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Introduction

Organization of this Manual

This manual is organized into the following parts:
= Partl Introduction to ODBC, providing conceptual information about the ODBC
interface and a brief history of Structured Query Language;

= Part 2 Developing Applications, containing information for developing applica-
tions using the ODBC interface;

= Part 3 Developing Drivers, containing information for developing drivers that
support ODBC function calls;

= Part 4 Redistributing and Configuring ODBC Software, providing information
about redistributing ODBC components;

= Part5 API Reference, containing syntax and semantic information for all ODBC
functions.

Document Conventions

This manual uses the following typographic conventions.

Format Used for

ALTER TABLE Uppercase letters indicate SQL statements, macro
names, and terms used at the operating-system
command level.

RETCODE SQLFetch(hdbc) This font is used for sample command lines and
program code.

Introduction 13



How to Use This Manual

Format Used for

argument Italicized words indicate information that the user
or the application must provide, or word empha-
sis.

SQLTransact Bold type indicates that syntax must be typed ex-

actly as shown, including function names. Bold
type is also used to indicate filenames.

[1 Brackets indicate optional items; if in bold text,
brackets must be included in the syntax.

| A vertical bar separates two mutually exclusive
choices in a syntax line.

{3 Braces delimit a set of mutually exclusive choices
in a syntax line; if in bold text, braces must be in-
cluded in the syntax.

An ellipsis indicates that arguments can be re-
peated several times.

A column of three dots indicates continuation of
previous lines of code

How to Use This Manual

This section describes the typographical, command-line, and example code conventions
used in this manaul.

The following sections describe the conventions used in this manual for typographical for-
mat, syntax, and examples of code.

14



Typographical Conventions

Typographical Conventions

. The following typographical conventions are used throughout this manual:

italics

boldface

computer

KEYWORD

New terms, emphasized words, and variables are
printed in italics.

Database names, table names, column names, file
names, utilities, and other similar terms are printed in
boldface.

Information that OnLine displays and information that
you enter is printed in a computer typeface.

All keywords appear in uppercase letters.

This symbol indicates a warning. Warnings provide crit-
ical information that, if ignored, could cause harm to
your database.

This symbol indicates important information that you
should consider when working with the product.

This symbol indicates a tip. It alerts you to useful infor-
mation that, for instance, might indicate a shortcut or
make it easier to navigate in the product or manual.

Additionally, when you are instructed to “enter” or “execute” text, immediately press
RETURN after the entry. When you are instructed to “type” the text or “press” a key, no

RETURN is required.

Introduction 15



Command-Line Conventions

16

Command-Line Conventions

OnLine supports a variety of command-line options. You enter these commands at the
operating-system prompt to perform certain functions as part of OnLine administration.

This section defines and illustrates the format of the commands. These commands have
their own conventions, which may include alternative forms of a command, required and
optional parts of the command, and so forth.

Each diagram displays the sequences of required and optional elements that are valid in a
command. A diagram begins at the upper left with a command. It ends at the upper right
with a vertical line. Between these points, you can trace any path that does not stop or back
up. Each path describes a valid form of the command. You must supply a value for words

that are in italics.

Along a command-line path, you might encounter the following elements:

command

variable

-flag

.ext

This required element is usually the product
name or other short word used to invoke the
product or call the compiler or preprocessor
script for a compiled product. It might appear
alone or precede one or more options. You must
spell acommand exactly as shown and must use
lowercase letters.

A word in italics represents a value that you
must supply. The nature of the value is
explained immediately following the diagram
unless the variable appears in abox. In that case,
the page number of the detailed explanation
follows the variable name.

A flag is usually an abbreviation for a function,
menu, or option name or for a compiler or pre-
processor argument. You must enter a flag
exactly as shown, including the preceding
hyphen.

A filename extension, such as .sql or .cob, might
follow a variable representing a filename. Type
this extension exactly as shown, immediately
after the name of the file and a period. The
extension might be optional in certain products.



Example Code Conventions

(. +*-7) Punctuation and mathematical notations are
literal symbols that you must enter exactly as
shown.

Y Single quotes are literal symbols that you must
enter as shown.

An ellipsis indicates that arguments can be
repeated several times.

Example Code Conventions

Examples of SQL code occur throughout this manual. Except where noted, the code is not
specific to any single application development tool. If only SQL statements are listed in the
example, they are not delineated by semicolons. To use this SQL code for a specific product,
you must apply the syntax rules for that product. For example, if you are using the Query-
language option of DB-Access, you must delineate multiple statements with semicolons. If
you are using an SQL API, you must use EXEC SQL and a semicolon (or other appropriate
delimiters) at the start and end of each statement, respectively.

For instance, you might see the following example code:

CONNECT TO stores7

DELETE FROM customer
WHERE customer_num = 121

COMMIT WORK
DISCONNECT CURRENT

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

Note that an ellipsis (...) in the example code indicates that arguments can be repeated sev-
eral times.

Also note that a column of three dots in the example indicates that more code would be
added in a full application, but it is not necessary to show it to describe the concept being
discussed.

Introduction 17



Example Code Conventions
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Chapter 34
ODBC Theory of Operation

The Open Database Connectivity (ODBC) interface allows applications to access data in
database management systems (DBMS) using Structured Query Language (SQL) as a stan-
dard for accessing data.

The interface permits maximum interoperability —a single application can access different
database management systems. This allows an application developer to develop, compile,
and ship an application without targeting a specific DBMS. Users can then add modules
called database drivers that link the application to their choice of database management sys-
tems.

ODBC History

In the traditional database world, application has usually meant a program that performed
a specific database task with a specific DBMS in mind such as payroll, financial analysis, or
inventory management. Such applications have typically been written using embedded
SQL. While embedded Core SQL Grammar is efficient and is portable across different hard-
ware and operating system environments, the source code must be recompiled for each
new environment.

ODBC offers a new approach: provide a separate program to extract the database informa-
tion, and then have a way for applications to import the data. Since there are and probably
always will be many viable communication methods, data protocols, and DBMS capabili-
ties, the ODBC solution is to allow different technologies to be used by defining a standard
interface. This solution leads to theidea of database drivers_shared libraries that an appli-
cation can invoke on demand to gain access to a particular data source through a particular
communications method, much like a device driver running under UNIX. ODBC provides
the standard interface that allows both application writers and providers of libraries to
shuttle data between applications and data sources.

19



ODBC Interface

ODBC Interface

The ODBC interface defines the following:

A library of ODBC function calls that allow an application to connect to a DBMS,
execute statements, and retrieve

SQL SQLsyntax based on the X/0Open and SQL Access Group (SAG) SQL CAE
specification (1992

A standard set of error codes
A standard way to connect and log on to a DBMS
A standard representation for data types

The interface is flexible:

Strings containing SQL statements can be explicitly included in source code or
constructed on the fly at run time.

The same object code can be used to access different DBMS products.

An application can ignore underlying data communications protocols between
it and a DBMS product.

Data values can be sent and retrieved in a format convenient to the application.

The ODBC interface provides two types of function calls:

Core functions are based on the X/Open and SQL Access Group Call Level Inter-
face specification.

Extended functions support additional functionality, including scrollable cur-
sors and asynchronous processing.

To send an SQL statement, include the statement as an argument in an ODBC function
call. The statement need not be customized for a specific DBMS. Appendix C, “SQL
Grammar,” contains an SQL syntax based on the X/Open and SQL Access Group SQL
CAE specification (1992). We recommend that ODBC applications use only the SQL
syntax defined in Appendix C to ensure maximum interoperability.

20



ODBC Components

ODBC Components

The ODBC architecture has four components:

Application Performs application processing and calls ODBC func-
tions to submit SQL statements and retrieve results.

Driver Manager Loads drivers on behalf of an application.

Driver Processes ODBC function calls, submits SQL requests to
a specific data source, and returns results to the applica-
tion. If necessary, the driver modifies an application’s re-
guest so that the request conforms to syntax supported
by the associated DBMS

Data source Consists of the data the user wants to access and its as-
sociated operating system, DBMS, and network platform
(if any) used to access the DBMS.

The Driver Manager and driver appear to an application as one unit that processes ODBC
function calls. The following diagram shows the relationship between the four compo-
nents. The following paragraphs describe each component in more detail.

Figure 0-1
Data Source fh figure border

Driver
Driver

Driver

ODBC
Interface

Driver Manager

Application
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Application

Application
An application using the ODBC interface performs the following tasks.

= Requests a connection, or session, with a data source.

= Sends SQL requests to the data source.

= Defines storage areas and data formats for the results of SQL requests.
= Requests results.

= Processes errors.

= Reports results back to a user, if necessary.

= Requests commit or rollback operations for transaction control.

= Terminates the connection to the data source.

= An application can provide a variety of features external to the ODBC interface,
including mail, spreadsheet capabilities, online transaction processing, and
report generation; the application may or may not interact with users.

Driver Manager

= The Driver Manager, provided by Visigenic, is a shared library. The primary
purpose of the Driver Manager is to load drivers. The Driver Manager also per-
forms the following:

= Uses the .odbc.ini file to map a data source name to a specific driver shared
library.

= Processes several ODBC initialization calls.
= Provides entry points to ODBC functions for each driver.
= Provides parameter validation and sequence validation for ODBC calls.

Driver

A driver is a shared library that implements ODBC function calls and interacts with a
data source.

The Driver Manager loads a driver when the application calls the SQLBrowseConnect,
SQLConnect, or SQLDriverConnect function.

22



Data Source

A driver performs the following tasks in response to ODBC function calls from an appli-

cation:
= Establishes a connection to a data source.
= Submits requests to the data source.
= Translates data to or from other formats, if requested by the application.
= Returns results to the application
= Formats errors into standard error codes and returns them to the application.
= Declares and manipulates cursors if necessary. (This operation is invisible to the
application unless there is a request for access to a cursor name.)
= Initiates transactions if the data source requires explicit transaction initiation.
(This operation is invisible to the application.)
Data Source

In this manual, DBMS refers to the general features and functionality provided by an SQL
database management system. A data source is a specific instance of a combination of a
DBMS product and any remote operating system and network necessary to access it.

An application establishes a connection with a particular vendor’s DBMS product on a
particular operating system, accessible by a particular network. For example, the appli-
cation might establish connections to:

An Oracle DBMS running on a Solaris® operating system

Alocal ISAM file, in which case the network and remote operating system are not
part of the communication path

A Tandem NonStop™ SQL DBMS running on the Guardian 90 operating system,
accessed via a gateway

Types of Drivers

ODBC defines two types of drivers . A Single-tier driver processes both ODBC calls and
SQL statements. (In this case, the driver performs part of the data source functionality.) A
Multiple-tier driver processes ODBC calls and passes SQL statements to the data source.
One system can contain both types of configurations.

23



Single-Tier Configuration

The following paragraphs describe single-tier and multiple-tier configurations in more

detail.

Single-Tier Configuration

In a single-tier implementation, the database file is processed directly by the driver. The
driver processes SQL statements and retrieves information from the database. A driver
that manipulates an ISAM file is an example of a single-tier implementation.

A single-tier driver may limit the set of SQL statements that may be submitted. The min-
imum set of SQL statements that must be supported by a single-tier driver is defined in

Appendix C, “SQL Grammar.”

The following diagram shows two types of single-tier configurations

Figure 0-2
fbw figure border wide
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Multiple-Tier Configuration

Although the entire installation may reside on a single system, it is more often divided
across platforms. The application, driver, and Driver Manager reside on one system,
called the client. The database and the software that controls access to the database typ-
ically reside on another system, called the server.

Another type of multiple-tier configuration is a gateway architecture. The driver passes
SQL requests to a gateway process, which in turn sends the requests to the data source.

The following diagram shows three types of multiple-tier configurations. From an appli-
cation’s perspective, all three configurations are identical.

Figure 0-3
fbw figure border wide

Data access Software

Server E2

Server D

System C

ClientD

ClientE
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9

+ Application

» Driver Manager

* Driver

+Data access software
+ Data Storage

;
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* Driver Manager
* Driver

* Application
* Driver Manager
* Driver
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Network Example

Network Example

The following diagram shows how each of the preceding configurations could appear
in a single network. The diagram includes examples of the types of DBMS’s that could
reside in a network.

Server E1
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Network Example

Figure 0-4
fbw figure border wide
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Matching an Application to a Driver

Applications can also communicate across wide area networks:

Figure 0-5

Client F fb figure border

Server F

W

(to DB2 via 3270) _
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Matching an Application to a Driver

One of the strengths of the ODBC interface is interoperability; a programmer can create
an ODBC application without targeting a specific data source. Users can add drivers to
the application after it is compiled and shipped.

From an application standpoint, it would be ideal if every driver and data source sup-
ported the same set of ODBC function calls and SQL statements. However, data sources
and their associated drivers provide a varying range of functionality. Therefore, the
ODBC interface defines conformance levels, which determine the ODBC procedures and
SQL statements supported by a driver.

ODBC Conformance Levels

ODBC defines conformance levels for drivers in two areas: the ODBC APl and the ODBC
SQL grammar (which includes the ODBC SQL data types). Conformance levels help both
application and driver developers by establishing standard sets of functionality. Appli-
cations can easily determine if a driver provides the functionality they need. Drivers can
be developed to support a broad selection of applications without being concerned
about the specific requirements of each application.

To claim that it conforms to a given API or SQL conformance level, a driver must support
all the functionality in that conformance level, regardless of whether that functionality
is supported by the DBMS associated with the driver. However, conformance levels do



ODBC Conformance Levels

not restrict drivers to the functionality in the levels to which they conform. Driver devel-
opers are encouraged to support as much functionality as they can; applications can
determine the functionality supported by a driver by calling SQLGetInfo, SQLGetFunc-
tions, and SQLGetTypelnfo.

API Conformance Levels

The ODBC API defines a set of core functions that correspond to the functions in the
X/0pen and SQL Access Group Call Level Interface specification. ODBC also defines two
extended sets of functionality, Level 1 and Level 2. The following list summarizes the
functionality included in each conformance level.

Important: Many ODBC applications require that drivers support all of the functions
in the Level 1 API conformance level. To ensure that their driver works with most
ODBC applications, driver developers should implement all Level 1 functions.

Core API

= Allocate and free environment, connection, and statement handles.

= Connect to data sources. Use multiple statements on a connection.

= Prepare and execute SQL statements. Execute SQL statements immediately.
= Assign storage for parameters in an SQL statement and result columns.

= Retrieve data from a result set. Retrieve information about a result set.

= Commit or roll back transactions.

= Retrieve error information.

Level 1 API

= Core API functionality.

= Connect to data sources with driver-specific dialog boxes.

= Set and inquire values of statement and connection options.

= Send part or all of a parameter value (useful for long data).

= Retrieve part or all of a result column value (useful for long data).

= Retrieve catalog information (columns, special columns, statistics, and tables).
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= Retrieve information about driver and data source capabilities, such as sup-
ported data types, scalar functions, and ODBC functions.

Level 2 API

= Core and Level 1 API functionality.

= Browse connection information and list available data sources.

= Send arrays of parameter values. Retrieve arrays of result column values.

= Retrieve the number of parameters and describe individual parameters.

= Use ascrollable cursor.

= Retrieve the native form of an SQL statement.

= Retrieve catalog information (privileges, keys, and procedures).
For a list of functions and their conformance levels, see Chapter 20, “Function Sum-
mary.”

Note Each function description in this manual indicates whether the function is a core
function or a level 1 or level 2 extension function.

SQL Conformance Levels

ODBC defines a core grammar that roughly corresponds to the X/Open and SQL Access
Group SQL CAE specification (1992). ODBC also defines a minimum grammar, to meet a
basic level of ODBC conformance, and an extended grammar, to provide for common
DBMS extensions to SQL. The following list summarizes the grammar included in each
conformance level.

Minimum SQL Grammar

= Data Definition Language (DDL): CREATE TABLE and DROP TABLE.

= Data Manipulation Language (DML): simple SELECT, INSERT, UPDATE
SEARCHED, and DELETE SEARCHED.

s Expressions: simple (suchas A >B + C).
= Data types: CHAR, VARCHAR, or LONG VARCHAR.

Core SQL Grammar

= Minimum SQL grammar and data types.
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= DDL:ALTER TABLE, CREATE INDEX, DROP INDEX, CREATE VIEW, DROP VIEW,
GRANT, and REVOKE.

= DML: full SELECT.
= Expressions: subquery, set functions such as SUM and MIN.

= Data types: DECIMAL, NUMERIC, SMALLINT, INTEGER, REAL, FLOAT, DOUBLE
PRECISION.

Extended SQL Grammar

=  Minimum and Core SQL grammar and data types.

= DML: outer joins, positioned UPDATE, positioned DELETE, SELECT FOR
UPDATE, and unions.

Note In ODBC 1.0, positioned update, positioned delete, and SELECT FOR
UPDATE statements and the UNION clause were part of the core SQL grammar;
in ODBC 2.0, they are part of the extended grammar. Applications that use the
SQL conformance level to determine whether these statements are supported
also need to check the version number of the driver to correctly interpret the
information. In particular, applications that use these features with ODBC 1.0
drivers need to explicitly check for these capabilities in ODBC 2.0 drivers.

= Expressions: scalar functions such as SUBSTRING and ABS, date, time, and
timestamp literals.

= Data types: BIT, TINYINT, BIGINT, BINARY, VARBINARY, LONG VARBINARY,
DATE, TIME, TIMESTAMP

= Batch SQL statements.
= Procedure calls.

For more information about SQL statements and conformance levels, see Appen-
dix C, “SQL Grammar.” The grammar listed in Appendix C is not intended to
restrict the set of statements that an application can submit for execution. Drivers
should support data source-specific extensions to the SQL language, although
interoperable applications should not rely on those extensions. For more infor-
mation about data types, see Appendix D, “Data Types.”
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How to Select a Set of Functionality

The ODBC functions and SQL statements that a driver supports usually depend on the
capabilities of its associated data source. Driver developers are encouraged, however, to
implement as many ODBC functions as possible to ensure the widest possible use by
applications.

The ODBC functions and SQL statements that an application uses depend on:

= The functionality needed by the application.
= The performance needed by the application.

= The data sources to be accessed by the application and the extent to which the
application must be interoperable among these data sources.

= The functionality available in the drivers used by the application.

