.

Declare a host variable for a DATETIME column with the datetime data type
followed by an optional qualifier, as the following example shows:

EXEC SQL include datetime;

EXEC SQL BEGIN DECLARE SECTION;
datetime year to day holidays[10];
datetime hour to second wins, places, shows;
datetime column6;

EXEC SQL END DECLARE SECTION;

If you omit the qualifier from the declaration of the datetime host variable, as in
the last example, your program must explicitly initialize the qualifier with the
macros shown in [Table 6-4 on page 6-5|

The interval data type

Use the interval data type to declare host variables for database values of type
INTERVAL.

You specify the accuracy of the interval data type with a qualifier. The qualifier in
the following declaration is hour to second:

interval hour to second test_run;

As a host variable, an intrvl_t. represents an interval value:

typedef struct intrvl {
short in_qual;
dec_t in_dec;

}ointrvl_t;

The intrvl structure and intrvl_t typedef have two parts. The following table lists
these parts.

Table 6-3. Fields in the intrvl structure

Field Description
in_qual Qualifier of the interval value
in_dec Digits of the fields of the interval value This field is a decimal value.
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To declare a host variable for an INTERVAL column, use the interval data type
followed by an optional qualifier, as shown in the following example:
EXEC SQL BEGIN DECLARE SECTION;

interval day(3) to day accrued_leave, Teave_taken;
interval hour to second race_length;

interval scheduled;

EXEC SQL END DECLARE SECTION;

If you omit the qualifier from the declaration of the interval host variable, as in the
last example, your program must explicitly initialize the qualifier with the macros
described in the following section.

Macros for datetime and interval data types

In addition to the datetime and interval data structures, the datetime.h file defines
the macro functions shown in the following table for working directly with
qualifiers in binary form.

Table 6-4. Qualifier macros for datetime and interval data types

Name of Macro

Description

TU_YEAR Time unit for the YEAR qualifier field

TU_MONTH Time unit for the MONTH qualifier field

TU_DAY Time unit for the DAY qualifier field

TU_HOUR Time unit for the HOUR qualifier field

TU_MINUTE Time unit for the MINUTE qualifier field

TU_SECOND Time unit for the SECOND qualifier field

TU_FRAC Time unit for the leading qualifier field of FRACTION

TU_Fn Names for datetime ending fields of FRACTION(n), for n from 1

-5

TU_START(g)

Returns the leading field number from qualifier g

TU_END(g) Returns the trailing field number from qualifier q
TU_LEN(q) Returns the length in digits of the qualifier g
TU_FLEN(f) Returns the length in digits of the first field, f, of an interval

qualifier

TU_ENCODE(p,f 1)

Creates a qualifier from the first field number f with precision p
and trailing field number ¢

TU_DTENCODE(f,t)

Creates a datetime qualifier from the first field number f and
trailing field number ¢

TU_IENCODE(pf )

Creates an interval qualifier from the first field number f with
precision p and trailing field number ¢

For example, if your program does not provide an interval qualifier in the
host-variable declaration, you need to use the interval qualifier macros to initialize
and set the interval host variable. In the following example, the interval variable
gets a day to second qualifier. The precision of the largest field in the qualifier,

day, is set to 2:

/* declare a host variable without a qualifier */
EXEC SQL BEGIN DECLARE SECTION;

interval invl;

EXEC SQL END DECLARE SECTION;
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/* set the interval qualifier for the host variable */
invl.in_qual = TU_IENCODE(2, TU_DAY, TU_SECOND);

/% assign values to the host variable */
incvasc ("5 2:10:02", &invl);

Fetch and insert DATETIME and INTERVAL values

When an application fetches or inserts a DATETIME or INTERVAL value, IBM
Informix ESQL/C must ensure that the qualifier field of the host variable is valid:

* When an application fetches a DATETIME value into a datetime host variable or
inserts a DATETIME value from a datetime host variable, it must ensure that the
dt_qual field of the dtime_t structure is valid.

* When an application fetches an INTERVAL value into an interval host variable
or inserts an INTERVAL value from an interval host variable, it must ensure that
the in_qual field of the intrvl_t structure is valid.

Fetch and insert into datetime host variables
When an application uses a datetime host variable to fetch or insert a DATETIME
value, IBM Informix ESQL/C must find a valid qualifier in the datetime host
variable. Informix ESQL/C takes one of the following actions, based on the value
of the dt_qual field in the dtime_t structure that is associated with the host
variable:
* When the dt_qual field contains a valid qualifier, Informix ESQL/C extends the
column value to match the dt_qual qualifier.
Extending is the operation of adding or dropping fields of a DATETIME value to
make it match a given qualifier. You can explicitly extend DATETIME values
with the SQL EXTEND function and the Informix ESQL/C dtextend() function.
* When the dt_qual field does not contain a valid qualifier, Informix ESQL/C
takes different actions for a fetch and an insert:
— For a fetch, Informix ESQL/C uses the DATETIME column value and its
qualifier to initialize the datetime host variable.
Zero (0) is an invalid qualifier. Therefore, if you set the dt_qual field to zero,
you can ensure that Informix ESQL/C uses the qualifier of the DATETIME
column.
— For an insert, Informix ESQL/C cannot perform the insert or update
operation.
Informix ESQL/C sets the SQLSTATE status variable to an error-class code

(and SQLCODE to a negative value) and the update or insert operation on
the DATETIME column fails.

Fetch and insert into interval host variables

When an application uses an interval host variable to fetch or insert an INTERVAL
value, IBM Informix ESQL/C must find a valid qualifier in the interval host
variable. Informix ESQL/C takes one of the following actions, based on the value
of the in_qual field of the intrvl_t structure that is associated with the host
variable:

* When the in_qual field contains a valid qualifier, Informix ESQL/C checks it for
compatibility with the qualifier from the INTERVAL column value.

The two qualifiers are compatible if they belong to the same interval class: either
year to month or day to fraction. If the qualifiers are incompatible, Informix
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ESQL/C sets the SQLSTATE status variable to an error-class code (and
SQLCODE is set to a negative value) and the select, update, or insert operation
fails.

If the qualifiers are compatible but not the same, Informix ESQL/C extends the
column value to match the in_qual qualifier. Extending is the operation of
adding or dropping fields within one of the interval classes of an INTERVAL
value to make it match a given qualifier. You can explicitly extend INTERVAL
values with the Informix ESQL/C invextend() function.

* When the in_qual field does not contain a valid qualifier, Informix ESQL/C
takes different actions for a fetch and an insert:

— For a fetch, if the in_qual field contains zero or is not a valid qualifier,
Informix ESQL/C uses the INTERVAL column value and its qualifier to
initialize the interval host variable.

— For an insert, if the in_qual field is not compatible with the INTERVAL
column or if it does not contain a valid value, Informix ESQL/C cannot
perform the insert or update operation.

Informix ESQL/C sets the SQLSTATE status variable to an error-class code
(and SQLCODE is set to a negative value) and the update or insert operation
on the INTERVAL column fails.

Implicit data conversion

You can fetch a DATETIME or INTERVAL column value into a character (char,
string, or fixchar) host variable. IBM Informix ESQL/C converts the DATETIME or
INTERVAL column value to a character string before it stores it in the character
host variable. This character string conforms to the ANSI SQL standards for
DATETIME and INTERVAL values. If the host variable is too short, Informix
ESQL/C sets sqlca.sqlwarn.sqlwarn1 to W, fills the host variable with asterisk ( * )
characters, and sets any indicator variable to the length of the untruncated
character string.

You can also insert a DATETIME or INTERVAL column value from a character
(char, string, fixchar, or varchar) host variable. Informix ESQL/C uses the data
type and qualifiers of the column value to convert the character value to a
DATETIME or INTERVAL value. It expects the character string to contain a
DATETIME or INTERVAL value that conforms to ANSI SQL standards.

If the conversion fails, Informix ESQL/C sets the SQLSTATE status variable to an
error-class code (and SQLCODE status variable to a negative value) and the update
or insert operation fails.

Important: IBM Informix products do not support automatic data conversion from
DATETIME and INTERVAL column values to numeric (double, int, and so on)
host variables. Nor do IBM Informix products support automatic data conversion
from numeric (double, int, and so on) or date host variables to DATETIME and
INTERVAL column values.

Related concepts
[“ANSI SQL standards for DATETIME and INTERVAL values’|

ANSI SQL standards for DATETIME and INTERVAL values

The ANSI SQL standards specify qualifiers and formats for character
representations of DATETIME and INTERVAL values. The standard qualifier for a
DATETIME value is YEAR TO SECOND, and the standard format is as follows:

YYYY-MM-DD HH:MM:SS
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The standards for an INTERVAL value specify the following two classes of
intervals:

* The YEAR TO MONTH class has the format: YYYY-MM
A subset of this format is also valid: for example, just a month interval.
e The DAY TO FRACTION class has the format: DD HH:MM:SS.F

Any subset of contiguous fields is also valid: for example, MINUTE TO
FRACTION.

Converting data for datetime values

You can use the Informix ESQL/C library functions dtcvasc(), dtcvfmtasc(),
dttoasc(), and dttofmtasc() to explicitly convert between DATETIME column values
and character strings.

For example, you can perform conversions between the DATETIME and DATE
data types with Informix ESQL/C library functions and intermediate strings.

To convert a DATETIME value to a DATE value:
1. Use the dtextend() function to adjust the DATETIME qualifier to year to day.
2. Apply the dttoasc() function to create a character string in the form yyyy-mm-dd.

3. Use The rdefmtdate() function with a pattern argument of yyyy-mm-dd to
convert the string to a DATE value.

Converting data for interval values

You can use the Informix ESQL/C library functions incvasc(), incvfmtasc(),
intoasc(), and intofmtasc() to explicitly convert between INTERVAL column values
and character strings.

For example, you can perform conversions between the DATETIME and DATE
data types with Informix ESQL/C library functions and intermediate strings.

To convert a DATE value to a DATETIME value:

1. Declare a host variable with a qualifier of year to day (or initialize the qualifier
with the value that the TU_DTENCODE(TU_YEAR,TU_DAY) macro returns).

2. Use the rfmtdate() function with a pattern of yyyy-mm-dd to convert the DATE
value to a character string.

3. Use the dtcvasc() function to convert the character string to a value in the
prepared DATETIME variable.

4. If necessary, use the dtextend() function to adjust the DATETIME qualifier.

Support of non-ANSI DATETIME formats

IBM Informix ESQL/C supports conversions from a data-time string in a
non-ANSI format to the DATETIME data type. This makes it easier to upgrade
from Asian Language Support (ALS) client/server products to Global Language
Support (GLS) client/server products.

The USE_DTENV environment variable

To support compatibility with earlier versions, IBM Informix ESQL/C uses the
USE_DTENV environment variable to activate support for non-ANSI date-time
formats.
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When the USE_DTENV environment variable is enabled, the following order or
precedence is used:

DBTIME

GL_DATETIME
CLIENT_LOCALE

LC_TIME

LANG (if LC_TIME is not set)
ANSI format

ook wn=

When enabled, the USE_DTENV environment variable is passed from the ESQL/C
program to the database server. Enabling it for the database server only will have
no effect. You must set it for the ESQL/C client program, which then passes it to
the database server.

If the database server does not support non-ANSI date-time formats, you should
not set the USE_DTENV for the ESQL/C client program.

You must set this environment variable to display localized DATETIME values
correctly in a database that uses a non-default locale, and for which the
GL_DATETIME environment variable has a non-default setting.

DATETIME and INTERVAL library functions

You must use the following IBM Informix ESQL/C library functions for the
datetime and interval data types to perform all operations on those types of
values. The following C functions are available in Informix ESQL/C to handle
datetime and interval host variables.

Function name  Description See
dtaddinv() Adds an interval value to a datetime value “The dtaddinv(
function” o
age B-47
dtcurrent() Gets the current date and time “The dtcurrent
function” o
age B-48
dtcvasc() Converts an ANSI-compliant character string to a “The dtcvasc
datetime value function” o
age B-50
dtcvfmtasc() Converts a character string with a specified format to a

datetime value

dtextend() Changes the qualifier of a datetime value “The dtextend
function” o
age B-54
dtsub() Subtracts one datetime value from another “The dtsub()

function” on|
[page B—55|

dtsubinv() Subtracts an interval value from a datetime value “The dtsubinv
function” o
age B-57
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Function name  Description

dttoasc() Converts a datetime value to an ANSI-compliant
character string

dttofmtasc() Converts a datetime value to a character string with a
specified format

incvasc() Converts an ANSI-compliant character string to an
interval value

incvfmtasc() Converts a character string with a specified format to
an interval value

intoasc() Converts an interval value to an ANSI-compliant
character string

intofmtasc() Converts an interval value to a character string with a
specified format

invdivdbl() Divides an interval value by a numeric value

invdivinv() Divides an interval value by another interval value

invextend() Extends an interval value to a different interval
qualifier

invmuldbl() Multiplies an interval value by a numeric value

For more information about operations on the SQL DATETIME and INTERVAL

data types, see the IBM Informix Guide to SQL: Reference.
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Chapter 7. Simple large objects

A simple large object is a large object that is stored in a blobspace on disk and is
not recoverable.

Simple large objects include the TEXT and BYTE data types. The TEXT data type
stores any kind of text data. The BYTE data type can store any kind of binary data
in an undifferentiated byte stream.

These topics describe the following information about simple large objects:

* Choosing whether to use a simple large object or a smart large object in your
IBM Informix ESQL/C application

* Programming with simple large objects, including how to declare host variables
and how to use the locator structure

* Locating simple large objects in memory

* Locating simple large objects in files, both open files and named files
* Locating simple large objects at a user-defined location

* Reading and writing simple large objects to optical disc

The end of this section presents an annotated example program called dispcat_pic.
The dispcat_pic sample program demonstrates how to read and display the
cat_descr and cat_picture simple-large-object columns from the catalog table of the
stores7 demonstration database.

For information about the TEXT and BYTE data types, as well as other SQL data
types, see the IBM Informix Guide to SQL: Reference.

Related reference
[Chapter 3, “Informix ESQL/C data types,” on page 3-1|

Choose a large-object data type

If you use IBM Informix as your database server, you can choose between using
simple large objects or smart large objects.

Informix supports simple large objects primarily for compatibility with earlier
versions of Informix applications. When you write new applications that need to
access large objects, use smart large objects to hold character (CLOB) and binary
(BLOB) data.

The following table summarizes the advantages that smart large objects present
over simple large objects:

Large-object feature Simple large objects Smart large objects

Maximum size of data 2 GB 4 TB

Data accessibility No random access to data Random access to data

Reading the large object The database server reads a Library functions provide access
simple large object on an all or  that is similar to accessing an
nothing basis. operating-system file. You can

access specified portions of the
smart large object.
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Large-object feature

Simple large objects

Smart large objects

Writing the large object

The database server updates a
simple large object on an all or
nothing basis.

The database server can rewrite
only a portion of a smart large
object.

Data logging

Data logging is always on.

Data logging can be turned on

and off.

Related reference

(Chapter 8, “Smart large objects,” on page 8-1|

Programming with simple large objects

7-2

IBM Informix ESQL/C supports SQL simple large objects and the data types TEXT
and BYTE with the loc_t data type.

Tip: You cannot use literal values in an INSERT or UPDATE statement to put
simple-large-object data into a TEXT or BYTE column. To insert values into a
simple large object, you can use the LOAD statement from DB-Access or loc_t host
variables from an Informix ESQL/C client application.

Because of the potentially huge size of simple-large-object data, the Informix
ESQL/C program does not store the data directly in a loc_t host variable. Instead,
the loc_t structure is a locator structure. It does not contain the actual data; it
contains information about the size and location of the simple-large-object data.
You choose whether to store the data in memory, an operating-system file, or even
user-defined locations.

To use simple-large-object variables in an Informix ESQL/C program, take the
following actions:

* Declare a host variable with the loc_t data type
e Access the fields of the loc_t locator structure

Declare a host variable for a simple large object

Use the loc_t data type to declare host variables for database values of type TEXT
or BYTE. You declare a host variable for a simple-large-object column with the data
type loc_t, as shown in the following example:

EXEC SQL include Tlocator;

EXEC SQL BEGIN DECLARE SECTION;
Toc_t text_lob;
Toc_t byte_lob;

EXEC SQL END DECLARE SECTION;

A locator variable with a TEXT data type has the loc_type field of the locator
structure set to SQLTEXT. For a BYTE variable, loc_type is SQLBYTE.

Tip: The sqltypes.h header file defines both SQLTEXT and SQLBYTE. Therefore,
make sure you include sqltypes.h before you use these constants.

From an Informix ESQL/C program, you can both select and insert
simple-large-object data into loc_t host variables. You can also select only portions
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of a simple-large-object variable with subscripts on the simple-large-object column
name. These subscripts can be coded into the statement as shown in the following
example:
EXEC SQL declare catcurs cursor for

select catalog_num, cat_descr[1,10]

from catalog

where manu_code = 'HSK';
EXEC SQL open catcurs;
while (1)

EXEC SQL fetch catcurs into :cat_num, :cat _descr;

}

Subscripts can also be passed as input parameters as the following code fragment
shows:
EXEC SQL prepare slct_id from
'select catalog_num, cat_descr[?,?] from catalog \
where catalog_num = ?'
EXEC SQL execute slct_id into :cat_num, :cat_descr
using :n, :x, :cat_num;

Related reference

[“The fields of the locator structure” on page 7-5|

Access the locator structure

In an IBM Informix ESQL/C program, you use a locator structure to access
simple-large-object values.

The locator structure is the host variable for TEXT and BYTE columns when they
are stored in or retrieved from the database. This structure describes the location of
a simple-large-object value for the following two database operations:

* When the program inserts the simple large object into the database, the locator
structure identifies the source of the simple-large-object data to insert.

It is recommended that you initialize the data structure before using it, as in the
following example:

byfi11(&blobl, sizeof(loc_t), 0);

where blobl is declared as --

EXEC SQL BEGIN DECLARE SECTION;

loc_t blobl;

EXEC SQL END DECLARE SECTION;

This ensures that all variables of the data structure have been initialized and will
avoid inconsistencies

* When the program selects the simple large object from the database, the locator
structure identifies the destination of the simple-large-object data.

The Tocator.h header file defines the locator structure, called loc_t. The following
figure shows the definition of the loc_t locator structure from the Tocator.h file.
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typedef struct tag_loc_t
{

int2 loc_loctype; /* USER: type of locator - see below */
union /* variant on 'loc' */
{
struct /* case LOCMEMORY */
{
intd Tc_bufsize; /* USER: buffer size */
char *Tc_buffer; /% USER: memory buffer to use */
char *1c_currdata_p; /* INTERNAL: current memory buffer */
mint  Tc_mflags; /* USER/INTERNAL: memory flags */
/* (see below) */
} Tc_mem;
struct /* cases LOCFNAME & LOCFILE */
char *1c_fname; /* USER: file name */
mint  Tc_mode; /* USER: perm. bits used if creating */
mint  Tc_fd; /* USER: os file descriptior */
int4 Tc_position; /* INTERNAL: seek position */
} Tc_files
} Tc_union;
int4 Toc_indicator; /* USER/SYSTEM: indicator */
intd loc_type; /* SYSTEM: type of blob */
intd Toc_size; /* USER/SYSTEM: num bytes in blob or -1 */
mint Tloc_status; /* SYSTEM: status return of locator ops */
char *loc_user_env; /* USER: for the user's PRIVATE use */
int4 Toc_xfercount; /* INTERNAL/SYSTEM: Transfer count */
/* USER: open function */
mint (*Toc_open) (struct tag_Tloc_t *loc, mint flag, mint bsize);
3 /* USER: close function */
mint (*lToc_close)(struct tag_loc_t *loc)
; /* USER: read function */
mint (*loc_read) (struct tag_loc_t *loc, char xbuffer, mint buflen)
; /* USER: write function */

mint (*lToc_write) (struct tag loc_t xloc, char *buffer, mint buflen)
/* USER/INTERNAL: see flag definitions below */

mint  Toc_oflags;

} loc_t;

Figure 7-1. Declaration of loc_t in the locator.h header file

In the following comments in the Tocator.h file indicate how the fields
are used in the locator structure.

USER The Informix ESQL/C program sets the field, and the Informix ESQL/C
libraries inspect the field.

SYSTEM
The Informix ESQL/C libraries set the field, and the Informix ESQL/C
program inspects the field.

INTERNAL
The field is a work area for the Informix ESQL/C libraries, and the
Informix ESQL/C program does not need to examine the field.

Informix ESQL/C does not automatically include the Tocator.h header file in an
Informix ESQL/C program. You must include the Tocator.h header file in any
Informix ESQL/C program that defines simple-large-object variables.

EXEC SQL include Tocator;

IBM Informix ESQL/C Programmer’s Guide



The fields of the locator structure

The locator structure has the following parts:

* The loc_loctype field identifies the location of the simple-large-object data. It
also indicates the variant type of the lc_union structure.

For more information about loc_loctype, see [“Locations for simple-large-object|

* The lc_union structure is a union (overlapping variant structures) structure.

The variant in use depends on where Informix ESQL/C can expect to find the
simple large object at runtime. For more information about this structure, see

“Locate simple large objects in memory” on page 7-§ and [“Locate simple large|

objects in files” on page 7-12]

 Several fields are common to all types of simple-large-object variables.

The lists the fields in the locator structure common to all simple-large-object

locations.

Table 7-1. Fields in locator structure common to all simple-large-object data locations

Field Data Type

Description

loc_indicator 4-byte
integer

A value of -1 in the loc_indicator field indicates a null
simple-large-object value. The IBM Informix ESQL/C
program can set the field to indicate insertion of a null
value; Informix ESQL/C libraries set it on a select or
fetch.

For consistent behavior on various platforms, it is advised
to set the value of the indicator to 0 or -1. If indicator is
not set you can experience inconsistent behavior. The
value set in the indicator field takes the higher
precedence when set.

You can also use the loc_indicator field to indicate an
error when your program selects into memory. If the
simple large object to be retrieved does not fit in the
space provided, the loc_indicator field contains the actual
size of the simple large object.

loc_size 4-byte
integer

Contains the size of the simple-large-object data in bytes.
This field indicates the amount of simple-large-object data
that the Informix ESQL/C libraries read or write. The
Informix ESQL/C program sets loc_size when it inserts a
simple large object in the database; the Informix ESQL/C
libraries set loc_size after it selects or fetches a simple
large object.

loc_status mint

Indicates the status of the last locator operation. The
Informix ESQL/C libraries set loc_status to zero when a
locator operation is successful and to a negative value
when an error occurs. The SQLCODE variable also
contains this status value.

loc_type 4-byte
integer

Specifies whether the data type of the variable is TEXT
(SQLTEXT) or BYTE (SQLBYTES). The sqltypes.h header
file defines SQLTEXT and SQLBYTES.

Locations for simple-large-object data
Before your Informix ESQL/C program accesses a simple-large-object column, it
must determine where the simple-large-object data is located.

Chapter 7. Simple large objects ~ 7-5



To specify whether the simple large object is located in memory or in a file, specify
the contents of the loc_loctype field of the locator structure. The following table
shows the possible locations for simple-large-object data.

Table 7-2. Possible locations for simple-large-object data

Value of loc_loctype field Location of simple-large-object data See

LOCMEMORY In memory “Locate
simple large
objects in|
memory’

LOCFILE In an open file “Locate

simple lar

LOCFNAME In a named file “Locate
simple large
objects i
named files”
on page 7-17]

LOCUSER At a user-defined location “User-defined

Set loc_loctype after you declare the locator variable and before this declared
variable receives a simple-large-object value.

The Tocator.h header file defines the LOCMEMORY, LOCFILE, LOCFNAME, and
LOCUSER location constants. In your IBM Informix ESQL/C program, use these
constant names rather than their constant values when you assign values to
loc_loctype.

In a client-server environment, Informix ESQL/C locates the simple large object on
the client computer (the computer on which the application runs).

Locate simple large objects in memory

7-6

To have IBM Informix ESQL/C locate the TEXT or BYTE data in primary memory,
set the loc_loctype field of the locator structure to LOCMEMORY as follows:
EXEC SQL BEGIN DECLARE SECTION;

loc_t my simple lo;
EXEC SQL END DECLARE SECTION;

my_simole_lo.Toc_Tloctype = LOCMEMORY;

When you use memory as a simple-large-object location, a locator structure uses
the Ic_mem structure of the lc_union structure. The following table summarizes
the lc_union.lc_mem fields.
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Table 7-3. Fields in Ic_union.lc_mem structure used for simple large objects located in

memory

Field Data Type  Description

lc_bufsize 4-byte The size, in bytes, of the buffer to which the 1c_buffer

integer field points.

lc_buffer char * The address of the buffer to hold the simple large-object
value. Your Informix ESQL/C program must allocate the
space for this buffer and store its address here in
lc_buffer.

lc_currdata_p char * The address of the system buffer. This is an internal field
and must not be modified by the Informix ESQL/C
program.

Ic_mflags mint The flags to use when you allocate memory.

The Tocator.h file provides the following macro shortcuts to use when you access
fields in lc_union.lc_mem:

#define loc_bufsize Tc_union.lc_mem.Tc_bufsize
#define loc_buffer 1c_union.lc_mem.lc_buffer
#define loc_currdata_p Tc_union.lc_mem.Tc_currdata_p
#define loc_mflags Tc_union.lc_mem.Tc_mflags

Tip: It is recommended that you use these shortcut names when you access the
locator structure. The shortcut names improve code readability and reduce coding
errors. This publication uses these shortcut names when it refers to the lc_bufsize,
Ic_buffer, Ic_currdata_p, and lc_mflags fields of the Ic_union.lc_mem structure.

The demo directory contains the following two sample Informix ESQL/C programs
that demonstrate how to handle simple-large-object data located in memory:

* The getcd_me.ec program selects a simple large object into memory.

* The updcd_me.ec program inserts a simple large object from memory.

These programs assume the stores7 database as the default database for the
simple-large-object data. The user can specify another database (on the default
database server) as a command-line argument.

getcd_me mystores

The getcd_me and updcd_me programs are briefly explained in[“Select a simple|
laree object into memory” on page 7-9|and |[“Insert a simple large object from|
memory” on page 7-10

Related concepts

[“Allocate the memory buffer”|

Allocate the memory buffer

When your program selects simple-large-object data into memory, IBM Informix
ESQL/C uses a memory buffer.

Before your program fetches TEXT or BYTE data, you must set the loc_bufsize
(Ic_union.lc_mem.lc_bufsize) field as follows to indicate how Informix ESQL/C
allocates this memory buffer:

* If you set the loc_bufsize to -1, Informix ESQL/C allocates the memory buffer
to hold the simple-large-object data.
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 If you set the loc_bufsize to a value that is not -1, Informix ESQL/C assumes
that the program handles memory-buffer allocation and deallocation.

Important: When you locate simple large objects in memory, you must always set
loc_mflags (Ic_union.lc_mem.lc_mflags) and loc_oflags to 0 initially.

A memory buffer that the ESQL/C libraries allocate

When you set loc_bufsize to -1, IBM Informix ESQL/C allocates the memory
buffer on a fetch or select. Informix ESQL/C uses the malloc() system call to
allocate the memory buffer to hold a single simple-large-object value. (If it cannot
allocate the buffer, Informix ESQL/C sets the loc_status field to -465 to indicate an
error.) When the select (or the first fetch) completes, Informix ESQL/C sets
loc_buffer to the address of the buffer and both loc_bufsize and loc_size to the
size of the fetched simple large object to update the locator structure.

To fetch subsequent simple-large-objects whose data is of larger or smaller size, set
loc_mflags to the LOC_ALLOC constant (that Tocator.h defines) to request that
Informix ESQL/C reallocate a new memory buffer. Leave loc_bufsize to the size of
the currently allocated buffer.

If you do not set loc_mflags to LOC_ALLOC after the initial fetch, Informix
ESQL/C does not release the memory it has allocated for the loc_buffer buffer.
Instead, it allocates a new buffer for subsequent fetches. This situation can cause
your program size to grow for each fetch unless you explicitly free the memory
allocated to each loc_buffer buffer. If your application runs on a Windows
operating system and uses the mutli-threaded library then use the SqlFreeMem()
Informix ESQL/C function to free it. Otherwise use the free() system call.

When you set loc_mflags to LOC_ALLOC, Informix ESQL/C handles memory
allocation as follows:

* If the size of the simple-large-object data increases, Informix ESQL/C frees the
existing buffer and allocates the necessary memory.

If this reallocation occurs, Informix ESQL/C alters the memory address at which
it stores simple-large-object data. Therefore, if you reference the address in your
programs, your program logic must account for the address change. Informix
ESQL/C also updates the loc_bufsize and loc_size field to the size of the
fetched simple large object.

 If the size of the data decreases, Informix ESQL/C does not need to reallocate
the buffer.

After the fetch, the loc_size field indicates the size of the fetched simple large
object while the loc_bufsize field still contains the size of the allocated buffer.

Informix ESQL/C frees the allocated memory when it fetches the next
simple-large-object value. Therefore, Informix ESQL/C does not explicitly free the
last simple-large-object value fetched until your program disconnects from the
database server.

For an example in which loc_bufsize is set to -1, see [‘Select a simple large object|
finto memory” on page 7-9

A memory buffer that the program allocates

If you wish to handle your own memory allocation for simple large objects, use the
malloc() system call to allocate the memory and then set the following fields in the
locator structure:
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* Before a select or fetch of a TEXT or BYTE column, set the loc_buffer field to the
address of the allocated memory buffer, and set the loc_bufsize field to the size
of the memory buffer.

e Before an insert of a TEXT or BYTE column, set the same fields as for a select or
fetch. In addition, set loc_size to the size of the data to be inserted in the
database.

If the fetched data does not fit in the allocated buffer, the IBM Informix ESQL/C
libraries set loc_status (and SQLCODE) to a negative value (-451) and put the
actual size of the data in loc_indicator. If the fetched data does fit, Informix
ESQL/C sets loc_size to the size of the fetched data.

Important: When you allocate your own memory buffer, also free the memory
when you are finished selecting or inserting simple large objects. Informix ESQL/C
does not free this memory because it has no way to determine when you are
finished with the memory. Because you have allocated the memory with malloc(),
you can use the free() system call to free the memory.

Select a simple large object into memory

The getcd_me sample program from the demo directory shows how to select a
simple large object from the database into memory.

The following figure shows a code excerpt that selects the cat_descr TEXT column
of the catalog table into memory and then displays it.

cat_descr.loc_loctype = LOCMEMORY; /* set loctype for in memory =/
cat_descr.loc_bufsize = -1; /* let db get buffer */
cat_descr.loc_oflags = 0; /* clear loc_oflags */
cat_descr.loc_mflags = 0; /* set loc_mflags to 0 */

EXEC SQL select catalog_num, cat_descr /* look up catalog number */
into :cat_num, :cat_descr from catalog
where catalog_num = :cat_num;

if((ret = exp_chk2("SELECT", WARNNOTIFY)) == 100) /* if not found */

{
printf("\nCatalog number %1d not found in catalog table\n",

cat_num);
if(!more_to_do()) /* More to do? =/
break; /* no, terminate loop */
else
continue; /* yes */

1
if(ret < 0)

printf("\nSelect for catalog number %1d failed\n", cat_num);
EXEC SQL disconnect current;

printf("GETCD_ME Sample Program over.\n\n");

exit(1);

prdesc(); /* if found, print cat_descr */

Figure 7-2. Code excerpt from the getcd_me sample program

The program sets the cat_descr locator structure fields as follows:
* The loc_loctype field is set to LOCMEMORY so that Informix ESQL/C returns
the cat_descr text in a memory bulffer.

* The loc_bufsize field is set to -1 to have Informix ESQL/C allocate the memory
for the buffer. For more information, see[“A memory buffer that the ESQL/C]
[libraries allocate” on page 7-8|
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* The loc_oflags field is set to 0 because the program does not use a file for the
simple large object.

* You must always set the loc_mflags field to 0 when you locate a simple large
object in memory:.

After the SELECT or FETCH statement, the locator structure contains the following
information:

* The loc_buffer field contains the address of the memory buffer.

* The loc_bufsize field contains the size of the loc_buffer buffer. This is the total
amount of memory allocated for simple-large-object storage.

¢ The loc_size field contains the number of bytes of simple-large-object data in
loc_buffer.

* The loc_indicator field contains -1 if the selected simple-large-object value is
null.

* The loc_status field contains the status of the operation: 0 for success and a
negative value if an error has occurred. For information about possible errors,
see [“Allocate the memory buffer” on page 7-7)

The program excerpt in [Figure 7-2 on page 7-9 calls prdesc() to display the text
that the SELECT statement returned. For a description of the prdesc() function, see
[“Guide to the prdesc.c file” on page 7-38/If this program were to select a second
simple large object, it would need to set the loc_mflags to the LOC_ALLOC
constant before the second SELECT statement to prevent memory leaks.

The excerpt also displays the cat_descr column for a catalog number that the user
enters. The following figure shows the user input and the output from the
cat_descr column of the stores7 demonstration database.

GETCD_ME Sample ESQL Program running.

Connected to stores7

This program requires you to enter a catalog number from the catalog
table. For example: '10001'. It then displays the content of the
cat_descr column for that catalog row. The cat_descr value is stored
in memory.

Enter a catalog number: 10004
Description for 10004:

Jackie Robinson signature glove. Highest professional quality,
used by National League.

xx%% More? (y/n) ...