Because drivers support different levels of functionality, application developers may
have to make trade-offs among the factors listed above. For example, an application
might display the data in a table. It uses SQLColumnPrivileges to determine which col-
umns a user can update and dims those columns the user cannot update. If some of the
drivers available to the developer of this application do not support SQLColumnPrivi-
leges, the developer can decide to:

= Useall the drivers and not dim any columns. The application behaves the same
for all data sources, but has reduced functionality: the user might attempt to
update data in a column for which they do not have update privileges. The
application returns an error message only when the driver attempts to update
the data in the data source.

= Use only those drivers that support SQLColumnPrivileges. The application
behaves the same for all supported data sources, but has reduced functionality:
the application does not support all the drivers.

= Useall the drivers and, for drivers that support SQLColumnPrivileges, dim
columns the user cannot update. Otherwise, warn the user that they might not
have update privileges on all columns. The application behaves differently for
different data sources but has increased functionality: the application supports
all drivers and sometimes dims columns the user cannot update.

= Use all the drivers and always dim columns the user cannot update; the appli-
cation locally implements SQLColumnPrivileges for those drivers that do not
support it. The application behaves the same for all data sources and has maxi-
mum functionality. However, the developer must know how to retrieve column
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privileges from some of the data sources, the application contains data source—
specific code, and developement time is longer.

Developers of specialized applications may make different trade-offs than developers of
generalized applications. For example, the developer of an application that only transfers
data between two DBMS’s (each from a different vendor) can safely exploit the full func-
tionality of each of the drivers.

Connections and Transactions

= Before an application can use ODBC, it must initialize ODBC and request an
environment handle (henv). To communicate with a data source, the application
must request a connection handle (hdbc) and connect to the data source. The
application uses the environment and connection handles in subsequent ODBC
calls to refer to the environment and specific connection.

= An application may request multiple connections for one or more data sources.
Each connection is considered a separate transaction space.

= An active connection can have one or more statement processing streams.

= Adriver maintains a transaction for each active connection. The application can
request that each SQL statement be automatically committed on completion;
otherwise, the driver waits for an explicit commit or rollback request from the
application. When the driver performs acommit or rollback operation, the driver
resets all statement requests associated with the connection.

= The Driver Manager manages the work of allowing an application to switch con-
nections while transactions are in progress on the current connection.

Figure 0-6
fow figure border wide
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Chapter 35
A Short History of SQL

This chapter provides a brief history of SQL and describes programmatic interfaces to SQL.
For more information about SQL , see “Where to Find Additional Information” in “About
This Manual.”

SQL Background Information

SQL,or Structured Query Language, is a widely accepted industry standard for data defi-
nition, data manipulation, data management, access protection, and transaction control.
SQL originated from the concept of relational databases. It uses tables, indexes, keys, rows,
and columns to identify storage locations.

Many types of applications use SQL statements to access data. Examples include ad hoc
query facilities, decision support applications, report generation utilities, and online trans-
action processing systems.

SQL is not a complete programming language in itself. For example, there are no provi-
sions for flow control. SQL is normally used in conjunction with a traditional programming
language.

ANSI 1989 Standard

SQL was first standardized by the American National Standards Institute (ANSI) in 1986.
The first ANSI standard defined a language that was independent of any programming lan-
guage.
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The current standard is ANSI 1989, which defines three programmatic interfaces to SQL :

Module language Allows the definition of procedures within compiled
programs (modules). These procedures are then called
from traditional programming languages. The module
language uses parameters to return values to the calling
program.

Embedded SQL Allows SQL statements to be embedded within a pro-
gram. The specification defines embedded statements
for COBOL, FORTRAN, Pascal, and PL/1.

Direct invocation Access is implementation-defined.

The most popular programmatic interface has been embedded SQL.

Embedded SQL

Embedded sSQL allows programmers to place SQL statements into programs written in a
standard programming language (for example, COBOL or Pascal), which is termed the
host language. SQL statements are delimited with specific starting and ending state-
ments defined by the host language. The resulting program contains source code from
two languages —SQL and the host language.

When compiling a program with embedded SQL statements, a precompiler translates
the SQL statements into equivalent host language source code. After precompiling, the
host language compiler compiles the resulting source code.

In the ANSI 1989 standard, the embedded SQL only supports static SQL . Static SQL has
the following characteristics:

To use static SQL , define each SQL statement within the program source code. Specify
the number of result columns and their data types before compiling.

Variables called host variables are accessible to both the host-language code and to SQL
requests. However, host variables cannot be used for column names or table names.
Host variables are fully defined (including length and data type) prior to compilation.

If an SQL request is submitted that returns more than one row of data, define a cursor
that points to one row of result data at a time.
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Each run of the associated program performs exactly the same SQL request, with possible
variety in the values of host variables. All table names and column names must remain
the same from one execution of the program to the next; otherwise, the program must be
recompiled.

Use standard data storage areas for status and error information.

Static SQL is efficient; SQL statements can be precompiled prior to execution and run
multiple times without recompiling. The application is bound to a particular DBMS when
it is compiled.

Static SQL cannot defer the definition of the SQL statement until run time. Therefore,
static SQL is not the best option for client-server configurations or for ad hoc requests.

Current ANSI Specification

SQL -92 is the most recent ANSI specification, and is now an international standard. SQL
-92 defines three levels of functionality: entry, intermediate, and full. SQL -92 contains
many new features, including:

= Additional data types, including date and time.

= Connections to database environments, to address the needs of client-server
architectures.

= Support for dynamic SQL .
= Scrollable cursors for access to result sets (full level).
= Outer joins (intermediate and full levels).

Dynamic SQL

Dynamic SQL , which is included in the most recent ANSI specification, allows an appli-
cation to generate and execute SQL statements at run time.

Dynamic SQL statements can be prepared. When a statement is prepared, the database
environment generates an access plan and a description of the result set. The statement
can be executed multiple times with the previously generated access plan, which mini-
mizes processing overhead.
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Parameters can be included in dynamic SQL statements. Parameters function in much
the same way as host variables in embedded SQL . Prior to execution, assign values to
the place held by each parameter. Unlike static SQL , parameters do not require length
or data type definition prior to program compilation.

Dynamic SQL is not as efficient as static SQL , but is very useful if an application
requires:

= Flexibility to construct SQL statements at run time.
= Flexibility to defer an association with a database until run time.

Call Level Interface

A Call Level Interface (CLI) for SQL consists of a library of function calls that support
SQL statements. The ODBC interface is a CLI.

A CLlI is typically used for dynamic access. The CLI defined by the X/Open and SQL
Access Group- and therefore the ODBC interface—is similar to the dynamic embedded
version of SQL described in the X/Open and SQL Access Group SQL ANSI specification
(1992).

The ODBC interface is designed to be used directly by application programmers, not to
be the target of a preprocessor for embedded SQL .

A CLlI is very straightforward to programmers who are familiar with function libraries.
The function call interface does not require host variables or other embedded SQL con-
cepts.

A CLI does not require a precompiler. To submit an SQL request, place an SQL command
into a text buffer and pass the buffer as a parameter in a function call. CLI functions pro-
vide declarative capabilities and request management. Obtain error information as for

any function call — by return code or error function call, depending on the CLI.

A CLlI allows for specification of result storage before or after the results are available.
Results can be determined and appropriate action taken without being limited to a spe-
cific set of data structures that were defined prior to the request. Deferral of storage spec-
ification is called late binding of variables.

For a comparison between embedded SQL statements and the ODBC call level interface,
see Appendix E, “Comparison Between Embedded SQL and ODBC.”



Interoperability

Interoperability
Interoperability for call level interfaces can be addressed in the following ways:

= All clients and data sources adhere to a standard interface.

= All clients adhere to a standard interface; driver programs interpret the com-
mands for a specific data source.

The second approach allows drivers to shield clients from database functionality differ-
ences, database protocol differences, and network differences. ODBC follows the second
approach. ODBC can take advantage of standard database protocols and network proto-
cols, but does not require the use of a standard database protocol or network protocol.
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Chapter 36

Guidelines for Calling ODBC
Functions

This chapter describes the general characteristics of ODBC functions, determining driver
conformance levels, the role of the Driver Manager, function arguments, and the values
functions return.

Overview

Each ODBC function name starts with the prefix “SQL.” Each function accepts one or more
arguments. Arguments are defined as input (to the driver) or output (from the driver).

C programs that call ODBC functions must include the sgl.h and sqglext.h header files.
These files define ODBC constants and types and provide function prototypes for all ODBC
functions.

Determining Driver Conformance Levels

ODBC defines conformance levels for drivers in two areas: the ODBC API and the ODBC SQL
grammar (which includes the ODBC SQL data types). These levels establish standard sets of
functionality. By inquiring the conformance levels supported by a driver, an application
can easily determine if the driver provides the necessary functionality. For a complete dis-
cussion of ODBC conformance levels, see “ ODBC Conformance Levels” in Chapter 1,
ODBC Theory of Operation.”
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The following sections refer to SQLGetlnfo and SQLGetTypelnfo, which are part of the
Level 1 API conformance level. Although it is strongly recommended that drivers sup-
port this conformance level, drivers are not required to do so. If these functions are not
supported, an application developer must consult the driver documentation to deter-
mine its conformance levels.

Determining API Conformance Levels

ODBC functions are divided into core functions, which are defined in the X/Open and
SQL Access Group Call Level Interface specification, and two levels of extension func-
tions, with which ODBC extends this specification. To determine the function conform-
ance level of a driver, an application calls SQLGetInfo with the
SQL_ODBC_SAG_CLI_CONFORMANCE and SQL_ODBC_API_CONFORMANCE flags. Note
that a driver can support one or more extension functions but not conform to ODBC
extension Level 1 or 2. To determine if a driver supports a particular function, an appli-
cation calls SQLGetFunctions. Note that SQLGetFunctions is implemented by the
Driver Manager and can be called for any driver, regardless of its level.

Determining SQL Conformance Levels

The ODBC SQL grammar, which includes SQL data types, is divided into a minimum
grammar, a core grammar, which corresponds to the X/Open and SQL Access Group
SQL CAE specification (1992), and an extended grammar, which provides common
extensions to SQL. To determine the SQL conformance level of a driver, an application
calls SQLGetInfo with the SQL_ODBC_SQL_CONFORMANCE flag. To determine
whether a driver supports a specific SQL extension, an application calls SQLGetInfo
with a flag for that extension. For more information, see Appendix C, “SQL Grammar.”
To determine whether a driver supports a specific SQL data type, an application calls
SQLGetTypelnfo.

Using the Driver Manager

The Driver Manager is a shared library that provides access to ODBC drivers. An appli-
cation typically links with the Driver Manager import library (libodbc.so) to gain access
to the Driver Manager.
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Whenever an application calls an ODBC function, the Driver Manager performs one of
the following actions;

For SQL DataSour ces and SQL Drivers, the Driver Manager processes the call. It does not pass
the call to the driver.

For SQLGetFunctions, the Driver Manager passes the call to the driver associated with
the connection. If the driver does not support SQLGetFunctions, the Driver Manager
processes the call.

For SQLAIllocEny, SQLAIllocConnect, SQLSetConnectOption, SQLFreeConnect, and
SQLFreeEnv, the Driver Manager processes the call. The Driver Manager calls SQLAIllo-
cEnv, SQLAIllocConnect, and SQLSetConnectOption in the driver when the application
calls a function to connect to the data source (SQLConnect, SQLDriverConnect, or SQL-
BrowseConnect). The Driver Manager calls SQLFreeConnect and SQLFreeEnv in the
driver when the application calls SQLDisconnect.

For SQLConnect, SQLDriverConnect, SQLBrowseConnect, and SQLError, the Driver
Manager performs initial processing then passes the call to the driver associated with the
connection.

For any other ODBC function, the Driver Manager passes the call to the driver associated
with the connection.

If requested, the Driver Manager records each called function in a trace file. The name of
each function is recorded, along with the values of the input arguments and the names
of the output arguments (as listed in the function definitions).

Calling ODBC Functions

The following paragraphs describe general characteristics of ODBC functions.

Buffers

An application passes data to a driver in an input buffer. The driver returns data to an
application in an output buffer. The application must allocate memory for both input and
output buffers. (If the application will use the buffer to retrieve string data, the buffer
must contain space for the null termination byte.)
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Note that some functions accept pointers to buffers that are later used by other func-
tions. The application must ensure that these pointers remain valid until all applicable
functions have used them. For example, the argument rgbValue in SQLBindCol points
to an output buffer in which SQLFetch returns the data for a column.

Input Buffers

An application passes the address and length of an input buffer to a driver. The length
of the buffer must be one of the following values:

A length greater than or equal to zero. This is the actual length of the data in the input
buffer. For character data, a length of zero indicates that the data is an empty (zero
length) string. Note that this is different from a null pointer. If the application specifies
the length of character data, the character data does not need to be null-terminated.

SQL_NTS. This specifies that a character data value is null-terminated.

SQL_NULL_DATA. This tells the driver to ignore the value in the input buffer and use a
NULL data value instead. It is only valid when the input buffer is used to provide the
value of a parameter in an SQL statement.

The operation of ODBC functions on character data containing embedded null characters
is undefined, and is not recommended for maximum interoperability.

Unless it is specifically prohibited in a function description, the address of an input
buffer may be a null pointer. When the address of an input buffer is a null pointer, the
value of the corresponding buffer length argument is ignored.

For more information about input buffers, see “Converting Data from C to SQL Data
Types” in Appendix D, “Data Types.”

Output Buffers

An application passes the following arguments to a driver, so that it can return data in
an output buffer:

The address of the buffer in which the driver returns the data (the output buffer). Unless
it is specifically prohibited in a function description, the address of an output buffer can
be a null pointer. In this case, the driver does not return anything in the buffer and, in
the absence of other errors, returns SQL_SUCCESS.

If necessary, the driver converts data before returning it. The driver always null-terminates char-
acter data before returning it.
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The length of the buffer. Thisisignored by the driver if the returned data has afixed length in C,
such as an integer, real number, or date structure.

The address of avariablein which the driver returns the length of the data (the length buffer). The
returned length of the datais SQL_NULL_DATA if thedataisa NULL valuein aresult set. Oth-
erwisg, it isthe number of bytes of data available to return. If the driver convertsthe data, it isthe
number of bytes after the conversion. For character data, it does not include the null termination
byte added by the driver.

If the output buffer istoo small, the driver attempts to truncate the data. If the truncation does not
cause aloss of significant data, the driver returns the truncated data in the output buffer, returns
thelength of the available data (as opposed to the length of the truncated data) in the length buffer,
and returns SQL_SUCCESS_WITH_INFO. If the truncation causes aloss of significant data, the
driver leaves the output and length buffers untouched and returns SQL_ERROR. The application
calls SQLError to retrieve information about the truncation or the error.

For more information about output buffers, see “Converting Data f@mto C Data Types” in
Appendix D, “Data Types.”

Environment, Connection, and Statement Handles

When so requested by an application, the Driver Manager and each driver allocate storage for
information about th&DBC environment, each connection, and e&@h statement. The handles

to these storage areas are returned to the application. The application then uses one or more of
them in each call to abDBC function.

The ODBC interface defines three types of handles:

Theenvironment handle identifies memory storage for global information, including the valid
connection handles and the current active connection h&aB< defines the environment
handle as a variable of typ#ENV. An application uses a single environment handle; it must
request this handle prior to connecting to a data source.

Connection handles identify memory storage for information about a particular connection.

ODBC defines connection handles as variables of ip8C. An application must request a con-
nection handle prior to connecting to a data source. Each connection handle is associated with the
environment handle. The environment handle can, however, have multiple connection handles
associated with it.
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Statement handlesidentify memory storage for information about an SQL statement. ODBC
defines statement handles as variables of type HSTMT. An application must request a statement
handle prior to submitting SQL requests. Each statement handle is associated with exactly one
connection handle. Each connection handle can, however, have multiple statement handl es asso-
ciated with it.

For more information about requesting a connection handle, see Chapter 5, “Connecting
to a Data Source.” For more information about requesting a statement handle, see Chap-
ter 6, “Executing SQL Statements.”

Using Data Types

Data stored on a data source has an SQL data type, which may be specific to that data source. A
driver maps data source—specHi@L data types t®DBC SQL data types, which are defined in
the ODBC SQL grammar, and driver-specifiQL data types. (A driver returns these mappings
throughSQL GetTypel nfo. It also uses theDBC SQL data types to describe the data types of
columns and parameters3@L ColAttributes, SQL DescribeCol, andSQL DescribeParam.)

Each SQL data type corresponds to an ODBC C data type. By default, the driver assumes
that the C data type of a storage location corresponds to the SQL data type of the column
or parameter to which the location is bound. If the C data type of a storage location is
not the default C data type, the application can specify the correct C data type with the
fCType argument in SQLBindCol, SQLGetData, or SQLBindParameter. Before return-
ing data from the data source, the driver converts it to the specified C data type. Before
sending data to the data source, the driver converts it from the specified C data type.

For more information about data types, see Appendix D, “Data Types.” The C data types
are defined in sql.h and sqlext.h.

ODBC Function Return Codes

When an application calls an ODBC function, the driver executes the function and returns a pre-
defined code. These return codes indicate success, warning, or failure status. The return codes
are:

SQL_SUCCESS
SQL_SUCCESS_WITH_INFO

SQL_NO_DATA FOUND
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SQL_ERROR
SQL_INVALID_HANDLE
SQL_STILL_EXECUTING

SQL_NEED_DATA

If the function returns SQL_SUCCESS_WITH_INFO or SQL_ERROR, the application can call
SQLETrror to retrieve additional information about the error. For a complete description
of return codes and error handling, see Chapter 8, “Retrieving Status and Error Informa-
tion.”
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Chapter 37
Basic Application Steps

To interact with a data source, a simple application:

1. Connects to the data source, specifying the data source name and any additional
information needed to complete the connection.

2. Processes one or more SQL statements:

0

The application places the SQL text string in a buffer. If the statement includes
parameter markers, it sets the parameter values.

If the statement returns a result set, the application assigns a cursor name for
the statement or allows the driver to do so

The application submits the statement for prepared or immediate execution.

If the statement creates a result set, the application can inquire about the
attributes of the result set, such as the number of columns and the name and
type of a specific column. It assigns storage for each column in the result set
and fetches the results.

If the statement causes an error, the application retrieves error information
from the driver and takes appropriate action.

3. Ends each transaction by committing it or rolling it back.

4, Terminates the connection when it has finished interacting with the data source.

The following diagram lists the ODBC function calls that an application makes to connect
to a data source, process SQL statements, and disconnect from the data source. Depending
on its needs, an application may call other ODBC functions.
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Chapter 38
Connecting to a Data Source

This chapter briefly describes data sources. It then describes how to establish a connection
to a data source.

About Data Sources

A data source consists of the data a user wants to access, its associated DBMS, the platform
on which the DBMS resides, and the network (if any) used to access that platform. Each data
source requires that a driver provide certain information in order to connect to it. At the
core level, this is defined to be the name of the data source, a user ID, and a password. ODBC
extensions allow drivers to specify additional information, such as a network address or
additional passwords.

The connection information for each data source is stored in the .odbc.ini file, which is cre-
ated during installation and maintained with a text editor or an administration program.
A section in this file lists the available data sources. Additional sections describe each data
source in detail, specifying the driver name, a description, and any additional information
the driver needs to connect to the data source.

For example, suppose a user has three data sources: Personnel and Inventory, which use an
Rdb DBMS, and Payroll, which uses a Sybase SQL Server. The section that lists the data
sources might be:

[ODBC Data Sources]
Personnel=Rdb
Inventory=Rdb
Payroll=Sybase SQL Server
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Suppose also that an Rdb driver needs the ID of the last user to log in, a server name, and
a schema declaration statement. The section that describes the Personnel data source
might be:

[Personnel]

Driver=/opt/odbc/drivers/rdb.so

Description=Personnel database: CURLY

Lastuid=smithjo

Server=curly

Schema=attach ‘filename sys$device:[corpdata]personnel.rdb’

For more information about data sources and how to configure them, see Chapter 19,
“Configuring Data Sources.”

Initializing the ODBC Environment

Before an application can use any other ODBC function, it must initialize the ODBC inter-
face and associate an environment handle with the environment. To initialize the inter-
face and allocate an environment handle, an application:

1. Declares a variable of type HENV. For example, the application could use the
declaration:
HENV henvi;

2. Calls SQLAIllocEnv and passes it the address of the variable. The driver initial-
izes the ODBC environment, allocates memory to store information about the
environment, and returns the environment handle in the variable.

These steps should be performed only once by an application; SQLAIllocEnv supports
one or more connections to data sources.

Allocating a Connection Handle

Before an application can connect to a driver, it must allocate a connection handle for the con-
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nection. To allocate a connection handle, an application:
1. Declaresavariable of type HDBC. For example, the application could use the dec-
laration:
HDBC hdbcl;

2. Calls SQLAIllocConnect and passes it the address of the variable. The driver
allocates memory to store information about the connection and returns the con-
nection handle in the variable.

Connecting to a Data Source

Next, the application specifies a specific driver and data source. It passes the following informa-
tion to the driver in acall to SQL Connect:

= Datasource name The name of the data source being requested by the appli-
cation.

= User ID The login ID or account name for access to the data source, if appro-
priate (optional).

= Authentication string (password) A character string associated with the user
ID that allows access to the data source (optional).

When an application calls SQLConnect, the Driver Manager uses the data source name
to read the name of the driver shared library from the appropriate section of the .odbc.ini
file. It then loads the driver shared library and passes the SQLConnect arguments to it.
If the driver needs additional information to connect to the data source, it reads this infor-
mation from the same section of the .odbc.ini file.

If the application specifies a data source name that is not in the .odbc.ini file, or if the
application does not specify a data source name, the Driver Manager searches for the
default data source specification. If it finds the default data source, it loads the default
driver shared library and passes the application-specified data source name to it. If there
is no default data source, the Driver Manager returns an error.
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ODBC Extensions for Connections

ODBC extends the X/Open and SQL Access Group Call Level Interface to provide addi-
tional functions related to connections, drivers, and data sources. The remainder of this
chapter describes these functions. To determine if a driver supports a specific function,
an application calls SQLGetFunctions.

Connecting to a Data Source With SQLDriverConnect

SQLDriverConnect supports:
= Data sources that require more connection information than the three argu-
ments in SQLConnect.
= Dialog boxes to prompt the user for all connection information.
= Data sources that are not defined in the .odbc.ini file.

SQLDriverConnect uses a connection string to specify the information needed to con-
nect to a driver and data source

A connection string contains the following information:

= Data source name or driver description

m  Zero or more user IDs

= Zero or more passwords

= Zero or more data source-specific parameter values
The connection string is a more flexible interface than the data source name, user ID, and
password used by SQLConnect. The application can use the connection string for mul-

tiple levels of login authorization or to convey other data source-specific connection
information.

An application calls SQLDriverConnect in one of three ways:

= Specifies a connection string that contains a data source name. The Driver Man-
ager retrieves the full path of the driver shared library associated with the data
source from the .odbc.ini file. To retrieve a list of data source names, an appli-
cation calls SQLDataSources.



Connecting to a Data Source With SQLDriverConnect

= Specifies a connection string that contains a driver description. The Driver Man-
ager retrieves the full path of the driver shared library. To retrieve a list of driver
descriptions, an application calls SQLDrivers.

= Specifies a connection string that does not contain a data source name or a driver
description. The Driver Manager displays a dialog box from which the user
selects a data source name. The Driver Manager then retrieves the full path of the
driver shared library associated with the data source.

The Driver Manager then loads the driver shared library and passes the SQLDriverCon-
nect arguments to it.

The application may pass all the connection information the driver needs. It may also
request that the driver always prompt the user for connection information or only
prompt the user for information it needs. Finally, if a data source is specified, the driver
may read connection information from the appropriate section of the .odbc.ini file. (For
information on the structure of the .odbc.ini file, see “Structure of the .odbc.ini File” in
Chapter 19, “Configuring Data Sources.”)

After the driver connects to the data source, it returns the connection information to the
application. The application may store this information for future use.

If the application specifies a data source name that is not in the .odbc.ini, the Driver Man-
ager searches for the default data source specification. If it finds the default data source,
it loads the default driver shared library and passes the application-specified data source
name to it. If there is no default data source, the Driver Manager returns an error.

The Driver Manager displays the following dialog box if the application calls SQL Driver Con-
nect and requests that the user be prompted for information.

=]
Select Data Source:

Accounting
Documentation
Inventory
Marketing
Perzonnel

0K I | Cancel I
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On request from the application, the driver displays a dialog box similar to the following
to retrieve login information.

— Data Source Login

Userio: | |
Password: | |

Connection Browsing With SQLBrowse Connect

SQLBrowseConnect supports an iterative method of listing and specifying the
attributes and attribute values required to connect to a data source. For each level of a
connection, an application calls SQLBrowseConnect and specifies the connection
attributes and attribute values for that level. First level connection attributes always
include the data source name or driver description; the connection attributes for later
levels are data source-dependent, but might include the host, user name, and database.

Each time SQL BrowseConnect iscalled, it validates the current attributes, returnsthe next level
of attributes, and returns a user-friendly name for each attribute. It may also return alist of valid
values for those attributes. (Note, however, that for some drivers and attributes, thislist may not
be complete.) After an application has specified each level of attributes and values, SQL Brow-
seConnect connects to the data source and returns a complete connection string. This string can
be used in conjunction with SQL Driver Connect to connect to the data source at alater time.

Connection Browsing Example for Sybase SQL Server

The following example shows how SQL BrowseConnect might be used to browse the connec-

tions available with a driver for Sybase®QL Server. Although other drivers may require differ-

ent connection attributes, this example illustrates the connection browsing model. (For the syntax
of browse request and result strings, S&& BrowseConnect in Chapter 21, ODBC Function
Reference.”)

First, the application requests a connection handle:
SQLAllocConnect(henv, & hdbc);
Next, the application calls SQLBrowseConnect and specifies a data source name:

SQL BrowseConnect(hdbc, "DSN=Sybase10", SQL_NTS,
szBrowseResult, 100, & cb);
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Because this is the first call to SQLBrowseConnect, the Driver Manager locates the data
source name (Sybase 10) in the .odbc.ini file and loads the corresponding driver shared
library (sybdrvr.so). The Driver Manager then calls the driver’s SQLBrowseConnect
function with the same arguments it received from the application.

The driver determines that this is the first call to SQLBrowseConnect and returns the
second level of connection attributes: server, user name, password, and application
name. For the server attribute, it returns a list of valid server names. The return code from
SQLBrowseConnect is SQL_NEED_DATA. The browse result string is:

"SERVER: Server={red,blue,green,yellow} ;UID:Login ID=?,PWD:Password="?;
* APP:AppName=?;* WSID:WorkStation ID=?"

Note that each keyword in the browse result string is followed by a colon and one or
more words before the equal sign. These words are the user-friendly name that an appli-
cation can use as a prompt in a dialog box.

In its next call to SQLBrowseConnect, the application must supply a value for the
SERVER, UID, and PWD keywords. Because they are prefixed by an asterisk, the APP
and WSID keywords are optional and may be omitted. The value for the SERVER key-
word may be one of the servers returned by SQLBrowseConnect or a user-supplied
name.

The application calls SQLBrowseConnect again, specifying the green server and omit-
ting the APP and WSID keywords and the user-friendly names after each keyword:

SQL BrowseConnect(hdbc, "SERVER=green; Ul D=Smith;PWD=Sesame",
SQL_NTS,szBrowseResult, 100, & ch);

The driver attempts to connect to the green server. If there are any nonfatal errors, such
as a missing keyword-value pair, SQLBrowseConnect returns SQL_NEED_DATA and
remains in the same state as prior to the error. The application can call SQLError to deter-
mine the error. If the connection is successful, the driver returns SQL_NEED_DATA and
returns the browse result string:

"* DATABA SE:Database={ master,model,pubs,tempdb} ;
— *LANGUAGE:Language={us_english,Francais}"

Since the attributes in this string are optional, the application can omit them. However,
the application must call SQLBrowseConnect again. If the application chooses to omit
the database name and language, it specifies an empty browse request string. In this
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example, the application chooses the pubs database and calls SQLBrowseConnect a
final time, omitting the LANGUAGE keyword and the asterisk before the DATABASE
keyword:

SQLBrowseConnect(hdbc, "DATABASE=pubs', SQL_NTS,
szBrowseResult, 100, & cb);

Since the DATABASE attribute is the final connection attribute of the data source, the
browsing process is complete, the application is connected to the data source, and SQL-
BrowseConnect returns SQL_SUCCESS. SQLBrowseConnect also returns the complete
connection string as the browse result string:

"DSN=Sybase 10;SERV ER=green; Ul D=Smith;PWD=Sesame;
DATABASE=pubs’

The final connection string returned by the driver does not contain the user-friendly
names after each keyword, nor does it contain optional keywords not specified by the
application. The application can use this string with SQLDriverConnect to reconnect to
the data source on the current hdbc (after disconnecting) or to connect to the data source
on a different hdbc:

SQL DriverConnect(hdbc, szBrowseResult, SQL_NTS, szConnStrOut, 100, &cb,
SQL_DRIVER_NOPROMPT);

Translating Data

An application and a data source can store data in different formats. For example, the
application might use a different character set than the data source. ODBC provides a
mechanism by which a driver can translate all data (data values, SQL statements, table
names, row counts, and so on) that passes between the driver and the data source.

The driver translates data by calling functions in a translation shared library. A default
translation shared library can be specified for the data source in the .odbc.ini file; the
application can override this by calling SQLSetConnectOption. When the driver con-
nects to the data source, it loads the translation shared library (if one has been specified).
After the driver has connected to the data source, the application may specify a new
translation shared library by calling SQLSetConnectOption. For more information
about specifying a default translation shared library, see “Specifying a Default Transla-
tor” in Chapter 19, “Configuring Data Sources.”



Translation functions may support several different types of translation. For example, a
function that translates data from one character set to another might support a variety of
character sets. To specify a particular type of translation, an application can pass an

Additional Extension Functions

option flag to the translation functions with SQLSetConnectOption.

Additional Extension Functions

ODBC also provides the following functions related to connections, drivers, and data
sources. For more information about these functions, see Chapter 21, “ODBC Function

Reference.”

Function Description

SQLDataSources Retrievesalist of available data sources. The Driver
Manager retrieves this information from the
.odbc.ini file. An application can present thisinfor-
mation to a user or automatically select adata
source.

SQLDrivers Retrieves alist of installed drivers and their

SQLGetFunctions

attributes. The Driver Manager retrieves thisinfor-
mation from the odbcinst.ini file. An application
can present this information to a user or automati-
caly select adriver.

Retrieves functions supported by adriver. Thisfunc-
tion allows an application to determine at run time
whether a particular function is supported by a
driver.
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Function

Description

SQLGetInfo

SQLGetTypelnfo

SQLSetConnectOption
SQLGetConnectOption

Retrieves general information about a driver and
data source, including filenames, versions, conform-
ance levels, and capabilities.

Retrieves the SQL data types supported by a driver
and data source.

These functions set or retrieve connection options,
such as the data source access mode, automatic
transaction commitment, timeout values, function
tracing, data trand ation options, and transaction iso-
lation.




Chapter 39
Executing SQL Statements

An application can submit any SQL statement supported by a data source. ODBC defines
a standard syntax for SQL statements (listed in Appendix C, “SQL Grammar”). For maxi-
mum interoperability, an application should only submit SQL statements that use this syn-
tax; the driver will translate these statements to the syntax used by the data source. If an
application submits an SQL statement that does not use the ODBC syntax, the driver passes
it directly to the data source.

Tip: For CREATE TABLE and ALTER TABLE statements, applications
should use the data type name returned by SQLGetTypelnfo in the
TYPE_NAME column, rather than the data type name defined in the SQL
grammar.

Statements can be executed a single time with SQLExecDirect or prepared
with SQLPrepare and executed multiple times with SQLExecute. Note also
that an application calls SQLTransact to commit or roll back a transaction.

The following diagram shows a simple sequence of ODBC function calls to execute SQL
statements.
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Repeatable Executio

SQLPrepare

SQLSetParam SQLSetParam
SQLExecDirect

SQLExecute

Kind of Statement?

SQLNumResultCols
SQLDescribeCol
SQLBindCol
SQLFetch SQLRowCount
[
More Rows?
Yes
L no
SQLFreeStmt

SQLTransact

Terminate




Allocating a Statement Handle

Allocating a Statement Handle

Before an application can submit an SQL statement, it must allocate a statement handle
for the statement. To allocate a statement handle, an application:

1. Declares a variable of type HSTMT. For example, the application could use the

declaration:
HSTMT hstmt1;

2. Calls SQLAIllocStmt and passes it the address of the variable and the connected
hdbc with which to associate the statement. The driver allocates memory to store
information about the statement, associates the statement handle with the hdbc,
and returns the statement handle in the variable.

Executing an SQL Statement

An application can submit an SQL statement for execution in two ways:

Prepared Call SQLPrepare and then call SQLExecute.

Direct Call SQLExecDirect.

These options are similar, though not identical to, the prepared and immediate options
in embedded SQL. For a comparison of the ODBC functions and embedded SQL, see
Appendix E, “Comparison Between Embedded SQL and ODBC.”

Prepared Execution

An application should prepare a statement before executing it if either of the following
is true:

= The application will execute the statement more than once, possibly with inter-
mediate changes to parameter values.

= The application needs information about the result set prior to execution.
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A prepared statement executes faster than an unprepared statement because the data
source compiles the statement, produces an access plan, and returns an access plan iden-
tifier to the driver. The data source minimizes processing time as it does not have to pro-
duce an access plan each time it executes the statement. Network traffic is minimized
because the driver sends the access plan identifier to the data source instead of the entire
statement.

Important: Committing or rolling back a transaction, either by calling SQL-
Transact or by using the SQL_ AUTOCOMMIT connection option, can cause
the data source to delete the access plans for all hstmts on an hdbc. For more
information, see the SQL_CURSOR_COMMIT_BEHAVIOR and
SQL_CURSOR_ROLLBACK_BEHAVIOR information types in SQLGet-
Info.

To prepare and execute an SQL statement, an application:

1. Calls SQLPrepare to prepare the statement.

2. Sets the values of any statement parameters. For more information, see “Setting
Parameter Values” later in this chapter.

3. Retrieves information about the result set, if necessary. For more information,
see “Determining the Characteristics of a Result Set” in Chapter 7, “Retrieving
Results.”

4, Calls SQLExecute to execute the statement.
5. Repeats steps 2 through 4 as necessary.

Direct Execution
An application should execute a statement directly if both of the following are true:

= The application will execute the statement only once.
= The application does not need information about the result set prior to execu-
tion.
To execute an SQL statement directly, an application:
1. Sets the values of any statement parameters. For more information, see “Setting
Parameter Values” later in this chapter.
2. Calls SQLExecDirect to execute the statement.
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Setting Parameter Values

An SQL statement can contain parameter markers that indicate values that the driver
retrieves from the application at execution time. For example, an application might use
the following statement to insert a row of data into the EMPLOYEE table:

INSERT INTO EMPLOYEE (NAME, AGE, HIREDATE) VALUES (?, 2, ?)
An application uses parameter markers instead of literal values when:

= It needs to execute the same prepared statement several times with different
parameter values.
= The parameter values are not known when the statement is prepared.

= The parameter values need to be converted from one data type to another.

To set a parameter value, an application performs the following steps in any order:

= Calls SQLBindParameter to bind a storage location to a parameter marker and
specify the data types of the storage location and the column associated with the
parameter, as well as the precision and scale of the parameter.

= Places the parameter’s value in the storage location.

These steps can be performed before or after a statement is prepared, but must be per-
formed before a statement is executed.

Parameter values must be placed in storage locations in the C data types specified in
SQLBindParameter. For example:

Parameter Value SQL Data Type C Data Type Stored Value

ABC SQL_CHAR SQL_C_CHAR ABC\O 2

10 SQL_INTEGER SQL_C_SLONG 10

10 SQL_INTEGER SQL_C CHAR 10\0 2

1p.m. SQL_TIME SQL_C TIME 13,0,0°

1p.m. SQL_TIME SQL_C_CHAR {t ’13:00:00\0z¢

a\0” represents a null-termination byte; the null termination byte is required only if the
parameter length is SQL_NTS.
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bThe numbers in this list are the numbers stored in the fields of the TIME_STRUCT
structure.