Figure 7-3. Sample output from the getcd_me sample program

Insert a simple large object from memory

The updcd_me sample program from the demo directory shows how to insert a
simple large object from memory into the database.

The program updates the cat_descr TEXT column of the catalog table from a
memory buffer that contains text that the user enters. The following figure shows
sample output as the user updates the cat_descr column of the stores7 database.

IBM Informix ESQL/C Programmer’s Guide



Enter catalog number: 10004
Description for 10004:

Jackie Robinson signature ball. Highest professional quality,
used by National League.

Update this description? (y/n) ...y

Enter description (max 255 chars):and press RETURN
Jackie Robinson home run ball, signed, 1955.

**x |Jpdate complete.
x%x%% More?(y/n).... n

Figure 7-4. Sample output from the updcd_me sample program

The following figure shows a code excerpt that illustrates how the upded_me
program uses the locator structure to update the cat_descr column from the text
that is stored in memory.

/* Update? */
ans[0] = ' ';
while((ans[0] = LCASE(ans[0])) != 'y' && ans[0] != 'n')
{

printf("\nUpdate this description? (y/n) ...");
getans(ans, 1);
}

if(ans[0] == 'y') /% if yes */
{

printf("Enter description (max of %d chars) and press RETURN\n",
BUFFSZ - 1);
/* Enter description */
getans(ans, BUFFSZ - 1);
cat_descr.loc_loctype = LOCMEMORY; /* set loctype for in memory =*/
cat_descr.loc_buffer = ans; /* set buffer addr */
cat_descr.loc_bufsize = BUFFSZ; /* set buffer size */
/* set size of data =
cat_descr.loc_size = strlen(ans);
/* Update */
EXEC SQL update catalog
set cat_descr =:cat_descr
where catalog_num = :cat_num;

}

Figure 7-5. Code excerpt from the updcd_me sample program

The program sets the cat_descr locator structure fields as follows:

* The loc_loctype field is set to LOCMEMORY so that IBM Informix ESQL/C
reads the cat_descr text from a memory buffer.

¢ The loc_bulffer field is set to ans, the address of the memory buffer that holds
the simple-large-object value to be inserted.

* The loc_bufsize field is set to BUFFSZ, the size of the allocated ans memory
buffer.

* The loc_size field is set to strlen(ans) + 1, the number of bytes in the memory
buffer that currently holds the new simple-large-object value.
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If you insert a null simple-large-object value, your program also needs to set the
loc_indicator field to -1.

The following figure shows a code excerpt that illustrates how to use a locator
structure in an INSERT statement.

char photo_buf[BUFFSZ];

EXEC SQL BEGIN DECLARE SECTION;
char name[20];
loc_t photos;

EXEC SQL END DECLARE SECTION;

photo.loc_loctype = LOCMEMORY; /* Photo resides in memory */
photo.loc_buffer = photo_buf; /* pointer to where it is */
photo.loc_size = BUFFSZ - 1; /* length of imagex/

EXEC SQL insert into employee (name, badge pic)
values (:name, :photo);

Figure 7-6. Sample INSERT operation from primary memory

After the UPDATE or INSERT statement, Informix ESQL/C updates the loc_size
field with the number of bytes read from the memory buffer and sent to the
database server. It also sets the loc_status field to indicate the status of the
operation: 0 for success and a negative value if an error has occurred. For
information about possible errors, see|“Allocate the memory buffer” on page 7-7)

Locate simple large objects in files

You can locate simple-large-object data in the open or named types of files.

* An open file is one that has already been opened before the program accesses
the simple-large-object data. The program provides a file descriptor as the
location of the simple-large-object data.

* A named file is one that your program has not yet opened. The program
provides a file name as the location of the simple-large-object data.

When you use a file as a simple-large-object location, a locator structure uses the
1c_file structure for the lc_union structure. The summarizes the lc_union.lc_file

fields.

Table 7-4. Fields in Ic_union.lc_file structure used for simple large objects located in files
Field Data type  Description

Ic_fname char * The address of the path name string that contains the file for

the simple-large-object data. The program sets this field when
it uses named files for simple-large-object locations.

lc_mode int The permission bits to use to create a new file. This value is
the third argument passed to the system open() function. For
valid values of lc_mode, see your system documentation.

Ic_fd int The file descriptor of the file that contains the
simple-large-object data. The program sets this field when it
uses open files.

lc_position 4-byte The current seek position in the opened file. This is an
integer internal field and must not be modified by the ESQL/C
program.
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The Tocator.h file provides the following macro shortcuts to use when you access
simple large objects stored in files:

#define loc_fname Tc_union.Tc_file.Tc_fname
#define loc_fd Tc_union.Tc_file.lc_fd
#define Toc_position Tc_union.Tc_file.Tc_position

Tip: It is recommended that you use these shortcut names when you access the
locator structure. The shortcut names improve code readability and reduce coding
errors. This publication uses these shortcut names when it refers to the Ic_fname,
Ic_fd, and lc_position fields of the lc_union.lc_file structure.

File-open mode flags

When you use files for simple-large-object data, also set the loc_oflags field of the
locator structure. The loc_oflags field is of type integer and it contains the
host-system file-open mode flags.

These flags determine how the file is to be accessed once it is opened:

¢ LOC_RONLY is a mask for read-only mode. Use this value when you insert a
simple large object into a file.

¢ LOC_WONLY is a mask for write-only mode. Use this value when you select a
simple large object into a file and you want each selected simple large object to
write over any existing data.

* LOC_APPEND is a mask for write mode. Use this value when you select a
simple large object into a file and you want to append the value to the end of
the file.

Error returns in loc_status

One of these flags is passed to the loc_open() function when IBM Informix
ESQL/C opens the file. Informix ESQL/C reads the data and writes it to the
current location (which the loc_position field indicates) in the file. If Informix
ESQL/C is unable to read or write to a file, it sets the loc_status field of the
locator structure to -463 or -464. If Informix ESQL/C is unable to close a file, it
sets loc_status to -462. Informix ESQL/C updates the SQLCODE variable with this
same value.

Locate simple large objects in open files

To have IBM Informix ESQL/C locate the TEXT or BYTE data in an open file, set
the loc_loctype field of the locator structure to LOCFILE.
EXEC SQL BEGIN DECLARE SECTION;

loc_t my_simple_lo;
EXEC SQL END DECLARE SECTION;

my_simple_lo.Toc_Tloctype = LOCFILE;

To use an open file as a simple-large-object location, your Informix ESQL/C
program must open the desired file before it accesses the simple-large-object data.
It must then store its file descriptor in the loc_fd field of the locator structure to
specify this file as the simple-large-object location. The loc_oflags field should also
contain a file-open mode flag to tell Informix ESQL/C how to access the file when
it opens it.
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The demo directory contains the following two sample Informix ESQL/C programs
that demonstrate how to handle simple-large-object data located in an open file:

* The getcd_of.ec program selects a simple large object into an open file.
* The updcd_of.ec program inserts a simple large object from an open file.

These programs assume the stores7 database as the default database for the
simple-large-object data. The user can specify another database (on the default
database server) as a command-line argument:

getcd_of mystores

Related reference

[“File-open mode flags” on page 7-13|

Select a simple large object into an open file

The getcd_of sample program from the demo directory shows how to select a
simple large object from the database into an open file. The following figure shows
a code excerpt that selects the cat_descr column into a file that the user specifies.

EXEC SQL BEGIN DECLARE SECTION;
char db_name[30];
mlong cat_num;
loc_t cat_descr;

EXEC SQL END DECLARE SECTION;

if((fd = open(descfl, O WRONLY)) < 0)
{
printf("\nCan't open file: %s, errno: %d\n", descfl, errno);
EXEC SQL disconnect current;
printf("GETCD_OF Sample Program over.\n\n"):

exit(1l);
}

/*

* Prepare Tocator structure for select of cat_descr

*

/
cat_descr.loc_Toctype = LOCFILE; /* set Toctype for open file */
cat_descr.loc_fd = fd; /* load the file descriptor */
cat_descr.loc_oflags = LOC_APPEND; /* set loc_oflags to append =*/
EXEC SQL select catalog num, cat_descr /* verify catalog number =/

into :cat_num, :cat_descr from catalog
where catalog num = :cat_num;

if(exp_chk2("SELECT", WARNNOTIFY) != 100) /* if not found =*/
printf("\nCatalog number %1d not found in catalog table\n",

cat_num);
else
{
if(ret < 0)
{
exit(1);

}
}

Figure 7-7. Code excerpt from the getcd_of sample program

To prepare the locator structure for the SELECT statement, the getcd_of program
sets the cat_descr locator structure fields as follows:
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* The loc_loctype field is set to LOCFILE to tell IBM Informix ESQL/C to place
the text for the cat_descr column in the open file.

¢ The loc_fd field is set to the fd file descriptor to identify the open file.

* The loc_oflags field is set to LOC_APPEND to specify that the data is to be
appended to any data that already exists in the file.

To access the file descriptor (loc_fd) field of the locator structure, the getcd_of
program uses the name cat_descr.loc_fd. However, the actual name of this field in
the locator structure is as follows:

cat_descr.1c_union.1c_file.lc_fd
The shortcut name of loc_fd is defined as a macro in the locator.h file.

After Informix ESQL/C writes data to an open file, it sets the following fields of
the locator structure:

* The loc_size field contains the number of bytes written to the open file.

* The loc_indicator field contains -1 if the selected simple-large-object value is
null.

* The loc_status field contains the status of the operation: 0 for success and a
negative value if an error has occurred. For possible causes of the error, see
[“Error returns in loc_status” on page 7-13)

Insert a simple large object from an open file

The updcd_of sample program from the demo directory shows how to insert a
simple large object from an open file into the database. The program updates the
cat_descr TEXT column of the catalog table from an open file that contains a series
of records; each consists of a catalog number and the text to update the
corresponding cat_descr column. The program assumes that this input file has the
following format:

\10001\

Dark brown leather first baseman's mitt. Specify right-handed or
left-handed.

\10002\

Babe Ruth signature glove. Black Teather. Infield/outfield style.
Specify right- or left-handed.

The following figure shows a code excerpt that illustrates how to use the locator
structure to update the cat_descr column of the catalog table from an open file.
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EXEC SQL BEGIN DECLARE SECTION;
mlong cat_num;
loc_t cat_descr;

EXEC SQL END DECLARE SECTION;

if ((fd = open(descfl, O _RDONLY)) < 0) /* open input file */
{

}

while(getcat_num(fd, line, sizeof(line))) /* get cat_num line from file */

{

printf("\nReading catalog number %1d from file...\n", cat_num);
flpos = 1seek(fd, OL, 1);

Tength = getdesc_len(fd);

flpos = 1seek(fd, flpos, 0);

/* Tookup cat_num in catalog table =*/
EXEC SQL select catalog_num
into :cat_num from catalog
where catalog_num = :cat_num;
if((ret = exp_chk2("SELECT", WARNNOTIFY)) == 100) /* if not found */

printf("\nCatalog number %1d not found in catalog table.",
cat_num);

}
/*if found */

cat_descr.loc_loctype = LOCFILE; /* update from open file */
cat_descr.loc_fd = fd; /* load file descriptor */
cat_descr.loc_oflags = LOC_RONLY; /* set file-open mode (read) */
cat_descr.loc_size = length; /* set size of simple large obj */

/* update cat_descr column of catalog table */
EXEC SQL update catalog set cat_descr = :cat_descr

where catalog_num = :cat_num;
if(exp_chk2("UPDATE", WARNNOTIFY) < 0)

{

EXEC SQL disconnect current;

printf("UPDCD_OF Sample Program over.\n\n");

exit(1);

}

printf("Update complete.\n");
}

Figure 7-8. Code excerpt from the updcd_of sample program

The upded_of program opens the input file (descfl) that the user specified in
response to a prompt, calls the getcat_num() function to read a catalog number
from the file, and then calls the getdesc_len() function to determine the length of
the text for the update to the cat_descr column. The program performs a SELECT
statement to verify that the catalog number exists in the catalog table.

If this number exists, the updcd_of program prepares the locator structure as
follows to update cat_descr from the text in the open file:
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* The loc_loctype field is set to LOCFILE to tell IBM Informix ESQL/C that the
cat_descr column is to be updated from an open file.

* The loc_fd field is set to fd, the file descriptor for the open-input file.

* The loc_oflags field is set to LOC_RONLY, the file-open mode flag for read-only
mode.

e The loc_size field is set to length, the length of the incoming text for cat_descr.

If you insert a null simple-large-object value, your program also needs to set the
loc_indicator field to -1.

The updcd_of program is then able to perform the database update. After Informix
ESQL/C reads data from the open file and sends it to the database server, Informix
ESQL/C updates the loc_size field with the number of bytes read from the open
file and sent to the database server. Informix ESQL/C also sets the loc_status field
to indicate the status of the operation: 0 for success and a negative value if an
error has occurred. For possible causes of the error, see |[“Error returns in|
lloc_status” on page 7-13

Locate simple large objects in named files

To have IBM Informix ESQL/C locate the TEXT or BYTE data in a named file, set
the loc_loctype field of the locator structure to LOCFNAME, as shown in the
following example:

EXEC SQL BEGIN DECLARE SECTION;

loc_t my_simple_lo;
EXEC SQL END DECLARE SECTION;

my_simple_lo.Toc_Tloctype = LOCFNAME;

To use a named file as a simple-large-object location, your Informix ESQL/C
program must specify a pointer to the file name in the loc_fname field of the
locator structure. You must also set the loc_oflags field with a file-open mode flag
to tell Informix ESQL/C how to access the file when it opens it.

To open a named file, Informix ESQL/C opens the file named in the loc_fname
field with the mode flags that the loc_oflags field specifies. If this file does not
exist, Informix ESQL/C creates it. Informix ESQL/C then puts the file descriptor of
the open file in the loc_fd field and proceeds as if your program opened the file. If
Informix ESQL/C cannot open this file, it sets the loc_status field (and SQLCODE)
to -461. When the transfer is complete, Informix ESQL/C closes the file, which
releases the file descriptor in the loc_fd field.

The demo directory contains the following two sample Informix ESQL/C programs
that demonstrate how to handle simple-large-object data located in a named file:

e The getcd_nf.ec program selects a simple large object into a named file.
e The updcd_nf.ec program inserts a simple large object from a named file.

These programs assume the stores7 database as the default database for the
simple-large-object data. The user can specify another database (on the default
database server) as a command-line argument as follows:

getcd_of mystores
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Related reference

[‘File-open mode flags” on page 7-13)|

Select a simple large object into a named file

The getcd_nf sample program from the demo directory shows how to select a

simple large object from the database into a named file. The following code excerpt
prompts the user to enter a catalog number for the catalog table and the name of
the file to which the program writes the contents of the cat_descr column for that
row. The program stores the name of the file in the descfl array. It then executes a
SELECT statement to read the cat_descr TEXT column from the catalog table and
write it to a file that the user specifies in response to a prompt.

The following figure shows a code excerpt from the getcd_nf sample program.

}

EXEC SQL BEGIN DECLARE SECTION;

EXEC SQL END DECLARE SECTION;

char db_name[30];
mlong cat_num;
loc t cat descr;

printf("\nEnter a catalog number: "); /* prompt for catalog number x/
getans(ans, 6);
if(rstol(ans, &cat_num)) /* cat_num string too long */

printf("\tCannot convert catalog number '%s' to integer\n", ans);
continue;
}
while(1)
{
printf("Enter the name of the file to receive the description: ");
if(!getans(ans, 15))
continue;
break;
}
strcpy(descfl, ans);

break;
}

/*

* Prepare locator structure for select of cat_descr

*/
cat_descr.loc_loctype = LOCFNAME; /* set loctype for in memory =/
cat_descr.loc_fname = descfl; /* Toad the addr of file name x/
cat_descr.loc_oflags = LOC_APPEND; /* set loc_oflags to append */
EXEC SQL select catalog_num, cat_descr /% verify catalog number =*/

into :cat_num, :cat_descr from catalog
where catalog num = :cat_num;

if(exp_chk2("SELECT", WARNNOTIFY) != 0 ) /x if error, display and quit */
printf("\nSelect for catalog number %1d failed\n", cat_num);

EXEC SQL disconnect current;
printf("\nGETCD_NF Sample Program over.\n\n");

Figure 7-9. Code excerpt from the getcd_nf sample program

The program sets the cat_descr locator structure fields as follows:

The loc_loctype field contains LOCFNAME to tell Informix ESQL/C to place the
text for the cat_descr column in a named file.
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¢ The loc_fname field is the address of the descfl array to tell Informix ESQL/C
to write the contents of the cat_descr column to the file named in descfl.

* The loc_oflags field, the file-open mode flags, is set to LOC_APPEND to tell
Informix ESQL/C to append selected data to the existing file.

The getcd_nf program then executes the SELECT statement to retrieve the row.
After Informix ESQL/C writes data to the named file, it sets the following fields of
the locator structure:

* The loc_size field contains the number of bytes written to the file. If the
Informix ESQL/C program fetches a null (or empty) simple-large-object column
into a named file that already exists, it truncates the file.

* The loc_indicator field contains -1 if the selected simple-large-object value is
null.
* The loc_status field contains the status of the operation: 0 for success and a

negative value if an error has occurred. For possible causes of the error, see
[“Error returns in loc_status” on page 7-13)

Insert a simple large object from a named file

The updcd_nf sample program from the demo directory shows how to insert a
simple large object from a named file into the database. The program updates the
cat_descr TEXT column from a named input file. The program assumes this input
file has the following format:

Babe Ruth signature glove. Black Teather. Infield/outfield
style. Specify right- or left-handed.

The following figure shows a code excerpt that updates the cat_descr column in
the catalog table from text in a named file.
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EXEC SQL BEGIN DECLARE SECTION;
mlong cat_num;
loc_t cat_descr;

EXEC SQL END DECLARE SECTION;

cat_descr.loc_Toctype = LOCMEMORY; /* set Toctype for in memory =/
cat_descr.loc_bufsize = -1; /* let server get memory */
EXEC SQL select catalog_num, cat_descr /* verify catalog number */

into :cat_num, :cat_descr from catalog
where catalog_num = :cat_num;

/% if error,display and quit */
if ((ret = exp_chk2("SELECT", WARNNOTIFY))

= 100)

printf("\nCatalog number %1d not found in catalog table\n",
cat_num);

EXEC SQL disconnect current;

printf("UPDCD_NF Sample Program over.\n\n");

exit(1);

}
if(ret<0)

EXEC SQL disconnect current;
printf("UPDCD_NF Sample Program over.\n\n");
exit(1l);

}

prdesc(); /* print current cat_descr */

/* Update? x/

ans[0] = ' ';

while((ans[0] = LCASE(ans[0])) != 'y' && ans[0] != 'n')
{
printf("Update this description? (y/n) ...");

scanf("%1s", ans);

}
if(ans[0] == 'y"')
{

cat_descr.Toc_loctype = LOCFNAME; /* set type to named file */
cat_descr.loc_fname = descfl; /* supply file name =*/
cat_descr.loc_oflags = LOC_RONLY; /* set file-open mode (read) x/
cat_descr.loc_size = -1; /* set size to size of file */
EXEC SQL update catalog

set cat_descr = :cat_descr /* update cat_descr column */

where catalog_num = :cat_num;
if(exp_chk2("UPDATE", WARNNOTIFY) < 0) /* check status */
{

EXEC SQL disconnect current;
printf("UPDCD_NF Sample Program over.\n\n");
exit(1l);

}
printf("Update complete.\n");

Figure 7-10. Code excerpt from the updcd_nf sample program

The upded_nf program in first performs a SELECT statement on the
catalog table for a catalog number that the user enters in response to a prompt.
The SELECT statement returns the catalog_num and cat_descr columns. The
prdesc() function (“Guide to the prdesc.c file” on page 7-3§) displays the current
content of cat_descr.
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The program then asks whether the user wants to update this description. If the
user answers yes (ans[0] = = 'y'), the updcd_nf program prepares the locator
structure as follows to update the cat_descr column from text in a file that the user
has specified:

* The cat_descr.loc_loctype field is set to LOCFNAME to indicate that the source
of the update text is a named file.

e The cat_descr.loc_fname field is set to descfl, the name of the file that contains
the simple-large-object data.

* The cat_descr.loc_oflags field is set to LOC_RONLY to tell IBM Informix
ESQL/C to open the file in read-only mode.

* The cat_descr.loc_size field is set to -1 to tell Informix ESQL/C to transfer the
simple large object all at once, not to transfer it in smaller pieces, one piece at a
time. You can also set the loc_oflags field to the LOC_USEALL mask to perform
this operation.

If you insert a null simple-large-object value, your program also needs to set the
loc_indicator field to -1.

After Informix ESQL/C reads data from the named file and sends it to the
database server, Informix ESQL/C updates the loc_size field with the number of
bytes read from the named file and sent to the database server. Informix ESQL/C
also sets the loc_status field to indicate the status of the operation: 0 for success
and a negative value if an error has occurred. For possible causes of the error, see
[“Error returns in loc_status” on page 7-13)

User-defined simple-large-object locations

You can create your own versions of the loc_open(), loc_read(), loc_write(), and
loc_close() functions to define your own location for simple-large-object data.

A typical use for user-defined location functions is when the data needs to be
translated in some manner before the application can use it. For example, if the
data is compressed, the application must uncompress it before this data can be sent
to the database. The application might even have a number of different translation
functions that you can choose at runtime; it simply sets the appropriate function
pointer to the desired translation function.

To have Informix ESQL/C use your own C functions to define the TEXT or BYTE
data location, set the loc_loctype field of the locator structure to LOCUSER as
follows:

EXEC SQL BEGIN DECLARE SECTION;
ifx_loc_t my_simple_lo;
EXEC SQL END DECLARE SECTION;

my_simple_lo.loc_Tloctype = LOCUSER;

With a user-defined simple-large-object location, a locator structure uses the fields
that the following table summarizes.

Table 7-5. Fields in the locator structure used to create user-defined location functions

Field Data type  Description

loc_open mint (*)() A pointer to a user-defined open function that returns an
integer value.
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Table 7-5. Fields in the locator structure used to create user-defined location
functions (continued)

Field Data type  Description

loc_read mint (*)() A pointer to a user-defined read function that returns an
integer value.

loc_write mint (*)() A pointer to a user-defined write function that returns an
integer value.

loc_close mint (*)() A pointer to a user-defined close function that returns an
integer value.

loc_user_env char * The address of the buffer to hold data that a user-defined
location function needs. For example, you can set
loc_user_env to the address of a common work area.

loc_xfercount 4-byte The number of bytes that the last transfer operation for
integer the simple large object transferred.

With a user-defined simple-large-object location, a locator structure can use either
the 1c_mem structure or the lc_file structure of the lc_union structure.
fpage 7-7|and [Table 7-4 on page 7-12 summarize fields of the lc_union.lc_mem
structure and lc_union.lc_file structure.

Related reference

“The user-defined write function” on page 7-25|

“The user-defined close function” on page 7-26|

Select a simple large object into a user-defined location

When your program selects a simple-large-object value, the IBM Informix ESQL/C

libraries must receive the data from the database server and transfer it to the

Informix ESQL/C program. To do this, Informix ESQL/C performs the following

steps:

1. Before the transfer, Informix ESQL/C calls the user-defined open function to
initialize the user-defined location. The oflags argument of this open function is
set to LOC_WONLY.

2. Informix ESQL/C receives the simple-large-object value from the database
server and puts it into a program buffer.

3. Informix ESQL/C calls the user-defined write function to transfer the
simple-large-object data from the program buffer to the user-defined location.

Informix ESQL/C repeats steps Iﬂ and EI as many times as needed to transfer
the entire simple-large-object value from the database server to the user-defined
location.

4. After the transfer, Informix ESQL/C performs the clean-up operations that the
user-defined close function specifies.

To select a simple large object into a user-defined location, set loc_loctype to
LOCUSER and set the loc_open, loc_write, and loc_close fields so they contain the
addresses of appropriate user-defined open, write, and close functions.

Insert a simple large object into a user-defined location

When your program inserts a simple-large-object value, the IBM Informix ESQL/C
libraries must transfer the data from the Informix ESQL/C program to the
database server. To do this, Informix ESQL/C performs the following steps:

IBM Informix ESQL/C Programmer’s Guide



1. Before the transfer, Informix ESQL/C calls the user-defined open function to

initialize the user-defined location. The oflags argument of this open function is
set to LOC_RONLY.

2. Informix ESQL/C calls the user-defined read function to transfer the
simple-large-object data from the user-defined location to the program buffer.

3. Informix ESQL/C sends the value in the program buffer to the database server.

Informix ESQL/C repeats steps EI and El as many times as needed to transfer
the entire simple-large-object value from the user-defined location to the
database server.

4. After the transfer, Informix ESQL/C performs the clean-up operations specified
in the user-defined close function.

To insert a simple large object that is stored in a user-defined location, set
loc_loctype to LOCUSER and set the loc_open, loc_read, and loc_close fields so
that they contain the addresses of appropriate user-defined open, read, and close
functions. If the simple large object to be inserted is null, set the loc_indicator field
to -1.

Set the loc_size field to the length of the simple-large-object data that you insert. A
loc_size value of -1 tells Informix ESQL/C to send the entire user-defined
simple-large-object data in a single operation. If the program sets loc_size to -1,
the database server reads in data until the read function returns an end-of-file
(EOF) signal. When the count is not equal to the number of bytes requested, the
database server assumes an EOF signal.

User-defined simple-large-object functions

IBM Informix ESQL/C provides four transfer functions that you can redefine to
handle a user-defined simple-large-object location.

The loc_open, loc_read, loc_write, and loc_close fields contain pointers to these
user-defined location functions. Each of the functions receives the address of the
ifx_loc_t structure as its first (or only) parameter. You can use the loc_user_env
field to hold data that a user-defined location function needs. In addition, the
loc_xfercount and all the fields of the lc_union substructure are available for these
functions.

The user-defined open function
To define how to prepare the user-defined location for a transfer operation (read or
write), you create a C function called a user-defined open function.

Before you begin a transfer of simple-large-object data to or from the database
server, IBM Informix ESQL/C calls the open function supplied in the loc_open
field of the locator structure.

This user-defined open function must receive the following two arguments:
* The address of the locator structure, ifx_loc_t *loc_struc, where loc_struc is the
name of a locator structure that your user-defined open function declares

* The open-mode flags, int oflags, where oflags is a variable that contains the
open-mode flag
This flag contains LOC_RONLY if Informix ESQL/C calls the open function to
send the simple large object to the database, or LOC_WONLY if Informix
ESQL/C calls the function to receive data from the database.
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The user-defined open function must return the success code for the open
operations as follows:

0 The initialization was successful.
-1 The initialization failed. This return code generates a loc_status (and
SQLCODE) error of -452.

The following figure shows a skeleton function of a user-defined open function.

open_simple_lo(adloc, oflags)
ifx_Toc_t *adloc;
int oflags;
{
adloc->loc_status = 0;
adloc->1loc_xfercount = OL;
if (0 == (oflags & adloc->Toc_oflags))
return(-1);
if (oflags & LOC_RONLY)
/**% prepare for store to db ##*/
else
/*%* prepare for fetch to program *xx/
return(0);

}

Figure 7-11. A sample user-defined open function

The user-defined read function

To define how to read the user-defined location, you create a C function called a
user-defined read function.

When IBM Informix ESQL/C sends data to the database server, it reads this data
from a character buffer. To transfer the data from a user-defined location to the
buffer, Informix ESQL/C calls the user-defined read function. Your Informix
ESQL/C program must supply the address of your user-defined read function in
the loc_read field of the locator structure.

This user-defined read function must receive the following three arguments:

¢ The address of the locator structure, ifx_loc_t *loc_struc, where loc_struc is a
locator structure that your user-defined read function uses

e The address of the buffer to send data to the database server, char *buffer, where
buffer is the buffer that your program allocates

* The number of bytes to be read from the user-defined location, int nread, where
nread is a variable that contains the number of bytes

This function must transfer the data from the user-defined location to the character
buffer that buffer indicates. Informix ESQL/C might call the function more than
once to read a single simple-large-object value from the user-defined location. Each
call receives the address and length of a segment of data. Keep track of the current
seek position of the user-defined location in your user-defined read function. You
might want to use the loc_position or loc_currdata_p fields for this purpose. You
can also use the loc_xfercount field to keep track of the amount of data that was
read.

The user-defined read function must return the success code for the read operation
as follows:
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>0 The read operation was successful. The return value indicates the number
of bytes actually read from the locator structure.

-1 The read operation failed. This return code generates a loc_status (and
SQLCODE) error of -454.

The following figure shows a skeleton function of a user-defined read function.

read_simple_lo(adloc, bufp, ntoread)
ifx_loc_t *adloc;

char *bufp;

int ntoread;

{

int ntoxfer;

ntoxfer = ntoread;
if (adloc->loc_size != -1)
ntoxfer = min(ntoread,
adloc->loc_size - adloc->loc_xfercount);

/**% transfer "ntoread" bytes to *bufp *xx/
adloc->loc_xfercount += ntoxfer;

return(ntoxfer);

}

Figure 7-12. A sample user-defined read function

The user-defined write function
To define how to write to the user-defined location, you create a C function called
a user-defined write function.

When IBM Informix ESQL/C receives data from the database server, it stores this
data in a character buffer. To transfer the data from the buffer to a user-defined
location, Informix ESQL/C calls the user-defined write function. Your Informix
ESQL/C program must supply the address of your user-defined write function in
the loc_write field of the locator structure.

This user-defined write function must receive the following three arguments:

e The address of the locator structure, ifx_loc_t *loc_struc, where loc_struc is a
locator structure that your user-defined write function uses

e The address of the buffer to receive the data from the database server, char
*buffer, where buffer is the buffer that your program allocates

¢ The number of bytes to be written to the user-defined location, int nwrite, where
nwrite is a variable that contains the number of bytes

The user-defined write function must transfer the data from the character buffer
that buffer indicates to the user-defined location. Informix ESQL/C might call the
function more than once to write a single simple-large-object value to the
user-defined location. Each call receives the address and length of a segment of
data. Keep track of the current seek position of the user-defined location in your
user-defined write function. You might want to use the loc_position or
loc_currdata_p field for this purpose. You can also use the loc_xfercount field to
keep track of the amount of data that was written.

The user-defined write function must return the success code for the write
operation as follows:

Chapter 7. Simple large objects 7-25



7-26

>0 The write operation was successful. The return value indicates the number
of bytes actually written to the user-defined location

-1 The write operation failed. This return code generates a loc_status (and
SQLCODE) error of -455.

The following figure shows a skeleton function of a user-defined write function.

write_simple_lo(adloc, bufp, ntowrite)
ifx_loc_t *adloc;

char *bufp;

int ntowrite;

{

int xtoxfer;

ntoxfer = ntowrite;
if (adloc->loc_size != -1)
ntoxfer = min(ntowrite,
(adloc->1oc_size) - (adloc->Toc_xfercount));

/*%% transfer "ntowrite" bytes from xbufp *%*/
adloc->Toc_xfercount += ntoxfer;

return(ntoxfer);

}

Figure 7-13. A Sample User-Defined Write Function

The user-defined close function

To define how to perform clean-up tasks for the user-defined location, you create a
C function called a user-defined close function.

When a transfer to or from the database server is complete, IBM Informix ESQL/C
calls the close function that the loc_close field of the locator structure supplies.
Cleanup tasks include closing files or deallocating memory that the user-defined
location uses.

This function must receive one argument: the address of the locator structure,
ifx_loc_t *loc_struc, where loc_struc is a locator structure that your user-defined
close function uses. The user-defined close function must return the success code
for the close operation as follows:

0 The cleanup was successful.
-1 The cleanup failed. This return code generates a loc_status (and
SQLCODE) error of -453.

The following figure shows a skeleton function of a user-defined close function.
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close_simple_lo (adloc)
ifx_Toc_t xadloc;
{
adloc->Toc_status = 0;
if (adloc->Toc_oflags & LOC_WONLY) /+ if fetching =/
{
adloc->1oc_indicator = 0; /* clear indicator */
adloc->loc_size = adloc->Toc_xfercount;
}

return(0);

Figure 7-14. A sample user-defined close function

Read and write simple large objects to an optical disc (UNIX)

In a table, columns of type simple-large-object do not include the
simple-large-object data in the table itself. Instead, the simple-large-object column
contains a 56-byte simple-large-object descriptor that includes a forward pointer
(rowid) to the location where the first segment of simple-large-object data is stored.
The descriptor can point to a dbspace blobpage, a blobspace blobpage, or a platter
in an optical storage subsystem. For details, see your IBM Informix Administrator’s
Guide and the IBM Informix Optical Subsystem Guide.

When a simple large object is stored on a write-once-read-many (WORM)
optical-storage subsystem, you can have a single physical simple large object reside
in more than one table to conserve storage space on the WORM optical disc. The
LOC_DESCRIPTOR flag enables you to migrate a simple-large-object descriptor,
rather than the simple large object itself, from one table to another.

When you read or write a simple-large-object column that is stored on a WORM
optical disc, you can manipulate only the simple-large-object descriptor if you set
the loc_oflags field of the locator structure to LOC_DESCRIPTOR.

Important: Only use LOC_DESCRIPTOR with simple large objects that are stored
on WORM optical media.

The following figure shows a code fragment that selects the stock_num,
manu_code, cat_descr, and cat_picture columns from the catalog table of the
named database. The program uses the DESCR() SQL function expression to
retrieve the simple-large-object descriptor, rather than to retrieve the simple large
object itself, for the cat_picture column. The program then sets the loc_oflags field
of the cat_picture locator structure to LOC_DESCRIPTOR to signal that the
simple-large-object descriptor, rather than the simple large object, is to be inserted
into the cat_picture column of the pictures table. The result is that the cat_picture
columns in both the catalog and pictures tables refer to a single set of physical
simple large objects.
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#include <stdio.h>
EXEC SQL include Tlocator;

char errmsg[400];

EXEC SQL BEGIN DECLARE SECTION;
mlong cat_num;
int2 stock_num;
char manu_code[4];
ifx_loc_t cat_descr;
ifx_loc_t cat_picture;

EXEC SQL END DECLARE SECTION;

main(argc, argv)
mint argc;
char xargv[];
{
EXEC SQL BEGIN DECLARE SECTION;
char db_name[250];
EXEC SQL END DECLARE SECTION;

if (argc > 2) /* correct no. of args? */

printf("\nUsage: %s [database]\nIncorrect no. of argument(s)\n",
argv[0]);
exit(1l);

strcpy(db_name, "stores7");

if(argc == 2)
strcpy(db_name, argv[1]);

EXEC SQL connect to :db_name;

sprintf(db_msg, "CONNECT TO %s",db_name);

err_chk(db_msg);

EXEC SQL declare catcurs cursor for /* setup cursor for select */
select stock _num, manu_code, cat_descr, DESCR(cat_picture)
from catalog
where cat_picture is not null;

/*

* Prepare locator structures cat_descr(TEXT) and
* cat_picture (BYTE that is the simple-large-object descriptor).

*
/
cat_descr.loc_loctype = LOCMEMORY; /* set loctype for in memory x/
cat_picture.loc_loctype = LOCMEMORY; /* set loctype for in memory =/
while(1)

{

/*

* Let server get buffers and set Toc_buffer (buffer for
* simple-large-object descriptor) and loc_bufsize (size of buffer)
*/
cat_descr.loc_bufsize = -1;
cat_picture.loc_bufsize = -1;
/*
* Select row from catalog table (descr() returns TEXT descriptor
* for cat_picture. For cat_descr, the actual simple LO is returned.
*/
EXEC SQL fetch catcurs into :stock num, :manu_code, :cat descr,
:cat_picture;
if(err_chk("FETCH") == SQLNOTFOUND) /* end of data =/
break;
/*
* Set LOC_DESCRIPTOR in loc_oflags to indicate simple-large-object
* descriptor is being inserted rather than simple-large-object data.
*/
cat_picture.loc_oflags |= LOC_DESCRIPTOR;
/*

* Insert

*
/
QL in j ictures values (:stock num, :manu_code,
28 M oloryil IR0, 6 Plisulish Guile 1ieock- -
if(err_chk("INSERT") < 0)
printf("Insert failed for stock_num %d, manu_code %s", stock_num,
manu code)




You can also use the SQL DESCR() function to achieve the same result without a
loc_oflags value of LOC_DESCRIPTOR. The SQL statement shown in the following
figure accomplishes the same task as the locator structure in the preceding
example.

EXEC SQL insert into pictures (stock num, manu_code, cat_descr, cat_picture)
select stock_num, manu_code, cat_descr, DESCR(cat_picture)
from catalog
where cat_picture is not null;

Figure 7-16. Using DESCR() to access a simple- large-object descriptor

The dispcat_pic program

The dispcat_pic program uses the IBM Informix ESQL/C ifx_loc_t locator
structure to retrieve two simple-large-object columns. The program retrieves the
cat_descr TEXT simple-large-object column and the cat_picture BYTE column from
the catalog table of the stores7 demonstration database. For information about how
to create the demonstration database, see [“Demonstration databases” on page xiv|

The dispcat_pic program allows you to select a database from the command line
in case you created the stores7 database under a different name. If no database
name is given, dispcat_pic opens the stores7 database. For example, the following
command runs the dispcat_pic executable and specifies the mystores database:

dispcat_pic mystores

The program prompts the user for a catalog_num value and performs a SELECT
statement to read the description column from the stock table and the
catalog_num, cat_descr, and cat_picture columns from the catalog table. If the
database server finds the catalog number and the cat_picture column is not null, it
writes the cat_picture column to a .gif file.

If the SELECT statement succeeds, the program displays the catalog_num,
cat_descr, and description columns. Since these columns store text, they can be
displayed on any Informix ESQL/C platform. The program also allows the user to
enter another catalog_num value or terminate the program.

Preparing to run the dispcat_pic program

To prepare to run the dispcat_pic program:
1. Load the simple-large-object images into the catalog table with the blobload
utility.

2. Compile the dispcat_pic.ec file into an executable program.

Load the simple-large-object images
When the catalog table is created as part of the stores7 demonstration database,
the cat_picture column for all rows is set to null. The IBM Informix ESQL/C
demonstration directory provides five graphic images. Use the blobload utility to
load simple-large-object images into the cat_picture column of the catalog table.
To display these simple-large-object images from the dispcat_pic program, you

must load the images to the catalog table.
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Choose the image files
The five cat_picture images are provided in the Graphics Interchange Format files,
which have the .gif file extension.

IBM Informix ESQL/C provides the images in .gif files to provide them in a
standard format that can be displayed on all platforms or translated into other
formats with filter programs that other vendors supply. The right column of the
following table shows the names of the .gif files for the simple-large-object
images.

Table 7-6. Image files for simple-large-object demo

Image Graphics Interchange Format (.gif files)
Baseball glove cn_10001.gif
Bicycle crankset cn_10027.gif
Bicycle helmet cn_10031.gif
Golf balls cn_10046.gif
Running shoe cn_10049.gif

The numeric portion of the image file name is the catalog_num value for the row
of the catalog table to which the image is to be updated. For example,
cn_10027.gif should be updated to the cat_picture column of the row where 10027
is the value of catalog_num.

Loading the simple-large-object images with the blobload utility
The blobload utility is an IBM Informix ESQL/C program that is provided as part
of the Informix ESQL/C demonstration files. It uses a command-line syntax to load
a byte image into a specified table and column of a database.

To load the simple-large-object images with blobload:

1. Compile the blobload.ec program with the following command:
esql -o blobload blobload.ec

2. Enter blobload on the UNIX command line without any arguments.

The following figure shows the output of this command that describes the
command-line arguments that blobload expects.

Sorry, you left out a required parameter.

Usage: blobload {-i | -u} -- choose insert or update
-f filename -- file containing the blob data
-d database_name -- database to open
-t table_name -- table to modify
-b blob_column -- name of target column
-k key_column key value -- name of key column and a value
-v -- verbose documentary output

A11 parameters except -v are required.
Parameters may be given in any order.

As many as 8 -k parameter pairs may be specified.

Figure 7-17. Sample output from the blobload utility
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3. Run the blobload program to load each image to its proper cat_picture
column.

The -u option of blobload updates a specified column with a
simple-large-object image. To identify which column to update, you must also
use the -f, -d, -t, -b, and -k options of blobload.

You must run the blobload program once for each image file that you want to
update. For example, the following command loads the contents of the
cn_10027.gif file into the cat_picture column of the row for catalog_num 10027.
The catalog_num column is the key column in the catalog table.

blobload -u -f cn_10027.gif -d stores7 -t catalog -b cat_picture -k
catalog_num 10027

Use the same command to update each of the four remaining image files,
substituting the file name (-f option) and corresponding catalog_num value (-k
option) of the image file that you want to load.

Guide to the dispcat_pic.ec File

1
2 * dispcat_pic.ec *

3.The following program prompts the user for a catalog number,
4. selects the cat_picture column, if it is not null, from the
5. catalog table of the demonstration database and saves the
6. image into a .gif file.

7. */

8. #include <stdio.h>

9. #include <ctype.h>

10. EXEC SQL include sqltypes;

11. EXEC SQL include Tocator;

12. #define WARNNOTIFY 1

13.#define NOWARNNOTIFY 0

14. #define LCASE(c) (isupper(c) ? tolower(c) : (c))

15. #define BUFFSZ 256

16. extern errno;

17. EXEC SQL BEGIN DECLARE SECTION;

18. mlong cat_num;
19. ifx_loc_t cat_descr;
20. ifx_Toc_t cat_picture;

21. EXEC SQL END DECLARE SECTION;
22. char cpf1[18]; /* file to which the .gif will be copied */

Lines 8 to 11

The #include <stdio.h> statement includes the stdio.h header file from the
/usr/include directory on UNIX and from the include subdirectory for Microsoft
Visual C++ on Windows. The stdio.h file enables dispcat_pic to use the standard
C I/0 library. The program also includes the Informix ESQL/C header files
sqltypes.h and locator.h (lines 10 and 11). The locator.h file contains the
definition of the locator structure and the constants that you need to work with
this structure.

Lines 12 to 16
Use the WARNNOTIFY and NOWARNNOTIFY constants (lines 12 and 13) with

the exp_chk2() exception-handling function. Calls to exp_chk2() specify one of
these constants as the second argument to indicate whether or not to display
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SQLSTATE and SQLCODE information for warnings (WARNNOTIFY or
NOWARNNOTIFY). See lines 171 to 177 for more information about the
exp_chk2() function.

The program uses BUFFSZ (line 15) to specify the size of arrays that store input
from the user. Line 16 defines errno, an external integer where system calls store
an error number.

Lines 17 to 21

These lines define global host variables needed for the program. The cat_num
variable holds the catalog_num column value of the catalog table. Lines 19 and 20
specify the locator structure as the data type for host variables that receive data for
the cat_descr and cat_picture simple-large-object columns of the catalog table. The
locator structure is the host variable for a simple-large-object column that is
retrieved from or stored to the database. The locator structure has a ifx_loc_t
typedef. The program uses the locator structure to specify simple-large-object size
and location.

Line 22

Line 22 defines a single global C variable. The cpfl character array stores the name
of a file. This named file is the location for the simple-large-object .gif image of
cat_picture that the database server writes.

23. main(argc, argv)
24, mint argc;
25. char =xargv[];

26. {

27. char ans[BUFFSZ];

28. intd ret, exp_chk2();

29. char db_msg[ BUFFSZ + 1 ];
30. EXEC SQL BEGIN DECLARE SECTION;
31. char db_name[20];

32. char description[16];

33. EXEC SQL END DECLARE SECTION;

Lines 23 to 26

The main() function is the point at which program execution begins. The first
argument, argc, is an integer that gives the number of arguments submitted on the
command line. The second argument, argvl], is a pointer to an array of character
strings that contain the command-line arguments. The dispcat_pic program expects
only the argv[1] argument, which is optional, to specify the name of the database
to access. If argv[1] is not present, the program opens the stores7 database.

Lines 27 to 29

Lines 27 to 29 define the C variables that are local in scope to the main() function.
The ans[BUFFSZ] array is the buffer that receives input from the user, namely the
catalog number for the associated cat_picture column. Line 28 defines a 4-byte
integer (ret) for the value that exp_chk2() returns and declares exp_chk2() as a
function that returns a long. The db_msg[BUFFSZ + 1] character array holds the
form of the CONNECT statement used to open the database. If an error occurs
while the CONNECT executes, the string in db_msg is passed into the exp_chk2()
function to identify the cause of the error.
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Lines 30 to 33

Lines 30 to 33 define the IBM Informix ESQL/C host variables that are local to the
main() function. A host variable receives data that is fetched from a table and
supplies data that is written to a table. The db_name[20] character array is a host
variable that stores the database name if the user specifies one on the command
line. The description variable holds the value that the user entered, which is to be
stored in the column of the stock table.

34. printf("DISPCAT_PIC Sample ESQL Program running.\n\n");

35. if (argc > 2) /* correct no. of args? =/

36. {

37. printf("\nUsage: %s [database]\nIncorrect no. of
argument(s)\n",

38. argv[0]);

39. printf("DISPCAT_PIC Sample Program over.\n\n");

40. exit(1l);

41. }

42. strcpy (db_name, "stores7");

43. if(argc == 2)

44, strcpy(db_name, argv[1]);

45, EXEC SQL connect to :db_name;

46. sprintf(db_msg,"CONNECT TO %s",db_name);

47. if(exp_chk2(db_msg, NOWARNNOTIFY) < 0)

48. {

49, printf("DISPCAT_PIC Sample Program over.\n\n");

50. exit(1l);

51. }

52. if(sqlca.sqlwarn.sqlwarn3 != 'W')

53.

54. printf("\nThis program does not work with Informix SE. ");

55. EXEC SQL disconnect current;

56. printf("\nDISPCAT_PIC Sample Program over.\n\n");

57. exit(1l);

58. }

59. printf("Connected to %s\n", db_name);

60. ++argv;

Lines 34 to 51

These lines interpret the command-line arguments and open the database. Line 35
checks whether more than two arguments are entered on the command line. If so,
dispcat_pic displays a message to show the arguments that it expects and then it
terminates. Line 42 assigns the default database name of stores?7 to the db_name
host variable. The program opens this database if the user does not enter a
command-line argument.

The program then tests whether the number of command-line arguments is equal
to 2. If so, dispcat_pic assumes that the second argument, argv[1], is the name of
the database that the user wants to open. Line 44 uses the strcpy() function to copy
the name of the database from the argv[1] command line into the db_name host
variable. The program then executes the CONNECT statement (line 45) to establish
a connection to the default database server and open the specified database (in
db_name).

The program reproduces the CONNECT statement in the db_msg[] array (line 46).
It does so for the sake of the exp_chk2() call on line 47, which takes as its
argument the name of a statement. Line 47 calls the exp_chk2() function to check
on the outcome. This call to exp_chk2() specifies the NOWARNNOTIFY argument
to prevent the display of warnings that CONNECT generates.
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Lines 52 to 60

After CONNECT successfully opens the database, it stores information about the
database server in the sqlca.sqlwarn array. Because the dispcat_pic program
handles simple-large-object data types that are not supported on IBM Informix SE,
line 52 checks the type of database server. If the sqlwarn3 element of
sqlca.sqlwarn is set to W, the database server is any server other than IBM Informix
SE. Otherwise, the program notifies the user that it cannot continue and exits. The
program has established the validity of the database server and now displays the
name of the database that is opened (line 59).

61. while(1)

62.
63. printf("\nEnter catalog number: "); /* prompt for cat.
* number */
64. if(!getans(ans, 6))
65. continue;
66. printf("\n");
67. if(rstol(ans, &cat_num)) /* cat_num string to long */
68.
69. printf("** Cannot convert catalog number '%s' to long
integer\n",
ans);
70. EXEC SQL disconnect current;
71. printf("\nDISPCAT_PIC Sample Program over.\n\n");
72. exit(1);
73.
74. ret=sprintf(cpfl, "pic_%s.gif", ans);
75. /*
76. * Prepare locator structure for select of cat_descr
77. */
78. cat_descr.loc_loctype = LOCMEMORY; /* set for 'in memory' */
79. cat_descr.loc_bufsize = -1; /* let db get buffer */
80. cat_descr.loc_mflags = 0; /* clear memory-deallocation
* feature */
81. cat_descr.loc_oflags = 0; /* clear loc_oflags */
82. /*
83. *  Prepare locator structure for select of cat_picture
84. */
85. cat_picture.loc_loctype = LOCFNAME;  /* type = named file */
86. cat_picture.loc_fname = cpfl; /* supply file name x/
87. cat_picture.loc_oflags = LOC_WONLY; /* file-open mode = write
*
/
88. cat_picture.loc_size = -1; /* size = size of file */

Lines 61 to 74

The while(1) on line 61 begins the main processing loop in dispcat_pic. Line 63
prompts the user to enter a catalog number for the cat_picture column that the
user wants to see. Line 64 calls getans() to receive the catalog number that the user
inputs. The arguments for getans() are the address in which the input is stored,
ans[], and the maximum length of the input that is expected, including the null
terminator. If the input is unacceptable, getans() returns 0 and line 65 returns
control to the while at the top of the loop in line 61, which causes the prompt for
the catalog number to be displayed again. For a more detailed explanation of
getans(), see [“Guide to the inpfuncs.c file” on page 7-39] Line 67 calls the Informix
ESQL/C library function rstol() to convert the character input string to a long data
type to match the data type of the catalog_num column. If rstol() returns a
nonzero value, the conversion fails and lines 69 to 72 display a message to the
user, close the connection, and exit. Line 74 creates the name of the .gif file to
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which the program writes the simple-large-object image. The file name consists of
the constant pic_, the catalog number that the user entered, and the extension .gif.
The file is created in the directory from which the program is run.

Lines 75 to 81

These lines define the simple-large-object location for the TEXT cat_descr column
of the catalog table, as follows:

* Line 78 sets loc_loctype in the cat_descr locator structure to LOCMEMORY to
tell Informix ESQL/C to select the data for cat_descr into memory.

e Line 79 sets loc_bufsize to -1 so that Informix ESQL/C allocates a memory
buffer to receive the data for cat_descr.

* Line 80 sets loc_mflags to 0 to disable the memory-deallocation feature (see Line
149) of Informix ESQL/C.

If the select is successful, Informix ESQL/C returns the address of the allocated
buffer in loc_buffer. Line 81 sets the loc_oflags file-open mode flags to 0 because
the program retrieves the simple-large-object information into memory rather than
a file.

Lines 82 to 88

These lines prepare the locator structure to retrieve the BYTE column cat_picture
of the catalog table. Line 85 moves LOCFNAME to loc_loctype to tell Informix
ESQL/C to locate the data for cat_descr in a named file. Line 86 moves the
address of the cpfl file name into loc_fname. Line 87 moves the LOC_WONLY
value into the loc_oflags file-open mode flags to tell Informix ESQL/C to open the
file in write-only mode. Finally, line 88 sets loc_size to -1 to tell Informix ESQL/C
to send the BYTE data in a single transfer rather than break the value into smaller
pieces and use multiple transfers.

89. /* Look up catalog number =*/
90. EXEC SQL select description, catalog_num, cat_descr, cat_picture
91. into :description, :cat_num, :cat_descr, :cat_picture
92. from stock, catalog
93. where catalog_num = :cat_num and
94. catalog.stock_num = stock.stock_num and
95. catalog.manu_code = stock.manu_code;
96. if((ret = exp_chk2("SELECT", WARNNOTIFY)) == 100) /* if not
* found */
97. {
98. printf("+* Catalog number %1d not found in ", cat_num);
99. printf("catalog table.\n");
100. printf("\t OR item not found in stock table.\n");
101. if(!more_to_do())
102. break;
103. continue;
104. }
105. if (ret < 0)
106. {
107. EXEC SQL disconnect current;
108. printf("\nDISPCAT_PIC Sample Program over.\n\n");
109. exit(1);
110.
111. if(cat_picture.loc_indicator == -1)
112. printf("\tNo picture available for catalog number %1d\n\n",
113. cat_num);
114. else
115. {
116. printf("Stock Item for %1d: %s\n", cat_num, description);

Chapter 7. Simple large objects 7-35



7-36

117. printf("\nThe cat_picture column has been written to the

file:
118. %s\n", cpfl);
119. printf("Use an image display tool or a Web browser ");
120. printf("to open %s for viewing.\n\n", cpfl);
121
122. prdesc(); /* display catalog.cat_descr */

Lines 89 to 95

These lines define a SELECT statement to retrieve the catalog_num, cat_descr, and
cat_picture columns from the catalog table and the description column from the
stock table for the catalog number that the user entered. The INTO clause of the
SELECT statement identifies the host variables that contain the selected values. The
two ifx_loc_t host variables, cat_descr and cat_picture, are listed in this clause for
the TEXT and BYTE values.

Lines 96 to 104

The exp_chk2() function checks whether the SELECT statement was able to find
the stock_num and manu_code for the selected row in the catalog table and in the
stock table. The catalog table should not contain a row that does not have a
corresponding row in the stock table. Lines 98 to 103 handle a NOT FOUND
condition. If the exp_chk2() function returns 100, the row was not found; lines 98
to 100 display a message to that effect. The more_to_do() function (line 101) asks
whether the user wants to continue. If the user answers n for no, a break
terminates the main processing loop and control transfers to line 131 to close the
database before the program terminates.

Lines 105 to 110

If a runtime error occurs during the select, the program closes the current
connection, notifies the user, and exits with a status of 1.

Lines 111 to 113

If cat_picture.loc_indicator contains-1 (line 111), the cat_picture column contains a
null and the program informs the user (line 112). Execution then continues to line
113 to display the other returned column values.

Lines 114 to 122

These lines display the other columns that the SELECT statement returned. Line
116 displays the catalog number that is being processed and the description
column from the stock table. Line 122 calls prdesc() to display the cat descr
column. For a detailed description of prdesc(), see [“Guide to the prdesc.c file” on|

123.  if(!more_to_do()) /* More to do? */

124. break; /* no, terminate loop */
125. /* If user chooses to display more catalog rows, enable the
126. * memory-deallocation feature so that ESQL/C deallocates old
127. * cat_desc buffer before it allocates a new one.
128. */
129. cat_descr.loc_mflags = 0; /* clear memory-deallocation feature
*
/
130.
131. EXEC SQL disconnect current;
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132. printf("\nDISPCAT PIC Sample Program over.\n\n");

133. } /* end main =/
134. /* prdesc() prints cat_desc for a row in the catalog table */
135. #include "prdesc.c"

Lines 123 to 130

The more_to_do() function then asks whether the user wants to enter more catalog
numbers. If not, more_to_do() returns 0 and the program performs a break to
terminate the main processing loop, close the database, and terminate the program.

The closing brace on line 130 terminates the main processing loop, which began
with the while(1) on line 61. If the user wants to enter another catalog number,
control returns to line 61.

Line 131 to 133

When a break statement (line 124) terminates the main processing loop that the
while(1) on line 61 began, control transfers to line 131, which closes the database
and the connection to the default database server. The closing brace on line 133
terminates the main() function on line 23 and terminates the program.

Lines 134 and 135

Several of the Informix ESQL/C simple-large-object demonstration programs call
the prdesc() function. To avoid having the function in each program, the function
is put in its own source file. Each program that calls prdesc() includes the prdesc.c
source file. Since prdesc() does not contain any Informix ESQL/C statements, the
program can include it with the C #include preprocessor statement (instead of the
Informix ESQL/C include directive). For a description of this function, see
fto the prdesc.c file” on page 7-38.

136. /*

137. * The inpfuncs.c file contains the following functions used in this
138. * program:

139. = more_to_do() - asks the user to enter 'y' or 'n' to indicate
140. = whether to run the main program loop again.
141, =*

142. = getans(ans, len) - accepts user input, up to 'len' number of
143. = characters and puts it in 'ans'

144, «/

145. #include "inpfuncs.c"

146. /*

147. = The exp_chk.ec file contains the exception handling functions to

148. = check the SQLSTATE status variable to see if an error has
occurred

149. = following an SQL statement. If a warning or an error has

150. = occurred, exp_chk2() executes the GET DIAGNOSTICS statement and

151. =* displays the detail for each exception that is returned.

152. x/

153. EXEC SQL include exp_chk.ec;

Lines 136 and 145

Several of the Informix ESQL/C demonstration programs also call the
more_to_do() and getans() functions. These functions are also broken out into a
separate C source file and included in the appropriate demonstration program.
Neither of these functions contain Informix ESQL/C, so the program can use the C
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#include preprocessor statement to include the files. For a description of these
functions, see [“Guide to the inpfuncs.c file” on page 7-39.|

Line 146 to 153

The exp_chk2() function examines the SQLSTATE status variable to determine the
outcome of an SQL statement. Because many demonstration programs use
exception checking, the exp_chk2() function and its supporting functions are
broken out into a separate exp_chk.ec source file. The dispcat_pic program must
use the Informix ESQL/C include directive to include this file because the
exception-handling functions use Informix ESQL/C statements. For a description
of the exp_chk.ec source file, see ['Guide to the exp_chk.ec file” on page 11-31/

Tip: In a production environment, functions such as prdesc(), more_to_do(),
getans(), and exp_chk2() would be put into C libraries and included on the
command line of the Informix ESQL/C program at compile time.

Guide to the prdesc.c file

The prdesc.c file contains the prdesc() function. This function sets the pointer p to
the address that is provided in the loc_buffer field of the locator structure to
access the simple large object. The function then reads the text from the buffer 80
bytes at a time up to the size specified in loc_size. This function is used in several
of the simple-large-object demonstration programs so it is in a separate file and
included in the appropriate source files.

1. /* prdesc() prints cat_desc for a row in the catalog table */

2. prdesc()

3. {

4, intd size;

5. char shdesc[81], *p;

6 size = cat_descr.loc_size; /* get size of data */

7 printf("Description for %1d:\n", cat_num);

8. p = cat_descr.loc_buffer; /* set p to buffer addr */

9. /* print buffer 80 characters at a time */

10. while(size >= 80)

11. {

12. ldchar(p, 80, shdesc); /* mv from buffer to shdesc */
13. printf("\n%80s", shdesc); /= display it =/

14. size -= 80; /* decrement length x/

15. p += 80; /* bump p by 80 */

16. }

17. strncpy(shdesc, p, size);

18. shdesc[size] = '\0';

19. printf("%-s\n", shdesc); /* display last segment =/
20. }

Lines 1 to 20

Lines 2 to 20 make up the main() function, which displays the cat_descr column of
the catalog table. Line 4 defines size, a long integer that main() initializes with the
value in cat_descr.loc_size. Line 5 defines shdesc[81], an array into which main()
temporarily moves 80-byte chunks of the cat_descr text for output. Line 5 also
defines *p, a pointer that marks the current position in the buffer as it is being
displayed.

In loc_size, the database server returns the size of the buffer that it allocates for a
simple large object. Line 6 moves cat_descr.loc_size to size. Line 7 displays the
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string "Description for:" as a header for the cat_descr text. Line 8 sets the p
pointer to the buffer address that the database server returned in
cat_descr.loc_size.

Line 10 begins the loop that displays the cat_descr text to the user. The while()
repeats the loop until size is less than 80. Line 11 begins the body of the loop. The
Informix ESQL/C ldchar() library function copies 80 bytes from the current
position in the buffer, which p addresses, to shdesc[] and removes any trailing
blanks. Line 13 prints the contents of shdesc[]. Line 14 subtracts 80 from size to
account for the portion of the buffer that was just printed. Line 15, the last in the
loop, adds 80 to p to move it past the portion of the buffer that was just displayed.

The process of displaying cat_descr.loc_size 80 bytes at a time continues until
fewer than 80 characters are left to be displayed (size < 80). Line 17 copies the
remainder of the buffer into shdesc[] for the length of size. Line 18 appends a null
to shdesc[size] to mark the end of the array and line 19 displays shdesc[].

Guide to the inpfuncs.c file

The inpfuncs.c file contains the getans() and more_to_do() functions.

Because these functions are used in several IBM Informix ESQL/C demonstration
programs, they are in a separate file and included in the appropriate
demonstration source files.

1. /* The inpfuncs.c file contains functions useful in character-based
2 input for a C program.

3. */

4, #include <ctype.h>

5. #ifndef LCASE

6. #define LCASE(c) (isupper(c) ? tolower(c) : (c))

7
8
9

. #endif
A
Accepts user input, up to 'Ten' number of characters and returns
10 it in 'ans'
11. */

12. #define BUFSIZE 512
13. getans(ans, len)
14. char *ans;

15. mint len;

16. {

17. char buf[BUFSIZE + 1];

18. mint ¢, n = 0;

19. while((c = getchar()) != ';' && n < BUFSIZE)
20. buf[n++] = c;

21. buf[n] = '\0';

22. if(n > 1 & n >= Ten)

23. {

24. printf("Input exceeds maximum length");
25. return 0;

26. }

27. if(len <= 1)

28. *ans = buf[0];

29. else

30. strnpy(ans, buf, Ten);

31. return 1;

32. }
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Lines1to 7

Line 4 includes the UNIX ctype.h header file. This header file provides the
definitions of the islower() and tolower() macros used in the definition of the
LCASE() macro (defined on line 6). The program only defines the LCASE macro if
it has not yet been defined in the program.

Lines 8 to 32

The BUFSIZE constant (line 12) defines the size of the character buffer used in the
getans() function. Lines 13 to 32 constitute the getans() function. The getans()
function uses the getchar() standard library function to accept input from the user.
Lines 14 and 15 define the arguments for getans(), the address of the buffer (ans)
where it copies the input, and the maximum number of characters (len) that the
calling function expects. Line 17 defines buf[], an input buffer array. The int
variable ¢ (line 18) receives the character that getchar() returned. The second
integer defined on line 18, n, is used to subscript the buf[] input buffer.

Line 19 calls getchar() to receive input from the user until a \n newline character is
encountered or until the maximum input is received; that is, n is not less than
BUFESZ. Line 20 moves the input character ¢ into the current position in buff].
Line 21 places a null terminator at the end of the input, buf[n].

Lines 22 to 26 check whether the number of characters received, n, is less than the
number of characters expected, len. If not, line 24 displays a message to the user
and line 25 returns 0 to the calling function to indicate that an error occurred. Line
27 checks whether one or more characters were entered. If the expected number of
characters, len, is less than or equal to 1, line 28 moves only a single character to
the address that the ans calling function gives. If only one character is expected,
getans() does not append a null terminator to the input. If the length of the input
is greater than 1, line 30 copies the user’s input to the address that the calling
function (ans) supplies. Line 31 returns 1 to the calling function to indicate
successful completion.

33. /*

34. % Ask user if there is more to do

35. x/

36. more_to_do()

37.

38. char ans;

39. do

40. {

41. printf("\nxx+%x More? (y/n) ...");
42. getans(&ans, 1);

43, } while((ans = LCASE(ans)) != 'y' & ans != 'n');
44, return (ans == 'n') 2 0 : 1;

45, }

Lines 33 to 45

The more_to_do() function displays "More? (y/n)..." to ask whether the user
wants to continue program execution. The more_to_do() function does not have
any input arguments. Line 38 defines a one-character field, ans, to receive the
response from the user. The condition expressed on line 43 causes the question to
be displayed again until the user answers y (yes) or n (no). The LCASE macro
converts the answer of the user to lowercase letters for the comparison. Line 42
calls getans() to accept the input from the user. Once the user answers yes or no,
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control passes to line 44, which returns 1 for yes and 0 for no to the calling
function.
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Chapter 8. Smart large objects

A smart large object is a data type that stores large, non-relational data objects such
as images, sound clips, documents, graphics, maps and other large objects, and
allows you to perform read, write, and seek operations on those objects.

Smart large objects consist of the CLOB (character large object) and BLOB (binary
large object) data types. The CLOB data type stores large objects of text data. The
BLOB data type stores large objects of binary data in an undifferentiated byte
stream. A smart large object is stored in a particular type of database space called
an sbspace. For information about creating and administering sbspaces, see your
IBM Informix Administrator’s Guide.

The end of this section presents an example program called create_clob. The
create_clob sample program demonstrates how to create a new smart large object
from an Informix ESQL/C program, insert data into a CLOB column of the stores7
database, and then select the smart-large-object data back from this column.

For more information about the CLOB and BLOB data types, as well as other SQL
data types, see the IBM Informix Guide to SQL: Reference.

The information in these topics apply only if you are using IBM Informix as your
database server.

These topics describe the following information about programming with smart
large objects:

* Data structures for smart large objects

¢ Creating a smart large object

* Accessing a smart large object

* Obtaining the status of a smart large object

* Altering a smart-large-object column

* Reading and writing smart large objects on an optical disc
* The Informix ESQL/C API for smart large objects

Data structures for smart large objects

Informix ESQL/C supports the SQL data types CLOB and BLOB with the ifx_lo_t
data type. Because of the potentially huge size of smart-large-object data, the
Informix ESQL/C program does not store the data directly in a host variable.
Instead, the client application accesses the data as a file-like structure. To use
smart-large-object variables in an Informix ESQL/C program, take the following
actions:

* Declare a host variable with the ifx_lo_t data type.

For more information, see [“Declare a host variable” on page 8-2/

* Access the smart large object with a combination of the following three data
structures:

— The LO-specification structure, ifx_lo_create_spec_t

For more information, see [“The LO-specification structure” on page 8-2 and
[“Obtain storage characteristics” on page 8-6.]
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— The LO-pointer structure, ifx_lo_t

For more information, see ["Deallocate the LO-specification structure” on page|
8-8.
— An integer LO file descriptor

For more information, see [“Open a smart large object” on page 8-13 |

Important: The structures that ESQL/C uses to access smart large objects begin
with the LO prefix. This prefix is an acronym for large object. Currently, the
database server uses large object to refer to both smart large objects and simple
large objects. However, use of this prefix in the ESQL/C structures that access
smart large objects is retained for legacy purposes.

Declare a host variable

Declare IBM Informix ESQL/C host variables for database columns of type CLOB
or BLOB as a fixed binary host variable with the ifx_lo_t structure (called an
ifx_lo_t data type) as follows:

EXEC SQL include Tocator;

EXEC SQL BEGIN DECLARE SECTION;
fixed binary 'clob' ifx_lo_t clob loptr;
fixed binary 'blob' ifx_lo_t blob_Tloptr;
EXEC SQL END DECLARE SECTION;

EXEC SQL select blobcol into :blob_Toptr from tabl;

Tip: For more information about the fixed binary Informix ESQL/C data type, see
[“Access a fixed-length opaque type” on page 10-11

To access smart large objects, you must include the Tocator.h header file in your
Informix ESQL/C program. This header file contains definitions of data structures
and constants that your program needs to work with smart large objects.