¢The string uses the ODBC date escape clause. For more information, see “Date, Time,
and Timestamp Data” later in this chapter.

Storage locations remain bound to parameter markers until the application calls SQL-
FreeStmt with the SQL_RESET_PARAMS option or the SQL_DROP option. An applica-
tion can bind a different storage area to a parameter marker at any time by calling
SQLBindParameter. An application can also change the value in a storage location at
any time. When a statement is executed, the driver uses the current values in the most
recently defined storage locations.

Performing Transactions

In auto-commit mode, every SQL statement is a complete transaction, which is automat-
ically committed. In manual-commit mode, a transaction consists of one or more state-
ments. In manual-commit mode, when an application submits an SQL statement and no
transaction is open, the driver implicitly begins a transaction. The transaction remains
open until the application commits or rolls back the transaction with SQLTransact.

If adriver supports the SQL_ AUTOCOMMIT connection option, the default transaction
mode is auto-commit; otherwise, it is manual-commit. An application calls SQLSetCon-
nectOption to switch between manual-commit and auto-commit mode. Note that if an
application switches from manual-commit to auto-commit mode, the driver commits
any open transactions on the connection.

Applications should call SQLTransact, rather than submitting a COMMIT or ROLL-
BACK statement, to commit or roll back a transaction. The result of a COMMIT or
ROLLBACK statement depends on the driver and its associated data source.

E Transact or by using the SQL_AUTOCOMMIT connection option, can cause

Important:  Committing or rolling back a transaction, either by calling SQL-

the data source to close the cursors and delete the access plans for all hstmts
on an hdbc. For more information, see SQL_CURSOR_COMMIT_BEHAVIOR
and SQL_CURSOR_ROLLBACK_BEHAVIOR information types in SQLGet-
Info.
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ODBC Extensions for Connections

ODBC extends the X/Open and SQL Access Group Call Level Interface to provide addi-
tional functions related to SQL statements. ODBC also extends the X/Open and SQL
Access Group SQL CAE specification (1992) to provide common extensions to SQL. The
remainder of this chapter describes these functions and SQL extensions.

To determine if a driver supports a specific function, an application calls SQLGetFunc-
tions. To determine if a driver supports a specific ODBC extension to SQL, such as outer
joins or procedure invocation, an application calls SQLGetlInfo.

Retrieving Information About the Data Source’s Catalog

The following functions, known as catalog functions, return information about a data
source’s catalog:
= SQLTables returns the names of tables stored in a data source.
= SQLTablePrivileges returns the privileges associated with one or more tables.
s SQLColumns returns the names of columns in one or more tables.

= SQLColumnPrivileges returns the privileges associated with each column in a
single table.

= SQLPrimaryKeys returns the names of columns that comprise the primary key
of a single table.

= SQLForeignKeys returns the names of columns in a single table that are foreign
keys. It also returns the names of columns in other tables that refer to the primary
key of the specified table.

= SQLSpecialColumns returns information about the optimal set of columns that
uniquely identify arow in a single table or the columns in that table that are auto-
matically updated when any value in the row is updated by a transaction.

= SQLStatistics returns statistics about a single table and the indexes associated
with that table.

= SQLProcedures returns the names of procedures stored in a data source.
= SQLProcedureColumns returns a list of the input and output parameters, as
well as the names of columns in the result set, for one or more procedures.

Each function returns the information as a result set. An application retrieves these
results by calling SQLBindCol and SQLFetch.
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Sending Parameter Data at Execution Time

To send parameter data at statement execution time, such as for parameters of the
SQL_LONGVARCHAR or SQL_LONGVARBINARY types, an application uses the fol-
lowing three functions:

=  SQLBindParameter
s SQLParamData
s SQLPutData

To indicate that it plans to send parameter data at statement execution time, an applica-
tion calls SQLBindParameter and sets the pchValue buffer for the parameter to the result
of the SQL_LEN_DATA_AT_EXEC(length) macro. If the fSqlType argument is
SQL_LONGVARBINARY or SQL_LONGVARCHAR and the driver returns “Y” for the
SQL_NEED _LONG_DATA_LEN information type in SQLGetInfo, length is the total
number of bytes of data to be sent for the parameter; otherwise, it is ignored.

The application sets the rghValue argument to a value that, at run time, can be used to
retrieve the data. For example, rgbValue might point to a storage location that will con-
tain the data at statement execution time or to a file that contains the data. The driver
returns the value to the application at statement execution time.

When the driver processes a call to SQLExecute or SQLExecDirect and the statement
being executed includes a data-at-execution parameter, the driver returns
SQL_NEED_DATA. To send the parameter data, the application:

1. Calls SQLParamData, which returns rghValue (as set with SQLBindParameter)
for the first data-at-execution parameter.

2. Calls SQLPutData one or more times to send data for the parameter. (More than
one call will be needed if the data value is larger than the buffer; multiple calls
are allowed only if the C data type is character or binary and the SQL data type
is character, binary, or data source-specific.)

3. Calls SQLParamData again to indicate that all data has been sent for the param-
eter. If there is another data-at-execution parameter, the driver returns rgbValue
for that parameter and SQL_NEED_DATA for the function return code. Other-
wise, it returns SQL_SUCCESS for the function return code.

4. Repeats steps 2 and 3 for the remaining data-at-execution parameters.

For additional information, see the description of SQLBindParameter in Chapter 21,
“ODBC Function Reference.”
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Specifying Arrays of Parameter Values

To specify multiple sets of parameter values for a single SQL statement, an application
calls SQLParamOptions. For example, if there are ten sets of column values to insert into
a table_and the same SQL statement can be used for all ten operations_the application
can set up an array of values, then submit a single INSERT statement.

If an application uses SQLParamOptions, it must allocate enough memory to handle the

arrays of values.

Executing Functions Asynchronously

By default, a driver executes ODBC functions synchronously; the driver does not return
control to an application until a function call completes. If a driver supports asynchro-
nous execution, however, an application can request asynchronous execution for the
functions listed below. (All of these functions either submit requests to a data source or
retrieve data. These operations may require extensive processing.)

SQLColAttributes

SQLForeignKeys

SQLProcedureColumns

SQLColumnPrivileges

SQLColumns

SQLDescribeCol

SQLDescribeParam

SQLExecDirect
SQLExecute
SQLExtendedFetch

SQLFetch

SQLGetData

SQLGetTypelnfo

SQLMoreResults

SQLNumParams

SQLNumResultCols
SQLParamData
SQLPrepare

SQLPrimaryKeys

SQLProcedures

SQLPutData

SQLSetPos

SQLSpecialColumns

SQLStatistics
SQLTablePrivileges

SQLTables
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Asynchronous execution is performed on a statement-by-statement basis. To execute a
statement asynchronously, an application:

1.

Calls SQLSetStmtOption with the SQL_ASYNC_ENABLE option to enable
asynchronous execution for an hstmt. (To enable asynchronous execution for all
hstmts associated with an hdbc, an application calls SQLSetConnectOption with
the SQL_ASYNC_ENABLE option.)

Calls one of the functions listed earlier in this section and passes it the hstmt. The
driver begins asynchronous execution of the function and returns
SQL_STILL_EXECUTING.

When the application calls a function that cannot be executed asynchronously,
the driver executes the function synchronously.

Performs other operations while the function is executing asynchronously. The
application can call any function with a different hstmt or an hdbc not associated
with the original hstmt. With the original hstmt and the hdbc associated with that
hstmt, the application can only call the original function, SQLAllocStmt, SQL-
Cancel, or SQLGetFunctions.

Calls the asynchronously executing function to check if it has finished. While
the arguments must be valid, the driver ignores all of them except the hstmt
argument. For example, suppose an application called SQLExecDirect to exe-
cute a SELECT statement asynchronously. When the application calls SQLEXx-
ecDirect again, the return value indicates the status of the SELECT statement,
even if the szSqlStr argument contains an INSERT statement.

If the function is still executing, the driver returns SQL_STILL_EXECUTING
and the application must repeat steps 3 and 4. If the function has finished, the
driver returns a different code, such as SQL_SUCCESS or SQL_ERROR. For
information about canceling a function executing asynchronously, see “Termi-
nating Statement Processing” in Chapter 9, “Terminating Transactions and Con-
nections.”

Repeats steps 2 through 4 as needed.

To disable asynchronous execution for an hstmt, an application calls SQLSetStmtOption
with the SQL_ASYNC_ENABLE option. To disable asynchronous execution for all
hstmts associated with an hdbc, an application calls SQLSetConnectOption with the
SQL_ASYNC_ENABLE option.
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Using ODBC Extensions to SQL

ODBC defines the following extensions to SQL, which are common to most DBMS'’s:

= Date, time, and timestamp data

= Scalar functions such as numeric, string, and data type conversion functions
» LIKE predicate escape characters

= Outer joins

= Procedures

The syntax defined by ODBC for these extensions uses the escape clause provided by the
X/0pen and SQL Access Group SQL CAE specification (1992) to cover vendor-specific
extensions to SQL. Its format is:

--(*vendor(vendor-name), product(product-name) extension *)--

For the ODBC extensions to SQL, product-name is always “ODBC”, since the product
defining them is ODBC. Vendor-name is always “Microsoft”, since ODBC is a Microsoft
product. ODBC also defines a shorthand syntax for these extensions:

{extension}

Most DBMS’s provide the same extensions to SQL as does ODBC. Because of this, an
application may be able to submit an SQL statement using one of these extensions in
either of two ways:

Use the syntax defined by ODBC. An application that uses the ODBC syntax will be
interoperable among DBMS'’s.

Use the syntax defined by the DBMS. An application that uses DBMS-specific syntax will
not be interoperable among DBMS’s.

Due to the difficulty in implementing some ODBC extensions to SQL, such as outer joins,
a driver might only implement those ODBC extensions that are supported by its associ-
ated DBMS. To determine whether the driver and data source support all the ODBC
extensions to SQL, an application calls SQLGetInfo with the
SQL_ODBC_SQL_CONFORMANCE flag. For information about how an application
determines whether a specific extension is supported, see the section that describes the
extension.
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Note that many DBM'’s provide extensions to SQL other than those defined by ODBC.
To use one of these extensions, an application uses the DBMS-specific syntax. The appli-
cation will not be interoperable among DBMS'’s.

Date, Time, and Timestamp Data

The escape clauses ODBC uses for date, time, and timestamp data are:

--(*vendor(Microsoft),product(ODBC) d 'value' *)--
--(*vendor(Microsoft),product(ODBC) t 'value' *)--
--(*vendor(Microsoft),product(ODBC) ts 'value' *)--

where d indicates value is a date in the “yyyy-mm-dd” format, t indicates value is a time
in the “hh:mm:ss” format, and ts indicates value is a timestamp in the “yyyy-mm-dd
hh:mm:ss[.f...]” format. The shorthand syntax for date, time, and timestamp data is:

{d’vaue}
{t'value}
{ts'value’}

For example, each of the following statements updates the birthday of Roger Sippl in the
EMPLOYEE table. The first statement uses the escape clause syntax. The second state-

ment uses the shorthand syntax. The third statement uses the native syntax for a DATE
column in a database server and is not interoperable among DBMSs.

UPDATE EMPLOYEE

SET BIRTHDAY =--(* vendor(Microsoft),product(ODBC) d '1967-01-15" *)--
WHERE NAME="Sippl, Roger’

UPDATE EMPLOYEE

SET BIRTHDAY={d '1967-01-15"}

WHERE NAME="Sippl, Roger’

UPDATE EMPLOYEE

SET BIRTHDAY='01/15/1967'

WHERE NAME="Sippl, Roger’

The ODBC escape clauses for date, time, and timestamp literals can be used in parame-
ters with a C data type of SQL_C_CHAR. For example, the following statement uses a
parameter to update the birthday of John Smith in the EMPLOYEE table:

UPDATE EMPLOYEE SET BIRTHDAY =? WHERE NAME="Smith, John’



Using ODBC Extensions to SQL

A storage location of type SQL_C_CHAR bound to the parameter might contain any of
the following values. The first value uses the escape clause syntax. The second value uses
the shorthand syntax.

"--(*vendor(Microsoft),product(ODBC) d '1967-01-15' *)--"
"{d’'1967-01-151}"

An application can also send date, time, or timestamp values as parameters using the C
structures defined by the C data types SQL_C_DATE, SQL_C_TIME, and
SQL_C_TIMESTAMP.

To determine if a data source supports date, time, or timestamp data, an application calls
SQLGetTypelnfo. If a driver supports date, time, or timestamp data, it must also sup-
port the escape clauses for date, time, or timestamp literals.

Scalar Functions

Scalar functions —such as string length, absolute value, or current date -can be used on
columns of a result set and on columns that restrict rows of a result set. The escape clause
ODBC uses for scalar functions is:

--(*vendor(Microsoft),product(ODBC) fn scalar-function *)--

where scalar-function is one of the functions listed in Appendix F, “Scalar Functions.” The
shorthand syntax for scalar functions is:

{fn scalar-function}

For example, each of the following statements creates the same result set of uppercase
employee names. The first statement uses the escape clause syntax. The second statement
uses the shorthand syntax. The third statement uses the native syntax for Ingres™ for
UNIX and is not interoperable among DBMSs.

SEL ECT --(*vendor(Microsoft),product(ODBC) fn UCASE(NAME) *)--
FROM EMPLOYEE

SELECT {fn UCASE(NAME)} FROM EMPLOYEE

SELECT uppercase(NAME) FROM EMPLOY EE

An application can mix scalar functions that use native syntax and scalar functions that
use ODBC syntax. For example, the following statement creates a result set of last names
of employees in the EMPLOYEE table. (Names in the EMPLOYEE table are stored as a
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last name, a comma, and a first name.) The statement uses the ODBC scalar function
SUBSTRING and the Sybase SQL Server scalar function CHARINDEX and will only
execute correctly on Sybase SQL Server.

SELECT {fn SUBSTRING(NAME, 1, CHARINDEX(',, NAME) — 1)} FROM EMPLOYEE

To determine which scalar functions are supported by a data source, an application calls
SQLGetInfo with the SQL_NUMERIC_FUNCTIONS, SQL_STRING_FUNCTIONS,
SQL_SYSTEM_FUNCTIONS, and SQL_TIMEDATE_FUNCTIONS flags.

Data Type Conversion Function

ODBC defines a special scalar function, CONVERT, that requests that the data source
convert data from one SQL data type to another SQL data type. The escape clause ODBC
uses for the CONVERT function is:

--(*vendor(Microsoft),product(ODBC)
fn CONVERT (value_exp, data_type) *)--

where value_exp is a column name, the result of another scalar function, or a literal value,
and data_type is a keyword that matches the #define name used by an ODBC SQL data
type (as defined in Appendix D, “Data Types”). The shorthand syntax for the CON-
VERT function is:

{fn CONVERT (value_exp, data_type)}

For example, the following statement creates a result set of the names and ages of all
employees in their twenties. It uses the CONVERT function to convert each employee’s
age from type SQL_SMALLINT to type SQL_CHAR. Each resulting character string is
compared to the pattern “2%” to determine if the employee’s age is in the twenties.

SELECT NAME, AGE FROM EMPLOY EE WHERE {fn CONVERT(AGE,SQL_CHAR)} LIKE 2%’

To determine if the CONVERT function is supported by a data source, an application
calls SQLGetInfo with the SQL_CONVERT_FUNCTIONS flag. For more information
about the CONVERT function, see Appendix F, “Scalar Functions.”
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LIKE Predicate Escape Characters

In a LIKE predicate, the percent character (%) matches zero or more of any character and
the underscore character () matches any one character. The percent and underscore

characters can be used as literals in a LIKE predicate by preceding them with an escape
character. The escape clause ODBC uses to define the LIKE predicate escape character is:

--(*vendor (Microsoft),product(ODBC) escape 'escape-character’ *)--

where escape-character is any character supported by the data source. The shorthand
syntax for the LIKE predicate escape character is:

{escape 'escape-character’}

For example, each of the following statements creates the same result set of department
names that start with the characters “%AAA”. The first statement uses the escape clause
syntax. The second statement uses the shorthand syntax. The third statement uses the
native syntax for Ingres and is not interoperable among DBMS’s. Note that the second
percent character in each LIKE predicate is a wild-card character that matches zero or
more of any character.

SELECT NAME FROM DEPT WHERE NAME LIKE \%AAA%' --
(*vendor(Microsoft),product(ODBC) escape '\'*)--

SELECT NAME FROM DEPT WHERE NAME LIKE \%AAA%’ { escape '\'}

SELECT NAME FROM DEPT WHERE NAME LIKE \%AAA%' ESCAPE '\

To determine whether LIKE predicate escape characters are supported by a data source,
an application calls SQLGetInfo with the SQL_LIKE_ESCAPE_CLAUSE information

type.

Outer Joins

ODBC supports the ANSI SQL-92 left outer join syntax. The escape clause ODBC uses for
outer joins is:

--(*vendor (Microsoft),product(ODBC) oj outer-join *)--
where outer-join is:

table-reference LEFT OUTER JOIN {table-reference | outer-join}
ON search-condition

table-reference specifies a table name, and search-condition specifies the join condition between the
table-references. The shorthand syntax for outer joinsis:
{oj outer-join}

75



Using ODBC Extensions to SQL

76

An outer join request must appear after the FROM keyword and before the WHERE
clause (if one exists). For complete syntax information, see Appendix C, “SQL Gram-
mar.”

For example, each of the following statements creates the same result set of the names
and departments of employees working on project 544. The first statement uses the
escape clause syntax. The second statement uses the shorthand syntax. The third state-
ment uses the native syntax for Oracle and is not interoperable among DBMS’s.