Related concepts

[‘The ifx_lo_t structure” on page 8-10|

The LO-specification structure

Before you create a new smart large object, you must allocate an LO-specification
structure with the ifx_lo_def_create_spec() function.

The ifx_lo_def_create_spec() function performs the following tasks:

1. It allocates a new LO-specification structure, whose pointer you provide as an
argument.

2. It initializes all fields of the LO-specification structure: disk-storage information
and create-time flags to the appropriate null values.

Related reference

[“The ifx_lo_def_create_spec() function” on page B-114|

The ifx_lo_create_spec_t structure
The LO-specification structure, ifx_lo_create_spec_t, stores the storage
characteristics for a smart large object in an IBM Informix ESQL/C program.
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The Tocator.h header file defines the LO-specification structure, so you must
include the Tocator.h file in your Informix ESQL/C programs that access this
structure.

Important: The LO-specification structure, ifx_lo_create_spec_t, is an opaque
structure to Informix ESQL/C programs. Do not access its internal structure
directly. The internal structure of ifx_lo_create_spec_t may change in future
releases. Therefore, to create portable code, always use the Informix ESQL/C

access functions for this structure to obtain and store values in the LO-specification

structure.

For a list of these access functions, see [Table 8-1|and [Table 8-2 on page 8-4

The LO-specification structure stores the following storage characteristics for a
smart large object:

* Disk-storage information
* Create-time flags

Disk-storage information:
The LO-specification structure stores disk-storage information, which helps the
database sever determine how to store the smart large object most efficiently on

disk.

The following table shows the disk-storage information along with the
corresponding IBM Informix ESQL/C access functions.

Table 8-1. Disk-storage information in the LO-specification structure

Disk-storage information Description ESQL/C accessor functions

Estimated number of bytes An estimate of the final size, in bytes, of the smart ifx_lo_specget_estbytes()

large object. The database Server uses this value

to determine the extents in which to store the ifx_lo_specset_estbytes()
smart large object. This value provides

optimization information. If the value is grossly

incorrect, it does not cause incorrect behavior.

However, it does mean that the database server

might not necessarily choose optimal extent sizes

for the smart large object.

Maximum number of bytes =~ The maximum size, in bytes, for the smart large  ifx_lo_specget_maxbytes()

object. The database server does not allow the .
smart large object to grow beyond this size. ifx_lo_specset_maxbytes()

Allocation extent size

The allocation extent size is specified in kilobytes. ifx_lo_sepcget_extsz(),
Optimally, the allocation extent is the single extent

in a chunk that holds all the data for the smart ~ ifx_lo_specset_extsz()
large object.

The database server performs storage allocations
for smart large objects in increments of the
allocation extent size. It tries to allocate an
allocation extent as a single extent in a chunk.
However, if no single extent is large enough, the
database server must use multiple extents as
necessary to satisfy the request.
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Table 8-1. Disk-storage information in the LO-specification structure (continued)

Disk-storage information Description ESQL/C accessor functions

Name of the sbspace

The name of the sbspace that contains the smart  ifx_lo_specget_sbspace()
large object. The sbspace name can be at most 18

characters long. This name must be null ifx_lo_specset_sbspace()
terminated.

For most applications, it is recommended that you use the values for the
disk-storage information that the database server determines.

Related reference
[Appendix B, “The ESQL/C function library,” on page B-1|

Create-time flags:

The LO-specification structure stores create-time flags, which tell the database
server what options to assign to the smart large object.

The following table shows the create-time flags along with the corresponding
Informix ESQL/C access functions.

Table 8-2. Create-time flags in the LO-specification structure

Type of indicator

Create-time flag Description

Logging

LO_LOG Tells the database server to log changes to the smart

large object in the system log file.

Consider carefully whether to use the LO_LOG flag
value. The database server incurs considerable
overhead to log smart large objects. You must also
ensure that the system log file is large enough to
hold the value of the smart large object. For more
information, see your IBM Informix Administrator’s

Guide.

LO_NOLOG Tells the database server to turn off logging for all
operations that involve the associated smart large
object.

Last access-time LO_KEEP_LASTACCESS_TIME Tells the database server to save the last access time

for the smart large object. This access time is the
time of the last read or write operation.

Consider carefully whether to use the
LO_KEEP_LASTACCESS_TIME flag value. The
database server incurs considerable overhead to
maintain last access times for smart large objects.

LO_NOKEEP_LASTACCESS_TIME Tells the database server not to maintain the last

access time for the smart large object.

The Tocator.h header file defines the LO_LOG, LO_NOLOG,
LO_KEEP_LASTACCESS_TIME, and LO_NOKEEP_LASTACCESS_TIME
create-time constants. The two groups of create-time flags, logging indicators and
the last access-time indicators, are stored in the LO-specification structure as a
single flag value. To set a flag from each group, use the C-language OR operator to
mask the two flag values together. However, masking mutually exclusive flags
results in an error.
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The ifx_lo_specset_flags() function sets the create-time flags to a new value. The
ifx_lo_specget_flags() function retrieves the current value of the create-time flag.

If you do not specify a value for one of the flag groups, the database server uses
the inheritance hierarchy to determine this information. For more information
about the inheritance hierarchy, see |”Obtain storage characteristics” on page 8—6.|

Related reference

endix B, “The ESQL/C function library,” on page B-1
pp Y pag

ESQL/C functions that use the LO-specification structure

The following table shows the IBM Informix ESQL/C library functions that access
the LO-specification structure.

ESQL/C library function

Purpose

See

ifx_lo_col_info()

Updates the LO-specification
structure with the
column-level storage
characteristics

“The ifx_lo_col_info()|

function” on page B-109

ifx_lo_create()

Reads an LO-specification
structure to obtain storage
characteristics for a new smart
large object that it creates

“The ifx_lo_create()|

function” on page B-112|

ifx_lo_def create_spec()

Allocates and initializes an
LO-specification structure

“The)

ifx_lo_def_create_spec()|

function” on page B-114|

ifx_lo_spec_free()

Frees the resources of the
LO-specification structure

“The ifx_lo_spec_free()

function” on page B-123|

ifx_lo_specget_estbytes()

Gets the estimated number of
bytes from the
LO-specification structure

“The

ifx_lo_specget_estbytes()|

function” on page B-125

ifx_lo_specget_extsz()

Gets the allocation extent size
from the LO-specification
structure

“The ifx_lo_specget extsz()

function” on page B-125

ifx_lo_specget_flags()

Gets the create-time flags from
the LO-specification structure

“The ifx_lo specget flags()|

function” on page B-126|

ifx_lo_specget_maxbytes()

Gets the maximum number of
bytes from the
LO-specification structure

”Thel

ifx_lo_specget_maxbytes()|

function” on page B-127]

ifx_lo_specget_sbspace()

Gets the name of the sbspace
from the LO-specification
structure

”Thel

ifx_lo_specget_sbspace()

function” on page B-128

ifx_lo_specset_estbytes()

Sets the estimated number of
bytes from the
LO-specification structure

”Thel

ifx_lo_specset_estbytes()

function” on page B-130)

ifx_lo_specset_extsz()

Sets the allocation extent size
in the LO-specification
structure

“The ifx_lo_specset_extsz()|

function” on page B-130|

ifx_lo_specset_flags()

Sets the create-time flags in the
LO-specification structure

“The ifx_lo_specset_flags()|

function” on page B-131]

ifx_lo_specset_maxbytes()

Sets the maximum number of
bytes in the LO-specification
structure

”Thel

ifx_lo_specset_maxbytes()

function” on page B-132|
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ESQL/C library function Purpose See

ifx_lo_specset_sbspace() Sets the name of the sbspace “The]
in the LO-specification ifx_lo_specset_sbspace()
structure function” on page B-133}
ifx_lo_stat_cspec() Returns the storage “The ifx_lo_stat_cspec()|
characteristics into the function” on page B-136]

LO-specification structure for a
specified smart large object

Obtain storage characteristics

Once you have allocated an LO-specification structure with the
ifx_lo_def_create_spec() function, you must ensure that this structure contains the
appropriate storage characteristics when you create a smart large object.

IBM Informix uses an inheritance hierarchy to obtain storage characteristics. The
following figure shows the inheritance hierarchy for smart-large-object storage
characteristics.

Database server storage characteristics
(system defaults and the ONCONFIG file)

sbspace storage characteristics
(assigned when the shspace is created)

Column-level storage characteristics
(assigned with the CREATE TABLE statement)

Y

Userdefined storage characteristics
(assigned from within an ESQL/C program)

Figure 8-1. Inheritance hierarchy for storage characteristics

The system-specified storage characteristics:

IBM Informix uses one of the following sets of storage characteristics as the
system-specified storage characteristics:

* If the sbspace in which the smart large object is stored has specified a value for
a particular storage characteristic, the database server uses the sbspace value as
the system-specified storage characteristic.

The database administrator (DBA) defines storage characteristics for an sbspace
with the onspaces utility.

e If the sbspace in which the smart large object is stored has not specified a value
for a particular storage characteristic, the database server uses the system default
as the system-specified storage characteristic.

The database server defines the system defaults for storage characteristics
internally. However, you can specify a default sbspace name with the
SBSPACENAME configuration parameter of the onconfig file. Also, an
application call to ifx_lo_col_info() or ifx_lo_specset_sbspace() can supply the
target sbspace in the LO-specification structure.
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Important: An error occurs if you do not specify the sbspacename configuration
parameter and the lo-specification structure does not contain the name of the target
sbspace.

It is recommended that you use the values for the system-specified disk-storage
information. Most applications do not need to change these system-specified
storage characteristics. For more information about database server and sbspace
storage characteristics, see the description of the onspaces utility in your IBM
Informix Administrator’s Guide.

To use the system-specified storage characteristics for a new smart large object,
follow these steps:

1. Use the ifx_lo_def_create_spec() function to allocate an LO-specification
structure and to initialize this structure to null values.

2. Pass this LO-specification structure to the ifx_lo_create_function function to
create the instance of the smart large object.

The ifx_lo_create() function creates a smart-large-object instance with the storage
characteristics in the LO-specification structure that it receives as an argument.
Because the previous call to ifx_lo_def_create_spec() stored null values in this
structure, the database server assigns the system-specified characteristics to the
new instance of the smart large object.

The column-level storage characteristics:

The database administrator (DBA) assigns column-level storage characteristics with
the CREATE TABLE statement. The PUT clause of CREATE TABLE specifies
storage characteristics for a particular smart-large-object (CLOB or BLOB) column.
(For more information, see the description of the CREATE TABLE statement in the
IBM Informix Guide to SQL: Syntax.) The syscolattribs system catalog table stores
column-level storage characteristics.

The ifx_lo_col_info() function obtains column-level storage characteristics for a
smart-large-object column. To use the column-level storage characteristics for a
new smart-large-object instance, follow these steps:

1. Use the ifx_lo_def_create_spec() function to allocate an LO-specification
structure and initialize this structure to null values.

2. Pass this LO-specification structure to the ifx_lo_col_info() function and specify
the desired column and table name as arguments.

The function stores the column-level storage characteristics into the specified
LO-specification structure.

3. Pass this same LO-specification structure to the ifx_lo_create() function to
create the instance of the smart large object.

When the ifx_lo_create() function receives the LO-specification structure as an
argument, this structure contains the column-level storage characteristics that the
previous call to ifx_lo_col_info() stored. Therefore, the database server assigns
these column-level characteristics to the new instance of the smart large object.

When you use the column-level storage characteristics, you do not usually need to
provide the name of the sbspace for the smart large object. The sbspace name is
specified in the PUT clause of the CREATE TABLE statement or by the
SBSPACENAME parameter in the ONCONFIG file.

The user-defined storage characteristics:
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An IBM Informix ESQL/C application program can define a unique set of storage
characteristics for a new smart large object, as follows:

* For smart large objects that are to be stored in a column, you can override some
storage characteristics for the column when it creates an instance of a smart
large object.

If the application does not override some or all of these characteristics, the smart
large object uses the column-level storage characteristics.

* You can specify a wider set of characteristics for each smart large object since the
smart large object is not constrained by table column properties.

If the application programmer does not override some or all of these
characteristics, the smart large object inherits the system-specified storage
characteristics.

To specify user-defined storage characteristics, use the appropriate Informix
ESQL/C accessor functions for the LO-specification structure. For more
information about these accessor functions, see [“The LO-specification structure” on|
-ae 8-2.

Related reference

[“The system-specified storage characteristics” on page 8-6

[“The column-level storage characteristics” on page 8-7|

Deallocate the LO-specification structure

Once you are finished with an LO-specification structure, deallocate the resources
assigned to it with the ifx_lo_spec_free() function. When the resources are freed,
they can be reallocated to other structures that your program needs.

Related reference

[“The ifx_lo_spec_free() function” on page B-123|

The LO-pointer structure

To open a smart large object for read and write operations, an IBM Informix
ESQL/C program must have an LO-pointer structure for the smart large object. This
structure contains the disk address and a unique hexadecimal identifier for a smart
large object.

To create an LO-pointer structure for a new smart large object, use the
ifx_lo_copy_to_file() function. The ifx_lo_copy_to_file() function performs the
following tasks:
1. It initializes an LO-pointer structure, whose pointer you provide as an
argument, for the new smart large object.
This new smart large object has the storage characteristics that the
LO-specification structure you provide specifies.

2. It opens the new smart large object in the specified access mode and returns an
LO file descriptor that is needed for subsequent operations on the smart large
object.

You must call ifx_lo_def_create_spec() before you call the ifx_lo_create() function
to create a new smart large object.
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Related reference

[‘The ifx_lo_create_spec_t structure” on page 8-2|

[‘Duration of an open on a smart large object” on page 8-17

“The ifx_lo_copy_to_file() function” on page B-110|

“The ifx_lo_def create_spec() function” on page B—lléﬂ

Store a smart large object

An IBM Informix ESQL/C program accesses a smart large object through an
LO-pointer structure. The Informix ESQL /C library functions in the table from
[“ESQL/C functions that use the LO-pointer structure” on page 8-10| accept an
LO-pointer structure as an argument. Through the LO-pointer structure, these
functions allow you to create and manipulate a smart large object without binding
it to a database row.

An INSERT or UPDATE statement does not perform the actual input of the
smart-large-object data. It does, however, provide a means for the application
program to identify which smart-large-object data to associate with the column. A
CLOB or BLOB column in a database table stores the LO-pointer structure for a
smart large object. Therefore, when you store a CLOB or BLOB column, you
provide an LO-pointer structure for the column in an ifx_lo_t host variable to the
INSERT or UPDATE statement. For this reason, you declare host variables for
CLOB and BLOB values as LO-pointer structures.

The following figure shows how the Informix ESQL/C client application transfers
the data of a smart large object to the database server.

ESQL/C Client Application

1. Use ESQL/C API functions to
create an LO-pointer structure.

2. Initialize the smart-large-object data
through LO-pointer structure.

:

3. Execute SQL INSERT or UPDATE statement
to assign the LO-pointer structure to a CLOB or

BLOB column.

Database Server

Figure 8-2. Transferring smart- large-object data from client application to database server

The smart large object that an LO-pointer structure identifies exists as long as its
LO-pointer structure exists. When you store an LO-pointer structure in the
database, the database server can ensure that the smart large objects are
deallocated when appropriate.

When you retrieve a row and then update a smart large object which that row

contains, the database server exclusively locks the row for the time that it updates
the smart large object. Moreover, long updates for smart large objects (whether or
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not logging is enabled and whether or not they are associated with a table row)
create the potential for a long transaction condition if the smart large object takes a
long time to update or create.

For an example of code that stores a new smart large object into a database

column, see [“The create_clob.ec program” on page C-2| For information about how
to select a smart large object from the database, see [“Select a smart large object” on|
-a ge 8-13,

Related reference

[“Declare a host variable” on page 8-2|

The ifx_lo_t structure

The LO-pointer structure, ifx_lo_t, serves as a reference to a smart large object. It
provides security-related information and holds information about the actual disk
location of the smart large object.

The Tocator.h header file defines the LO-pointer structure so you must include the
Tocator.h file in your IBM Informix ESQL/C programs that access this structure.

Important: The LO-pointer structure, ifx_lo_t, is an opaque structure to Informix
ESQL/C programs. That is, you should not access its internal structure directly.
The internal structure of ifx_lo_t may change. Therefore, to create portable code,
use the correct Informix ESQL/C library function to use this structure.

The LO-pointer structure, not the CLOB or BLOB data itself, is stored in a CLOB or
BLOB column in the database. Therefore, SQL statements such as INSERT and
SELECT accept an LO-pointer structure as the column value for a
smart-large-object column. You declare an Informix ESQL/C host variable to hold
the value of a smart large object as an ifx_lo_t structure.

Related reference

[‘Declare a host variable” on page 8-2|
[“ESQL/C functions that use the LO-pointer structure”]

ESQL/C functions that use the LO-pointer structure

The following table shows the IBM Informix ESQL/C library functions that access
the LO-pointer structure and how they access it.

ESQL/C library
function Purpose See

ifx_lo_copy_to_file() Copies the smart large object that “The ifx_lo_copy_to_file()|
the LO-pointer structure identifies function” on page B-110|
to an operating-system file.

ifx_lo_create() Initializes an LO-pointer structure “The ifx_lo_create()|
for a new smart large object that it  [function” on page B-112)
creates and returns an LO file
descriptor for this smart large
object.

ifx_lo_filename() Returns the name of the file where [“The ifx_lo_filename()|
the ifx_lo_copy_to_file() function function” on page B—115|
would store the smart large object
that the LO-pointer structure
identifies.
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ESQL/C library
function

Purpose

See

ifx_lo_from_buffer()

Copies a specified number of bytes
from a user-defined buffer into the
smart large object that the
LO-pointer structure references.

“The ifx_lo_from_buffer()|

function” on page B-115|

ifx_lo_release()

Tells the database server to release
the resources associated with the
temporary smart large object that
the LO-pointer structure references.

“The ifx_lo_from_buffer()|

function” on page B-115|

ifx_lo_to_buffer()

Copies a specified number of bytes
from the smart large object
referenced by the LO-pointer
structure into a user-defined buffer.

“The ifx_lo_to_buffer()|

function” on page B-141]

The LO file descriptor

The LO file descriptor is an integer value that identifies an open smart large object.

An LO file descriptor is very similar to the file descriptors for operating-system
files. It serves as an I/O handle to the data of the smart large object in the server.
The LO file descriptors start with a seek position of 0. Use the LO file descriptor in
one of the IBM Informix ESQL/C library functions that accepts LO file descriptors.

ESQL/C library functions that use an LO file descriptor

The following table shows the IBM Informix ESQL/C library functions that access

the LO file descriptor.

ESQL/C library function

Purpose

See

ifx_lo_close()

Closes the smart large object that
the LO file descriptor identifies
and deallocates the LO file
descriptor

“The ifx_lo close()|

function” on page B—108|

ifx_lo_copy_to_lo()

Copies an operating-system file to
an open smart large object that the
LO file descriptor identifies

“The ifx_lo_copy to lo()|

function” on page B-112|

ifx_lo_create()

Creates and opens a new smart
large object and returns an LO file
descriptor

“The ifx_lo_create()|

function” on page B-112|

ifx_lo_open()

Opens a smart large object and
returns an LO file descriptor

“The ifx_lo_open()|

function” on page B-118)

ifx_lo_read()

Reads data from the open smart
large object that the LO file
descriptor identifies

“The ifx_lo_read() function”|

on page B-119

ifx_lo_readwithseek()

Seeks a specified file position in
the open smart large object that
the LO file descriptor identifies
and then reads data from this
position

“The ifx_lo_readwithseek()|

function” on page B-120|

ifx_lo_seek()

Moves the file position in the
open smart large object that the
LO file descriptor identifies

“The ifx_lo_seek() function”|

on page B-12)

Chapter 8. Smart large objects

8-11



ESQL/C library function

Purpose

See

ifx_lo_stat()

Obtains status information for the
open smart large object that the
LO file descriptor identifies

“The ifx_lo_stat() function’]

on page B-134

ifx_lo_tell()

Determines the current file
position in the open smart large
object that the LO file descriptor
identifies

“The ifx_lo_tell() function”]

on page B-140|

ifx_lo_truncate()

Truncates at a specified offset the
open smart large object that the
LO file descriptor identifies

“The ifx_lo_truncate()|

function” on page B-142|

ifx_lo_write()

Writes data to the open smart
large object that the LO file
descriptor identifies

“The ifx_lo_write()

function” on page B-143]

ifx_lo_writewithseek()

Seeks a specified file position in
the open smart large object that
the LO file descriptor identifies
and then writes data to this
position

“The ifx_lo_writewithseek()|

function” on page B-144|

Creating a smart large object

Perform the following steps to create a smart large object:

1. Allocate an LO-specification structure with the ifx_lo_def_create_spec()

function.

2. Ensure that the LO-specification structure contains the desired storage
characteristics for the new smart large object.

3. Create an LO-pointer structure for the new smart large object and open the
smart large object with the ifx_lo_create() function.

4. Write the data for the new smart large object to the open smart large object
with the ifx_lo_write() or ifx_lo_writewithseek() function.

5. Save the new smart large object in a column of the database.

6. Deallocate the LO-specification structure with the ifx_lo_spec_free() function.

Related concepts

[‘The LO-specification structure” on page 8-2|

[“Write data to a smart large object” on page 8-1§

Accessing a smart large object

8-12

To access a smart large object, take the following steps:

1. Select the smart large object from the database into an ifx_lo_t host variable
with the SELECT statement.

2. Open the smart large object with the ifx_lo_open() function.

3. Perform the appropriate read or write operations to update the data of the

smart large object.

4. Close the smart large object with the ifx_lo_close() function.
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Select a smart large object

A SELECT statement does not perform the actual output for the smart-large-object
data. It does, however, establish a means for the application program to identify a
smart large object so that it can then issue IBM Informix ESQL/C library functions
to open, read, write, or perform other operations on the smart large object.

A CLOB or BLOB column in a database table contains the LO-pointer structure for
a smart large object. Therefore, when you select a CLOB or BLOB column into an
ifx_lo_t host variable, the SELECT statement returns an LO-pointer structure. For
this reason, you declare host variables for CLOB and BLOB values as LO-pointer
structures.

The following figure shows how the database server transfers the data of a smart
large object to the Informix ESQL/C client application.

Database 1. Execute SQL SELECT statement.
server 2. Obtain LO-pointer structure.

ESQL/C 3. Use ESQL/C API functions to access data

client through LO-pointer structure.
application

Figure 8-3. Transferring smart- large-object data from database server to client application

For an example of code that selects a smart large object from a database column,
see ["The create_clob.ec program” on page C-2.|For information about how to store
a smart large object in the database, see [“Store a smart large object” on page 89

Related reference

[“Declare a host variable” on page 8-2|

Open a smart large object

When you open a smart large object, you obtain an LO file descriptor for the smart
large object. Through the LO file descriptor you can access the data of a smart
large object as if it were in an operating-system file.

Access modes
When you open a smart large object, you specify the access mode for the data.

The access mode determines which read and write operations are valid on the
open smart large object. You specify an access mode with one of the access-mode
constants that the Tocator.h file defines.

The following table shows the access modes and their corresponding defined
constants that the ifx_lo_open() and ifx_lo_create() functions support.

Table 8-3. Access-mode flags for smart large objects

Access mode

Purpose Access-mode constant

Read-only mode

Only read operations are valid on the data. LO_RDONLY
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Table 8-3. Access-mode flags for smart large objects (continued)

Access mode

Purpose Access-mode constant

Dirty-read mode

For ifx_open() only, allows you to read uncommitted data pages for =~ LO_DIRTY_READ
the smart large object. You cannot write to a smart large object after

you set the mode to LO_DIRTY_READ. When you set this flag, you

reset the current transaction isolation mode to dirty read for the

smart large object.

Do not base updates on data that you obtain from a smart large
object in dirty-read mode.

Write-only mode

Only write operations are valid on the data. LO_WRONLY

Append mode

Intended for use in conjunction with LO_WRONLY or LO_RDWR. LO_APPEND
Sets the location pointer to the end of the object immediately prior to
each write. Appends any data you write to the end of the smart large
object. If LO_APPEND is used alone, the object is opened for reading

only.
Read/write mode Both read and write operations are valid on the data. LO_RDWR
Buffered access Use standard database server buffer pool. LO_BUFFER
Lightweight I/O Use private buffers from the session pool of the database server. LO_NOBUFFER
Lock all Specify that locking will occur for an entire smart large object. LO_LOCKALL

Lock byte range

Specify that locking will occur for a range of bytes, which will be LO_LOCKRANGE
specified through the ifx_lo_lock() function when the lock is placed.

Tip: These access-mode flags for a smart large object are patterned after the UNIX
System V access modes.

Set dirty read access mode:

To set dirty read isolation mode for a smart large object, set it for the transaction
with the SET ISOLATION statement, or set the LO_DIRTY_ READ access mode
when you open the smart large object. Setting the LO_DIRTY_READ access mode
when you open the smart large object affects the read mode only for the smart
large object and not for the entire transaction. In other words, if your transaction is
executing in committed-read mode, you can use the LO_DIRTY_READ access
mode to open the smart large object in dirty-read mode, without changing the
isolation mode for the transaction.

For more information about dirty read isolation mode, see the SET ISOLATION
statement in the IBM Informix Guide to SQL: Syntax.

The LO_APPEND flag:

When you open a smart large object with LO_APPEND only, the smart large object
is opened as read-only. Seek operations move the file pointer but write operations
to the smart large object fail and the file pointer is not moved from its position just
before the write. Read operations occur from where the file pointer is positioned
and then the file pointer is moved.

You can mask the LO_APPEND flag with another access mode. In any of these OR
combinations, the seek operation remains unaffected. The following table shows
the effect on the read and write operations that each of the OR combinations has.
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OR operation Read operations Write operations

LO_RDONLY | Occur at the file position and Fail and do not move the file
LO_APPEND then move the file position to position.
the end of the data that was read

LO_WRONLY | Fail and do not move the file Move the file position to the end of

LO_APPEND position the smart large object and then write
the data; file position is at the end of
the data after the write.

LO_RDWR | Occur at the file position and Move the file position to the end of
LO_APPEND then move the file position to the smart large object and then write
the end of the data that was read the data; file position is at the end of
the data after the write.

Lightweight I/O: When the database server accesses smart large objects, it uses
buffers from the buffer pool for buffered access. Unbuffered access is called
lightweight I/O. Lightweight I/O uses private buffers instead of the buffer pool to
hold smart large objects. These private buffers are allocated out of the database
server session pool.

Lightweight I/O allows you to bypass the overhead of the least-recently-used
(LRU) queues that the database server uses to manage the buffer pool. For more
information about LRUs, see your IBM Informix Performance Guide.

You can specify lightweight I/O by setting the flags parameter to LO_NOBUFFER
when you create a smart large object with the ifx_lo_create() function or when you
open a particular smart large object with the ifx_lo_open() function. To specify
buffered access, which is the default, use the LO_BUFFER flag.

Important: Keep the following issues in mind when you use lightweight 1/0:

* Close smart large objects with ifx_lo_close() when you are finished with them to
free memory allocated to the private buffers.

* All opens that use lightweight I/O for a particular smart large object share the
same private buffers. Consequently, one operation can cause the pages in the
buffer to be flushed while other operations expect the object to be present in the
buffer.

The database server imposes the following restrictions on switching from
lightweight 1/O to buffered 1/0:

* You can use the ifx_lo_alter() function to switch a smart large object from
lightweight I/O (LO_NOBUFFER) to buffered I/O (LO_BUFFER) if the smart
large object is not open. However, ifx_lo_alter() generates an error if you try to
change a smart large object that uses buffered I/O to one that uses lightweight
I/0.

* Unless you first use ifx_lo_alter() to change the access mode to buffered access
(LO_BUFEFER), you can only open a smart large object that was created with
lightweight 1/O with the LO_NOBUFFER access-mode flag. If an open specifies
LO_BUFFER, the database server ignores the flag.

* You can open a smart large object that was created with buffered access
(LO_BUFEFER) with the LO_NOBUFEFER flag only if you open the object in
read-only mode. If you attempt to write to the object, the database server returns
an error. To write to the smart large object, you must close it then reopen it with
the LO_BUFFER flag and an access flag that allows write operations.
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You can use the database server utility onspaces to specify lightweight I/O for all
smart large objects in an sbspace. For more information about the onspaces utility,
see your IBM Informix Administrator’s Guide.

Smart-large-object locks

When you open a smart large object the database server locks either the entire
smart large object or a range of bytes that you specify to prevent simultaneous
access to smart-large-object data, Locks on smart large objects are different than
row locks. If you retrieve a smart large object from a row, the database server
might hold a row lock as well as a smart-large-object lock. The database server
locks smart-large-object data because many columns can contain the same
smart-large-object data. You use the access-mode flags, LO_RDONLY,
LO_DIRTY_READ, LO_APPEND, LO_WRONLY, LO_RDWR, and LO_TRUNC to
specify the lock mode of a smart large object. You pass these flags to the
ifx_lo_open() and ifx_lo_create() functions. When you specify LO_RDONLY, the
database server places a share lock on the smart large object. When you specify
LO_DIRTY_READ, the database server does not place a lock on the smart large
object. If you specify any other access-mode flag, the database server obtains an
update lock, which it promotes to an exclusive lock on first write or other update
operation.

Share and update locks (read-only mode, or write mode before an update
operation occurs) are held until your program takes one of the following actions:

* Closes the smart large object

¢ Commits the transaction or rolls it back

Exclusive locks are held until the end of a transaction even if you close the smart
large object.

Important: You lose the lock at the end of a transaction, even if the smart large
object remains open. When the database server detects that a smart large object has
no active lock, it automatically obtains a new lock when the first access occurs to
the smart large object. The lock it obtains is based on the original open mode of
the smart large object.

Range of a lock: When you place a lock on a smart large object you can lock
either the entire smart large object or you can lock a byte range. A byte range lock
allows you to lock only the range of bytes that you will affect within the smart
large object.

Two access-mode flags, LO_LoCKALL and LO_LOCKRANGE, enable you to
designate the default type of lock that will be used for the smart large object. You
can set them with ifx_lo_specset_flags() and retrieve them with
ifx_specget_flags(). The LO_LOCKALL flag specifies that the entire smart large
object will be locked; the LO_LOCKRANGE flag specifies that you will use
byte-range locks for the smart large object. For more information, see |”The|
ifx_lo_specget_flags() function” on page B-126{ and [“The ifx_lo_specset_flags()|
function” on page B-131]

You can use the ifx_lo_alter() function to change the default range from one type
to the other. You can also override the default range by setting either the
LO_LOCKALL or the LO_LOCKRANGE flag in the access-mode flags for
ifx_lo_open(). For more information, see [“Open a smart large object” on page 8-13|
and |”The ifx_lo_open() function” on page B-118]
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The ifx_lo_lock() function allows you to lock a range of bytes that you want to
access for a smart large object and the ifx_lo_unlock() function allows you to
unlock the bytes when you are finished. For more information, see m’é
ifx_lo_lock() function” on page B-116|and |“The ifx_lo_unlock() function” on page|

B-142J

Duration of an open on a smart large object

Once you open a smart large object with the ifx_lo_create() function or the
ifx_lo_open() function, it remains open until one of the following events occurs:

* The ifx_lo_close() function closes the smart large object.
e The session ends.

The end of the current transaction does not close a smart large object. It does,
however, release any lock on a smart large object. Have your applications close
smart large objects as soon as they finish with them. Leaving smart large objects
open unnecessarily consumes system memory. Leaving a sufficient number of
smart large objects open can eventually produce an out-of-memory condition.

Delete a smart large object

A smart large object is not deleted until the current transaction commits and the
smart large object is closed, if the application opened the smart large object.

Modifying a smart large object

You can modify the data of the smart large object with the following steps:

1. Read and write the data in the open smart large object until the data is ready
to save.

2. Store the LO-pointer for the smart large object in the database with the
UPDATE or INSERT statement.

Related concepts

[“Store a smart large object” on page 8-9

Read data from a smart large object
The ifx_lo_read() and ifx_lo_readwithseek() IBM Informix ESQL/C library
functions read data from an open smart large object.

They both read a specified number of bytes from the open smart large object into
the user-defined character buffer. The ifx_lo_read() function begins the read
operation at the current file position. You can specify the starting file position of
the read with the ifx_lo_seek() function, and you can obtain the current file
position with the ifx_lo_tell() function. The ifx_lo_readwithseek() function
performs the seek and read operations with a single function call.

The ifx_lo_read() and ifx_lo_readwithseek() functions require a valid LO file

descriptor to identify the smart large object to be read. You obtain an LO file
descriptor with the ifx_lo_open() or ifx_lo_create() function.
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Related reference

[‘The ifx_lo_read() function” on page B-119|

[‘The ifx_lo_readwithseek() function” on page B-12()

Write data to a smart large object

The ifx_lo_write() and ifx_lo_writewithseek() Informix ESQL/C library functions
write data to an open smart large object. They both write a specified number of
bytes from a user-defined character buffer to the open smart large object. The
ifx_lo_write() function begins the write operation at the current file position. You
can specify the starting file position of the write with the ifx_lo_seek() function,
and you can obtain the current file position with the ifx_lo_tell() function. The
ifx_lo_writewithseek() function performs the seek and write operations with a
single function call.