SELECT EMPLOYEE.NAME, DEPT.DEPTNAME

FROM --(*vendor(Microsoft),product(ODBC) oj

EMPLOYEE LEFT OUTER JOIN DEPT ON EMPLOY EE.DEPTID=DEPT.DEPTID*)--
WHERE EMPLOY EE.PROJID=544

SELECT EMPLOYEE.NAME, DEPT.DEPTNAME

FROM {oj EMPLOYEE LEFT OUTER JOIN DEPT

ON EMPLOY EE.DEPTID=DEPT.DEPTID}

WHERE EMPLOY EE.PROJID=544

SELECT EMPLOYEE.NAME, DEPT.DEPTNAME

FROM EMPLOYEE, DEPT

WHERE (EMPLOY EE.PROJID=544) AND (EMPLOYEE.DEPTID = DEPT.DEPTID (+))

To determine the level of outer joins a data source supports, an application calls
SQLGetInfo with the SQL_OUTER_JOINS flag. Data sources can support two-table
outer joins, partially support multi-table outer joins, fully support multi-table outer
joins, or not support outer joins.

Procedures

An application can call a procedure in place of an SQL statement. The escape clause
ODBC uses for calling a procedure is:

--(*vendor (Microsoft),product(ODBC)
[?=] call procedure-name[([parameter][,[parameter]]...)] *)--

where procedure-name specifies the name of a procedure stored on the data source and
parameter specifies a procedure parameter. A procedure can have zero or more parame-
ters and can return a value. The shorthand syntax for procedure invocation is:

{[?=]call procedure-name[([parameter][,[parameter]]...)]}

For output parameters, parameter must be a parameter marker. For input and input/out-
put parameters, parameter can be a literal, a parameter marker, or not specified. If param-
eter is a literal or is not specified for an input/output parameter, the driver discards the
output value. If parameter is not specified for an input or input/output parameter, the

procedure uses the default value of the parameter as the input value; the procedure also
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uses the default value if parameter is a parameter marker and the pchValue argument in
SQLBindParameter is SQL_DEFAULT_PARAM. If a procedure call includes parameter
markers (including the “?=" parameter marker for the return value), the application must
bind each marker by calling SQLBindParameter prior to calling the procedure.

Important: For some data sources, parameter cannot be a literal value. For all
data sources, it can be a parameter marker. For maximum interoperability,
applications should always use a parameter marker for parameter.

If an application specifies a return value parameter for a procedure that does not return
a value, the driver sets the pchValue buffer specified in SQLBindParameter for the
parameter to SQL_NULL_DATA. If the application omits the return value parameter for
a procedure which returns a value, the driver ignores the value returned by the proce-
dure.

If a procedure returns a result set, the application retrieves the data in the result set in the
same manner as it retrieves data from any other result set.

For example, each of the following statements uses the procedure EMPS_IN_PROJ to
create the same result set of names of employees working on a project. The first statement
uses the escape clause syntax. The second statement uses the shorthand syntax. For an
example of code that calls a procedure, see SQLProcedures in Chapter 21, “ODBC Func-
tion Reference.”

--(*vendor(Microsoft),product(ODBC) call EMPS_IN_PROJ(?)*)--
{call EMPS_IN_PROJ(?)}

To determine if a data source supports procedures, an application calls SQLGetInfo with
the SQL_PROCEDURES information type. To retrieve a list of the procedures stored in a
data source, an application calls SQLProcedures. To retrieve a list of the input,
input/output, and output parameters, as well as the return value and the columns that
make up the result set (if any) returned by a procedure, an application calls SQLProce-
dureColumns.
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Additional Extension Functions

ODBC also provides the following functions related to SQL statements. For more infor-
mation about these functions, see Chapter 21, “ODBC Function Reference.”

Function Description
SQLDescribeParam Retrieves information about prepared parameters.
SQLNativeSql Retrieves the SQL statement as processed by the data

source, with escape sequences translated to SQL code
used by the data source.

SQLNumParams Retrieves the number of parameters in an SQL state-
ment.

SQLSetStmtOption- These functions set or retrieve statement options, such

SQLSetConnectOption- as asynchronous processing, orientation for binding

SQLGetStmtOption rowsets, maximum amount of variable length data to re-

turn, maximum number of result set rows to return, and
query timeout value. Note that SQLSetConnectOption
sets options for all statements in a connection.
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Retrieving Results

A SELECT statement is used to retrieve data that meets a given set of specifications. For
example, SELECT * FROM EMPLOYEE WHERE EMPNAME ="Jones" is used to retrieve
all columns of all rows in EMPLOYEE where the employee’s name is Jones. ODBC exten-
sion functions also can retrieve data. For example, SQLColumns retrieves data about col-
umns in the data source. These sets of data, called result sets, can contain zero or more
rows.

Other SQL statements, such as GRANT or REVOKE, do not return result sets. For these
statements, the return code from SQLExecute or SQLExecDirect is usually the only source
of information as to whether the statement was successful. (For INSERT, UPDATE, and
DELETE statements, an application can call SQLRowCount to return the number of
affected rows.)

The steps an application takes to process a result set depends on what is known about it.

Known result set The application knows the exact form of the SQL
statement, and therefore the result set, at compile
time. For example, the query SELECT EMPNO,
EMPNAME FROM EMPLOYEE returns two
specific columns

Unknown result set The application does not know the exact form of
the SQL statement, and therefore the result set, at
compile time. For example, the ad hoc query
SELECT * FROM EMPLOYEE returns all currently
defined columns in the EMPLOYEE table. The
application may not be able to predict the format of
these results prior to execution.
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Assigning Storage for Results (Binding)

An application can assign storage for results before or after it executes an SQL statement.
If an application prepares or executes the SQL statement first, it can inquire about the
result set before it assigns storage for results. For example, if the result set is unknown,
the application must retrieve the number of columns before it can assign storage for
them.

To associate storage for a column of data, an application calls SQLBindCol and passes
it the following information:

The data type to which the data is to be converted. For more information, see “Convert-
ing Data from SQL to C Data Types” in Appendix D, “Data Types.”

The address of an output buffer for the data. The application must allocate this buffer
and it must be large enough to hold the data in the form to which it is converted.

The length of the output buffer. This value is ignored if the returned data has a fixed
width in C, such as an integer, real number, or date structure.

The address of a storage buffer in which to return the number of bytes of available data.

Determining the Characteristics of a Result Set

To determine the characteristics of a result set, an application can:

= Call SQLNumResultCols to determine how many columns a request returned.

= Call SQLColAttributes or SQLDescribeCol to describe a column in the result
set.

If the result set is unknown, an application can use the information returned by these
functions to bind the columns in the result set. An application can call these functions at
any time after a statement is prepared or executed. Note that although SQLRowCount
can sometimes return the number of rows in a result set, it is not guaranteed to do so.
Few data sources support this functionality and interoperable applications should not
rely on it.
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Tip: For optimal performance, an application should call SQLColAttributes,
SQLDescribeCol, and SQLNumResultCols after a statement is executed. In
data sources that emulate statement preparation, these functions sometimes
execute more slowly before a statement is executed because the information
returned by them is not readily available until after the statement is exe-
cuted.

Fetching Result Data

To retrieve a row of data from the result set, an application:

1. Calls SQLBindCol to bind the columns of the result set to storage locations if it
has not already done so.

2. Calls SQLFetch to move to the next row in the result set and retrieve data for all
bound columns.

The following diagram shows the operations an application uses to retrieve data from the
result set:

SELECT statement

v

SQLNumResultCols
SQLDescribeCol
SQLBindCol

SQLIl:etch

More Rows?

Yes
i No

Finished
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Using Cursors

To keep track of its position in the result set, a driver maintains a cursor. The cursor is so
named because it indicates the current position in the result set, just as the cursor on a
CRT screen indicates current position.

Each time an application calls SQLFetch, the driver moves the cursor to the next row
and returns that row. The cursor supported by the core ODBC functions only scrolls for-
ward, one row at a time. (To reretrieve a row of data that it has already retrieved from
the result set, the application must close the cursor by calling SQLFreeStmt with the
SQL_CLOSE option, reexecute the SELECT statement, and fetch rows with SQLFetch
until the target row is retrieved.)

E Transact or by using the SQL_AUTOCOMMIT connection option, can cause

Important: Committing or rolling back a transaction, either by calling SQL-

the data source to close the cursors for all hstmts on an hdbc. For more infor-
mation, see the SQL_CURSOR_COMMIT_BEHAVIOR and
SQL_CURSOR_ROLLBACK_BEHAVIOR information types in SQLGetInfo.
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ODBC Extensions for Results

ODBC extends the X/Open and SQL Access Group Call Level Interface to provide addi-
tional functions related to retrieving results. The remainder of this chapter describes
these functions. To determine if a driver supports a specific function, an application calls
SQLGetFunctions.

Retrieving Data from Unbound Columns

To retrieve data from unbound columns_that is, columns for which storage has not been
assigned with SQLBindCol_an application uses SQLGetData. The application first
calls SQLFetch or SQLExtendedFetch to position the cursor on the next row. It then calls
SQLGetData to retrieve data from specific unbound columns.
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An application may retrieve data from both bound and unbound columns in the same
row. It calls SQLBindCol to bind as many columns as desired. It calls SQLFetch or
SQLExtendedFetch to position the cursor on the next row of the result set and retrieve
all bound columns. It then calls SQLGetData to retrieve data from unbound columns.

If the data type of a column is character, binary, or data source—specific and the column
contains more data than can be retrieved in a single call, an application may call SQLGet-
Data more than once for that column, as long as the data is being transferred to a buffer
of type SQL_C_CHAR or SQL_C_BINARY. For example, data of the
SQL_LONGVARBINARY and SQL_LONGVARCHAR types may need to be retrieved in
several parts.

For maximum interoperability, an application should only call SQLGetData for columns
to the right of the rightmost bound column and then only in left-to-right order. To deter-
mine if a driver can return data with SQLGetData for any column (including unbound
columns before the last bound column and any bound columns) or in any order, an appli-
cation calls SQLGetInfo with the SQL_GETDATA_EXTENSIONS option.

Assigning Storage for Rowsets (Binding)

In addition to binding individual rows of data, an application can call SQLBindCol to
assign storage for a rowset (one or more rows of data). By default, rowsets are bound in
column-wise fashion. They can also be bound in row-wise fashion.

To specify how many rows of data are in a rowset, an application calls SQLSetStmtOp-
tion with the SQL_ROWSET_SIZE option.

Column-Wise Binding

To assign storage for column-wise bound results, an application performs the following
steps for each column to be bound:

1. Allocates an array of data storage buffers. The array has as many elements as
there are rows in the rowset.

2. Allocates an array of storage buffers to hold the number of bytes available to
return for each data value. The array has as many elements as there are rows in
the rowset.

3. Calls SQLBindCol and specifies the address of the data array, the size of one ele-
ment of the data array, the address of the number-of-bytes array, and the type to
which the data will be converted. When data is retrieved, the driver will use the
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array element size to determine where to store successive rows of data in the
array.

Row-Wise Binding

To assign storage for row-wise bound results, an application performs the following

steps:

1.

Declares a structure that can hold a single row of retrieved data and the associ-
ated data lengths. (For each column to be bound, the structure contains one field
to contain data and one field to contain the number of bytes of data available to
return.)

Allocates an array of these structures. This array has as many elements as there
are rows in the rowset.

Calls SQLBIndCol for each column to be bound. In each call, the application
specifies the address of the column’s data field in the first array element, the size
of the data field, the address of the column’s number-of-bytes field in the first
array element, and the type to which the data will be converted.

Calls SQLSetStmtOption with the SQL_BIND_TYPE option and specifies the
size of the structure. When the data is retrieved, the driver will use the structure
size to determine where to store successive rows of data in the array.

Retrieving Rowset Data

Before it retrieves rowset data, an application calls SQLSetStmtOption with the
SQL_ROWSET _SIZE option to specify the number of rows in the rowset. It then binds
columns in the rowset with SQLBindCol. The rowset may be bound in column-wise or
row-wise fashion. For more information, see “Assigning Storage for Rowsets (Binding)”
previous in this chapter.

To retrieve rowset data, an application calls SQLExtendedFetch.

For maximum interoperability, an application should not use SQLGetData to retrieve
data from unbound columns in a block (more than one row) of data that has been
retrieved with SQLExtendedFetch. To determine if a driver can return data with
SQLGetData from a block of data, an application calls SQLGetInfo with the
SQL_GETDATA_EXTENSIONS option.
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Using Block and Scrollable Cursors

As originally designed, cursors in SQL only scroll forward through a result set, returning
one row at atime. However, interactive applications often require forward and backward
scrolling, absolute or relative positioning within the result set, and the ability to retrieve
and update blocks of data, or rowsets.

To retrieve and update rowset data, ODBC provides a block cursor attribute. To allow an
application to scroll forwards or backwards through the result set, or move to an absolute
or relative position in the result set, ODBC provides a scrollable cursor attribute. Cursors
may have one or both attributes.

Block Cursors

An application calls SQLSetStmtOption with the SQL_ROWSET_SIZE option to specify
the rowset size. The application can call SQLSetStmtOption to change the rowset size at
any time. Each time the application calls SQLExtendedFetch, the driver returns the next
rowset size rows of data. After the data is returned, the cursor points to the first row in the
rowset. By default, the rowset size is one.

Scrollable Cursors

Applications have different needs in their ability to sense changes in the tables underly-
ing a result set. For example, when balancing financial data, an accountant needs data
that appears static; it is impossible to balance books when the data is continually chang-
ing. When selling concert tickets, a clerk needs up-to-the minute, or dynamic, data on
which tickets are still available. Various cursor models are designed to meet these needs,
each of which requires different sensitivities to changes in the tables underlying the
result set.

Static Cursors

At one extreme are static cursors, to which the data in the underlying tables appears to
be static. The membership, order, and values in the result set used by a static cursor are
generally fixed when the cursor is opened. Rows updated, deleted, or inserted by other
users (including other cursors in the same application) are not detected by the cursor
until it is closed and then reopened; the SQL_STATIC_SENSITIVITY information type
returns whether the cursor can detect rows it has updated, deleted, or inserted.
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Static cursors are commonly implemented by taking a snapshot of the data or locking
the result set. Note that in the former case, the cursor diverges from the underlying
tables as other users make changes; in the latter case, other applications and cursors in
the same application are prohibited from changing the data.

Dynamic Cursors

At the other extreme are dynamic cursors, to which the data appears to be dynamic. The
membership, order, and values in the result set used by a dynamic cursor are ever-
changing. Rows updated, deleted, or inserted by all users (the cursor, other cursors in
the same application, and other applications) are detected by the cursor when data is
next fetched. Although ideal for many situations, dynamic cursors are difficult to imple-
ment.

Keyset-Driven Cursors

Between static and dynamic cursors are keyset-driven cursors, which have some of the
attributes of each. Like static cursors, the membership and ordering of the result set of a
keyset-driven cursor is generally fixed when the cursor is opened. Like dynamic cur-
sors, most changes to the values in the underlying result set are visible to the cursor
when data is next fetched.

When a keyset-driven cursor is opened, the driver saves the keys for the entire result set,
thus fixing the membership and order of the result set. As the cursor scrolls through the
result set, the driver uses the keys in this keyset to retrieve the current data values for
each row in the rowset. Because data values are retrieved only when the cursor scrolls
to a given row, updates to that row by other users (including other cursors in the same
application) after the cursor was opened are visible to the cursor.

If the cursor scrolls to a row of data that has been deleted by other users (including other
cursors in the same application), the row appears as a hole in the result set, since the key
is still in the keyset but the row is no longer in the result set. Updating the key values in
arow is considered to be deleting the existing row and inserting a new row; therefore,

rows of data for which the key values have been changed also appear as holes. When the
driver encounters a hole in the result set, it returns a status code of

SQL_ROW _DELETED for the row.

Rows of data inserted into the result set by other users (including other cursors in the
same application) after the cursor was opened are not visible to the cursor, since the keys
for those rows are not in the keyset.
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The SQL_STATIC_SENSITIVITY information type returns whether the cursor can detect
rows it has deleted or inserted. Because updating key values in a keyset-driven cursor is
considered to be deleting the existing row and inserting a new row, keyset-driven cursors
can always detect rows they have updated.

Mixed (Keyset/Dynamic) Cursors

If a result set is large, it may be impractical for the driver to save the keys for the entire
result set. Instead, the application can use a mixed cursor. In a mixed cursor, the keyset is
smaller than the result set, but larger than the rowset.

Within the boundaries of the keyset, a mixed cursor is keyset-driven, that is, the driver
uses keys to retrieve the current data values for each row in the rowset. When a mixed
cursor scrolls beyond the boundaries of the keyset, it becomes dynamic, that is, the driver
simply retrieves the next rowset size rows of data. The driver then constructs a new keyset,
which contains the new rowset.

For example, assume a result set has 1000 rows and uses a mixed cursor with a keyset
size of 100 and a rowset size of 10. When the cursor is opened, the driver (depending on
the implementation) saves keys for the first 100 rows and retrieves data for the first 10
rows. If another user deletes row 11 and the cursor then scrolls to row 11, the cursor will
detect a hole in the result set; the key for row 11 is in the keyset but the data is no longer
in the result set. This is the same behavior as a keyset-driven cursor. However, if another
user deletes row 101 and the cursor then scrolls to row 101, the cursor will not detect a
hole; the key for the row 101 is not in the keyset. Instead, the cursor will retrieve the data
for the row that was originally row 102. This is the same behavior as a dynamic cursor.

Specifying the Cursor Type

To specify the cursor type, an application calls SQLSetStmtOption with the
SQL_CURSOR_TYPE option. The application can specify a cursor that only scrolls for-
ward, a static cursor, a dynamic cursor, a keyset-driven cursor, or a mixed cursor. If the
application specifies a mixed cursor, it also specifies the size of the keyset used by the cur-
sor.

To use the ODBC cursor library, an application calls SQLSetConnectOption with the
SQL_ODBC_CURSORS option before it connects to the data source. The cursor library
supports block scrollable cursors. It also supports positioned update and delete state-
ments. For more information, see Appendix G, “ODBC Cursor Library.”
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Unless the cursor is a forward-only cursor, an application calls SQLExtendedFetch to
scroll the cursor backwards, forwards, or to an absolute or relative position in the result
set. The application calls SQLSetPos to refresh the row currently pointed to by the cur-
sor.

Specifying Cursor Concurrency

Concurrency is the ability of more than one user to use the same data at the same time. A
transaction is serializable if it is performed in a manner in which it appears as if no other
transactions operate on the same data at the same time. For example, assume one trans-
action doubles data values and another adds 1 to data values. If the transactions are seri-
alizable and both attempt to operate on the values 0 and 10 at the same time, the final
values will be 1 and 21 or 2 and 22, depending on which transaction is performed first.
If the transactions are not serializable, the final values will be 1 and 21, 2 and 22, 1 and
22, or 2 and 21; the sets of values 1 and 22, and 2 and 21, are the result of the transactions
acting on each value in a different order.