The ifx_lo_write() and ifx_lo_writewithseek() functions require a valid LO file
descriptor to identify the smart large object to write. You obtain an LO file
descriptor with the ifx_lo_open() or ifx_lo_create() function.

Related reference

[“The ifx_lo_write() function” on page B-143

[“The ifx_lo_writewithseek() function” on page B-144|

Close a smart large object

Once you have finished the read and write operations on the smart large object,
deallocate the resources assigned to it with the ifx_lo_close() function. When the
resources are freed, they can be reallocated to other structures that your program
needs. In addition, the LO file descriptor can be reallocated to other smart large
objects.

Related reference

[“The ifx_lo_close() function” on page B-108|

Obtaining the status of a smart large object

8-18

To obtain status information for a smart large object, take the following steps:

1. Obtain a valid LO-pointer structure to the smart large object for which you
want status.

2. Allocate and fill an LO-status structure with the ifx_lo_stat() function

3. Use the appropriate IBM Informix ESQL/C accessor function to obtain the
status information you need.

4. Deallocate the LO-status structure.

Obtaining a valid LO-pointer structure

You can obtain status information for any smart large object for which you have a
valid LO-pointer structure. You can perform either of the following steps to obtain
an LO-pointer structure:

e Select a CLOB or BLOB column from a database table.
* Create a new smart large object.
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Related concepts

[‘The LO-pointer structure” on page 8-§|

[‘Select a smart large object” on page 8-13]

Allocate and access an LO-status structure

The LO-status structure stores status information for a smart large object. This
section describes how to allocate and access an LO-status structure.

Allocate an LO-status structure

The ifx_lo_stat() function performs the following tasks:

* It allocates a new LO-status structure, whose pointer you provide as an
argument.

e It initializes the LO-status structure with all status information for the smart
large object that the LO file descriptor, which you provide, identifies.

Related reference

[“The ifx_lo_stat() function” on page B-134|

Access the LO-status structure

The LO-status structure, ifx_lo_stat_t, stores the status information for a smart
large object in an IBM Informix ESQL/C program. The Tocator.h header file
defines the LO-status structure so you must include the Tocator.h file in your
Informix ESQL/C programs that access this structure.

Important: The LO-status structure, ifx_lo_stat_t, is opaque to Informix ESQL/C
programs. Do not access its internal structure directly. The internal structure of
ifx_lo_stat_t may change in future releases. Therefore, to create portable code,
always use the Informix ESQL/C accessor functions for this structure to obtain and
store values in the LO-status structure.

The following table shows the status information along with the corresponding
Informix ESQL/C accessor functions.

Table 8-4. Status information in the LO-status structure

Disk-storage information = Description ESQL/C accessor functions

Last access time

The time, in seconds, that the smart large object was last ifx_lo_stat_atime()
accessed.

This value is available only if the
LO_KEEP_LASTACCESS_TIME flag is set for this smart
large object.

Storage characteristics

The storage characteristics for the smart large object. ifx_lo_stat_cspec()

These characteristics are stored in an LO-specification
structure (see ["The LO-specification structure” on page|
. Use the Informix ESQL/C accessor functions for an
LO-specification structure (see [Table 8-1 on page 8-3|and
[Table 8-2 on page 8-4) to obtain this information.

Last change in status

The time, in seconds, of the last status change for the ifx_lo_stat_ctime()
smart large object.

A change in status includes updates, changes in
ownership, and changes to the number of references.
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Table 8-4. Status information in the LO-status structure (continued)

Disk-storage information = Description ESQL/C accessor functions

Last modification time
(seconds)

The time, in seconds, that the smart large object was last ifx_lo_stat_mtime_sec()
modified.

Reference count

A count of the number of references to the smart large ifx_lo_stat_refcnt()
object.

Size

The size, in bytes, of the smart large object. ifx_lo_stat_size()

The time values (such as last access time and last change time) might differ slightly
from the system time. This difference is due to the algorithm that the database
server uses to obtain the time from the operating system.

Deallocate the LO-status structure

Once you have finished with an LO-status structure, deallocate the resources
assigned to it with the ifx_lo_stat_free() function. When the resources are freed,
they can be reallocated to other structures that your program needs.

Related reference

[‘The ifx_lo_stat_free() function” on page B-137

Alter a smart-large-object column

You can use the PUT clause of the ALTER TABLE statement to change the storage
location and the storage characteristics of a CLOB or BLOB column. You can
change the sbspace where the column is stored and also implement round-robin
fragmentation, which causes the smart large objects in the CLOB or BLOB column
to be distributed among a series of specified sbspaces. For example, the ALTER
TABLE statement in the following example changes the original storage location of
the advert.picture column from s9_sbspc to the sbspaces s10_sbspc and s11_sbspc.
The ALTER TaBLE statement also changes the characteristics of the column:

advert ROW (picture BLOB, caption VARCHAR(255, 65)),

PUT advert IN (s9_sbspc)
(EXTENT SIZE 100)

ALTER TABLE catalog
PUT advert IN (s10_sbspc, sll_shspc)
(extent size 50, NO KEEP ACCESS TIME);

When you change the storage location or storage characteristics of a
smart-large-object column, the changes apply only to new instances created for the
column. The storage location and storage characteristics of existing smart large
objects for the column are not affected.

For a description of the catalog table that the preceding example references, see the
[Appendix C, “Examples for smart-large-object functions,” on page C-1.|

For more information about the ALTER TABLE statement, see the IBM Informix
Guide to SQL: Syntax.
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Migrate simple large objects

To migrate simple large objects to smart large objects, cast TEXT data to CLOB
data and BYTE data to BLOB data. You can use the cast syntax (bytecolblobcol,
for example) to migrate a simple large object to a smart large object. The following
example migrates the BYTE column cat_picture from the catalog table in the
stores7 database to the BLOB field picture in the advert row type in the alternate
catalog table that is described in|[Appendix C, “Examples for smart-large-object
functions,” on page C-1f
update catalog set advert = ROW ((SELECT cat_picture::blob
FROM stores7:catalog WHERE catalog_num = 10027), pwd

advert.caption)
WHERE catalog_num = 10027

For a description of the stores7 table, see IBM Informix Guide to SQL: Reference.

You can also use the MODIFY clause of the ALTER TABLE statement to change a
TEXT or BYTE column to a CLOB or BLOB column. When you use the MODIFY

clause of the ALTER TABLe statement, the database server implicitly casts the old
data type to the new data type to create the CIOB or BLOB column.

For example, if you want to change the cat_descr column from a TEXT column to
a BYTE column in the catalog table of the stores7 database, you can use a
construction similar to the following statement:

ALTER TABLE catalog modify cat_descr CLOB,
PUT cat_descr in (sbspc);

For more information about the ALTER TABLE statement, see the IBM Informix
Guide to SQL: Syntax

For more information about casting, see the IBM Informix Guide to SQL: Syntax and
the IBM Informix Guide to SQL: Tutorial.

Read and write smart large objects on an optical disc (UNIX)

Within a table, rows that include smart-large-object data do not include the
smart-large-object data in the row itself. Instead, the smart-large-object column
contains the LO-pointer structure. The LO-pointer structure can point to an sbpage
in an sbspace or to a platter in an optical storage subsystem.

However, you can store smart large objects on optical disc only if this media is
mounted as a UNIX file system and is write many (WMRM). The optical disc must
contain the sbspaces for the smart large objects. Your application can use the IBM
Informix ESQL/C API for smart large objects to access the smart large objects on
the mounted optical disc.

The database server does not provide support for a write-once-read-many
(WORM) optical-storage subsystem as a location for smart large objects. However,

it does support access to simple large objects (BYTE and TEXT) on WORM media.

For details about the optical subsystem, see your IBM Informix Administrator’s
Guide and the IBM Informix Optical Subsystem Guide.
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Related concepts

[‘The LO-specification structure” on page 8-2|

Related reference

[‘Read and write simple large objects to an optical disc (UNIX)” on page 7-27|

The ESQL/C API for smart large objects

The IBM Informix ESQL/C API for smart large objects allows an application
program to access a smart large object much like an operating-system file.

A smart large object that does not fit into memory does not have to be read into a
file and then accessed from a file; it can be accessed one piece at a time. An
Informix ESQL/C application program accesses smart large objects through the
Informix ESQL/C library functions in the following table.

ESQL/C function

Description

See

ifx_lo_alter()

Alters the storage
characteristics of an existing
smart large object

“The ifx_lo_alter() function”|

on page B—lOZ]

ifx_lo_close()

Closes an open smart large
object

“The ifx_lo_close() function”|

on page B—10§|

ifx_lo_col_info()

Retrieves column-level
storage characteristics in an
LO-specification structure

“The ifx_lo_col_info()|

function” on page B-109|

ifx_lo_copy_to_file()

Copies a smart large object
into an operating-system file

“The ifx_lo_copy_to_file()|

function” on page B-110|

ifx_lo_copy_to_lo()

Copies an operating-system
file into an open smart large
object

“The ifx_lo_copy_to_lo()|

function” on page B-112)

ifx_lo_create()

Creates an LO-pointer
structure for a smart large
object

“The ifx_lo_create() function’]

on page B—112|

ifx_lo_def_create_spec()

Allocates an LO-specification
structure and initializes its
fields to null values

“The ifx_lo_def create_spec()|

function” on page B-114|

ifx_lo_filename()

Returns the generated file
name, given an LO-pointer
structure and a file
specification

“The ifx_lo_filename()|

function” on page B-115)|

ifx_lo_from_buffer()

Copies a specified number
of bytes from a user-defined
buffer into a smart large
object

“The ifx_lo_from_buffer()

function” on page B-115

ifx_lo_open()

Opens an existing smart
large object

“The ifx_lo_open() function”|

on page B-118|

ifx_lo_read()

Reads a specified number of
bytes from an open smart
large object

“The ifx_lo_read() function”|

on page B—119|

ifx_lo_readwithseek()

Seeks to a specified position
in an open smart large
object and reads a specified
number of bytes

“The ifx_lo_readwithseek()|

function” on page B-120|
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ESQL/C function

Description

See

ifx_lo_release()

Releases resources
committed to a temporary
smart large object

“The ifx_lo_release()|

function” on page B-121]

ifx_lo_seek()

Sets the seek position for the
next read or write on an
open smart large object

“The ifx_lo_seek() function”]

on page B-122)

ifx_lo_spec_free()

Frees the resources allocated
to an LO-specification
structure

“The ifx_lo_spec_free()|

function” on page B-123|

ifx_lo_specget_estbytes()

Gets the estimated size, in
bytes, of the smart large
object

“The ifx_lo_specget_estbytes()

function” on page B-125

ifx_lo_specget_extsz()

Gets the allocation extent
size for the smart large
object

“The ifx_lo_specget_extsz()|

function” on page B-125|

ifx_lo_specget_flags()

Gets the create-time flags for
the smart large object

“The ifx_lo_specget_flags()|

function” on page B-126

ifx_lo_specget_maxbytes()

Gets the maximum size for
the smart large object

"“The

ifx_lo_specget_maxbytes()|

function” on page B-127]

ifx_lo_specset_sbspace()

Gets the sbspace name for
the smart large object

“The ifx_lo_specget_sbspace()|

function” on page B-12§|

ifx_lo_specset_estbytes()

Sets the estimated size, in
bytes, of the smart large
object

“The ifx_lo_specset_estbytes()|

function” on page B-13()|

ifx_lo_specset_extsz()

Sets the allocation extent
size for the smart large
object

“The ifx_lo_specset_extsz()

function” on page B-13()

ifx_lo_specset_flags()

Sets the create-time flags for
the smart large object

“The ifx_lo_specset flags()|

function” on page B-131]

ifx_lo_specset_maxbytes()

Sets the maximum size for
the smart large object

“The|

ifx_lo_specset maxbytes()|

function” on page B-132|

ifx_lo_specset_sbspace()

Sets the sbspace name for
the smart large object

“The ifx_lo_specset_sbspace()|

function” on page B-133|

ifx_lo_stat()

Obtains status information
for an open smart large
object

“The ifx_lo_stat() function’|

on page B—134_L|

ifx_lo_stat_atime()

Returns the last access time
for a smart large object

“The ifx_lo_stat_atime()|

function” on page B-135|

ifx_lo_stat_cspec()

Returns the storage
characteristics for a smart
large object

“The ifx_lo_stat_cspec()|

function” on page B-136|

ifx_lo_stat_ctime()

Returns the last
change-in-status time for the
smart large object

“The ifx_lo_stat_ctime()|

function” on page B-137]

ifx_lo_stat_free()

Frees the resources allocated
to an LO-status structure

“The ifx_lo_stat_free()|

function” on page B-137]

ifx_lo_stat_mtime_sec()

Returns the last modification
time, in seconds, for the
smart large object

“The ifx_lo_stat_mtime_sec()|

function” on page B-13§|

Chapter 8. Smart large objects

8-23



8-24

ESQL/C function

Description

See

ifx_lo_stat_refcnt()

Returns the reference count
for the smart large object

“The ifx_lo_stat_refcnt()

function” on page B-139

ifx_lo_stat_size()

Returns the size of the smart
large object

“The ifx_lo_stat_size()|

function” on page B-140|

ifx_lo_tell()

Returns the current seek
position of an open smart
large object

“The ifx_lo_tell() function” on|

[page B-14§]

ifx_lo_to_buffer()

Copies a specified number
of bytes from a smart large
object into a user-defined
buffer

“The ifx_lo_to_buffer()|

function” on page B-141]

ifx_lo_truncate()

Truncates a smart large
object to a specific offset

“The ifx_lo_truncate()|

function” on page B-142|

ifx_lo_write()

Writes a specified number of
bytes to an open smart large
object

“The ifx_lo_write() function”)

on page B-14§|

ifx_lo_writewithseek()

Seeks to a specified position
in an open smart large
object and writes a specified
number of bytes

“The ifx_lo_writewithseek()|

function” on page B-144|
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Chapter 9. Complex data types

These topics explain how to use collection and row data types in an IBM Informix
ESQL/C program.

The information in these topics apply only if you are using IBM Informix as your
database server.

These Informix ESQL/C data types access the complex data types, as the following
table shows.

Data type ESQL/C host variable

Collection types: LIST, MULTISET, SET Typed collection host variable

Untyped collection host variable

Row types: named and unnamed Typed row host variable

Untyped row host variable

For information about SQL complex data types, see the IBM Informix Guide to SQL:
Reference.

Related reference
[Chapter 3, “Informix ESQL/C data types,” on page 3-1|

Access a collection

IBM Informix supports the following kinds of collections:

* The SET data type stores a collection of elements that are unique values and
have no ordered positions.

* The MULTISET data type stores a collection of elements that can be duplicate
values and have no ordered positions.

* The LIST data type stores a collection of elements that can be duplicate values
and have ordered positions.

Both SQL and Informix ESQL/C enable you to use the SQL collection derived table
clause to access the elements of a collection as if they were rows in a table. In
Informix ESQL/C, the collection derived table takes the form of a collection variable.
The collection variable is a host variable into which you retrieve the collection.
Once you have retrieved the collection into a collection variable, you can perform
select, insert, update, and delete operations on it, with restrictions. For more
information about how to access a collection with an Informix ESQL/C collection
variable, see [“Declaring collection variables” on page 9-3] and more specifically,
[“Operate on a collection variable” on page 9-9]

Important: When the SQL statement references a collection variable, Informix
ESQL/C and not the database server, processes the statement.

SQL allows you to perform read-only (SELECT) operations on a collection by
implementing the collection derived table as a virtual table.
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Access a collection derived table

When the SELECT statement for a collection does not reference an IBM Informix
ESQL/C collection variable, the database server performs the query.

Consider, for example, the following schema:

create row type person(name char(255), id int);
create table parents(name char(255), id int,
children list(person not null));

You can select the names of children and IDs from the table parent using the
following SELECT statement:

select name, id from table(select children from parents
where parents.id = 1001) c_table(name, id);

To execute the query, the database server creates a virtual table (c_table) from the
list children in the row of the parents table where parents.id equals 1001.

Advantage of a collection derived table
The advantage of querying a collection as a virtual table as opposed to querying it
through a collection variable is that the virtual table provides more efficient access.

By contrast, if you were to use collection variables, you might be required to
allocate multiple variables and multiple cursors. For example, consider the
following schema:

EXEC SQL create row type parent_type(name char(255), id int,
children list(person not null));

EXEC SQL create gradel2 parents(class_id int,
parents set(parent_type not null));

You can query the collection derived table as a virtual table as shown in the
following SELECT statement:

EXEC SQL select name into :host_varl
from table((select children from table((select parents
from gradel2_parents where class_id = 1))
p_table where p_table.id = 1001)) c_table
where c_table.name like 'Mer%';

To perform the same query using collection variables you need to execute the
following statements:

EXEC SQL client collection hvl;
EXEC SQL client collection hv2;
EXEC SQL int parent_id;

EXEC SQL char host_var1[256];

EXEC SQL allocate collection hvl;
EXEC SQL allocate collection hv2;

EXEC SQL select parents into :hvl from gradel2 parents
where class_id = 1;

EXEC SQL declare curl cursor for select id, children
from table(:hvl);

EXEC SQL open curl;

for(s;)

EXEC SQL fetch curl into :parent_id, :hv2;
if(parent_id = 1001)
break;
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EXEC SQL declare cur2 cursor for select name from
table(:hv2));

EXEC SQL open cur2;

for(s;)

{

EXEC SQL fetch cur2 into :host_varl;
/* user needs to implement 'like' function =/
if(1ike_function(host_varl, "Mer%"))

break;

}

Restrictions on a collection derived table

The following restrictions apply to querying a collection derived table that is a
virtual table:

¢ It cannot be the target of INSERT, DELETE, or UPDATE statements.

* It cannot be the underlying table of any cursors or views that can be updated.

* It does not support ordinality. For example, it does not support the following
statement:

select name, order_in_list from table(select children
from parents where parents.id = 1001)
with ordinality(order_in_Tlist);
* It is an error if the underlying collection expression of the collection derived
table evaluates to a null value.

* It cannot reference columns of tables that are referenced in the same FROM
clause. For example, it does not support the following statement because the
collection derived table table(parents.children) refers to the table parents, which
is referenced in the FROM clause:
select count(distinct c_id) from parents,

table(parents.children) c_table(c_name, c_id)
where parents.id = 1001

* The database server must be able to statically determine the type of the
underlying collection expression. For example, the database server cannot
support: TABLE(?)

* The database server cannot support a reference to a host variable without
casting it to a known collection type. For example, rather than specifying
TABLE(:hostvar), you must cast the host variable:

TABLE(CAST(:hostvar AS type))
TABLE(CAST(? AS type))

* It will not preserve the order of rows in the list if the underlying collection is a
list.

Declaring collection variables

To access the elements of a column that has a collection type (LIST, MULTISET, or
SET) as its data type, perform the following steps:

1. Declare a collection host variable, either typed or untyped.
2. Allocate memory for the collection host variable.

3. Perform any select, insert, update, or delete operations on the collection host
variable.

4. Save the contents of the collection host variable into the collection column.
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Syntax of the collection data type

Use the collection data type to declare host variables for columns of collection data

types (SET, MULTISET, or LIST).

As the following syntax diagram illustrates, you must use the collection keyword

as the data type for a collection host variable.

(1)

»——client—collection _|
set —(—element type—not null—)
multiset—

list

»—Y variable name ; ><
Notes:
1 Informix extension
Element Purpose Restrictions SQL Syntax
element type Data type of the elements in the Can be any data type except Data Type segment in the
collection variable SERIAL, SERIALS, BIGSERIAL, IBM Informix Guide to

TEXT, or BYTE

SQL: Syntax

variable name ~ Name of the Informix ESQL/C

variable to declare as a collection
variable

Name must conform to
language-specific rules
for variable names.

9-4

A collection variable can be any SQL collection type: LIST, MULTISET, or SET.

Important: You must specify the client keyword when you declare collection

variables.

Typed and untyped collection variables

Informix ESQL/C supports the following two collection variables:

* A typed collection variable specifies the data type of the elements in the

collection and the collection itself.

* An untyped collection variable specifies neither the collection type nor the

element type.

The typed collection variable:

A typed collection variable provides an exact description of the collection. This
declaration specifies the data type of the collection (SET, MULTISET, or LIST) and

the element type for the collection variable.

The following figure shows declarations for three typed collection variables.
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EXEC SQL BEGIN DECLARE SECTION;
client collection Tist(smallint not null)
listl;
client collection set(row(
x char(20),
y set(integer not null),
z decimal(10,2)) not null) row_set;
client collection multiset(set(smallint
not null)
not null) collection3;
EXEC SQL END DECLARE SECTION;

Figure 9-1. Sample typed collection variables

Typed collection variables can contain elements with the following data types:

* Any built-in data type (such as INTEGER, CHAR, BOOLEAN, and FLOAT)
except BYTE, TEXT, SERIAL, or SERIALS.

* Collection data types, such as SET and LIST, to create a nested collection
* Unnamed row types (named row types are not valid)
* Opaque data types

When you specify the element type of the collection variable, use the SQL data
types, not the IBM Informix ESQL/C data types. For example, as the declaration
for the listl variable in illustrates, use the SQL SMALLINT data type,
not the Informix ESQL/C short data type, to declare a LIST variable whose
elements are small integers. Similarly, use the SQL syntax for a CHAR column to
declare a SET variable whose elements are character strings, as the following
example illustrates:

client collection set(char(20) not null) set var;

Important: You must specify the not-null constraint on the element type of a
collection variable.

A named row type is not valid as the element type of a collection variable.
However, you can specify an element type of unnamed row type, whose fields
match those of the named row type.

For example, suppose your database has the named row type, myrow, and the
database table, mytable, that are defined as follows:

CREATE ROW TYPE myrow
(

a int,
b float
)s
CREATE TABLE mytable

coll int8,
col2 set(myrow not null)

)s

You can define a collection variable for the col2 column of mytable as follows:

EXEC SQL BEGIN DECLARE SECTION;
client collection set(row(a int, b float) not null)
my_collection;
EXEC SQL END DECLARE SECTION;

You can declare a typed collection variable whose element type is different from
that of the collection column as long as the two data types are compatible. If the

Chapter 9. Complex data types  9-5



9-6

database server is able to convert between the two element types, it automatically
performs this conversion when it returns the fetched collection.

Suppose you create the tab1 table as follows:
CREATE TABLE tabl (coll SET(INTEGER NOT NULL))

You can declare a typed collection variable whose element type matches (set_int)
or one whose element type is compatible (set_float), as follows:
EXEC SQL BEGIN DECLARE SECTION;

client collection set(float not null) set float;

client collection set(integer not null) set_int;
EXEC SQL END DECLARE SECTION;

EXEC SQL declare curl cursor for select * from tabl;
EXEC SQL open curl;

EXEC SQL fetch curl into:set_float;

EXEC SQL fetch curl into :set_int;

When it executes the first FETCH statement, the Informix ESQL/C client program
automatically converts the integer elements in the column to the float values in the
set_float host variable. The Informix ESQL/C program only generates a
type-mismatch error if you change the host variable after the first fetch. In the
preceding code fragment, the second FETCH statement generates a type-mismatch
error because the initial fetch has already defined the element type as float.

Use a typed collection variable in the following cases:

* When you insert into a derived table (Informix ESQL/C needs to know what the
type is)

* When you update an element in a derived table (Informix ESQL/C needs to
know what the type is)

¢ When you want the server to perform a cast. (The Informix ESQL/C client sends
the type information to the database server, which attempts to perform the
requested cast operation. If it is not possible, the database server returns an
error.)

Match the declaration of a typed collection variable exactly with the data type of
the collection column. You can then use this collection variable directly in SQL
statements such as INSERT, DELETE, or UPDATE, or in the collection-derived
table clause.

Tip: If you do not know the exact data type of the collection column you want to
access, use an untyped collection variable.

In a single declaration line, you can declare several collection variables for the
same typed collection, as the following declaration shows:
EXEC SQL BEGIN DECLARE SECTION;

client collection multiset(integer not null) msetl, mset2;
EXEC SQL END DECLARE SECTION;

You cannot declare collection variables for different collection types in a single
declaration line.
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Related concepts

[‘The untyped collection variable”|

Related reference

[‘The collection-derived table clause on collections” on page 9-10|

The untyped collection variable:

An untyped collection variable provides a general description of a collection. This
declaration includes only the collection keyword and the variable name.

The following lines declare three untyped collection variables:

EXEC SQL BEGIN DECLARE SECTION;
client collection collectionl, collection2;
client collection grades;

EXEC SQL END DECLARE SECTION;

The advantage of an untyped collection host variable is that it provides more
flexibility in collection definition. For an untyped collection variable, you do not
have to know the definition of the collection column at compile time. Instead, you
obtain, at runtime, a description of the collection from a collection column with the
SELECT statement.

Tip: If you know the exact data type of the collection column you want to access,
use a typed collection variable.

To obtain the description of a collection column, execute a SELECT statement to
retrieve the column into the untyped collection variable. The database server
returns the column description (the collection type and the element type) with the
column data. IBM Informix ESQL/C assigns this definition of the collection
column to the untyped collection variable.

For example, suppose the a_coll host variable is declared as an untyped collection
variable, as follows:
EXEC SQL BEGIN DECLARE SECTION;

client collection a_coll;
EXEC SQL END DECLARE SECTION;

The following code fragment uses a SELECT statement to initialize the a_coll

variable with the definition of the list_col collection column (which
defines) before it uses the collection variable in an INSERT statement:

EXEC SQL allocate collection :a_coll;

/* select LIST column into the untyped collection variable
* to obtain the data-type information */
EXEC SQL select Tist_col into :a_coll from tab_list;

/* Insert an element at the end of the LIST in the untyped
% collection variable */
EXEC SQL insert into table(:a_col1) values (7);

To obtain the description of a collection column, your application must verify that
a collection column has data in it before it selects the column. If the table has no
rows in it, the SELECT statement returns neither column data nor the column
description and Informix ESQL/C cannot assign the column description to the
untyped collection variable.
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You can use an untyped collection variable to store collections with different
column definitions, as long as you select the associated collection column
description into the collection variable before you use the variable in an SQL
statement.

Important: You must obtain the definition of a collection column for an untyped
collection variable before you use the variable in an SQL statement. Before the
collection variable can hold any values, you must use a SELECT statement to
obtain a description of the collection data type from a collection column in the
database. Therefore, you cannot insert or select values directly into an untyped
collection variable.

Related concepts

“The typed collection variable” on page 9-4
Yp pag

[“Manage memory for collections”]

Related reference

[“Insert elements into a collection variable” on page 9-13|

Client collections

The IBM Informix ESQL/C application declares the collection variable name,
allocates the memory for it with the ALLOCATE COLLECTION statement, and
performs operations on the collection data.

To access the elements of a collection variable, specify the variable in the Collection
Derived Table clause of a SELECT, INSERT, UPDATE, or DELETE statement.
Informix ESQL/C performs the select, insert, update, or delete operation. Informix
ESQL/C does not send these statements to the database server when they include
a client collection variable in the collection-derived table clause.

For example, Informix ESQL/C performs the following INSERT operation on the
a_multiset collection variable:

EXEC SQL BEGIN DECLARE SECTION;

client collection multiset(integer not null) a_multiset;
EXEC SQL END DECLARE SECTION;
EXEC SQL insert into table(:a_multiset) values (6);

When an SQL statement includes a collection variable, it has the following syntax
restrictions:

* You can only access elements of a client-side collection with the
collection-derived table clause and a SELECT, INSERT, UPDATE, or DELETE
statement.

¢ An INSERT statement cannot have a SELECT, an EXECUTE FUNCTION, or an
EXECUTE PROCEDURE statement in the VALUES clause.

* You cannot include a WHERE clause
* You cannot include an expression

* You cannot use scroll cursors
Related reference

[“Operate on a collection variable” on page 9-9

[“Insert elements into a collection variable” on page 9-13|

Manage memory for collections

IBM Informix ESQL/C does not automatically allocate or deallocate memory for
collection variables. You must explicitly manage the memory that is allocated to a
collection variable.
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Use the following SQL statements to manage memory for both typed and untyped

collection host variables:

¢ The ALLOCATE COLLECTION statement allocates memory for the specified
collection variable.
This collection variable can be a typed or untyped collection. The ALLOCATE
COLLECTION statement sets SQLCODE (sqlca.sqlcode) to zero if the memory
allocation was successful and a negative error code if the allocation failed.

e The DEALLOCATE COLLECTION statement deallocates memory for a specified
collection variable.
Once you free the collection variable with the DEALLOCATE COLLECTION
statement, you can reuse the collection variable.

Important: You must explicitly deallocate memory allocated to a collection
variable. Use the DEALLOCATE COLLECTION statement to deallocate the
memory.

The following code fragment declares the a_set host variable as a typed collection,
allocates memory for this variable, then deallocates memory for this variable:
EXEC SQL BEGIN DECLARE SECTION;

client collection set(integer not null) a_set;
EXEC SQL END DECLARE SECTION;

EXEC SQL allocate collection :a_set;

EXEC SQL deallocate collection :a_set;

The ALLOCATE COLLECTION statement allocates memory for the collection
variable and the collection data.

When DEALLOCATE COLLECTION fails because a cursor on the collection is still
open, an error message is returned. Before this, the error is not trapped. For syntax
information for the ALLOCATE COLLECTION and DEALLOCATE COLLECTION
statements, see their descriptions in the IBM Informix Guide to SQL: Syntax.

Operate on a collection variable

IBM Informix supports access to a collection column as a whole through the
SELECT, UPDATE, INSERT, and DELETE statements. For example, the SELECT
statement can retrieve all elements of a collection, and the UPDATE statement can
update all elements in a collection to a single value.

Tip: Informix can only access the contents of collection columns directly with the
IN predicate in the WHERE clause of a SELECT statement and this IN predicate
works only with simple collections (collections whose element types are not
complex types).

The SELECT, INSERT, UPDATE, and DELETE statements cannot access elements of
a collection column in a table. To access elements in a collection column, an
Informix ESQL/C application constructs a subtable, called a collection-derived
table, in the collection host variable. From collection-derived table, the Informix
ESQL/C application to access the elements of the collection variable as rows of a
table.
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This section discusses the following topics on how to use a collection-derived table
in an Informix ESQL/C application to access a collection column:

* Using the collection-derived table clause in SQL statements to access a collection
host variable

* Initializing a collection host variable with a collection column
¢ Inserting elements into a collection host variable

* Selecting elements from a collection host variable

* Updating elements in a collection host variable

* Specifying element values for a collection host variable

* Deleting elements from a collection host variable

* Accessing a nested collection with collection host variables
Related reference

[“Operate on a collection column” on page 9-29

The collection-derived table clause on collections
The collection-derived table clause allows you to specify a collection host variable
as a table name.

This clause has the following syntax:
TABLE(:coll _var)

In this example, coll_var is a collection host variable. It can be either a typed or
untyped collection host variable, but it must be declared and have memory
allocated in the IBM Informix ESQL/C application before it appears in a
collection-derived table clause.

For more information about the syntax of the collection-derived table clause, see
the description of the collection-derived table segment in the IBM Informix Guide to
SQL: Syntax.

Access a collection variable:

In SQL statements, the IBM Informix ESQL/C application specifies a
collection-derived table in place of a table name to perform the following
operations on the collection host variable:

* You can insert an element into the collection host variable with the
collection-derived table clause after the INTO keyword of an INSERT, or with
the PUT statement.

For more information, see|“Insert elements into a collection variable” on page|
9-13,

* You can select an element from a collection host variable with the
collection-derived table clause in the FROM clause of the SELECT statement.

For more information, see“Select from a collection variable” on page 9-17.|

* You can update all or some elements in the collection host variable with the
collection-derived table clause (instead of a table name) after the UPDATE
keyword in an UPDATE statement.

For more information, see[“Update a collection variable” on page 9-21}

* You can delete all or some elements from the collection host variable with the
collection-derived table clause after the FROM keyword in the DELETE
statement.
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For more information, see[“Delete elements from a collection variable” on page]
9-25.

Tip: If you only need to insert or update a collection column with literal values,
you do not need to use a collection host variable. Instead, you can explicitly list
the literal-collection value in either the INTO clause of the INSERT statement or
the SET clause of the UPDATE statement.

For more information, see [“Insert into and update a collection column” on page|

Once the collection host variable contains valid elements, you update the
collection column with the contents of the host variable. For more information, see
[“Operate on a collection column” on page 9-29.| For more information about the
syntax of the collection-derived table clause, see the description of the
collection-derived table segment in the IBM Informix Guide to SQL: Syntax.

Distinguish between columns and collection variables:

When you use the collection-derived table clause with a collection host variable in
an SQL statement (such as SELECT, INSERT, or UPDATE), the statement is not
sent to the database server for processing. Instead, IBM Informix ESQL/C
processes the statement. Consequently, some of the syntax checking that the
database server performs is not done on SQL statements that include the
collection-derived table clause.

In particular, the Informix ESQL/C preprocessor cannot distinguish between
column names and host variables. Therefore, when you use the collection-derived
table clause with an UPDATE or INSERT statement, you must use valid
host-variable syntax in:

¢ The SET clause of an UPDATE statement

* The VALUES clause of an INSERT statement

Related concepts

[‘Distinguish between columns and row variables” on page 9-39

Initialize a collection variable

You must always initialize an untyped collection variable by selecting a collection
column into it. You must execute a SELECT statement, regardless of the operation
you want to perform on the untyped collection variable.

Important: Selecting the collection column into the untyped collection variable
provides IBM Informix ESQL/C with a description of the collection declaration.

You can initialize a collection variable by selecting a collection column into the
collection variable, constructing the SELECT statement as follows:

* Specify the name of the collection column in the select list.
* Specify the collection host variable in the INTO clause.

* Specify the table or view name (not the collection-derived table clause) in the
FROM clause.

You can initialize a typed collection variable by executing an INSERT statement
that uses the collection derived table syntax. You do not need to initialize a typed
collection variable before an INSERT or UPDATE because Informix ESQL/C has a
description of the collection variable.
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Suppose, for example, that you create the tab_list and tab_set tables with the
statements in the following figure.

EXEC SQL create table tab _Tist
(Tist_col list(smallint not null));
EXEC SQL create table tab_set
(
id_col integer,
set_col set(integer not null)

)s

Figure 9-2. Sample tables with collection columns

The following code fragment accesses the set_col column with a typed collection
host variable called a_set:
EXEC SQL BEGIN DECLARE SECTION;

client collection set(integer not null) a_set;
EXEC SQL END DECLARE SECTION;

EXEC SQL allocate collection :a_set;
EXEC SQL select set_col into :a_set from tab_set
where id_col = 1234;

When you use a typed collection host variable, the description of the collection
column (the collection type and the element type) should be compatible with the
corresponding description of the typed collection host variable. If the data types
don’t match, the database server will do a cast if it can. The SELECT statement in
the preceding code fragment successfully retrieves the set_col column because the
a_set host variable has the same collection type (SET) and element type (INTEGER)
as the set_col column.

The following SELECT statement succeeds because the database server casts
list_col column to a set in a_set host variable and discards any duplicates:

/* This SELECT generates an error */
EXEC SQL select Tist_col into :a_set from tab_list;

You can select any type of collection into an untyped collection host variable. The

following code fragment uses an untyped collection host variable to access the
list_col and set_col columns that defines:

EXEC SQL BEGIN DECLARE SECTION;
client collection a collection;
EXEC SQL END DECLARE SECTION;

EXEC SQL allocate collection :a_collection;
EXEC SQL select set_col into :a_collection
from tab_set
where id_col = 1234;

EXEC SQL select Tist_col into :a_collection
from tab_Tist
where Tist{6} in (list_col);

Both SELECT statements in this code fragment can successfully retrieve collection
columns into the a_collection host variable.

Once you have initialized the collection host variable, you can use the
collection-derived table clause to select, update, or delete existing elements in the
collection or to insert additional elements into the collection.
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Related concepts

[‘The untyped collection variable” on page 9-7|

Insert elements into a collection variable

To insert one or more elements into a collection variable, use the INSERT
statement with the collection-derived table clause after the INTO keyword. The
collection- derived table clause identifies the collection variable in which to insert
the elements. Associate the INSERT statement and the collection-derived table
clause with a cursor to insert more than one element into a collection variable.

Restriction: You cannot use expressions in the VALUES clause and you cannot use
a WHERE clause.

Related concepts

[“Specify element values” on page 9-23|

Insert one element:

The INSERT statement and the collection-derived table clause allow you to insert
one element into a collection.

IBM Informix ESQL/C inserts the values that the VALUES clause specifies into the
collection variable that the collection-derived table clause specifies.

Tip: When you insert elements into a client-side collection variable, you cannot
specify a SELECT, an EXECUTE FUNCTION, or an EXECUTE PROCEDURE
statement in the VALUES clause of the INSERT.

Insert elements into SET and MULTISET collections:

For SET and MULTISET collections, the position of the new element is undefined,
because the elements of these collections do not have ordered positions. Suppose
the table readings has the following declaration:

CREATE TABLE readings

(
dataset_id INT8,
time_dataset MULTISET(INT8 NOT NULL)

)s

To access the time_dataset column, the typed IBM Informix ESQL/C host variable
time_vals has the following declaration:
EXEC SQL BEGIN DECLARE SECTION;
client collection multiset(int8 not null) time vals;
ifx_int8_t an_int8;
EXEC SQL END DECLARE SECTION;

The following INSERT statement adds a new MULTISET element of 1,423,231 to
time_vals:

EXEC SQL allocate collection :time_vals;
EXEC SQL select time_dataset into :time_vals
from readings
where dataset_id = 1356;
ifx_int8cvint(1423231, &an_int8);
EXEC SQL insert into table(:time vals) values (:an_int8);

For more information about the ifx_int8cvint() function and the INTS8 data type,
see [Chapter 5, “Numeric data types,” on page 5-1
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Insert elements into LIST collections:

LIST collections have elements that have ordered positions. If the collection is of
type LIST, you can use the AT clause of the INSERT statement to specify the
position in the list at which you want to add the new element. Suppose the table
rankings has the following declaration:

CREATE TABLE rankings

(

item id INTS,

item_rankings LIST(INTEGER NOT NULL)
)s

To access the item_rankings column, the typed IBM Informix ESQL/C host
variable rankings has the following declaration:
EXEC SQL BEGIN DECLARE SECTION;
client collection list(integer not null) rankings;
int an_int;
EXEC SQL END DECLARE SECTION;

The following INSERT statement adds a new list element of 9 as the new third
element of rankings:

EXEC SQL allocate collection :rankings;

EXEC SQL select rank col into :rankings from results;
an_int = 9;

EXEC SQL insert at 3 into table(:rankings) values (:an_int);

Suppose that before this insert, rankings contained the elements {1,8,4,5,2}. After
this insert, this variable contains the elements {1,8,9,4,5,2}.

If you do not specify the AT clause, INSERT adds new elements at the end of a
LIST collection. For more information about the AT clause, see the description of
the INSERT statement in the IBM Informix Guide to SQL: Syntax.

Inserting more than one element:

An insert cursor that includes an INSERT statement with the collection-derived
table clause allows you to insert many elements into a collection variable.

To insert elements, follow these steps:
1. Create a client collection variable in your IBM Informix ESQL/C program.

For more information, see|”Declaring collection variables” on page 9-3| and
[“Manage memory for collections” on page 9-8|

2. Declare the insert cursor for the collection variable with the DECLARE
statement and open the cursor with the OPEN statement.

3. Put the element or elements into the collection variable with the PUT statement
and the FROM clause.

4. Close the insert cursor with the CLOSE statement, and if you no longer need
the cursor, free it with the FREE statement.

5. Once the collection variable contains all the elements, you then use the
UPDATE statement or the INSERT statement on a table name to save the
contents of the collection variable in a collection column (SET, MULTISET, or
LIST).

For more information, see [“Operate on a collection column” on page 9-29)
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Tip: Instead of an insert cursor, you can use an INSERT statement to insert
elements one at a time into a collection variable. However, an insert cursor is more
efficient for large insertions.

For more information, see ["Insert one element” on page 9-13)

For sample code that inserts several elements into a collection variable, see
IFigure 9-3 on page 9—171

Declare an insert cursor for a collection variable:
An insert cursor allows you to insert one or more elements in the collection.

To declare an insert cursor for a collection variable, include the collection-derived
table clause in the INSERT statement that you associate with the cursor. The insert
cursor for a collection variable has the following restrictions:

* It must be a sequential cursor; the DECLARE statement cannot specify the
SCROLL keyword.

* It cannot be a hold cursor; the DECLARE statement cannot specify the WITH
HOLD cursor characteristic.

If you need to use input parameters, you must prepare the INSERT statement and
specify the prepared statement identifier in the DECLARE statement.

You can use input parameters to specify the values in the VALUES clause of the
INSERT statement.

The following DECLARE statement declares the list_curs insert cursor for the
a_list variable:
EXEC SQL prepare ins_stmt from

"insert into table values';

EXEC SQL declare Tist_curs cursor for ins_stmt;
EXEC SQL open Tlist_curs using :a_list;

You can then use the PUT statement to specify the values to insert. For a code
fragment that includes this statement, see [Figure 9-3 on page 9-17

Important: Whenever you use a question mark (?) in a PREPARE statement for a
collection host variable in a collection-derived table, if you execute a DESCRIBE
statement you must execute it after an OPEN statement. Until the OPEN statement,
IBM Informix ESQL/C does not know what the collection row looks like.

e The name of the collection variable in the collection-derived table clause

The following DECLARE statement declares the list_curs2 insert cursor for the
a_list variable:

EXEC SQL prepare ins_stmt2 from
"insert into table values';
EXEC SQL declare Tist_curs2 cursor for ins_stmt2;
EXEC SQL open list_curs2 using :a_list;
while (1)
{
EXEC SQL put Tist_curs2 from :an_element;
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The USING clause of the OPEN statement specifies the name of the collection
variable. You can then use the PUT statement to specify the values to insert.

After you declare the insert cursor, you can open it with the OPEN statement. You
can insert elements into the collection variable once the associated insert cursor is
open.

Related reference

[“Put elements into the insert cursor’]

Put elements into the insert cursor:

To put elements, one at a time, into the insert cursor, use the PUT statement and
the FROM clause.

The PUT statement identifies the insert cursor that is associated with the collection
variable. The FROM clause identifies the element value to be inserted into the
cursor. The data type of any host variable in the FROM clause must be compatible
with the element type of the collection.

To indicate that the collection element is to be provided later by the FROM clause
of the PUT statement, use an input parameter in the VALUES clause of the INSERT
statement. You can use the PUT statement with an insert cursor following either a
static DECLARE statement or the PREPARE statement. The following example uses
a PUT following a static DECLARE statement.
EXEC SQL DECLARE Tist_curs cursor FOR INSERT INTO table

(:alist);
EXEC SQL open list_curs;
EXEC SQL PUT Tlist_curs from :asmint;

No input parameters can appear in the DECLARE statement.

The following figure contains a code fragment that demonstrates how to insert
elements into the collection variable a_list and then to update the list_col column
of the tab_list table (which [Figure 9-2 on page 9-12| defines) with this new
collection.
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EXEC SQL BEGIN DECLARE SECTION;
client collection Tist(smallint not null) a_Tist;
int a_smint;

EXEC SQL END DECLARE SECTION;

EXEC SQL allocate collection :a_list;

/* Step 1: declare the insert cursor on the collection variable */
EXEC SQL prepare ins_stmt from
"insert into table values';
EXEC SQL declare Tist_curs cursor for ins_stmt;
EXEC SQL open Tlist_curs using :a_list;

/* Step 2: put the LIST elements into the insert cursor */
for (a_smint=0; a_smint<l0; a_smint++)

EXEC SQL put Tlist_curs from :a_smint;
1s
/* Step 3: save the insert cursor into the collection variable
EXEC SQL close list_curs;

/* Step 4: save the collection variable into the LIST column x/
EXEC SQL insert into tab_Tlist values (:a_list);

/* Step 5: clean up */

EXEC SQL deallocate collection :a_list;
EXEC SQL free ins_stmt;

EXEC SQL free list_curs;

Figure 9-3. Insertion of many elements into a collection host variable

In the first statement that accesses the a_list variable is the OPEN
statement. Therefore, at this point in the code, IBM Informix ESQL/C must be able
to determine the data type of the a_list variable. Because the a_list host variable is
a typed collection variable, Informix ESQL/C can determine the data type from
the variable declaration. However, if a_list was declared an untyped collection
variable, you would need a SELECT statement before the DECLARE statement
executes to return the definition of the associated collection column.

Informix ESQL/C automatically saves the contents of the insert cursor into the
collection variable when you put them into the insert cursor with the PUT
statement.

Free cursor resources:

The CLOSE statement explicitly frees resources assigned to the insert cursor.
However, the cursor ID still exists, so you can reopen the cursor with the OPEN
statement. The FREE statement explicitly frees the cursor ID. To reuse the cursor,
you must declare the cursor again with the DECLARE statement.

The FLUSH statement does not have an effect on an insert cursor that is associated
with a collection variable. For the syntax of the CLOSE statement, see the IBM
Informix Guide to SQL: Syntax.

Select from a collection variable
The SELECT statement with the collection-derived table clause allows you to select
elements from a collection variable.
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The collection-derived table clause identifies the collection variable from which to
select the elements. The SELECT statement on a client collection variable (one that
has the collection-derived table clause) has the following restrictions:

* The select list of the SELECT cannot contain expressions.

* The select list must be an asterisk (*).

e Column names in the select list must be simple column names.
These columns cannot use the database@server:table.column syntax.

* The following SELECT clauses and options are not allowed: GROUP BY,
HAVING, INTO TEMP, ORDER BY, WHERE, WITH REOPTIMIZATION.

e The FROM clause has no provisions to do a join.

The SELECT statement and the collection-derived table clause allow you to
perform the following operations on a collection variable:
» Select one element from the collection
Use the SELECT statement with the collection-derived table clause.
* Select one row element from the collection.
Use the SELECT statement with the collection-derived table clause and a row
variable.
* Select one or more elements into the collection

Associate the SELECT statement and the collection-derived table clause with a
cursor to declare a select cursor for the collection variable.

Select one element:

The SELECT statement and the collection-derived table clause allow you to select
one element into a collection.

The INTO clause identifies the variable in which to store the element value that is
selected from the collection variable. The data type of the host variable in the
INTO clause must be compatible with the element type of the collection.

The following code fragment selects only one element from the set_col column (see
[Figure 9-2 on page 9-12) with a typed collection host variable called a_set:
EXEC SQL BEGIN DECLARE SECTION;

client collection set(integer not null) a_set;

int an_element, set size;
EXEC SQL END DECLARE SECTION;

EXEC SQL allocate collection :a_set;

EXEC SQL select set_col, cardinality(set_col)
into :a_set, :set_size from tab_set
where id_col = 3;

if (set_size == 1)
EXEC SQL select * into :an_element from table(:a_set);

Important: Use this form of the SELECT statement when you are sure that the
SELECT returns only one element. IBM Informix ESQL/C returns an error if the
SELECT returns more than one element. If you do not know the number of
elements in the set or if you know that the set contains more than one element, use
a select cursor to access the elements.

For more information about how to use a select cursor, see [“Selecting more than|
fone element” on page 9-19)
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If the element of the collection is itself a complex type (collection or row type), the
collection is a nested collection. For information about how to use a cursor to select
elements from a nested collection, see [“Select values from a nested collection” on|
The following section describes how to use a row variable to select a
row element from a collection.

Select one row element:

You can select an entire row element from a collection into a row type host
variable.

The INTO clause identifies a row variable in which to store the row element that is
selected from the collection variable.

The following code fragment selects one row from the set_col column into the row
type host variable a_row:
EXEC SQL BEGIN DECLARE SECTION;
client collection set(row(a integer) not null) a_set;
row (a integer) a_row;
EXEC SQL END DECLARE SECTION;

EXEC SQL select set_col into :a_set from tabl

where id_col = 17;
EXEC SQL select * into :a_row from table(:a_set);

Selecting more than one element:

A select cursor that includes a SELECT statement with the collection-derived table
clause allows you to select many elements from a collection variable.

To select elements, follow these steps:

1. Create a client collection variable in your IBM Informix ESQL/C program.

For more information, see|“Declaring collection variables” on page 9-3| and
[“Manage memory for collections” on page 9-8|

2. Declare the select cursor for the collection variable with the DECLARE
statement and open this cursor with the OPEN statement.

3. Fetch the element(s) from the collection variable with the FETCH statement
and the INTO clause.

4. If necessary, perform any updates or deletes on the fetched data and save the
modified collection variable in the collection column.

For more information, see|’Operate on a collection column” on page 9-29)

5. Close the select cursor with the CLOSE statement, and if you no longer need
the cursor, free it with the FREE statement.

Declare a select cursor for a collection variable:

To declare a select cursor for a collection variable, include the collection-derived
table clause with the SELECT statement that you associate with the cursor. The
DECLARE for this select cursor has the following restrictions:

¢ The select cursor is an update cursor.

The DECLARE statement cannot include the FOR READ ONLY clause that
specifies the read-only cursor mode.

* The select cursor must be a sequential cursor.
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The DECLARE statement cannot specify the SCROLL or WITH HOLD cursor
characteristics.

When you declare a select cursor for a collection variable, the collection-derived
table clause of the SELECT statement must contain the name of the collection
variable. For example, the following DECLARE statement declares a select cursor
for the collection variable, a_set:

EXEC SQL BEGIN DECLARE SECTION;

client collection set(integer not null) a_set;
EXEC SQL END DECLARE SECTION;

EXEC SQL declare set_curs cursor for
select * from table(:a_set);

To select the element or elements from the collection variable, use the FETCH
statement with the INTO clause.

If you want to modify the elements of the collection variable, declare the select
cursor as an update cursor with the FOR UPDATE keywords. You can then use the
WHERE CURRENT OF clause of the DELETE and UPDATE statements to delete or
update elements of the collection.

Related tasks
[“Updating one element” on page 9-22)

Related reference

[“Fetch elements from the select cursor”

[“Delete one element” on page 9-25

Fetch elements from the select cursor:

To fetch elements, one at a time, from a collection variable, use the FETCH
statement and the INTO clause.

The FETCH statement identifies the select cursor that is associated with the
collection variable. The INTO clause identifies the host variable for the element
value that is fetched from the collection variable. The data type of the host
variable in the INTO clause must be compatible with the element type of the
collection.

The following figure contains a code fragment that selects all elements from the
set_col column (see [Figure 9-2 on page 9-12)) into the typed collection host variable
called a_set then fetches these elements, one at a time, from the a_set collection
variable.
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EXEC SQL BEGIN DECLARE SECTION;
client collection set(integer not null) a_set;
int an_element, set_size;

EXEC SQL END DECLARE SECTION;

int an_int

EXEC SQL allocate collection :a_set;

EXEC SQL select set_col, cardinality(set_col)
into :a_set from tab_set
from tab_set where id_col = 3;

/* Step 1: declare the select cursor on the host variable */
EXEC SQL declare set_curs cursor for

select * from table(:a_set);
EXEC SQL open set_curs;

/* Step 2: fetch the SET elements from the select cursor */
for (an_int=0; an_int<set size; an_int++)
{

EXEC SQL fetch set_curs into :an_element;

}s
EXEC SQL close set_curs;

/* Step 3: update the SET column with the host variable */
EXEC SQL update tab_list SET set_col = :a_set
where id_col = 3

EXEC SQL deallocate collection :a_set;
EXEC SQL free set_curs;

Figure 9-4. Selection of many elements from a collection host variable

Update a collection variable

Once you have initialized a collection host variable with a collection column (see
[“Initialize a collection variable” on page 9-11), you can use the UPDATE statement
with the collection-derived table clause to update the elements in the collection.
The collection-derived table clause identifies the collection variable whose
elements are to be updated. The UPDATE statement and the collection-derived
table clause allow you to perform the following operations on a collection variable:

¢ Update all elements in the collection to the same value.

Use the UPDATE statement (without the WHERE CURRENT OF clause) and
specify a derived column name in the SET clause.

* Update a particular element in the collection.

You must declare an update cursor for the collection variable and use UPDATE
with the WHERE CURRENT OF clause.

Neither form of the UPDATE statement can include a WHERE clause. For
information about the types of values you can specify when you update a
collection variable, see [’Specify element values” on page 9-23.|

Update all elements:

You cannot include a WHERE clause on an UPDATE statement with a
collection-derived table clause. Therefore, an UPDATE statement on a collection
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variable sets all elements in the collection to the value you specify in the SET
clause. No update cursor is required to update all elements of a collection.

For example, the following UPDATE changes all elements in the a_list IBM
Informix ESQL/C collection variable to a value of 16:
EXEC SQL BEGIN DECLARE SECTION;
client collection list(smallint not null) a_list;
int an_int;
I{XEC SQL END DECLARE SECTION;

EXEC SQL update table(:a_list) (list_elmt)
set Tist_elmt = 16;

In this example, the derived column list_elmt provides an alias to identify an
element of the collection in the SET clause.

Updating one element:

To update a particular element in a collection, declare an update cursor for the
collection host variable.

An update cursor for a collection variable is a select cursor that was declared with
the FOR UPDATE keywords. The update cursor allows you to sequentially scroll
through the elements of the collection and update the current element with the
UPDATE.. WHERE CURRENT OF statement.

To update elements, follow these steps:
1. Create a client collection variable in your IBM Informix ESQL/C program.

For more information, see|“Declaring collection variables” on page 9-3| and
[“Manage memory for collections” on page 9-8|

2. Declare the update cursor for the collection variable with the DECLARE
statement and the FOR UPDATE clause; open this cursor with the OPEN
statement.

By default, a select cursor on a collection variable supports updates. For more
information about how to declare a select cursor, see[“Declare a select cursor]
[for a collection variable” on page 9-19)

3. Fetch the element or elements from the collection variable with the FETCH
statement and the INTO clause.

For more information, seeSelecting more than one element” on page 9-19)

4. Update the fetched data with the UPDATE statement and the WHERE
CURRENT OF clause.

5. Save the modified collection variable in the collection column.

For more information, see [“Operate on a collection column” on page 9-29)

6. Close the update cursor with the CLOSE statement, and if you no longer need
the cursor, free it with the FREE statement.

The application must position the update cursor on the element to be updated and
then use UPDATE.. WHERE CURRENT OF to update this value.

The Informix ESQL/C program in the following figure uses an update cursor to
update an element in the collection variable, a_set, and then to update the set_col
column of the tab_set table (see [Figure 9-2 on page 9-12)).
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EXEC SQL BEGIN DECLARE SECTION;

int an_element;

client collection set(integer not null) a_set;
EXEC SQL END DECLARE SECTION;

EXEC SQL allocate collection :a_set;
EXEC SQL select set_col into :a_set from tab_set
where id_col = 6;

EXEC SQL declare set_curs cursor for
select * from table(:a_set)
for update;

EXEC SQL open set_curs;

while (SQLCODE != SQLNOTFOUND)
{
EXEC SQL fetch set_curs into :an_element;
if (an_element = 4)

{
EXEC SQL update table(:a_set) (x)

set x = 10
where current of set_curs;
break;

}
}

EXEC SQL close set_curs;

EXEC SQL update tab_set set set_col = :a_set
where id_col = 6;

EXEC SQL deallocate collection :a_set;
EXEC SQL free set_curs;

Figure 9-5. Updating one element in a collection host variable

Specify element values
You can specify any of the following values as elements in a collection variable:

e A literal value

You can also specify literal values directly for a collection column without first
using a collection variable. For more information, see [“Insert into and update al
[collection column” on page 9-30.

* An Informix ESQL/C host variable

The host variable must contain a value whose data type is compatible with the
element type of the collection.

You cannot include complex expressions directly to specify values.

For information about how to insert elements into a collection variable, see
felements into a collection variable” on page 9-13]For information about how to

update elements in a collection variable, see|“Update a collection variable” on|
page 9-21|The following sections describe the values you can assign to an element

in a collection variable.

Literal values as elements:
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You can use a literal value to specify an element of a collection variable. The literal
values must have a data type that is compatible with the element type of the
collection.

For example, the following INSERT statement inserts a literal integer into a
SET(INTEGER NOT NULL) host variable called a_set:

EXEC SQL insert into table(:a_set) values (6);

The following UPDATE statement uses a derived column name (an_element) to
update all elements of the a_set collection variable with the literal value of 19:

EXEC SQL update table(:a_set) (an_element)
set an_element = 19;

The following INSERT statement inserts a quoted string into a LIST(CHAR(5)) host
variable called a_set2:

EXEC SQL insert into table(:a_set2) values ('abcde');

The following INSERT statement inserts a literal collection into a
SET(LIST(INTEGER NOT NULL) host variable called nested_coll:

EXEC SQL insert into table(:nested_coll)
values (1ist{1,2,3});

Tip: The syntax of a literal collection for a collection variable is different from the
syntax of a literal collection for a collection column. A collection variable does not
need to be a quoted string.

The following UPDATE statement updates the nested_coll collection variable with
a new literal collection value:

EXEC SQL update table(:nested_coll) (a_list)
set a_list = 1ist{1,2,3};

Tip: If you only need to insert or update the collection column with literal values,
you do not need to use a collection host variable. Instead, you can explicitly list
the literal values as a literal collection in either the INTO clause of the INSERT
statement or the SET clause of the UPDATE statement.

Related reference

[“Insert into and update a collection column” on page 9-30)

ESQL/C host variables as elements:

You can use an IBM Informix ESQL/C host variable to specify an element of a
collection variable.

The host variable must be declared with a data type that is compatible with the
element type of the collection and must contain a value that is also compatible. For
example, the following INSERT statement uses a host variable to insert a single
value into the same a_set variable as in the preceding example:

an_int = 6;

EXEC SQL insert into table(:a_set) values (:an_int);

To insert multiple values into a collection variable, you can use an INSERT
statement for each value or you can declare an insert cursor and use the PUT
statement.

IBM Informix ESQL/C Programmer’s Guide



The following UPDATE statement uses a host variable to update all elements in
the a_set collection to a value of 4:

an_int = 4;
EXEC SQL update table(:a_set) (an_element)
set an_element = :an_int;

To update multiple values into a collection variable, you can declare an update
cursor and use the WHERE CURRENT OF clause of the UPDATE statement.

Related tasks

“Inserting more than one element” on page 9-14|

“Updating one element” on page 9-22|

Delete elements from a collection variable

Once you have initialized a collection host variable with a collection column (see
[“Initialize a collection variable” on page 9-11), you can use the DELETE statement
and the collection-derived table clause to delete an element of a collection variable.
The collection-derived table clause identifies the collection variable in which to
delete the elements.

The DELETE statement and the collection-derived table clause allow you to
perform the following operations on a collection variable:

* Delete all elements in the collection.
Use the DELETE statement (without the WHERE CURRENT OF clause).
* Delete a particular element in the collection.

You must declare an update cursor for the collection variable and use DELETE
with the WHERE CURRENT OF clause.

Neither form of the DELETE statement can include a WHERE clause.
Delete all elements:

You cannot include a WHERE clause on a DELETE statement with a
collection-derived table clause. Therefore, a DELETE statement on a collection
variable deletes all elements from the collection. No update cursor is required to
delete all elements of a collection.

For example, the following DELETE removes all elements in the a_list IBM
Informix ESQL/C collection variable:
EXEC SQL BEGIN DECLARE SECTION;

client collection Tist(smallint not null) a_Tist;
EXEC SQL END DECLARE SECTION;

EXEC SQL delete from table(:a_list);

Delete one element:

To delete a particular element in a collection, declare an update cursor for the
collection host variable. An update cursor for a collection variable is a select
cursor that was declared with the FOR UPDATE keywords. The update cursor
allows you to sequentially scroll through the elements of the collection and delete
the current element with the DELETE.. WHERE CURRENT OF statement.
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To delete particular elements, follow the same steps for how to update particular
elements (see ["Updating one element” on page 9-22). In these steps, you replace
the use of the UPDATE..WHERE CURRENT OF statement with the

DELETE.. WHERE CURRENT OF statement.

The application must position the update cursor on the element to be deleted and
then use DELETE.. WHERE CURRENT OF to delete this value. The following IBM
Informix ESQL/C code fragment uses an update cursor and a DELETE statement
with a WHERE CURRENT OF clause to delete the element from the set_col
column of tab_set (see [Figure 9-2 on page 9-12).
EXEC SQL BEGIN DECLARE SECTION;

client collection set(integer not null) a_set;

int an_int, set_size;
EXEC SQL END DECLARE SECTION;

EXEC SQL allocate collection :a_set;

EXEC SQL select set_col, cardinality(set_col)
into :a_set, :set_size
from tab_set
where id_col = 6;

EXEC SQL declare set_curs cursor for
select = from table(:a_set)
for update;

EXEC SQL open set_curs;

while (i < set_size)

{
EXEC SQL fetch set_curs into :an_int;
if (an_int == 4)

EXEC SQL delete from table(:a_set)
where current of set_curs;
break;

}

i+t
}
EXEC SQL close set_curs;
EXEC SQL free set_curs;

EXEC SQL update tab_set set set_col = :a_set
where id_col = 6;

EXEC SQL deallocate collection :a_set;

Suppose that in the row with an id_col value of 6, the set_col column contains the
values {1,8,4,5,2} before this code fragment executes. After the DELETE..WHERE
CURRENT OF statement, this collection variable contains the elements {1,8,5,2}.
The UPDATE statement at the end of this code fragment saves the modified
collection into the set_col column of the database. Without this UPDATE statement,
the collection column never has element 4 deleted.

Access a nested collection

IBM Informix supports nested collections as a column type. A nested collection is a
collection column whose element type is another collection. For example, the code
fragment in the following figure creates the tab_setlist table whose column is a
nested collection.
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EXEC SQL create table tab_setlist
( setlist _col set(1ist(integer not null));

Figure 9-6. Sample column with nested collection

The setlist_col column is a set, each element of which is a list. This nested
collection resembles a two-dimensional array with a y-axis of set elements and an
x-axis of list elements.

Select values from a nested collection:

To select values from a nested collection, you must declare a collection variable
and a select cursor for each level of collection.

The following code fragment uses the nested collection variable, nested_coll and
the collection variable list_coll to select the lowest-level elements in the
nested-collection column, setlist_col.

EXEC SQL BEGIN DECLARE SECTION;
client collection set(1ist(integer not null) not null) nested coll;
client collection Tist(integer not null) Tlist_coll;
int an_element;

EXEC SQL END DECLARE SECTION;

int num_elements = 1;

int an_int;

int keep_fetching = 1;

EXEC SQL allocate collection :nested coll;
EXEC SQL allocate collection :1ist_coll;

/* Step 1: declare the select cursor on the SET collection variable */
EXEC SQL declare set_curs2 cursor for

select * from table(:nested coll);
/* Step 2: declare the select cursor on the LIST collection variable */
EXEC SQL declare Tist_curs2 cursor for

select * from table(:Tist _coll);

/* Step 3: open the SET cursor */
EXEC SQL open set _curs2;

while (keep_fetching)
{

/* Step 4: fetch the SET elements into the SET insert cursor x/
EXEC SQL fetch set_curs2 into :Tist_coll;

/* Open the LIST cursor x/
EXEC SQL open list_curs2;

/* Step 5: put the LIST elements into the LIST insert cursor x/
for (an_int=0; an_int<10; an_int++)

{
EXEC SQL fetch list _curs2 into :an_element;

}s
EXEC SQL close Tist_curs2;
num_elements++;

if (done_fetching(num_elements))

{
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EXEC SQL close set_curs2;
keep_fetching = 0;
}

}s
EXEC SQL free set_curs2;
EXEC SQL free list_curs2;

EXEC SQL deallocate collection :nested coll;
EXEC SQL deallocate collection :1ist_coll;:

Insert values into a nested collection:

To insert literal values into a collection variable for a nested column, you specify
the literal collection for the element type.

You do not need to specify the constructor keyword for the actual collection type.
The following typed collection host variable can access the setlist_col column of
the tab_setlist table:
EXEC SQL BEGIN DECLARE SECTION;

client collection set(list(integer not null) not null)

nested_coll;
EXEC SQL END DECLARE SECTION;

EXEC SQL allocate collection nested_coll;

The following code fragment inserts literal values into the nested_coll collection
variable and then updates the setlist_col column (which [Figure 9-6 on page 9-27]
defines):
EXEC SQL insert into table(:nested coll)

values (1ist{1,2,3,4});
EXEC SQL insert into tab_setlist values (:nested coll);

To insert non-literal values into a nested collection, you must declare a collection
variable and an insert cursor for each level of collection. For example, the
following code fragment uses the nested collection variable, nested_coll, to insert
new elements into the nested-collection column, setlist_col.

EXEC SQL BEGIN DECLARE SECTION;
client collection set(1ist(integer not null) not null) nested coll;
client collection Tist(integer not null) Tist coll;
int an_element;

EXEC SQL END DECLARE SECTION;

int num_elements = 1;

int keep_adding = 1;

int an_int;

EXEC SQL allocate collection :nested coll;
EXEC SQL allocate collection :1ist_coll;

/* Step 1: declare the insert cursor on the SET collection variable */
EXEC SQL declare set_curs cursor for
insert into table(:nested_col1) values;

/* Step 2: declare the insert cursor on the LIST collection variable x/
EXEC SQL declare Tist_curs cursor for
insert into table(:Tist_coll) values;

/* Step 3: open the SET cursor */
EXEC SQL open set_curs;

while (keep_adding)
{
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/* Step 4: open the LIST cursor */
SQL open Tlist_curs;

/* Step 5: put the LIST elements into the LIST insert cursor =*/
for (an_int=0; an_int<10; an_int++)
{
an_element = an_int * num_elements;
EXEC SQL put Tlist_curs from :an_element;

bs
EXEC SQL close list_curs;
num_elements++;

/* Step 6: put the SET elements into the SET insert cursor */
EXEC SQL put set_curs from :1ist_coll;
if (done_adding(num_elements)

EXEC SQL close set_curs;
keep_adding = 0;

}
1
EXEC SQL free set _curs;
EXEC SQL free list_curs;

/* Step 7: insert the nested SET column with the host variable */
EXEC SQL insert into tab_setlist values (:nested coll);

EXEC SQL deallocate collection :nested_coll;
EXEC SQL deallocate collection :1ist_coll;

Operate on a collection column

The collection variable stores the elements of the collection. However, it has no
intrinsic connection with a database column. You must use an INSERT or UPDATE
statement to explicitly save the contents of the collection variable into the collection
column.