Serializability is considered necessary to maintain database integrity. For cursors, it is
most easily implemented at the expense of concurrency by locking the result set. A com-
promise between serializability and concurrency is optimistic concurrency control. In a
cursor using optimistic concurrency control, the driver does not lock rows when it
retrieves them. When the application requests an update or delete operation, the driver
or data source checks if the row has changed. If the row has not changed, the driver or
data source prevents other transactions from changing the row until the operation is
complete. If the row has changed, the transaction containing the update or delete oper-
ation fails.

To specify the concurrency used by a cursor, an application calls SQLSetStmtOption
with the SQL_CONCURRENCY option. The application can specify that the cursor is
read-only, locks the result set, uses optimistic concurrency control and compares row
versions to determine if a row has changed, or uses optimistic concurrency control and
compares data values to determine if a row has changed. The application calls SQLSet-
Pos to lock the row currently pointed to by the cursor, regardless of the specified cursor
concurrency.

Using Bookmarks

A bookmark is a 32-bit value that an application uses to return to a row. The application
does not request that the driver places a bookmark on a row; instead, the application
requests a bookmark that it can use to return to a row. For example, if a bookmark is a
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row number, an application requests the row number of a row and stores it. Later, the
application passes this row number back to the driver and requests that the driver return
to the row.

Before opening the cursor, an application must call SQLSetStmtOption with the
SQL_USE_BOOKMARKS option to inform the driver it will use bookmarks. After open-
ing the cursor, the application retrieves bookmarks either from column 0 of the result set
or by calling SQLGetStmtOption with the SQL_GET_BOOKMARK option. To retrieve
a bookmark from the result set, the application either binds column 0 and calls SQLEXx-
tendedFetch or calls SQLGetData; in either case, the fCType argument must be set to
SQL_C _BOOKMARK. To return to the row specified by a bookmark, the application calls
SQLExtendedFetch with a fetch type of SQL_FETCH_BOOKMARK.

If a bookmark requires more than 32 bits, such as when it is a key value, the driver maps
the bookmarks requested by the application to 32-bit binary values. The 32-bit binary
values are then returned to the application. Because this mapping may require consider-
able memory, applications should only bind column 0 of the result set if they will actually
use bookmarks for most rows. Otherwise, they should call SQLGetStmtOption with the
SQL_BOOKMARK statement option or call SQLGetData for column O.

Before an application opens a cursor with which it will use bookmarks, it: calls SQLSet-
StmtOption with the SQL_USE_BOOKMARKS option and a value of SQL_UB_ON.

To retrieve a bookmark for the current row, an application does one of the following
actions:

= Retrieves the value from column 0 of the rowset. The application can either call
SQLBindCol to bind column 0 before it calls SQLExtendedFetch or call
SQLGetData to retrieve the data after it calls SQLExtendedFetch. In either case,
the fCType argument must be SQL_C_BOOKMARK.

To determine whether it can call SQLGetData for a block (more than one row) of
data and whether it can call SQLGetData for a column before the last bound col-
umn, an application calls SQLGetInfo with the SQL_GETDATA_EXTENSIONS
information type.

—0Or-
= Calls SQLSetPos with the SQL_POSITION option to position the cursor on the

row and calls SQLGetStmtOption with the SQL_BOOKMARK option to
retrieve the bookmark.
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To return to the row specified by a bookmark (or a row a certain number of rows from
the bookmark), an application:Calls SQLExtendedFetch with the irow argument set to
the bookmark and the fFetchType argument set to SQL_FETCH_BOOKMARK. The
driver returns the rowset starting with the row identified by the bookmark.

Modifying Result Set Data

ODBC provides two ways to modify data in the result set. Positioned update and delete
statements are similar to such statements in embedded SQL. Calls to SQLSetPos allow
an application to update, delete, or add new data without executing SQL statements.

Executing Positioned Update and Delete Statements

An application can update or delete the row in the result set currently pointed to by the
cursor. This is known as a positioned update or delete statement. After executing a
SELECT statement to create a result set, an application calls SQLFetch one or more
times to position the cursor on the row to be updated or deleted. Alternatively, it fetches
the rowset with SQLExtendedFetch and positions the cursor on the desired row by call-
ing SQLSetPos with the SQL_POSITION option. To update or delete the row, the appli-
cation then executes an SQL statement with the following syntax on a different hstmt:

UPDATE table-name

SET column-identifier = { expression | NULL}

[, column-identifier = {expression | NULL}]...

WHERE CURRENT OF cursor-name

DELETE FROM table-name WHERE CURRENT OF cursor-name

Positioned update and delete statements require cursor names. An application can name
a cursor with SQLSetCursorName. If the application has not named the cursor by the
time the driver executes a SELECT statement, the driver generates a cursor name. To
retrieve the cursor name for an hstmt, an application calls SQLGetCursorName.

To execute a positioned update or delete statement, an application must follow these
guidelines:

The SELECT statement that creates the result set must use a FOR UPDATE clause.

The cursor name used in the UPDATE or DELETE statement must be the same as the
cursor name associated with the SELECT statement.
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The application must use different hstmts for the SELECT statement and the UPDATE or
DELETE statement.

The hstmts for the SELECT statement and the UPDATE or DELETE statement must be
on the same connection.

To determine if a data source supports positioned update and delete statements, an
application calls SQLGetInfo with the SQL_POSITIONED_STATEMENTS option. For
an example of code that performs a positioned update in a rowset, see SQLSetPos in
Chapter 21, “ODBC Function Reference.”

In ODBC 1.0, positioned update, positioned delete, and SELECT FOR UPDATE state-
ments were part of the core SQL grammar; in ODBC 2.0, they are part of the extended
grammar. Applications that use the SQL conformance level to determine whether these
statements are supported also need to check the version number of the driver to correctly
interpret the information. In particular, applications that use these features with ODBC
1.0 drivers need to explicitly check for these capabilities in ODBC 2.0 drivers.

Modifying Data with SQLSetPos

To add, update, and delete rows of data, an application calls SQLSetPos and specifies the
operation, the row number, and how to lock the row. Where new rows of data are added
to the result set, and whether they are visible to the cursor is data source—defined.

The row number determines both the number of the row in the rowset to update or delete
and the index of the row in the rowset buffers from which to retrieve data to add or
update. If the row number is 0, the operation affects all of the rows in the rowset.

SQLSetPos retrieves the data to update or add from the rowset buffers. It only updates
those columns in a row that have been bound with SQLBindCol and do not have a
length of SQL_IGNORE. However, it cannot add a new row of data unless all of the col-
umns in the row are bound, are nullable, or have a default value.

The rowset buffers are used both to send and retrieve data. To avoid overwriting existing
data when it adds a new row of data, an application can allocate an extra row at the end
of the rowset buffers to use as an add buffer.
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To add a new row of data to the result set, an application:

1.

Places the data for each column the rgbValue buffers specified with SQLBind-
Col. To avoid overwriting an existing row of data, the application should allo-
cate an extra row of the rowset buffers to use as an add buffer.

Places the length of each column in the pchValue buffer specified with SQLBind-
Col; this only needs to be done for columns with an fCType of SQL_C_CHAR or
SQL_C_BINARY. To use the default value for a column, the application specifies
a length of SQL_IGNORE.

To add a new row of data to a result set, one of the following two conditions
must be met:

o All columns in the underlying tables must be bound with SQLBindCol.

o Allunbound columns and all bound columns for which the specified length
is SQL_IGNORE must accept NULL values or have default values.

To determine if a row in a result set accepts NULL values, an application calls
SQLColAttributes. To determine if a data source supports non-nullable col-
umns, an application calls SQLGetInfo with the SQL_NON_NULLABLE flag.

Calls SQLSetPos with the fOption argument set to SQL_ADD. The irow argu-
ment determines the row in the rowset buffers from which the data is retrieved.
For information about how an application sends data for data-at-execution col-
umns, see SQLSetPos in Chapter 21, “ODBC Function Reference.”

After the row is added, the row the cursor points to is unchanged.

Columns for long data types, such as SQL_LONGVARCHAR and
SQL_LONGVARBINARY, are generally not bound. However, if an application
uses SQLSetPos to send data for these columns, it must bind them with SQL-
BindCol. Unless the driver returns the SQL_GD_BOUND bit for the
SQL_GETDATA_EXTENSIONS information type, the application must unbind
them before calling SQLGetData to retrieve data from them.

To update a row of data, an application:

1.

Modifies the data of each column to be updated in the rgbValue buffer specified
with SQLBindCol.

Places the length of each column to be updated in the pcbValue buffer specified
with SQLBindCol. This only needs to be done for columns with an fCType of
SQL_C_CHAR or SQL_C_BINARY.

Sets the value of the pcbValue buffer for each bound column that is not to be
updated to SQL_IGNORE.
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4, Calls SQLSetPos with the fOption argument set to SQL_UPDATE. The irow argu-
ment specifies the number of the row in the rowset to modify and the index of
row in the rowset buffer from which to retrieve the data. The cursor points to this
row after it is updated.

For information about how an application sends data for data-at-execution col-
umns, see SQLSetPos in Chapter 21, “ODBC Function Reference.”

To delete a row of data, an application:calls SQLSetPos with the fOption argument set to
SQL_DELETE. The irow argument specifies the number of the row in the rowset to delete.
The cursor points to this row after it is deleted.

The application cannot perform any positioned operations, such as executing a posi-
tioned update or delete statement or calling SQLGetData, on a deleted row.

To determine what operations a data source supports for SQLSetPos, an application calls
SQLGetInfo with the SQL_POS_OPERATIONS flag.

Processing Multiple Results

SELECT statements return result sets. UPDATE, INSERT, and DELETE statements
return a count of affected rows. If any of these statements are batched, submitted with
arrays of parameters, or in procedures, they can return multiple result sets or counts.

To process a batch of statements, statement with arrays of parameters, or procedure returning
multiple result sets or row counts, an application:

1. Calls SQLExecute or SQLExecDirect to execute the statement or procedure.

2. Calls SQLRowCount to determine the number of rows affected by an UPDATE,
INSERT, or DELETE statement. For statements or procedures that return result
sets, the application calls functions to determine the characteristics of the result
set and retrieve data from the result set.

3. Calls SQLMoreResults to determine if another result set or row count is avail-
able.

4, Repeats steps 2 and 3 until SQLMoreResults returns SQL_NO_DATA _FOUND.
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Chapter 41

Retrieving Status and Error
Information

This chapter defines the ODBC return codes and error handling protocol. The return codes
indicate whether a function succeeded, succeeded but returned a warning, or failed. The
error handling protocol defines how the components in an ODBC connection construct and
return error messages through SQLError.

The protocol describes:
Use of the error text to identify the source of an error.
Rules to ensure consistent and useful error information.

Responsibility for setting the ODBC SQLSTATE based on the native error.

Function Return Codes

When an application calls an ODBC function, the driver executes the function and returns
a predefined code. These return codes indicate success, warning, or failure status. The fol-
lowing table defines the return codes.

Return Code Description

SQL_SUCCESS Function completed successfully; no additional
information is available.

SQL_SUCCESS_WITH_INFO Function completed successfully, possibly with a
nonfatal error. The application can call SQLError to
retrieve additional information.
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Return Code Description

SQL_NO_DATA_FOUND All rows from the result set have been fetched.

SQL_ERROR Function failed. The application can call SQLError
to retrieve error information.

SQL_INVALID_HANDLE Function failed due to an invalid environment
handle, connection handle, or statement handle.
This indicates a programming error. No additional
information is available from SQLError.

SQL_STILL_EXECUTING A function that was started asynchronously is still
executing.

SQL_NEED_DATA While processing a statement, the driver
determined that the application needs to send
parameter data values.

The application is responsible for taking the appropriate action based on the return code.

Retrieving Error Messages

If an ODBC function other than SQLError returns SQL_ERROR or
SQL_SUCCESS_WITH_INFO, an application can call SQLError to obtain additional
information. The application may need to call SQLError more than once to retrieve all
the error messages from a function, since a function may return more than one error
message. When the application calls a different function, the error messages from the
previous function are deleted.

Additional error or status information can come from one of two sources:
= Error or status information from an ODBC function, indicating that a program-

ming error was detected.

= Error or status information from the data source, indicating that an error
occurred during SQL statement processing.

The information returned by SQLError is in the same format as that provided by SQL-
STATE in the X/Open and SQL Access Group SQL CAE specification (1992). Note that
SQLError never returns error information about itself.
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ODBC Error Messages

ODBC defines a layered architecture to connect an application to a data source. At its
simplest, an ODBC connection requires two components: the Driver Manager and a
driver.

A more complex connection might include more components: the Driver Manager, a
number of drivers, and a (possibly different) number of DBMSs. The connection might
cross computing platforms and operating systems and use a variety of networking pro-
tocols.

As the complexity of an ODBC connection increases, so does the importance of providing
consistent and complete error messages to the application, its users, and support person-
nel. Error messages must not only explain the error, but also provide the identity of the
component in which it occurred. The identity of the component is particularly important
to support personnel when an application uses ODBC components from more than one
vendor. Because SQLError does not return the identity of the component in which the error
occurred, thisinformation must be embedded in the error text.

Error Text Format

Error messages returned by SQLError come from two sources: data sources and compo-
nents in an ODBC connection. Typically, data sources do not directly support ODBC.
Consequently, if a component in an ODBC connection receives an error message from a
data source, it must identify the data source as the source of the error. It must also identify
itself as the component that received the error.

If the source of an error is the component itself, the error message must explain this.
Therefore, the error text returned by SQLError has two different formats: one for errors
that occur in a data source and one for errors that occur in other components in an ODBC
connection.

For errors that do not occur in a data source, the error text must use the format:
[vendor-identifier] [ ODBC-component-identifier] component-supplied-text
For errors that occur in a data source, the error text must use the format:

[vendor-identifier][ ODBC-component-identifier] [ data-sour ce-identifier] data-sour ce-supplied-text
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The following table shows the meaning of each element:

Element Meaning

vendor-identifier Identifies the vendor of the component in
which the error occurred or that received the
error directly from the data source.

ODBC-component-identifier Identifies the component in which the error
occurred or that received the error directly
from the data source.

data-source-identifier Identifies the data source. For single-tier
drivers, this is typically a file format, such as
ISAM. For multiple-tier drivers, this is the

DBMS product.
component-supplied-text Generated by the ODBC component.
data-source-supplied-text Generated by the data source.

In this case, the driver is acting as both the driver and the data source.

Note that the brackets ([ ]) are included in the error text; they do not indicate optional
items.

Sample Error Messages

The following are examples of how various components in an ODBC connection might
generate the text of error messages and how various drivers might return them to the
application with SQLError. Note that these examples do not represent actual implemen-
tations of the error handling protocol. For more information on how an individual driver
has implemented the protocol, see the documentation for that driver.

Single-Tier Driver

A single-tier driver acts both as an ODBC driver and as a data source. It can therefore
generate errors both as a component in an ODBC connection and as a data source.
Because it also is the component that interfaces with the Driver Manager, it formats and
returns arguments for SQLError.
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For example, if a Visigenic driver for text files could not allocate sufficient memory;, it
might return the following arguments for SQLError:

szSQL State="S1001" pf

NativeError=NULL

szErrorMsg="[Visigenic][ODBC Text Driver]Unable to
- allocate sufficient memory."

pcbErrorMsg=67

Because this error was not related to the data source, the driver only added prefixes to
the error text for the vendor ([Visigenic]) and the driver ((ODBC Text Driver]).

If the driver could not find the file EMPLOYEE.DBF, it might return the following argu-
ments for SQLError:

szSQL State="S0002"

pfNativeError=NULL

szErrorMsg="[Visigenic][ODBC Text Driver][Text]Invalid file
— name;file EMPLOY EE.DBF not found."

pcbErrorMsg=83

Because this error was related to the data source, the driver added the file format of the
data source ([Text]) as a prefix to the error text. Because the driver was also the compo-
nent that interfaced with the data source, it added prefixes for the vendor ([Visigenic])

and the driver ([ODBC Text Driver]).

Multiple-Tier Driver

A multiple-tier driver sends requests to a DBMS and returns information to the applica-
tion through the Driver Manager. Because it is the component that interfaces with the
Driver Manager, it formats and returns arguments for SQLError.

For example, if a Visigenic driver for Sybase SQL Server encountered a duplicate cursor
name, it might return the following arguments for SQLError:

szSQL State= "3C000"
pfNativeError=NULL
szErrorMsg = "[Visigenic][ODBC Sybase SQL Server Driver]Duplicate

- cursor name:EMPLOY EE_CURSOR."
pcbErrorMsg= 67

Because the error occurred in the driver, it added prefixes to the error text for the vendor
([Visigenic]) and the driver (JODBC Sybase SQL Server Driver]).
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If the DBMS could not find the table EMPLOYEE, the driver might format and return
the following arguments for SQLError:

szSQL State= "S0002"
pfNativeError=-1
szErrorMsg = "[Visigenic][ODBC Sybase SQL Server Driver]

N [Sybase SQL Server]%SQL-F-RELNOTDEF, - Table EMPLOYEE is
not defined in schema.”

pcbErrorMsg= 92

Because the error occurred in the data source, the driver added a prefix for the data
source identifier ([Sybase SQL Server]) to the error text. Because the driver was the com-
ponent that interfaced with the data source, it added prefixes for its vendor ([Visigenic])
and identifier ((ODBC Sybase SQL Server Driver]) to the error text.

Gateways

In a gateway architecture, a driver sends requests to a gateway that supports ODBC. The
gateway sends the requests to a DBMS. Because it is the component that interfaces with
the Driver Manager, the driver formats and returns arguments for SQLError.

For example, if DEC based a gateway to Rdb on Microsoft Open Data Services, and
Oracle7 could not find the table EMPLOYEE, the gateway might generate the following
error text:

"[S0002][-1][DEC][ODS Gateway][Rdb]%SQL-F-RELNOTDEF, Table EMPLOYEE
- isnot defined in schema."