You can use the SELECT, UPDATE, INSERT, and DELETE statements to access a
collection column (SET, MULTISET, or LIST), as follows:

¢ The SELECT statement fetches all elements from a collection column.
e The INSERT statement inserts a new collection into a collection column.

Use the INSERT statement on a table or view name and specify the collection
variable in the VALUES clause.

[Figure 9-3 on page 9-17|shows an INSERT statement that saves the contents of a
collection variable in a collection column.

* The UPDATE statement updates the entire collection in a collection column with
new values.

Use an UPDATE statement on a table or view name and specify the collection
variable in the SET clause.

[Figure 9-5 on page 9-23|shows an UPDATE statement that saves the contents of
a collection variable in a collection column.

For more information about how to use these statements with collection columns,
see the IBM Informix Guide to SQL: Tutorial.
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Select from a collection column

To select all elements in a collection column, specify the collection column in the
select list of the SELECT statement. If you put a collection host variable in the
INTO clause of the SELECT statement, you can access these elements from an IBM
Informix ESQL/C application. For more information, see |”Initialize a collection|
|Variable” on page 9-11.| For an example that uses a collection variable to select and
display the elements of a collection, see [“The collect.ec program” on page 14-21)

Insert into and update a collection column

The INSERT and UPDATE statements support collection columns as follows:

* To insert a collection of elements into an empty collection column, specify the
new elements in the VALUES clause of the INSERT statement.

* To update the entire collection in a collection column, specify the new elements
in the SET clause of the UPDATE statement. The UPDATE statement must also
specify a derived column name to create an identifier for the element. You then
use this derived column name in the SET clause to identify where to assign the
new element values.

In the VALUES clause of an INSERT statement or the SET clause of an UPDATE
statement, the element values can be in any of the following formats:

* An IBM Informix ESQL/C collection host variable
e A literal collection value

To represent literal values for a collection column, you specify a literal-collection
value. You create a literal-collection value, introduce the value with the SET,
MULTISET, or LIST keyword and provide the field values in a comma-separated
list that is enclosed in braces. You surround the entire literal-collection value with
quotes (double or single). The following INSERT statement inserts the literal
collection of SET {7, 12, 59, 4} into the set_col column in the tab_set table (that
[Figure 9-2 on page 9-12| defines):

EXEC SQL insert into tab_set values

(

)s

5, 'set{7, 12, 59, 4}'

The UPDATE statement in the following figure overwrites the SET values that the
previous INSERT added to the tab_set table.

EXEC SQL update tab_set
set set _col = ("1ist{1,2,3,4}")
where id_col = 5;

Figure 9-7. Updating a collection column

Important: If you omit the WHERE clause, the UPDATE statement in
updates the set_col column in all rows of the tab_set table.

If any character value appears in this literal-collection value, it too must be
enclosed in quotes; this condition creates nested quotes. For example, for column
coll of type SET(CHAR(5), a literal value can be expressed as follows:

'SET{"abcde"}"'
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To specify nested quotes in an SQL statement in an Informix ESQL/C program,
you must escape every double quote when it appears in a single-quote string. The
following INSERT statement shows how to use escape characters for inner double
quotes:

EXEC SQL insert into (coll) tabl
values ('SET{\"abcde\"}');

When you embed a double-quoted string inside another double-quoted string, you
do not need to escape the inner-most quotation marks, as the following INSERT
statement shows:

EXEC SQL insert into tabx
values (1, "set{""row(12345)""}");

For more information about the syntax of literal values for collection variables, see
[“Literal values as elements” on page 9-23|For more information about the syntax
of literal-collection values for collection columns, see the Literal Collection segment
in the IBM Informix Guide to SQL: Syntax.

If the collection or row type is nested, that is, if it contains another collection or
row type as a member, the inner collection or row does not need to be enclosed in
quotes. For example, for column col2 whose data type is LIST(ROW(a INTEGER, b
SMALLINT) NOT NULL), you can express the literal value as follows:

"LIST{ROW(80, 3)}"'
Delete an entire collection:

To delete the entire collection in a collection column you can use the UPDATE
statement to set the collection to empty.

The UPDATE statement in the following example effectively deletes the entire
collection in the set_col column of the tab_set table for the row in which id_col
equals 5.

EXEC SQL create table tab_set

(
id_col integer,
set_col set(integer not null)

)s

EXEC SQL update tab_set set set col = set{}
where id_col = 5;

The same UPDATE statement without the WHERE clause, as shown in the
following example, would set the set_col column to empty for all rows in the
tab_set table.

EXEC SQL update tab_set set set _col = set{};

Access row types

IBM Informix ESQL/C supports the SQL row types with the Informix ESQL/C
row type host variable. A row type is a complex data type that contains one or
more members called fields. Each field has a name and a data type associated with
it.

IBM Informix supports the following two kinds of row types:

* A named row type has a unique name that identifies to a group of fields.
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Declare

The named row type is a template for a row definition. You create a named row
type with the CREATE ROW TYPE statement. You can then use a named row

type as follows:

— In a column definition of a CREATE TABLE statement to assign the data type
for a column in the database

— In the OF TYPE clause of the CREATE TABLE statement to create a typed

table

* An unnamed row type uses the ROW constructor to define fields.

You can use a particular unnamed row type as the data type of one column in
the database. You create an unnamed row type with the ROW constructor in the
column definition of a CREATE TABLE statement.

For more information about row types, see the CREATE ROW TYPE statement in
the IBM Informix Guide to SQL: Syntax and the IBM Informix Guide to SQL: Reference.

To access a column in a table that has a row type as its data type, perform the

following steps:

1. Declare a row host variable.
2. Allocate memory for the row host variable with the ALLOCATE ROW

statement.

3. Perform any select or update operations on the row host variable.

4. Save the contents of the row host variable in the row-type column.

row variables

To declare a row host variable, use the following syntax.

(1)

»>— 70w

|—'—named row type—'J ,

—(

Y _field name—field type——)—

»Y variable name

Notes:
1 Informix extension
Element Purpose Restrictions SQL syntax
field name Name of a field in the row Must match the corresponding Identifier segment in the IBM
variable field name in any associated Informix Guide to SQL: Syntax
row-type column.
field type Data type of the field name Can be any data type except Data Type segment in the IBM

field in the row variable

SERIAL, SERIALS, BIGSERIAL,
TEXT, or BYTE.

Informix Guide to SQL: Syntax

named row type

Name of the named row type
to assign to the row variable

Named row type must be
defined in the database.

Identifier segment in the IBM
Informix Guide to SQL: Syntax
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Element

Purpose Restrictions SQL syntax

variable name

Name of the ESQL/C variable Name must conform to
to declare as a row variable language-specific rules for

variable names.

Typed and untyped row variables
IBM Informix ESQL/C supports the following two row variables:

* A typed row variable specifies the names and data types of the fields in the row.

* An untyped row variable specifies neither the field names nor the field types for
the row.

Informix ESQL/C handles row variables as client-side collection variables.
The typed row variable:

A typed row variable specifies a field list, which contains the name and data type
of each field in the row.

The following figure shows declarations for three typed row variables.

EXEC SQL BEGIN DECLARE SECTION;
row (circle_vals circle_t, circle_id integer) mycircle;
row (a char(20),
b set(integer not null),
¢ decimal(10,2)) row2;
row (x integer,
y integer,
length integer,
width integer) myrect;
EXEC SQL END DECLARE SECTION;

Figure 9-8. Sample typed row variables

Typed row variables can contain fields with the following data types:

* Any built-in data type (such as INTEGER, CHAR, BOOLEAN, and FLOAT)
except BYTE, TEXT, SERIAL, or SERIALS.

¢ Collection data types, such as SET and LIST
* Row types, named or unnamed

* Opaque data types

When you specify the type of a field in the row variable, use SQL data types, not
IBM Informix ESQL/C data types. For example, to declare a row variable with a
field that holds small integers, use the SQL SMALLINT data type, not the Informix
ESQL/C int data type. Similarly, to declare a field whose values are character
strings, use the SQL syntax for a CHAR column, not the C syntax for char
variables. For example, the following declaration of the row_var host variable
contains a field of small integers and a character field:
row (

smint_f1d smallint,

char_f1d char(20)
) row_var;

Use a typed row variable when you know the exact data type of the row-type
column that you store in the row variable. Match the declaration of a typed row
variable exactly with the data type of the row-type column. You can use this row
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variable directly in SQL statements such as INSERT, DELETE, or UPDATE. You can
also use it in the collection-derived table clause.

You can declare several row variables in a single declaration line. However, all
variables must have the same field types, as the following declaration shows:
EXEC SQL BEGIN DECLARE SECTION;

row (x integer, y integer) typed rowl, typed row?2;
EXEC SQL END DECLARE SECTION;

If you do not know the exact data type of the row-type column you want to
access, use an untyped row variable.

The untyped row variable: The definition of an untyped row variable specifies
only the row keyword and a name. The following lines declare three untyped row
variables:
EXEC SQL BEGIN DECLARE SECTION;

row rowl, row?2;

row rectanglel;
EXEC SQL END DECLARE SECTION;

The advantage of an untyped row host variable is that it provides more flexibility
in row definition. For an untyped row variable, you do not have to know the
definition of the row-type column at compile time. Instead, you obtain, at runtime,
a description of the row from a row-type column.

To obtain this description at runtime, execute a SELECT statement that retrieves
the row-type column into the untyped row variable. When the database server
executes the SELECT statement, it returns the data-type information for the
row-type column (the types of the fields in the row) to the client application.

For example, suppose the a_row host variable is declared as an untyped row
variable, as follows:
EXEC SQL BEGIN DECLARE SECTION;

row a_row;
EXEC SQL END DECLARE SECTION;

The following code fragment uses a SELECT statement to initialize the a_row
variable with data-type information before it uses the row variable in an UPDATE
statement:

EXEC SQL allocate row :a_row;

/* obtain the data-type information =*/
EXEC SQL select row_col into :a_row from tab_row;

/* update row values in the untyped row variable */
EXEC SQL update table(:a_row) set fldl = 3;

The field name fld1, which refers to a field of :a_row, comes from the definition of
the row column in the tab_row table.

For more information about the ALLOCATE ROW statement, see
Imemory for rows” on page 9-37]

You can use the same untyped row variable to successively store different row
types, but you must select the associated row-type column into the row variable
for each new row type.
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Named row types
A named row type associates a name with the row structure. For a database you
create a named row type with the CREATE ROW TYPE statement.

If the database contains more than one row type with the same structure but with
distinctly different names, the database server cannot properly enforce structural
equivalence when it compares named row types. To resolve this ambiguity, specify
a row-type name in the declaration of the row variable.

A named IBM Informix ESQL/C row variable can be typed or untyped.

The Informix ESQL/C preprocessor does not check the validity of a row-type name
and Informix ESQL/C does not use this name at run time. Informix ESQL/C just
sends this name to the database server to provide information for type resolution.
Therefore, Informix ESQL/C treats the a_row variable in the following declaration
as an untyped row variable even though a row-type name is specified:

EXEC SQL BEGIN DECLARE SECTION;

row 'address_t' a_row;
EXEC SQL END DECLARE SECTION;

If you specify both the row-type name and a row structure in the declaration (a
typed named row variable), the row-type name overrides the structure. For
example, suppose the database contains the following definition of the address_t
named row type:

CREATE ROW TYPE address_t

(
Tinel char(20),
Tine2 char(20),
city char(20),
state char(2),
zipcode integer

)s

In the following declaration, the another_row host variable has linel and line2
fields of type CHAR(20) (from the address_t row type:), not CHAR(10) as the
declaration specifies:
EXEC SQL BEGIN DECLARE SECTION;

row 'address t' (1inel char(10), Tine2 char(10),

city char(20), state char(2), zipcode integer) another_row;
EXEC SQL END DECLARE SECTION;

In a collection-derived table:

You cannot specify a named row type to declare a row variable that you use in a
collection-derived table. IBM Informix ESQL/C does not have information about
the named row type, only the database server does. For example, suppose your

database has a named row type, r1, and a table, tab1, that are defined as follows:

CREATE ROW TYPE r1 (i integer);

CREATE TABLE tabl

(
nt_col INTEGER,
row_col rl

)s

To access this column, suppose you declare two row variables, as follows:
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EXEC SQL BEGIN DECLARE SECTION;
row (i integer) rowl;

row (j rl) row?;

EXEC SQL END DECLARE SECTION;

With these declarations, the following statement succeeds because Informix
ESQL/C has the information it needs about the structure of row1:

EXEC SQL update table(:rowl) set i = 31;
checksql ("UPDATE Collection Derived Table 1");

The following statement fails; however, because Informix ESQL/C does not have
the necessary information to determine the correct storage structure of the row2
row variable.

EXEC SQL update table(:row2) set j = :rowl;
checksql ("UPDATE Collection Derived Table 2");

Similarly, the following statement also fails. In this case, Informix ESQL/C treats r1
as a user-defined type instead of a named row type.

EXEC SQL insert into tabl values (:row2);
checksql ("INSERT row variable");

You can get around this restriction in either of the following ways:

* Use the actual data types in the row-variable declarations, as the following
example shows:
EXEC SQL BEGIN DECLARE SECTION;
row (i integer) rowl;
row (j row(i integer)) row2;
EXEC SQL END DECLARE SECTION;
* Declare an untyped row variable and perform a select so that Informix ESQL/C
obtains the data-type information from the database server.
EXEC SQL BEGIN DECLARE SECTION;
row (i integer) rowl;
row row2_untyped;
EXEC SQL END DECLARE SECTION;

EXEC SQL select row_col into :row2_untyped from tabl;
For this method to work, at least one row must exist in table tab1.

An UPDATE statement that uses either the row2 or row2_untyped row variable in
its collection-derived table clause can now execute successfully.

Client-side rows

A row variable is sometimes called a client-side row. When you declare a row
variable, you must declare the row variable name, allocate memory, and perform
operations on the row.

To access the elements of a row variable, you specify the variable in the
collection-derived table clause of a SELECT or UPDATE statement. When either of
these statements contains a collection-derived table clause, IBM Informix ESQL/C
performs the select or update operation on the row variable; it does not send these
statements to the database server for execution. For example, Informix ESQL/C
executes the update operation on the row variable, a_row, that the following
UPDATE statement specifies:

EXEC SQL update table(:a_row) set f1dl = 6;
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To access fields of a row type, you must use the SELECT or UPDATE statements
with the collection-derived table clause.

For more information about the collection-derived table clause, see
fcollection” on page 9-1]

Manage memory for rows

Once you declare a row variable, IBM Informix ESQL/C recognizes the variable
name. For typed row variables, Informix ESQL/C also recognizes the associated
data type. However, Informix ESQL/C does not automatically allocate or
deallocate memory for row variables. You must explicitly manage memory that is
allocated to a row variable. To manage memory for both typed and untyped row
host variables, use the following SQL statements:
e The ALLOCATE ROW statement allocates memory for the specified row
variable.
This row variable can be a typed or untyped row. The ALLOCATE ROW
statement sets SQLCODE (sqlca.sqlcode) to zero if the memory allocation was
successful and a negative error code if the allocation failed.
¢ The DEALLOCATE ROW statement deallocates or frees memory for a specified
row variable.
Once you free the row variable with the DEALLOCATE ROW statement, you
can reuse the row variable but you must allocate memory for it again. You

might, for example, use an untyped row variable to store different row types in
succession.

Important: Informix ESQL/C does not implicitly deallocate memory that you
allocate with the ALLOCATE ROW statement. You must explicitly perform
memory deallocation with the DEALLOCATE ROW statement.

The following code fragment declares the a_name host variable as a typed row,
allocates memory for this variable, then deallocates memory for this variable:

EXEC SQL BEGIN DECLARE SECTION;
row (
fname char(15),
mi char(2)
Tname char(15)
) a_name;
EXEC SQL END DECLARE SECTION;

EXEC SQL allocate row :a_name;

EXEC SQL deallocate row :a_name;

For syntax information for the ALLOCATE ROW and DEALLOCATE ROW
statements, see their descriptions in the IBM Informix Guide to SQL: Syntax.

Operate on a row variable

The SELECT, and UPDATE statements allow you to access a row-type column as a
whole.

An IBM Informix ESQL/C client application can access individual fields as follows:
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* Use SQL statements and dot notation to directly select, insert, update, or delete
fields in row-type columns of the database with SQL statements, as long as these
operations involve literal values.

Unlike collection columns, the SELECT statement can access individual members
of row-type columns. Therefore, an Informix ESQL/C client application can
directly select or update fields in row-type columns of the database.

* Use a row host variable to perform operations on the row as a whole or on
individual fields.

Restriction: You cannot use dot notation in a SELECT statement to access the
fields of a nested row in a row variable.

With a row host variable, you access a row-type column as a collection-derived table.
The collection-derived table contains a single row in which each column is a field.
A collection-derived table allows you to decompose a row into its fields and then
access the fields individually.

The application first performs the operations on the fields through the row host
variable. Once modifications are complete, the application can save the contents of
the row variable into a row-type column of the database.

This section discusses the following topics on how to use a collection-derived table
in an Informix ESQL/C application to access a row-type column:

* How to use the collection-derived table clause in SQL statements to access a row
host variable

* How to initialize a row host variable with a row-type column
* How to select fields from a row host variable

* How to update field values in a row host variable

Related reference

[“Operate on a row-type column” on page 9-44

The collection-derived table clause on row types
The collection-derived table clause allows you to create a collection-derived table
from a row-type column.

This clause has the following syntax:
TABLE(:row_var)

The variable row_var is a row host variable. It can be either a typed or untyped
row host variable but you must declare it beforehand.

For more information about the syntax of the collection-derived table clause, see
the description of the collection-derived table segment in the IBM Informix Guide to
SQL: Syntax.

Access a row variable:

You can perform the following operations on the row host variable with the
collection-derived table clause:

* You can select a field or fields from a row host variable with the
collection-derived table clause in the FROM clause of SELECT statement.

For more information, see[“Select from a row variable” on page 9-41
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* You can update all or some fields in the row host variable collection-derived
table clause after the UPDATE keyword in an UPDATE statement.

For more information, see|“Update a row variable” on page 9-42.|

The insert and delete operations are not supported on row variables. For more
information, see [“Insert into a row variable” on page 9-41| and [‘Delete from a row]|
lvariable” on page 9-43.]

Tip: If you only need to insert or update a row-type column with literal values,
you do not need to use a row host variable. Instead, you can explicitly list the
literal-row value in either the INTO clause of the INSERT statement or the SET
clause of the UPDATE statement.

For more information, see [“Insert into and update row-type columns” on page|

Once the row host variable contains the values you want, update the row-type
column with the contents of the host variable. For more information, see

ftyped table” on page 9-45] For more information about the syntax of the
collection-derived table clause, see the description of the collection-derived table
segment in the IBM Informix Guide to SQL: Syntax.

Distinguish between columns and row variables: When you use the
collection-derived table clause with a SELECT or UPDATE statement, IBM
Informix ESQL/C processes the statement. It does not send it to the database
server. Therefore, some of the syntax checking that the database server performs is
not done on SQL statements that include the collection-derived table clause.

In particular, the Informix ESQL/C preprocessor cannot distinguish between
column names and host variables. Therefore, when you use the collection-derived
table clause with an UPDATE statement to modify a row host variable, the
preprocessor does not check that you correctly specify host variables. You must
ensure that you use valid host-variable syntax.

If you omit the host-variable symbol (colon (:) or dollar sign ($)), the preprocessor
assumes that the name is a column name. For example, the following UPDATE
statement omits the colon for the clob_ins host variable in the SET clause:

EXEC SQL update table(:named_rowl)
set (int_f1d, clob_f1d, dollar_f1d) =
(10000000, clob_ins, 110.02);

Initialize a row variable
To perform operations on existing fields in a row-type column, you must first
initialize the row variable with the field values.

To perform this initialization, select the existing fields of the row-type column into
a row variable with the SELECT statement, as follows:

* Specify the row-column name in the select list of the SELECT statement.
* Specify the row host variable in the INTO clause of the SELECT statement.

* Specify the table or view name, not the collection-derived table clause, in the
FROM clause of the SELECT statement.

Suppose you create the tab_unmrow and tab_nmrow tables with the statements in
the following figure.
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EXEC SQL create table tab_unmrow
(
area integer,
rectangle row(
x integer,
y integer,
length integer,
width integer)
)s

EXEC SQL create row type full_name

fname char(15),

mi char(2),

Tname char(15)
)s

EXEC SQL create table tab_nmrow
(

emp_num integer,

emp_name full_name

)s

Figure 9-9. Sample tables with row-type columns

The following code fragment initializes a typed row host variable called a_rect
with the contents of the rectangle column in the row whose area column is 1234:
EXEC SQL BEGIN DECLARE SECTION;
row (

X integer,

y integer,

length integer,

width integer

) a_rect;

EXEC SQL END DECLARE SECTION;

EXEC SQL allocate row :a_rect;
EXEC SQL select rectangle into :a_rect from tab_unmrow
where area = 1234;

When you use a typed row host variable, the data types of the row-type column
(the field types) must be compatible with the corresponding data types of the
typed row host variable. The SELECT statement in the preceding code fragment
successfully retrieves the rectangle column because the a_rect host variable has the
same field types as the rectangle column.

The following SELECT statement fails because the data types of the fields in the
emp_name column and the a_rect host variable do not match:

/* This SELECT generates an error */
EXEC SQL select emp_name into :a_rect from tab_nmrow;

You can select any row into an untyped row host variable. The following code
fragment uses an untyped row host variable to access the emp_name and

rectangle columns that defines:

EXEC SQL BEGIN DECLARE SECTION;
row an_untyped_row;
EXEC SQL END DECLARE SECTION;

EXEC SQL allocate row :an_untyped_row;

EXEC SQL select rectangle into :an_untyped row
from tab_unmrow
where area = 64;
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EXEC SQL select emp_name into :an_untyped_row
from tab_nmrow
where row{'Tashi'} in (emp_name.fname);

Both SELECT statements in this code fragment can successfully retrieve row-type
columns into the an_untyped_row host variable. However, IBM Informix ESQL/C
does not perform type checking on an untyped row host variable because its
elements do not have a predefined data type.

Once you have initialized the row host variable, you can use the collection-derived
table clause to select or update existing fields in the row. For more information, see
the following sections.

Insert into a row variable

You cannot insert to a row variable using an INSERT statement. The row variable
represents a single table row in the form of a collection-derived table. Each field in
the row type is like a column in this virtual table. Informix ESQL/C returns an
error if you attempt to insert to a row variable.

You can, however, use the UPDATE statement to insert new field values into a row
variable.

Related reference

[“Update a row variable” on page 9-42|

Select from a row variable
The SELECT statement and the collection-derived table clause allow you to select a
particular field or group of fields in the row variable.

The INTO clause identifies the host variables that holds the field values selected
from the row-type variable. The data type of the host variable in the INTO clause
must be compatible with the field type.

For example, the following figure contains a code fragment that puts the value of
the width field (in the row variable myrect) into the rect_width host variable.

EXEC SQL BEGIN DECLARE SECTION;
row (x int, y int, length float, width float) myrect;
double rect_width;

EXEC SQL END DECLARE SECTION;

EXEC SQL select rect into :myrect from rectangles
where area = 200;

EXEC SQL select width into :rect_width
from table(:myrect);

Figure 9-10. Selecting from a row variable

The SELECT statement on a row variable (one that contains a collection-derived
table clause) has the following restrictions:

* No expressions are allowed in the select list.

* The select list must be an asterisk (*) if the row contains elements of opaque,
distinct, or built-in data types.
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* Column names in the select list must be simple column names.
These columns cannot use the database@server:table.column syntax.
* The select list cannot use dot notation to access fields of the row.

* The following SELECT clauses are not allowed: GROUP BY, HAVING, INTO
TEMP, ORDER BY, and WHERE.

* The FROM clause has no provisions to do a join.

* Row-type columns cannot be specified in a comparison condition in a WHERE
clause.

If the row variable is a nested row, a SELECT statement cannot use dot notation to
access the fields of the inner row. Instead, you must declare a row variable for each
row type. The code fragment in the following figure shows how to access the fields
of the inner row in the nested_row host variable.

EXEC SQL BEGIN DECLARE SECTION;
row (a int, b row(x int, y int)) nested_row;
row (x int, y int) inner_row;
integer x_var, y var;

EXEC SQL END DECLARE SECTION;

EXEC SQL select row_col into :nested_row from tab_row
where a = 7;

EXEC SQL select b into :inner_row
from table(:nested row);

EXEC SQL select x, y into :x_var, :y var
from table(:inner_row);

Figure 9-11. Sample nested- row variable

The following SELECT statement is not valid to access the x and y fields of the
nested_row variable because it uses dot notation:
EXEC SQL select row_col into :nested_row from tab_row

EXEC SQL select b.x, b.y /* invalid syntax =/
into :x_var, :y var from table(:nested_row);

An IBM Informix ESQL/C application can use dot notation to access fields of a
nested row when a SELECT statement accesses a database column. For more
information, see[“Select fields of a row column” on page 9-47

Update a row variable
The UPDATE statement and the collection-derived table clause allow you to
update a particular field or group of fields in the row variable.

You specify the new field values in the SET clause. An UPDATE of a field or fields
in a row variable cannot include a WHERE clause.

For example, the following UPDATE changes the x and y fields in the myrect
Informix ESQL/C row variable:

EXEC SQL BEGIN DECLARE SECTION;
row (x int, y int, length float, width float) myrect;
int new_y;

EXEC SQL END DECLARE SECTION;

new_y = 4;
EXEC SQL update table(:myrect)
set x=3, y=:new_y;
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You cannot use a row variable in the collection-derived table clause of an INSERT
statement. However, you can use the UPDATE statement and the
collection-derived table clause to insert new field values into a row host variable,
as long as you specify a value for every field in the row. For example, the
following code fragment inserts new field values into the row variable myrect and
then inserts this row variable into the database:
EXEC SQL update table(:myrect)

set x=3, y=4, length=12, width=6;
EXEC SQL insert into rectangles

values (72, :myrect);

Delete from a row variable

A delete operation does not apply to a row variable because a delete normally
removes a row from a table. The row variable represents the row-type value as a
single table row in the collection-derived table. Each field in the row type is a
column in this table. You cannot remove this single table row from the
collection-derived table. Therefore, the DELETE statement does not support a row
variable in the collection-derived table clause. IBM Informix ESQL/C returns an
error if you attempt to perform a DELETE operation on a row variable.

However, you can use the UPDATE statement to delete existing field values in a
row variable.

Related reference

[“Delete an entire row type” on page 9-49

Specify field names

IBM Informix ESQL/C is not case sensitive with regard to the field names of a row
variable. In a SELECT or UPDATE statement, Informix ESQL/C always interprets
field names of a row variable as lowercase. For example, in the following SELECT
statement, Informix ESQL/C interprets the fields to select as x and y, even though
the SELECT statement specifies them in uppercase:

EXEC SQL select X, Y from table(:myrect);

This behavior is consistent with how the database server handles identifier names
in SQL statements. To maintain the case of a field name, specify the field name as
a delimited identifier. That is, surround the field name in double quotes and enable
the DELIMIDENT environment variable before you compile the program.

Informix ESQL/C interprets the fields to select as X and Y (uppercase) in the
following SELECT statement (assuming the DELIMIDENT environment variable is
enabled):

EXEC SQL select "X", "Y" from table(:myrect);

For more information about delimited identifiers and the DELIMIDENT environment
variable, see [“SQL identifiers” on page 1-12.|

Host variable field names:

If the field names of the row column and the row variable are different, you must
specify the field names of the row host variable. For example, if the last SELECT

statement in the following example referenced field names x and y instead of the

field names of a_row, it would generate a runtime error.
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EXEC SQL BEGIN DECLARE SECTION;
row (a integer, b float) a_row;
int i;
double f;

EXEC SQL END DECLARE SECTION;

EXEC SQL create table tab (row_fld(x integer, y float));
EXEC SQL insert into tab values ('row(9, 3.34e7)');
EXEC SQL select * into a_row from tab;

EXEC SQL select a, b into :1, :f from table(:a_row);

Specify field values

You can specify any of the following values for fields in a row variable:
* A literal value

You can also specify literal values directly for a row-type column without first
using a row variable.

e A constructed row

You cannot include complex expressions directly to specify field values.
However, a constructed row provides support for expressions as field values.

* An Informix ESQL/C host variable
Related reference

[“Update a row variable” on page 9-42|

[“Insert into and update row-type columns” on page 9-47|

Literal values as field values:

You can use a literal value to specify a field value for a row variable. The literal
values must have a data type that is compatible with the field type.

For example, the following UPDATE statement specifies a literal integer as a field
value for the length field of the myrect variable. See [“Update a row variable” on|
for a description of myrect.

EXEC SQL update table(:myrect) set length = 6;

The following UPDATE statement updates the x- and y-coordinate fields of the
myrect variable:

EXEC SQL update table(:myrect)
set (x = 14, y = 6);

The following UPDATE statement updates a ROW(a INTEGER, b CHAR(5)) host
variable called a_row2 with a quoted string:

EXEC SQL update table(:a_row2) set b = 'abcde';

The following UPDATE statement updates the nested_row host variable (which
[Figure 9-11 on page 9-42| defines) with a literal row:

EXEC SQL insert into table(:nested_row)
values (1, row(2,3));

Important: The syntax of a literal row for a row variable is different from the
syntax of a literal row for a row-type column. A row variable does not need to be a
quoted string.

If you only need to insert or update the row-type column with literal values, you
can list the literal values as a literal-row value in the INTO clause of the INSERT
statement or the SET clause of the UPDATE statement.
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Related reference

[‘Insert into and update row-type columns” on page 9-47|

Constructed rows:

You can use a constructed row to specify an expression as a field value for a row
variable. The constructed expression must use a row constructor and evaluate to a
data type that is compatible with the field type of the field.

Suppose you have a nested-row variable that is declared as follows:

EXEC SQL BEGIN DECLARE SECTION;
row (f1dl integer, f1d2 row(x smallint, y char(5))) a_nested row;
EXEC SQL END DECLARE SECTION;

The following UPDATE statement uses the ROW constructor to specify expressions
in the value for the fld2 field of the a_nested_row variable:

EXEC SQL update table(:a_nested_row)
set f1d2 = row(:an_int, a_func(:a_strng));

For more information about the syntax of a row constructor, see the Expression
segment in the IBM Informix Guide to SQL: Syntax.

ESQL/C host variables as field values:

You can use an IBM Informix ESQL/C host variable to specify a field value for a
row variable.

The host variable must be declared with a data type that is compatible with the
data type of the field and must contain a value that is also compatible. For
example, the following UPDATE statement uses a host variable to update a single
value into the a_row variable.

an_int = 6;

EXEC SQL update table(:a_row) set fldl = :an_int;

To insert multiple values into a row variable, you can use an UPDATE statement
for each value or you can specify all field values in a single UPDATE statement:
one_f1d = 469;
second_fld = 'dog';
EXEC SQL update table(:a_row)

set fldl = :one_fld, f1d2 = :second_fld;

The following variation of the UPDATE statement performs the same task as the
preceding UPDATE statement:

EXEC SQL update table(:a_row) set (f1dl, f1d2) =
(:one_f1d, :second_f1d);

The following UPDATE statement updates the nested_row variable with a literal
field value and a host variable:

EXEC SQL update table(:nested_row)
set b = row(7, :1);

Access a typed table

You can use a row variable to access the columns of a typed table. A typed table is a
table that was created with the OF TYPE clause of the CREATE TABLE statement.
This table obtains the information for its columns from a named row type.
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Suppose you create a typed table called names from the full name named row
type that [Figure 9-9 on page 9-40| defines:

EXEC SQL create table names of type full_name;

You can access a row of the names typed table with a row variable. The following
code fragment declares a_name as a typed row variable and selects a row of the
names table into this row variable:

EXEC SQL BEGIN DECLARE SECTION;
row (
fname char(15),
mi char(2)
Tname char(15)
) a_name;
char last_name[16];
EXEC SQL END DECLARE SECTION;

EXEC SQL allocate row :a_name;
EXEC SQL select name_row into :a_name
from names name_row
where Tname = 'Haven'
and fname = 'C. K.'
and mi = 'D';
EXEC SQL select Tname into :last_name from table(:a_name);

The last SELECT statement accesses the Iname field value of the :a_name row
variable. For more information about typed tables, see the CREATE TABLE
statement in the IBM Informix Guide to SQL: Syntax and the IBM Informix Guide to
SQL: Tutorial.

The following example illustrates how you can also use an untyped row variable
to access a row of an untyped table:

EXEC SQL BEGIN DECLARE SECTION;
row untyped_row;

int i;

char s[21];

EXEC SQL END DECLARE SECTION;

EXEC SQL create table tab_untyped(a integer, b char(20));
EXEC SQL insert into tab_untyped(1l, "junk");
EXEC SQL select tab_untyped into :untyped_row
from tab_untyped;
EXEC SQL select a, b into :i, :s from table(:untyped);

Operate on a row-type column

The row variable stores the fields of the row type. The row variable, however, has
no intrinsic connection with a database column. You must use an INSERT or
UPDATE statement to explicitly save the contents of the variable into the row type
column.

You can use the SELECT, UPDATE, INSERT, and DELETE statements to access a
row-type column (named or unnamed), as follows:

* The SELECT statement fetches all fields or a particular field from a row-type
column.

* The INSERT statement inserts a new row into a row-type column.

e The UPDATE statement updates the entire row in a row-type column with new
values.
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Use an UPDATE statement on a table or view name and specify the row name
in the values clause.

¢ The DELETE statement deletes from a table a row that contains a row-type
column, thereby deleting all field values from the row-type column.

For more information about how to use these statements with row-type columns,
see the IBM Informix Guide to SQL: Tutorial.

Select from a row-type column

The SELECT statement allows you to access a row-type column in the following
ways:

* Selecting all fields in the row-type column

* Selecting particular fields in the row-type column

Select the entire row-type column

To select all fields in a row-type column, specify the row-type column in the select
list of the SELECT statement. To access these fields from an Informix ESQL/C
application, specify a row host variable in the INTO clause of the SELECT
statement. For more information, see|“Initialize a row variable” on page 9-39.|

Select fields of a row column

You can access an individual field in a row-type column with dot notation. Dot
notation allows you to qualify an SQL identifier with another SQL identifier. You
separate the identifiers with the period (.) symbol. The following SELECT

statement performs the same task as the two SELECT statements in |Figure 9-10 o

EXEC SQL select rect.width into :rect width from rectangles;

For more information about dot notation, see the Column Expression section of the
Expression segment in the IBM Informix Guide to SQL: Syntax.

Insert into and update row-type columns

The INSERT and UPDATE statements support row-type columns as follows:

* To insert a new row into a row-type column, specify the new values in the
VALUES clause of the INSERT statement.

* To update the entire row-type column, specify the new field values in the SET
clause of the UPDATE statement.

In the VALUES clause of an INSERT statement or the SET clause of an UPDATE
statement, the field values can be in any of the following formats:

* An IBM Informix ESQL/C row host variable

For more information, see[“Access a typed table” on page 9-45.|

e A constructed row

Constructed rows are described with respect to row variables in [“Constructed
[rows” on page 9-45] For information about the syntax of a constructed row, see

the Constructed Row segment in the IBM Informix Guide to SQL: Syntax.
* A literal-row value

For more information about the syntax of a literal-row value, see the Literal Row
segment in the IBM Informix Guide to SQL: Syntax.
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To represent literal values for a row-type column, you specify a literal-row value.
You create a literal-row value or a named or unnamed row type, introduce the
value with the ROW keyword and provide the field values in a comma-separated
list that is enclosed in parentheses. You surround the entire literal-row value with
quotes (double or single). The following INSERT statement inserts the literal row
of ROW(0, 0, 4, 5) into the rectangle column in the tab_unmrow table (that
[Figure 9-9 on page 9-40| defines):

EXEC SQL insert into tab_unmrow values

20, "row(0, 0, 4, 5)"
)s

The UPDATE statement in the following figure overwrites the SET values that the
previous INSERT added to the tab_unmrow table.

EXEC SQL update tab_unmrow
set rectangle = ("row(1, 3, 4, 5)")
where area = 20;

Figure 9-12. Updating a row-type column

Important: If you omit the WHERE clause, the preceding UPDATE statement
updates the rectangle column in all rows of the tab_unmrow table.

If any character value appears in this literal-row value, it too must be enclosed in
quotes; this condition creates nested quotes. For example, a literal value for column
row1 of row type ROW(id INTEGER, name CHAR(5), would be:

'ROW(6, "dexter")'

To specify nested quotes in an SQL statement in an Informix ESQL/C program,
you must escape every double quote when it appears in a single-quote string. The
following two INSERT statements show how to use escape characters for inner
quotes:

EXEC SQL insert into (rowl) tabl
values ('ROW(6, \"dexter\")');

EXEC SQL insert into (row2) tabl
values ('ROW(1, \"SET{80, 81, 82, 83}\")');

When you embed a double-quoted string inside another double-quoted string, you
do not need to escape the inner-most quotation marks:

EXEC SQL insert into tabx
values (1, "row(""row(12345)"")");

For more information about the syntax of literal values for row variables, see
[“Literal values as field values” on page 9-44) For more information about the
syntax of literal-row values, see the Literal Row segment in the IBM Informix Guide
to SQL: Syntax.

If the row type contains a row type or a collection as a member, the inner row
does not need quotes. For example, for column col2 whose data type is ROW(a
INTEGER, b SET (INTEGER)), a literal value would be:

'"ROW(1, SET{80, 81, 82, 83})"
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Delete an entire row type

To delete all fields in a row-type column, specify the table, view, or synonym name
after the FROM keyword of the DELETE statement and use the WHERE clause to
identify the table row(s) that you want to delete.

The following DELETE statement deletes the row in the tab_unmrow table that
contains the row type that the UPDATE statement in [Figure 9-12 on page 9-48]
saves:

EXEC SQL delete from tab_unmrow
where area = 20;
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Chapter 10. Opaque data types

These topics explain how to use the lvarchar, fixed binary, and var binary data
types to access an opaque data type from an IBM Informix ESQL/C program. Use
these Informix ESQL/C data types to represent an opaque data type as it is
transferred to and from Informix.

The information in these topics apply only if you are using IBM Informix as your
database server.

For information about SQL complex data types, see the IBM Informix Guide to SQL:
Reference.

Related reference
(Chapter 3, “Informix ESQL/C data types,” on page 3-1|

The SQL opaque data type

An opaque data type is a user-defined data type that can be used in the same way
as the IBM Informix built-in data types. The opaque data type allows you to define
new data types for your database applications.

An opaque data type is fully encapsulated; the database server does not know
about the internal format of an opaque data type. Therefore, the database server
cannot make assumptions about how to access a column having an opaque data
type. The database developer defines a data structure that holds the opaque-type
information and support functions that tell the database server how to access this
data structure.

For more information about how to create an opaque data type, see the description
of the CREATE OPAQUE TYPE statement in the IBM Informix Guide to SQL: Syntax
and in IBM Informix User-Defined Routines and Data Types Developer’s Guide.

You can access the value of an opaque data type from an Informix ESQL/C
application in one of two ways:

* In the external format, as a character string

Transfer of the external format between the client application and database
server is supported by the database server through the input and output support
functions of the opaque data type.

¢ In the internal format, as a data structure in an external programming language
(such as C)

Transfer of the internal format between the client application and database
server is supported by the database server through the receive and send support
functions of the opaque data type.

The following list shows the Informix ESQL/C data types you can use to access an
opaque data type.

Informix data type
ESQL/C host variable

External format of an opaque data type
Ivarchar host variable
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Internal format of an opaque data type
fixed binary host variable

var binary host variable

This section uses an opaque data type called circle to demonstrate how Informix
ESQL/C lvarchar and fixed binary host variables access an opaque data type. This
data type includes an x,y coordinate, to represent the center of the circle, and a
radius value. The following figure shows the internal data structures for the circle
data type.

typedef struct
{

doubTe X3
double Y3
} point_t;

typedef struct
{

point_t center;
doubTe radius;
} circle_t;

Figure 10-1. Internal data structures for the circle opaque data type

The following figure shows the SQL statements that register the circle data type
and its input, output, send, and receive support functions in the database.

CREATE OPAQUE TYPE circle (INTERNALLENGTH = 24,
ALIGNMENT = 4);

CREATE FUNCTION circle_in(c_in lvarchar) RETURNS circle
EXTERNAL NAME '/usr/1ib/circle.so(circle_input)'
LANGUAGE C;

CREATE IMPLICIT CAST (lvarchar AS circle WITH circle_in);

CREATE FUNCTION circle out(c_out circle) RETURNS lvarchar
EXTERNAL NAME '/usr/lib/circle.so(circle output)'
LANGUAGE C;

CREATE IMPLICIT CAST (circle AS lvarchar WITH circ1e_out);

CREATE FUNCTION circle_rcv(c_rcv sendrcv) RETURNS circle
EXTERNAL NAME '/usr/1ib/circle.so(circle_receive)'
LANGUAGE C;

CREATE IMPLICIT CAST (sendrcv AS circle WITH circle_rcv);

CREATE FUNCTION circle_snd(c_snd circle) RETURNS sendrcv
EXTERNAL NAME '/usr/lib/circle.so(circle_send)'
LANGUAGE C;

CREATE IMPLICIT CAST (circle AS sendrcv WITH circle_snd);

CREATE FUNCTION radius(circle) RETURNS FLOAT
EXTERNAL NAME '/usr/lib/circle.so'
LANGUAGE C;

Figure 10-2. Registering the circle opaque data type

Suppose the input and output functions of the circle data type define the following
external format that the following figure shows.
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(x.) coordinates Radius of the
for the center of circle
the circle

Figure 10-3. External Format of the circle Opaque Data Type

The following figure shows the SQL statements that create and insert several rows
into a table called circle_tab, which has a column of type circle.

CREATE TABLE circle_tab (circle_col circle);
INSERT INTO circle_tab VALUES ('(12.00, 16.00, 13.00)');
INSERT INTO circle_tab VALUES ('(6.5, 8.0, 9.0)');

Figure 10-4. Creating a column of the circle opaque data type

Access the external format of an opaque type

Use the lvarchar data type for operations on an opaque-type column that has an
external representation of a character string.

To use the external format of an opaque type in an SQL statement, the opaque data
type must have input and output support functions defined. When the client
application uses an lvarchar host variable to transfer data to or from an
opaque-type column, the database server invokes the following support functions
of the opaque data type:

* The input support function describes how to transfer the opaque-type data from
the lvarchar host variable into the opaque-type column.

The database server invokes the input support function for operations such as
INSERT and UPDATE statements that send the external format of an opaque
type to the database server.

* The output support function describes how to transfer the opaque-type data
from the opaque-type column to the Ivarchar host variable.

The database server invokes the output support function for operations such as
SELECT and FETCH statements that send the external format of an opaque type
to the client application.

Important: If the CREATE OPAQUE TYPE statement specifies a maxlength limit,
that value is the maximum length the database server stores for the column,
regardless of the size of the data sent by the client application. If the length of the
data is more than the maxlength limit, the database server truncates the data and
notifies the application.

Follow these steps to transfer the external format of an opaque-type column
between the database server and the IBM Informix ESQL/C application:

1. Declare an lvarchar host variable

2. Use the lvarchar host variable in an SQL statement to perform any select,
insert, update or delete operations on the external format of the opaque-type
column.
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opaque data type.

Declare lvarchar host variables

Use the lvarchar data type to declare a host variable for the external format of an

The following diagram illustrates the syntax to declare an lvarchar host variable.
To declare, use the lvarchar keyword as the variable data type, as the following

syntax shows.

(1)

»——Tvarchar

v

|—'—opaque t‘ype—'—|

>'—|:variable name—|[—variable size—]
*—variable name

Notes:
1 Informix extension
Element Purpose Restrictions SQL syntax

opaque type

Name of the opaque data type
whose external format is to be
stored in the lvarchar variable

Must already be defined in the

database

Identifier segment in the IBM
Informix Guide to SQL: Syntax

variable name

Name of the IBM Informix
ESQL/C variable to declare as
an lvarchar variable

Name must conform to
language-specific rules for
variable names.

Name must conform to
language-specific rules for
variable names.

*variable name ~ Name of an lvarchar pointer
variable for data of unspecified

length

Not equivalent to a C char
pointer (char *). Points to an
internal ESQL/C representation
for this type. You must use the
ifx_var() functions to
manipulate data. For more
information, see |”The lvarcha;l
bointer and var binary libraryl|
functions” on page 10-21]

variable size Number of bytes to allocate for

the lvarchar variable

Integer value can be between 1
and 32,000 bytes (32 kilobytes).

Tip: To declare an lvarchar host variable for an LZVARCHAR column, use the
syntax that [“The Ivarchar data type” on page 4-5 shows.

The following figure shows declarations for four lvarchar variables that hold the
external formats of opaque-type columns.
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#define CIRCLESZ 20

EXEC SQL BEGIN DECLARE SECTION;
Tvarchar 'shape' a_polygon[100];
Tvarchar 'circle' circlel[CIRCLESZ],

circle2[CIRCLESZ];
lvarchar 'circle' *a_crcl_ptr;

EXEC SQL END DECLARE SECTION;

Figure 10-5. Sample Ivarchar host variables for opaque data type

You can declare several lvarchar variables in a single declaration line. However, all
variables must have the same opaque type, as the declarations for circlel and
circle2 in show. lso shows the declaration of an lvarchar
pointer for the a_crcl_ptr host variable.

An lvarchar host variable of a fixed size

If you do not specify the size of an lvarchar host variable, the size is equivalent to
a 1-byte C-language char data type. If you specify a size, the lvarchar host variable
is equivalent to a C-language char data type of that size. When you specify a
fixed-size lvarchar host variable, any data beyond the specified size is truncated
when the column is fetched. Use an indicator variable to check for truncation.

Because an lvarchar host variable of a fixed size is equivalent to a C-language char
data type, you can use C-language character string operations to manipulate them.

Related concepts

[“A lvarchar host variable of a fixed size” on page 4-7|

The Ivarchar pointer host variable
The lvarchar pointer host variable is designed for inserting or selecting
user-defined or opaque types that can be represented in a character-string format.

The size of the character-string representation for opaque type columns can vary
for each row so that the size of the data is unknown until the column is fetched
into a host variable. The size of the data that an lvarchar pointer host variable
references can range up to 2 gigabytes.

The lvarchar pointer type is not equivalent to a C-language char pointer. Informix
ESQL/C maintains its own internal representation for the lvarchar pointer type.
This representation is identical to the representation of a var binary host variable,
except that it supports ASCII data as opposed to binary data. You must use the
ifx_var() functions to manipulate an Ivarchar pointer host variable. The ifx_var()
functions can only be used for lvarchar variables declared as pointers and for var
binary variables, but not for Ivarchar variables of a fixed size. For a list of the
functions that you can use with lvarchar and var binary variables, see|“The
[lvarchar pointer and var binary library functions” on page 10-21|

Because the size of the data in opaque type columns can vary from one row in the
table to another, you cannot know the maximum size of the data that the database
server will return. When you use an lvarchar pointer host variable, you can either
let Informix ESQL/C allocate memory to hold the data, based on the size of the
data coming from the database server, or you can allocate the memory yourself.
Use the ifx_var_flag() function to specify which method you will use. In either
case you must explicitly free the memory, using the ifx_var_dealloc() function.

To allocate memory yourself:
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To specify that you are allocating the memory to store data for an lvarchar host
variable you must first call ifx_var_flag(), giving the address of the Ivarchar
pointer and setting the flag value to zero (0), as the following example shows:

ifx_var_flag(&mypoly, 0);

Next you must fetch the data into sqlda or a system descriptor structure. You can
then use the ifx_var_getllen() function to obtain the length of the data and use the
ifx_var_alloc() function to allocate memory of that size.

#include <stdio.h>
exec sql include "polyvar.h" /* includes udt - polygon_type */

main()

exec sql begin declare section;
Tvarchar 'polygon_type' *mypolyl
char *buffer;
int size, p_id, len;

exec sql end declare section;

ifx_var_flag(&mypolyl, 0); /* specifies that appl. will allocate
memory */

exec sql select poly into :mypolyl from polygon_tab where p_id = 1;
if ( ifx_var_getlen(&mypolyl) > 0 ) { /+ If select returns valid data

*

/
buffer = (char *)ifx_var_getdata(&mypolyl); /*Access data in

* mypolylx/

printf("Length of data : %1d \n", (int)ifx_var_getlen(&mypoly) );
ifx_var_dealloc(&mypolyl); /+ Always users responsibility to free */

}

The opaque type name
This opaque type name is optional; its presence affects the declaration as follows:

* When you omit opaque type from the lvarchar declaration, the database server
attempts to identify the appropriate support and casting functions to use when it
converts between lvarchar and the opaque data type.

You can use the lvarchar host variable to hold data for several different opaque
types (as long as the database server is able to find the appropriate support
functions).

* When you specify opaque type in the lvarchar declaration, the database server
knows precisely which support and casting functions to use when it converts
between lvarchar and the opaque data type.

Using opaque type can make data conversion more efficient. In this case,
however, the lvarchar host variable can hold data only for the specified opaque
type.

In the declaration of an lvarchar host variable, the name of the opaque type must
be a quoted string.

Important: Both the single quote () and the double quote (") are valid quote
characters in lvarchar declarations. However, the beginning quote and ending
quote characters must match.

The Ivarchar host variables

Your IBM Informix ESQL/C program must manipulate the external data for an
Ivarchar host variable. If the length of the data that come from an opaque type
column does not vary, or if you know the maximum length of the data in an
opaque type column, you can use a fixed-size lvarchar host variable. If the size of
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the data varies from one table row to another, however, use an lvarchar pointer
variable and manipulate the data with the ifx_var() functions.

Fixed-size Ivarchar host variables

The following figure shows how to use a fixed-size lvarchar host variable to insert
and select data in the circle_col column of the circle_tab table (see

boge 103,

EXEC SQL BEGIN DECLARE SECTION;
Tvarchar 'circle' Tv_circle[30];
char *x_coord;

EXEC SQL END DECLARE SECTION;

/* Insert a new circle_tab row with a Titeral opaque
* value */
EXEC SQL insert into circle_tab

values ('(3.00, 2.00, 11.5)");

/* Insert data into column circle of table circle_tab using an Tvarchar host
* variable */

strcpy(1v_circle, "(1.00, 17.00, 15.25)");

EXEC SQL insert into circle_tab values (:1v_circle);

/* Select column circle in circle_tab from into an Ivarchar host variable
*/
EXEC SQL select circle_col into :1v_circle

from circle_tab

where radius(circle col) = 15.25;

Figure 10-6. Accessing the external format of the circle opaque data type

Inserting from a fixed-size lvarchar host variable:

To insert the data from a fixed-size Ivarchar host variable into an opaque-type
column, take the following steps, which are illustrated in Figure 10-6
1. Define the fixed-size lvarchar host variable.

The example explicitly reserves 30 bytes for the 1v_circle host variable.

2. Put the character string that corresponds to the external format of the opaque
data type into the lvarchar host variable.

When you put data into an lvarchar host variable, you must know the external
format of the opaque type. For the INSERT statement to succeed, the data in
the lvarchar host variable lv_circle must conform to the external format of the
opaque data type (which [Figure 10-3 on page 10-3 shows).

3. Insert the data that the Ivarchar host variable contains into the opaque-type
column.
When the database server executes the INSERT statement, it calls the input
support function for the circle data type (circle_in) to translate the external
format of the data that the IBM Informix ESQL/C client application sent to the
internal format that it stores on disk.

also shows an INSERT of literal values into the circle_col column.
Literal values in an INSERT (or UPDATE) statement must also conform to the
external format of the opaque data type.

You can use a fixed-size lvarchar host variable to insert a null value into an
opaque-type column with the following steps:
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* Set the lvarchar host variable to an empty string.
e Set an indicator variable for the lvarchar host variable to -1.

The following code fragment inserts a null value into the circle_col column with
the 1v_circle host variable:

EXEC SQL BEGIN DECLARE SECTION;
Tvarchar 1v_circle[30];
int circle_ind;

EXEC SQL END DECLARE SECTION;

strcpy(1v_circle, "");

circle_ind = -1;

EXEC SQL insert into circle_tab
values (:1v_circle:circle_ind)1;

Related concepts

[“Indicator variables” on page 1-21]

Select into a fixed-size lvarchar host variable:

To select data from an opaque type column into a fixed-size lvarchar host variable,
the code fragment in [Figure 10-6 on page 10-7| takes the following steps:

1. Selects the data that the circle_col opaque-type column contains into the
lv_circle host variable.

When the database server executes the SELECT statement, it calls the output
support function for the circle data type (circle_out) to translate the internal
format that it retrieved from disk to the external format that the Informix
ESQL/C application requests. This SELECT statement also uses a user-defined
function called radius (see [Figure 10-2 on page 10-2) to extract the radius value
from the opaque-type column. This function must be registered with the
database server for this SELECT statement to execute successfully.

2. Accesses the circle data from the lvarchar host variable.

After the SELECT statement, the 1v_circle host variable contains data in the
external format of the circle data type.

When you select a null value from an opaque-type column into an lvarchar host
variable, Informix ESQL/C sets any accompanying indicator variable to -1.

The Ivarchar pointer variables

The following sections illustrate how to insert to and select from an opaque type
column with an lvarchar pointer host variable. The structural representation of the
opaque type column that the examples use is referred to as polygon_type, and is
defined in the following lines:
struct {
int no_of_edges; /* No of sides in the polygon =*/
int length[100]; /* Maximum number of edges in this polygon

is 100 */
int center_x; /* Center x co-ordinate of the polygon */
int center_y; /* Center y co-ordinate of the polygon */

}

The following line illustrates the string representation of this column:

"no_of_edges, length_of_edge 1, . . . Tength_of_edge n, -1, center_x,
center_y"
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For information about a using an lvarchar pointer host variable with a FETCH or
PUT statement that uses a dynamic SQL descriptor, see [“An Ivarchar pointer host|
(variable with a descriptor” on page 16-5.

Insert from an lvarchar pointer host variable:

The following example code illustrates the steps to insert data from an lvarchar
pointer host variable to an opaque type column. To simplify the example, the code
does not check returned values for errors.

#include <stdio.h>
exec sql include "polyvar.h" /* includes udt - polygon_type */

main()
{
exec sql begin declare section;
Tvarchar 'polygon_type' *mypolyl
char *buffer;
int size, p_id, len;
exec sql end declare section;

exec sql create table polygon_tab (p_id int, poly polygon_type);
ifx_var_flag(&mypolyl, 0); /+ User does allocation */
buffer = malloc(50);

/* String representation of mypolyl copied into buffer*/
strcpy(buffer, "5, 10, 20 15, 10, 5, -1, 0, 0");
size = strlen(buffer);
ifx_var_alloc(&myployl, size+tl); /+ Allocate memory for data in
* mypolyl =/
ifx_var_setlen(&myployl, size); /* Set length of data bufferin
* mypolyl =/
ifx_var_setdata(&mypolyl, buffer, size); /+ Store data inside mypolyl
*/
exec sql insert into polygon tab values (1, :mypolyl);
ifx_var_setnull(&mypolyl, 1); /+ Set data buffer in mypolyl to NULL
*/
ifx_var_dealloc(&mypolyl); /+ Deallocate the data buffer in mypolyl
*/
free (buffer);
}

The example code performs the following steps:

1. It declares the lvarchar pointer host variable, *mypoly1.

2. It creates a table that consists of an integer ID column, p_id, and a column of
polygons, polygon_type.

3. It calls the ifx_var_flag() function to specify that it will allocate memory for the
data buffer (flag equals 0).

4. It creates a buffer, copies the string representation of the polygon to it, and sets
the size variable to the size of the buffer.

5. It calls ifx_var_alloc(), ifx_var_setlen(), and ifx_var_setdata() to allocate the
data transfer buffer, set the length of the buffer, and copy the data from the
application buffer to the data transfer buffer.

6. It inserts an ID value of 1 and mypoly1 to the polygon_tab table.

Select into an lvarchar pointer host variable:
The following example code illustrates the steps to select data from an opaque

type column into an lvarchar pointer host variable. To simplify the example, the
code does not check returned values for errors.
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#include <stdio.h>
exec sql include "polyvar.h" /* includes udt - polygon_type */

main()

}

exec sql begin declare section;
Tvarchar 'polygon_type' *mypolyl
char *buffer;
int size, p_id, len;

exec sql end declare section;

ifx_var_flag(&mypolyl, 1); /* ESQL/C run time will do the allocation

*/

exec sql select poly into :mypolyl from polygon_tab where p_id = 1;
if ( ifx_var_getlen(&mypolyl) > 0 ) { /+ If select returns valid data

*

/
buffer = (char *)ifx_var_getdata(&mypolyl); /*Access data in

* mypolylx/

printf("Length of data : %1d \n", (int)ifx_var_getlen(&mypoly) );
printf("Data: %s \n", buffer);
ifx_var_dealloc(&mypolyl); /+ Always users responsibility to free */

The example code performs the following steps:

1.
2.

6.

It declares the lvarchar pointer host variable, *mypoly1.

It calls the ifx_var_flag() function to specify that it will let IBM Informix
ESQL/C allocate memory for the data buffer (flag equals 1). Informix ESQL/C
allocates the memory by default if you do not call ifx_var_flag().

It selects the column poly into the *mypoly host variable.

It calls ifx_var_getdata() to obtain the address of the data buffer, casting the
return value to char * and storing the address in buffer.

It calls ifx_var_getlen() to illustrate how to obtain the length of the data that
was retrieved.

It deallocates the memory that Informix ESQL/C allocated for *mypoly1.

For an example that uses lvarchar pointers as host variables for selecting from
collection columns, see [“The Ivarptr.ec program” on page 14-29.|

Access the internal format of an opaque type

You can access the internal or binary format of an opaque data type with an IBM
Informix ESQL/C host variable in two ways:

Use the fixed binary data type to access a fixed-length opaque data type for
which you have the C-language data structure that represents the opaque data

type.

A fixed-length opaque data type has a predefined size for its data. This size is
equal to the size of the internal data structure for the opaque data type.

Use the var binary data type to access a varying-length opaque data type or to

access a fixed-length opaque data type for which you do not have the
C-language data structure.

A varying-length data type holds data whose size might vary from row to row
or instance to instance.

Both the fixed binary and var binary data types have a one-to-one mapping
between their declaration and the internal data structure of the opaque data type.
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The database server invokes the following support functions of the opaque data
type when the application transfers data in the fixed binary or var binary host
variables:

The receive support function describes how to transfer the opaque-type data
from the fixed binary or var binary host variable into the opaque-type column.

The database server invokes the receive support function for operations such as
INSERT and UPDATE statements that send the internal format of an opaque
type to the database server.

The send support function describes how to transfer the opaque-type data from
the opaque-type column to the fixed binary or var binary host variable.

The database server invokes the send support function for operations such as
SELECT and FETCH statements that send the internal format of an opaque type
to the client application.

Access a fixed-length opaque type

The fixed binary data type allows you to access a fixed-length opaque-type
column in its internal format.

Follow these steps to transfer the internal format of a fixed-length opaque-type
column between the database server and the Informix ESQL/C application:

1.
2.

Declare a fixed binary host variable

Use the fixed binary host variable in an SQL statement to perform any select,
insert, update, or delete operations on the internal format of the fixed-length
opaque-type column.

Declare fixed binary host variables
Use the fixed binary data type to declare host variables that access the internal
format of a fixed-length opaque data type.

To declare a fixed binary host variable, use the following syntax.

»———fixed binary

(1)

v

|_ _| Sstructure name
'—opaque type—'

»—Y variable name ; ><
Notes:
1 Informix extension
Element Purpose Restrictions SQL Syntax
opaque type Name of the fixed-length opaque Must already be defined in the Identifier segment in
data type whose internal format is  database. the IBM Informix Guide
to be stored in the fixed binary to SQL: Syntax
variable
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Element Purpose Restrictions SQL Syntax

structure name Name of the C data structure that ~ Must be defined in a header (.h) Name must conform to
represents the internal format of the file that the source file includes. language-specific rules
opaque data type Must also match the data structure  for structure names.

that the database server uses to
represent the internal format of the

opaque type.

variable name

Name of the ESQL/C variable to Name must conform to
declare as a fixed binary variable language-specific rules

for variable names.

Important: A fixed binary host variable is only valid for a column of a
fixed-length opaque data type. If the opaque data type is of varying length, use a
var binary host variable. If you do not know the internal data structure of a
fixed-length opaque data type, you must also use a var binary host variable to
access it.

To use a fixed binary host variable, you must reference a C data structure that
maps the internal data structure of the opaque data type. You specify this C data
structure as the structure name in the fixed binary declaration.

It is suggested that you create a C header file (.h file) for the C data structure that
defines a fixed-length opaque data type. You can then include this header file in
each Informix ESQL/C source file that uses fixed binary host variables to access
the opaque data type.

For example, the following code fragment declares a fixed binary host variable
called my_circle for the circle opaque data type:

#include <circle.h> /* contains definition of circle_t */

EXEC SQL BEGIN DECLARE SECTION;
fixed binary 'circle' circle_t my circle;
EXEC SQL END DECLARE SECTION;

In this example, the circle.h header file contains the declaration for the circle_t
structure (see [Figure 10-1 on page 10-2), which is the internal data structure for the
circle opaque type. The declaration for the my_circle host variable specifies both
the name of the opaque data type, circle, and the name of its internal data
structure, circle_t.

Related reference

|”Access a varying-length opaque type” on page 10—15|

The opaque type: When you declare a fixed binary host variable, you must
specify the opaque type as a quoted string.

Important: Both the single quote () and the double quote (") are valid quote
characters. However, the beginning quote and ending quote characters must match.

The opaque type name is optional; it affects the declaration as follows:

¢ When you omit opaque type from the fixed binary declaration, the database
server attempts to identify the appropriate support functions to use when it
sends the host variable to the database server for storage in the opaque-type
column.
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You can use the fixed binary host variable to hold data for several different
opaque types (as long as the database server is able to find the appropriate
support functions).

* When you specify opaque type in the fixed binary declaration, the database
server knows precisely which support functions to use to read and write to the
opaque-type column.

Using opaque type can make data conversion more efficient. In this case,
however, the fixed binary host variable can hold data only for the specified
opaque type data type.

You can declare several fixed binary variables in a single declaration. However, all
variables must have the same opaque type, as the following declaration shows:

#include <shape.h>;

EXEC SQL BEGIN DECLARE SECTION;
fixed binary 'shape' shape_t squarel, square2;
EXEC SQL END DECLARE SECTION;

Fixed binary host variables

Your IBM Informix ESQL/C program must handle all manipulation of the internal
data structure for the fixed binary host variable; it must explicitly allocate memory
and assign field values.

The following figure shows how to use a fixed binary host variable to insert and
select data in the circle_col column of the circle_tab table (see[Figure 10-4 on page]
10-3).

/* Include declaration for circle_t structure */
#include <circle.h>;

EXEC SQL BEGIN DECLARE SECTION;
fixed binary 'circle' circle_t fbin_circle;
EXEC SQL END DECLARE SECTION;

/* Assign data to members of internal data structure =/
fbin_circle.center.x = 1.00;

fbin_circle.center.y = 17.00;

fbin_circle.radius = 15.25;

/* Insert a new circle_tab row with a fixed binary host
% variable */
EXEC SQL insert into circle_tab values (:fbin_circle);

/* Select a circle_tab row from into a fixed binary
* host variable =/
EXEC SQL select circle_col into :fbin_circle
from circle_tab
where radius(circle_col) = 15.25;
if ((fbin_circle.center.x == 1.00) &&
(fbin_circle.center.y == 17.00))
printf("coordinates = (%d, %d)\n",
fbin_circle.center.x, fbin_circle.center.y);

Figure 10-7. Accessing the internal format of the circle opaque data type with a fixed binary
host variable

Insert from a fixed binary host variable:
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To insert the data that a fixed binary host variable contains into an opaque-type
column, the code fragment in [Figure 10-7 on page 10-13| takes the following steps:

1. Includes the definition of the internal structure of the circle opaque data type.

The definition of the circle_t internal data structure, which [Figure 10-1 on page]
shows, must be available to your IBM Informix ESQL/C program.
Therefore, the code fragment includes the circle.h header file, which contains
the definition of the circle_t structure.

2. Stores the data for the fixed binary host variable into the internal data
structure, circle_t.

The declaration of the fixed binary host variable associates the circle_t internal
data structure with the fbin_circle host variable. The code fragment assigns a
value to each member of the circle_t data structure.

3. Inserts the data that the fbin_circle host variable contains into the circle_col
opaque-type column.

When the database server executes the INSERT statement, it calls the receive
support function for the circle data type (circle_rcv) to perform any translation
necessary between the internal format of the data that the Informix ESQL/C
client application has sent (circle_t) and the internal format of the circle data
type on disk.

To insert a null value into an opaque-type column with a fixed binary host
variable, set an indicator variable to -1. The following code fragment inserts a null
value into the circle_col column with the fbin_circle host variable:

#include <circle.h>;

EXEC SQL BEGIN DECLARE SECTION;
fixed binary 'circle' circle_t fbin_circle;
int circle_ind;

EXEC SQL END DECLARE SECTION;

circle_ind = -1;
EXEC SQL insert into circle_tab
values (:fbin_circle:circle_ind);

Related concepts

[“Indicator variables” on page 1-21|

Select into a fixed binary host variable:

To select the data that an opaque-type column contains into a fixed binary host
variable, the code fragment in |[Figure 10-7 on page 10-13| takes the following steps:

1. Selects the data that the circle_col opaque-type column contains into the
fbin_circle host variable.

When the database server executes the SELECT statement, it calls the send
support function for circle (circle_snd) to perform any translation necessary
between the internal format that it retrieved from disk and the internal format
that the IBM Informix ESQL/C application uses. This SELECT statement also
uses a user-defined function called radius (see [Figure 10-2 on page 10-2) to
extract the radius value from the opaque-type column.

2. Accesses the circle data from the fixed binary host variable.

After the SELECT statement, the fbin_circle host variable contains data in the
internal format of the circle data type. The code fragment obtains the value of
the (x,y) coordinate from the members of the circle_t data structure.
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When you select a null value from an opaque-type column into a fixed binary host
variable, Informix ESQL/C sets any accompanying indicator variable to -1.

Access a varying-length opaque type

The var binary data type allows you to access the internal format of either of the
following opaque data types:

* A fixed-length opaque-type column for which you do not have access to the
C-structure of the internal format

* A varying-length opaque-type column

Follow these steps to tr