Because the error occurred in the data source, the gateway added a prefix for the data
source identifier ([Rdb]) to the error text. Because the gateway was the component that
interfaced with the data source, it added prefixes for its vendor ([DEC]) and identifier
([ODS Gateway]) to the error text. Note that it also added the SQLSTATE value and the
Rdb error code to the beginning of the error text. This permitted it to preserve the seman-
tics of its own message structure and still supply the ODBC error information to the
driver.

Because the gateway driver is the component that interfaces with the Driver Manager, it
would use the preceding error text to format and return the following arguments for
SQLError:

szSQL State=  "S0002"
pfNativeError=-1
szErrorMsg= "[DEC][ODS Gateway][Rdb]%SQL-F-RELNOTDEF, Table

- EMPLOYEE is not defined in schema.”
pcbErrorMsg= 81
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Driver Manager

The Driver Manager can also generate error messages. For example, if an application
passed an invalid argument value to SQLDataSources, the Driver Manager might
format and return the following arguments for SQLError:

szSQL State= "S1009"
pfNativeError=NULL
szErrorMsg= "[Visigenic][ODBC lib]Invalid argument value:

- SQLDataSources."
pcbErrorMsg= 60

Because the error occurred in the Driver Manager, it added prefixes to the error text for
its vendor ([Visigenic]) and its identifier ((ODBC lib]).

Processing Error Messages

Applications should provide users with all the error information available through
SQLError: the ODBC SQLSTATE, the native error code, the error text, and the source of
the error. The application may parse the error text to separate the text from the informa-
tion identifying the source of the error. It is the application’s responsibility to take appro-
priate action based on the error or provide the user with a choice of actions.
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Chapter 42

Terminating Transactions and
Connections

The ODBC interface provides functions that terminate statements, transactions, and con-
nections, and free statement (hstmt), connection (hdbc), and environment (henv) handles.

Terminating Statement Processing

To free resources associated with a statement handle, an application calls SQLFreeStmt.
The SQLFreeStmt function has four options:

SQL_CLOSE Closes the cursor, if one exists, and discards pending results. The
application can use the statement handle again later.

SQL_DROP Closes the cursor if one exists, discards pending results, and frees all
resources associated with the statement handle.

SQL_UNBIND Frees all return buffers bound by SQLBindCol for the statement
handle.

SQL_RESET_PARAMS Frees all parameter buffers requested by SQLBindParam-
eter for the statement handle.

To cancel a statement that is executing asynchronously, an application:

Calls SQLCancel. When and if the statement is actually canceled is driver- and
data source-dependent.

Calls the function that was executing the statement asynchronously. If the state-
ment is still executing, the function returns SQL_STILL_EXECUTING,; if it was
successfully canceled, the function returns SQL_ERROR and SQLSTATE S1008
(Operation canceled); if it completed normal execution, the function returns any
valid return code, such as SQL_SUCCESS or SQL_ERROR.
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= Calls SQLError if the function returned SQL_ERROR. If the driver successfully
canceled the function, the SQLSTATE will be S1008 (Operation canceled).

Terminating Transactions

An application calls SQLTransact to commit or roll back the current transaction.

Terminating Connections

To terminate a connection to a driver and data source, an application performs the fol-
lowing steps:

1. Calls SQLDisconnect to close the connection. The application can then use the
handle to reconnect to the same data source or to a different data source.

2. Calls SQLFreeConnect to free the connection handle and free all resources asso-
ciated with the handle.

3. Calls SQLFreeEnv to free the environment handle and free all resources associ-
ated with the handle.



Chapter 43
Constructing an ODBC Application

This chapter provides two examples of C-language source code for ODBC-enabled appli-
cations.

Sample Application Code

The following sections contain two ODBC examples that are written in the C programming
language:

An example that uses static SQL functions to create a table, add data to it, and select the
inserted data.

An example of interactive, ad-hoc query processing.
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Static SQL Example

The following example constructs SQL statements within the application. The example
comments include equivalent embedded SQL calls for illustrative purposes.

#include "sqgl.h"
#include <string.h>

#ifndef NULL

#define NULL O

#endif

#define MAX_NAME_LEN 50

#define MAX_STMT_LEN 100

int print_err(HDBC hdbc, HSTMT hstmt);

int examplel(server, uid, pwd)
UCHAR * server;

UCHAR * uid;

UCHAR * pwd,;

{

HENV henv;

HDBC hdbc;

HSTMT hstmt;

SDWORD id;

UCHAR name[MAX_NAME_LEN + 1];
UCHAR createfMAX_STMT_LEN]
UCHAR insertfMAX_STMT_LEN]
UCHAR selectfMAX_STMT_LEN]
SQLLEN namelen;

RETCODE rc;

/* EXEC SQL CONNECT TO :server USER :uid USING :pwd; */

/* Allocate an environment handle. */
/* Allocate a connection handle. */
/* Connect to a data source. */

/* Allocate a statement handle. */

SQLAIlocEnv(&henv);

SQLAIllocConnect(henv, & hdbc);

rc = SQLConnect(hdbc, server, SQL_NTS, uid, SQL_NTS, pwd, SQL_NTS);

if (rc!=SQL_SUCCESS && rc != SQL_SUCCESS_WITH_INFO)
return(print_err(hdbc, SQL_NULL_HSTMT));

SQLAIllocStmt(hdbc, & hstmt);

/* EXEC SQL CREATE TABLE NAMEID (ID integer, NAME varchar(50)); */
/* Execute the SQL statement. */

Istrcpy(create, "CREATE TABLE NAMEID (ID INTEGER, NAME
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VARCHAR(50))");

rc = SQLExecDirect(hstmt, create, SQL_NTS);

if (rc!=SQL_SUCCESS && rc != SQL_SUCCESS_WITH_INFO)
return(print_err(hdbc, hstmt));

/* EXEC SQL COMMIT WORK; */
/* Commit the table creation. */

/* Note that the default transaction mode for drivers that support */
/* SQL SetConnectOption is auto-commit and SQL Transact has no effect

SQL Transact(hdbc, SQL_COMMIT);

/* EXEC SQL INSERT INTO NAMEID VALUES ( :id, :name); */
/* Show the use of the SQL Prepare/SQL Execute method: */

/* Prepare the insertion and bind parameters. */
/* Assign parameter values. */
/* Execute the insertion. */

Istrcpy(insert, "INSERT INTO NAMEID VALUES (?, ?)");
if (SQLPrepare(hstmt, insert, SQL_NTS) != SQL_SUCCESS)
return(print_err(hdbc, hstmt));
SQL BindParameter(hstmt, 1, SQL_PARAM_INPUT, SQL_C_SLONG, SQL_INTEGER,

0,0, &id, 0, NULL);
SQLBindParameter(hstmt, 2, SQL_PARAM_INPUT, SQL_C_CHAR, SQL_VARCHAR,

MAX_NAME_LEN, 0, name, 0, NULL);

id=500;

Istrcpy(name, "Babbage");

if (SQLExecute(hstmt) != SQL_SUCCESS)
return(print_err(hdbc, hstmt));

/* EXEC SQL COMMIT WORK; */
/* Commit the insertion. */

SQL Transact(hdbc, SQL_COMMIT);

/* EXEC SQL DECLARE c1 CURSOR FOR SELECT ID, NAME FROM NAMEID; */

/* EXEC SQL OPEN c1; */

/* Show the use of the SQLExecDirect method. */
/* Execute the selection. */

/* Note that the application does not declare a cursor. */

Istrcpy(select, "SELECT ID, NAME FROM NAMEID");
if (SQLExecDirect(hstmt, select, SQL_NTS) != SQL_SUCCESS)
return(print_err(hdbc, hstmt));

/* EXEC SQL FETCH c1 INTO :id, :name; */
/* Bind the columns of the result set with SQLBindCol. */
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/* Fetch the first row. */

SQLBindCol(hstmt, 1, SQL_C_SLONG, &id, 0, NULL);
SQLBindCol(hstmt, 2, SQL_C_CHAR, name, (SQLLEN)sizeof(name), & namelen);
SQL Fetch(hstmt);

/* EXEC SQL COMMIT WORK; */
/* Commit the transaction. */

SQL Transact(hdbc, SQL_COMMIT);

/* EXEC SQL CLOSE c1; */
/* Free the statement handle. */

SQL FreeStmt(hstmt, SQL_DROP);

/* EXEC SQL DISCONNECT; */
/* Disconnect from the data source. */

/* Free the connection handle. */

/* Free the environment handle.  */

SQLDisconnect(hdbc);
SQL FreeConnect(hdbc);
SQL FreeEnv(henv);

return(0);

}
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Interactive Ad Hoc Query Example

The following example illustrates how an application can determine the nature of the
result set prior to retrieving results.

#include "sqgl.h"
#include <string.h>
#include <stdlib.h>

#define MAXCOLS 100
#define max(a,b) (a>b?a:b)

int  print_err(HDBC hdbc, HSTMT hstmt);
SQLLEN display_size(SQLSMALLINT coltype, SQLLEN collen, UCHAR *colname);

example2(server, uid, pwd, sqglstr)
UCHAR * server;

UCHAR * uid;

UCHAR * pwd,;

UCHAR * sqglstr;

{

int i,

HENV  henv;

HDBC hdbc;

HSTMT hstmt;

UCHAR errmsg[256];
UCHAR colname[32];
SQLSMALLINT coltype;
SQLSMALLINT colnamelen;
SQLSMALLINT nullable;
SQLSMALLINT scale;
SQLSMALLINT nresultcols;
SQLULEN collen[MAXCOLS];
SQLLEN outlenfMAXCOLS];
SQLLEN rowcount;

UCHAR* datalMAXCOLS];

RETCODE rc;

/* Allocate environment and connection handles. */
/* Connect to the data source. */

/* Allocate a statement handle. */

SQLAIllocEnv(& henv);

SQLAIllocConnect(henv, &hdbc);

rc = SQLConnect(hdbc, server, SQL_NTS, uid, SQL_NTS, pwd, SQL_NTS);

if (rc!=SQL_SUCCESS && rc != SQL_SUCCESS _WITH_INFO)
return(print_err(hdbc, SQL_NULL_HSTMT));

SQLAIllocStmt(hdbc, & hstmt);

/* Execute the SQL statement. */

if (SQLExecDirect(hstmt, sqglstr, SQL_NTS) != SQL_SUCCESS)

109



Interactive Ad Hoc Query Example

110

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

return(print_err(hdbc, hstmt));

See what kind of statement it was.If there are no result  */
columns,the statementis not a SELECT statement.If the */

number of affected rows is greater than 0, the statement was */
probably an UPDATE, INSERT, or DELETE statement, so print the */
number of affected rows. If the number of affected rowsis 0, */

the statement is probably a DDL statement, so print that the */
operation was successful and commit it. */

SQLNumResultCols(hstmt, & nresultcols);
if (nresultcols == 0) {

/*
/*
/*
/*
/*

SQLRowCount(hstmt, & rowcount);
if (rowcount >0) {

printf("%Ild rows affected.\n", (int) rowcount);
} else {

printf("Operation successful .\n");

}
SQL Transact(hdbc, SQL_COMMIT);

Otherwise, display the column names of the result set and use the */
display_size() function to compute the length needed by each data */
type. Next, bind the columns and specify all data will be */
converted to char. Finally, fetch and print each row, printing */
truncation messages as necessary. */

} else {

for (i = 0; i < nresultcols; i++) {
SQLDescribeCol (hstmt, i + 1, colname, (SQLSMALLINT)sizeof(colname),
& colnamelen, & coltype, &collen[i], &scale,
&nullable);
collen[i] = display_size(coltype, collen[i], colname);
printf("%*.*s", collen[i], collen[i], colname);
data[i] = (UCHAR *) malloc(collen[i] + 1);
SQLBindCol (hstmt, i + 1, SQL_C_CHAR, data[i], (SQLLEN)collen[i],
&outlen[i]);
}
printf("\n");
while (TRUE) {
rc = SQLFetch(hstmt);
if (rc == SQL_SUCCESS|| rc == SQL_SUCCESS_WITH_INFO) {
errmsg[0] = "\0";
for (i = 0; i < nresultcols; i++)
if (outlen[i] == SQL_NULL_DATA) {
Istrcpy(data[i], "NULL");
} elseif (outlen[i] >= (SQLLEN)collen[i]) {
sprintf(&errmsg[strlen(errmsg)],
"%d chars truncated, col %d\n",
(int) (outlen[i] - collen[i] + 1, i);
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colnum;

}

printf("%*.*s", collen[i], collen[i], data[i]);

printf("\n%s", errmsg);
} else {
break;

}
}

/* Free the data buffers. */
for (i = 0; i < nresultcols; i++) {
free(data[i]);

}

SQLFreeStmt(hstmt, SQL_DROP); /* Free the statement handle. */
SQLDisconnect(hdbc); /* Disconnect from the data source. */
SQL FreeConnect(hdbc); /* Free the connection handle. */
SQL FreeEnv(henv); /* Free the environment handle.  */
return(0);

}
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/* The following function is included for completeness, but */
/* is not relevant for understanding the function of ODBC. */

AR E AR AR AR RS RS REAEEEEEEEREREERERE SRR EEREEEEY

#define MAX_NUM_PRECISION 15

/* Define max length of char string representation of number as: */

/* = max(precision) + leading sign + E + exp sign + max exp length */
/* =15 +1 +1+1 +2 */
/* = 15+5 */

#define MAX_NUM_STRING_SIZE (MAX_NUM_PRECISION + 5)

SQLULEN display_size(coltype, collen, colname)
SQLSMALLINT coltype;

SQLULEN collen;

UCHAR * colname;

{
switch (coltype) {

case SQL_CHAR:
case SQL_VARCHAR:
return(max(collen, strlen(colname)));

case SQL_SMALLINT:
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return(max(6, strlen(colname)));

case SQL_INTEGER:
return(max(11, strlen(colname)));

case SQL_DECIMAL:
case SQL_NUMERIC:
case SQL_REAL:
case SQL_FLOAT:
case SQL_DOUBLE:
return(max(MAX_NUM_STRING_SIZE, strlen(colname)));

/* Note that this function only supports the core data types. */

default:
printf("Unknown datatype, %d\n", coltype);
return(0);

}
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Chapter 44

Guidelines for Implementing ODBC
Functions

Each driver supports a set of ODBC functions. These functions perform tasks supch as allo-
cating and deallocating memory, transmitting or processing SQL statements, and returning
results and errors.

This chapter describes the role of the Driver Manager, the general characteristics of ODBC
functions, supporting ODBC conformance levels, ODBC function arguments, and what
ODBC functions return.

Role of the Driver Manager

ODBC function calls are passed through the Driver Manager to the driver. An application
typically links with the Driver Manager import library (libodbc.so) to gain access to the
Driver Manager. When an application calls an ODBC function, the Driver Manager per-
forms one of the following actions:

For SQLDataSources and SQLDrivers, the Driver Manager processes the call. It does not
pass the call to the driver.

For SQLGetFunctions, the Driver Manager passes the call to the driver associated with the
connection. If the driver does not support SQLGetFunctions, the Driver Manager pro-
cesses the call.

For SQLAIllocEny, SQLAIllocConnect, SQLSetConnectOption, SQLFreeConnect, and
SQLFreeEnv, the Driver Manager processes the call. The Driver Manager calls SQLAIlo-
cEnv, SQLAIllocConnect, and SQLSetConnectOption in the driver when the application
calls a function to connect to the data source (SQLConnect, SQLDriverConnect, or SQL-
BrowseConnect). The Driver Manager calls SQLFreeConnect and SQLFreeEnv in the
driver when the application calls SQLFreeConnect.
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For SQLConnect, SQLDriverConnect, SQLBrowseConnect, and SQLError, the Driver
Manager performs initial processing, then sends the call to the driver associated with the
connection.

For any other ODBC function, the Driver Manager passes the call to the driver associ-
ated with the connection.

If requested, the Driver Manager records each called function in a trace file after check-
ing the function call for errors. The name of each function that does not contain errors
detectable by the Driver Manager is recorded, along with the values of the input argu-
ments and the names of the output arguments (as listed in the function definitions).

The Driver Manager also checks function arguments and state transitions, and for other
error conditions before passing the call to the driver associated with the connection. This
reduces the amount of error handling that a driver needs to perform. However, the
Driver Manager does not check all arguments, state transitions, or error conditions for a
given function. For complete information about what the Driver Manager checks, see
the following sections, the Diagnostics section of each function in Chapter 21, “ODBC
Function Reference,” and the state transition tables in Appendix B, “ODBC State Transi-
tion Tables.”

Validating Arguments

The following general guidelines discuss the arguments or types of arguments checked
by the Driver Manager. They are not intended to be exhaustive; the Diagnostics section
of each function in Chapter 21, “ODBC Function Reference,” lists those SQLSTATEs
returned by the Driver Manager for that function. Unless otherwise noted, the Driver
Manager returns the return code SQL_ERROR.

Environment, connection, and statement handles are checked to make sure they are not
null pointers and are the correct type of handle for the argument. For example, the
Driver Manager checks that the application does not pass an hdbc where an hstmt is
required. If the Driver Manager finds an invalid handle, it returns
SQL_INVALID_HANDLE.

Other required arguments, such as the phenv argument in SQLAIllocEnv or the szCursor
argument in SQLSetCursorName, are checked to make sure they are not null pointers.

Option flags that cannot be extended by the driver are checked to make sure they specify
only supported options. For example, the Driver Manager checks that the fDriverCom-
pletion argument in SQLDriverConnect is a valid value.



Checking State Transitions

Option flags that can be extended by the driver, such as the fiInfoType argument in
SQLGetlInfo, are checked only to make sure that values in the ranges reserved for ODBC
options are valid; drivers must check that values in the ranges reserved for driver-spe-
cific options are valid. For more information, see “Driver-Specific Data Types, Descriptor
Types, Information Types, and Options,” later in this chapter.

All option flags are checked to make sure that no ODBC 2.0 option values are sent to
ODBC 1.0drivers. For example, the Driver Manager returns an error if the finfoType argu-
ment in SQLGetInfo is SQL_GROUP_BY and the driver is an ODBC 1.0 driver.

Argument values that specify a column or parameter number are checked to make sure
they are greater than 0 or greater than or equal to 0, depending on the function. The
driver must check the upper limit of these argument values based on the current result
set or SQL statement.

Buffer length arguments are checked as possible to make sure that their values are appro-
priate for the corresponding buffer in the context of the given function. For example,
szTableName in SQLColumns is an input argument. Therefore, the Driver Manager
checks that if the corresponding length argument (chTableName) is less than 0, it is
SQL_NTS. The szColName argument in SQLDescribeCol is an output argument. There-
fore, the Driver Manager checks that the corresponding length argument (cbhColName-
Max) is greater than or equal to 0.

Note that the driver may also need to check the validity of buffer length arguments. For
example, the driver must check that the chTableName argument in SQLColumns is less
than or equal to the maximum length of a table name in the data source.

Checking State Transitions

The Driver Manager validates the state of the henv, hdbc or hstmt in the context of the func-
tion’s requirement. For example, an hdbc must be in an allocated state before the applica-
tion can call SQLConnect and an hstmt must be in a prepared state before the application
can call SQLExecute.

The state transition tables in Appendix B, “ODBC State Transition Tables,” list those state
transition errors detected by the Driver Manager for each function. The Driver Manager
always returns the SQL_ERROR return code for state transition errors.
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Checking for General Errors

The following general guidelines discuss general error checking done by the Driver
Manager. They are not intended to be exhaustive; the Diagnostics section of each func-
tion in Chapter 21, “ODBC Function Reference,” lists those SQLSTATES returned by the
Driver Manager for that function. The Driver Manager always returns the SQL_ERROR
return code for general errors.

Function calls are checked to make sure that the functions are supported by the associ-
ated driver.

The Driver Manager completely implements SQLDataSources and SQLDrivers. There-
fore, it checks for all errors in these functions.

The Driver Manager checks if a driver implements SQLGetFunctions. If the driver does
not implement SQLGetFunctions, the Driver Manager implements and checks for all
errors in it.

The Driver Manager partially implements SQLAIllocEnv, SQLAIllocConnect, SQLCon-
nect, SQLDriverConnect, SQLBrowseConnect, SQLFreeConnect, SQLFreeEny, and
SQLError. Therefore, it checks for some errors in these functions. It may return the same
errors as the driver for some of these functions, as both perform similar operations. For
example, the Driver Manager or driver may return SQLSTATE IMO008 (Dialog failed) if
they are unable to display a login dialog box for SQLDriverConnect.

Elements of ODBC Functions

The following characteristics apply to all ODBC functions.

General Information

Each ODBC function name starts with the prefix “SQL”. Each function includes one or
more arguments. Arguments are defined for input (to the driver) or output (from the
driver). Applications can include variable-length data where appropriate.
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Supporting ODBC Conformance Levels

ODBC defines conformance levels for drivers in two areas: the ODBC APl and the ODBC
SQL grammar (which includes the ODBC SQL data types). These levels establish stan-
dard sets of functionality. By returning the conformance levels it supports, a driver
informs applications of the functionality it supports. For a complete discussion of ODBC
conformance levels, see “ODBC Conformance Levels” in Chapter 1, “ODBC Theory of
Operation.”

To claim that it conforms to a given APl or SQL conformance level, a driver must support
all the functionality in that conformance level, regardless of whether that functionality is
supported by the DBMS associated with the driver. A driver may support functionality
beyond that in its stated conformance levels.

Note: The following sections describe the functions through which a driver returns its conform-
ance levels. Since these are Level 1 extension functions, a given driver may not support them. If a
driver does not support these functions, the conformance levels its supports must be included in
its documentation.

Supporting API Conformance Levels

ODBC functions are divided into core functions, which are defined in the X/Open and
SQL Access Group Call Level Interface specification, and two levels of extension func-
tions, with which ODBC extends this specification. A driver returns its function conform-
ance level through SQLGetInfo with the SQL_ODBC_SAG_CLI_CONFORMANCE and
SQL_ODBC_API_CONFORMANCE flags. Note that a driver can support one or more
extension functions but not conform to ODBC extension Level 1 or 2. The Driver Man-
ager or driver determines and returns whether the driver supports a particular function
through SQLGetFunctions.

Note: Many ODBC applications require that drivers support all of the functions in the Level 1
API conformance level. To ensure that their driver works with most ODBC applications, driver
developers should implement all Level 1 functions.

Supporting SQL Conformance Levels

The ODBC SQL grammar, which includes SQL data types, is divided into a minimum
grammar, a core grammar, which corresponds to the X/Open and SQL Access Group
SQL CAE specification (1992), and an extended grammar, which provides common SQL
extensions. A driver returns its SQL conformance level through SQLGetInfo with the
SQL_ODBC_SQL_CONFORMANCE flag. It returns whether it supports a specific SQL
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extension through SQLGetlInfo with a flag for that extension. It returns whether it sup-
ports specific SQL data types through SQLGetTypelnfo. For more information, see
Appendix C, “SQL Grammar,” and Appendix D, “Data Types.

Note: If a driver supports sQL data types that map to the ODBC SQL date, time, or timestamp
data types, the driver must also support the extended SQL grammar for specifying date, time, or
timpestamp literals.

Buffers

An application passes data to a driver in an input buffer. The driver returns data to an
application in an output buffer. The application must allocate memory for both input
and output buffers. (If the application will use the buffer to retrieve string data, the
buffer must contain space for the null termination byte.)

Input Buffers

An application passes the address and length of an input buffer to a driver. The length
of the buffer must be one of the following values:

A length greater than or equal to zero. This is the actual length of the data in the input
buffer. For character data, a length of zero indicates that the data is an empty (zero
length) string. Note that this is different from a null pointer. If the application specifies
the length of character data, the character data does not need to be null-terminated.

SQL_NTS. This specifies that a character data value is null-terminated.

SQL_NULL_DATA. This tells the driver to ignore the value in the input buffer and use
a NULL data value instead. It is only valid when the input buffer is used to provide the
value of a parameter in an SQL statement.

The operation of ODBC functions on character data containing embedded null charac-
ters is undefined, and is not recommended for maximum interoperability. Unless it is
specifically prohibited in the description of a given function, the address of an input
buffer may be a null pointer. When the address of an input buffer is a null pointer, the
value of the corresponding buffer length argument is ignored.

For more information about input buffers, see “Converting Data from C to SQL Data
Types” in Appendix D, “Data Types.”
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Output Buffers

An application passes the following arguments to a driver, so that it can return data in an
output buffer:

The address of the buffer in which the driver returns the data (the output buffer). Unless
it is specifically prohibited in a function description, the address of an output buffer can
be a null pointer. In this case, the driver does not return anything in the buffer and, in the
absence of other errors, returns SQL_SUCCESS.

If necessary, the driver converts data before returning it. The driver always null-termi-
nates character data before returning it.

The length of the buffer. This is ignored by the driver if the returned data has a fixed
length in C, such as an integer, real number, or date structure.

he address of a variable in which the driver returns the length of the data (the length
buffer). The returned length of the data is SQL_NULL_DATA if the data isa NULL value
in aresult set. Otherwise, it is the number of bytes of data available to return. If the driver
converts the data, it is the number of bytes after the conversion. For character data, it does
not include the null-termination byte added by the driver.

If the output buffer is too small, the driver attempts to truncate the data. If the truncation
does not cause a loss of significant data, the driver returns the truncated data in the
output buffer, returns the length of the available data (as opposed to the length of the
truncated data) in the length buffer, and returns SQL_SUCCESS WITH_INFO. If the
truncation causes a loss of significant data, the driver leaves the output and length buff-
ers untouched and returns SQL_ERROR. The application calls SQLError to retrieve
information about the truncation or the error.

For more information about output buffers, see “Converting Data from SQL to C Data
Types” in Appendix D, “Data Types.”

Environment, Connection, and Statement Handles

When so requested by an application, the Driver Manager and each driver allocate stor-
age for information about the ODBC environment, each connection, and each SQL state-
ment. The handles to these storage areas are returned to the application. The application
then uses one or more of them in each call to an ODBC function.

The ODBC interface defines three types of handles:
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The environment handle identifies memory storage for global information, including
the valid connection handles and current active connection handle. ODBC defines the
environment handle as a variable of type HENV. An application uses a single environ-
ment handle; it must request this handle prior to connecting to a data source.

The connection handle identifies memory storage for information about a particular
connection. ODBC defines a connection handle as a variable of type HDBC. An applica-
tion must request a connection handle prior to connecting to a a data source. Each con-
nection handle is associated with the environment handle. The environment handle can,
however, have multiple connection handles associated with it.

The statement handle identifies memory storage for information about an SQL state-
ment. ODBC defines a statement handle as a variable of type HSTMT. An application
must request a statement handle prior to submitting SQL requests. Each statement
handle is associated with exactly one connection handle. Each connection handle can,
however, have multiple statement handles associated with it.

For more information about connection handles, see Chapter 13, “Establishing Connec-
tions.” For more information about statement handles, see Chapter 14, “Processing an
SQL Statement.”

Data Type Support

ODBC defines SQL data types and C data types; a data source may define additional
SQL data types. A driver supports these data types in the following ways:

Accepts SQL and ODBC C data types as arguments in function calls.

Translates ODBC SQL data types to SQL data types acceptable by the data source, if nec-
essary.

Converts C data from an application to the SQL data type required by the data source.
Converts SQL data from a data source to the C data type requested by the application.

Provides access to data type information through the SQLDescribeCol and SQLColAt-
tributes functions. If a driver supports them, it also provides data type information
through the SQLGetTypelnfo and SQLDescribeParam functions.

For more information on data types, see Appendix D, “Data Types.” The C data types
are defined in sql.h and sqlext.h.
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ODBC Function Return Codes

When an application calls an ODBC function, the driver executes the function and
returns a predefined code. These return codes indicate success, warning, or failure status.
The return codes are:

SQL_SUCCESS
SQL_SUCCESS_WITH_INFO
SQL_NO_DATA_FOUND
SQL_ERROR
SQL_INVALID_HANDLE
SQL_STILL_EXECUTING
SQL_NEED_DATA

If the function returns SQL_SUCCESS_WITH_INFO or SQL_ERROR, the application can
call SQLError to retrieve additional information. For a complete description of return
codes and error handling, see Chapter 16, “Returning Status and Error Information.”

Driver-Specific Data Types, Descriptor Types, Information Types, and Options
Drivers can allocate driver-specific values for the following items:

SQL data types. These are used in the fSqlType argument in SQLBindParameter and
SQLGetTypelnfoand returned by SQLColAttributes, SQLColumns, SQLDescribeCol,
SQLGetTypelnfo, SQLDescribeParam, SQLProcedureColumns, and SQLSpecialCol-
umns.

Descriptor types. These are used in the fDescType argument in SQLColAttributes.
Information types. These are used in the fInfoType argument in SQLGetlInfo.

Connection and statement options. These are used in the fOption argument in SQLGet-
ConnectOption, SQLGetStmtOption, SQLSetConnectOption, and SQLSetStmtOp-
tion.

For each of these items, there are two ranges of values: a range reserved for use by ODBC,
and a range reserved for use by drivers. If you want to implement driver-specific values,
such as driver-specific SQL data types or driver-specific statement options, you must
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reserve a block of values in the driver-specific range. Furthermore, you must describe all
driver-specific data types, descriptor types, information types, statement options, and
connection options in your driver’s documentation.

When any of these values is passed to an ODBC function, the Driver Manager checks
that values in the ODBC ranges are valid. Drivers must check that values in the driver-
specific range are valid. In particular, drivers return SQLSTATE S1CO00 (Driver not capa-
ble) for driver-specific values that apply to other drivers. The following table shows the
ranges of the driver-specific values for each item:

[tem Driver-Specific Range

SQL data types Less than or equal to SQL_TYPE_DRIVER_START
Descriptor types Greater than or equal to SQL_COLUMN_DRIVER_START
Information types  Greater than or equal to SQL_INFO_DRIVER_START

Connection and Greater than or equal to
statement options SQL_CONNECT_OPT_DRVR_START

Testing and Debugging a Driver

The ODBC SDK 2.0 provides the following tools for driver development:

A sample driver template written in the C language that illustrates how to write an
ODBC driver.

A #define, ODBCVER, to specify which version of ODBC you want to compile your
driver with. By default, the sgl.h and sqlext.h files include all ODBC 2.0 constants and
prototypes. To use only the ODBC 1.0 constants and prototypes, add the following line
to your driver code before including sql.h and sqlext.h:

#define ODBCVER 0x0100
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Application Use of the ODBC
Interface

This chapter describes the basic flow of many applications that use ODBC. Thisinformationis
included here for reference purposes.

To interact with a data source, an application:

1. Connects to the data source. It specifies the data source name and any additional
information needed to complete the connection.

2. Processes one or more SQL statements:

0

The application places the SQL text string in a buffer. If the statement includes
parameter markers, it sets the parameter values.

If the statement returns a result set, the application assigns a cursor name for
the statement or allows the driver to do so.

The application submits the statement for prepared or immediate execution.

If the statement creates a result set, the application can inquire about the
attributes of the result set, such as the number of columns and the name and
type of a specific column. It assigns storage for each column in the result set
and fetches the results.

If the statement causes an error, the application retrieves error information
from the driver and takes appropriate action.

3. Ends each transaction by committing it or rolling it back.

4, Terminates the connection when it has finished interacting with the data source.

The following diagram lists the ODBC function calls that an application makes to connect
to a data source, process SQL statements, and disconnect from the data source. Depending
on its needs, an application may call other ODBC functions. For a listing of valid command
flow sequences, see Appendix B, “ODBC State Transition Table.”
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Chapter 46
Establishing Connections

This chapter briefly describes data sources. It then describes how an application, Driver
Manager, and driver work together to establish a connection to a data source.

About Data Sources

A data source consists of the data a user wants to access, its associated DBMS, the platform
on which the DBMS resides, and the network (if any) used to access that platform. Each
data source requires that a driver provide certain information in order to connect to it. At
the core level, this is defined to be the name of the data source, a user ID, and a password.
ODBC extensions allow drivers to specify additional information, such as a network
address or additional passwords.

The connection information for each data source is stored in the .odbc.ini file, which is cre-
ated during installation and maintained with an administration program. A section in this
file lists the available data sources. Additional sections describe each data source in detail,
specifying the driver name, a description, and any additional information the driver needs
to connect to the data source.

For example, suppose a user has three data sources: Personnel and Inventory, which use an
Rdb DBMS, and Payroll, which uses a Sybase SQL Server DBMS. The section that lists the
data sources might be:

[ODBC Data Sources]
Personnel=Rdb
Inventory=Rdb
Payroll=Sybase SQL Server
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Suppose also that an Rdb driver needs the ID of the last user to log in, a server name,
and a schema declaration statement. The section that describes the Personnel data
source might be:

[Personnel]

Driver=/opt/odbc/drivers/rdb.so

Description=Personnel database: CURLY

Lastuid=smithjo

Server=curly

Schema=attach ‘filenam8YS$SYSDEVICE:[CORPDATA]JPERSONNEL.RDB’

For more information about data sources and how to configure them, see Chapter 19,
“Configuring Data Sources.”

Establishing a Connection to a Data Source

All drivers must support the following connection-related functions:
SQLAIllocEnv allows the driver to allocate storage for environment information.
SQLAIllocConnect allows the driver to allocate storage for connection information.

SQLConnect allows an application to establish a connection with the data source. The
application passes the following information in the call to SQLConnect:

Data source name The name of the data source being requested by the application.

User ID The login ID or account name for access to the data source, if appropriate
(optional).

Authentication string (password) A character string associated with the user ID that
allows access to the remote data source (optional).

When an application calls SQLConnect, the Driver Manager uses the data source name
to read the path of the driver shared library from the appropriate section of the .odbc.ini
file. It then loads the driver shared library and passes the SQLConnect arguments to it.
If the driver needs additional information to connect to the data source, it reads this
information from the same section of the .odbc.ini file.
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If the application specifies a data source name that is not in the .odbc.ini file, or if the
application does not specify a data source name, the Driver Manager searches for the
default data source specification in the .odbc.ini file. If it finds the default data source, it
loads the default driver shared library and passes the application-specified data source
name to it. If there is no default data source, the Driver Manager returns an error.

The Driver Manager does not load a driver until the application calls a function (SQL-
Connect, SQLDriverConnect, or SQLBrowseConnect) to connect to the driver. Until
that point, the Driver Manager works with its own handles and manages connection
information. When the application calls a connection function, the Driver Manager
checks if a driver is currently loaded for the specified hdbc:

If a driver is not loaded, the Driver Manager loads the driver and calls SQLAIllocEny,
SQLAIllocConnect, SQLSetConnectOption (if the application specified any connection
options), and the connection function in the driver. The Driver Manager returns SQL-
STATE IMO006 (Driver’s SQLSetConnectOption failed) and SQL_SUCCESS_ WITH_INFO
for the connection function if the driver returned an error for SQLSetConnectOption.

If the specified driver is already loaded on the hdbc, the Driver Manager only calls the
connection function in the driver. In this case, the driver must ensure that all connection
options for the hdbc maintain their current settings.

If a different driver is loaded, the Driver Manager calls SQLFreeConnect and SQL-
FreeEnv in the loaded driver and then unloads that driver. It then performs the same
operations as when a driver is not loaded.

The driver then allocates handles and initializes itself.

To resolve the addresses of the ODBC functions exported by the driver, the Driver Man-
ager checks if the driver exports a dummy function with the ordinal 199. If it does not,
the Driver Manager resolves the addresses by name. If it does, the Driver Manager
resolves the addresses of the ODBC functions by ordinal, which is faster. The ordinal
values of the ODBC functions must match the values of the fFunction argument in
SQLGetFunctions; all other exported functions must have ordinal values outside the
range 1-199.

When the application calls SQLDisconnect, the Driver Manager calls SQLDisconnectin
the driver. However, it does not unload the driver. This keeps the driver in memory for
applications that repeatedly connect to and disconnect from a data source. When the
application calls SQLFreeConnect, the Driver Manager calls SQLFreeConnect and SQL-
FreeEnv in the driver and then unloads the driver.
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ODBC Extensions for Connections

ODBC extends the X/Open and SQL Access Group Call Level Interface to provide addi-
tional functions related to connections, drivers, and data sources. The remainder of this
chapter describes these functions. A driver returns whether it supports a specific func-
tion with SQLGetFunctions.

Connecting to a Data Source With SQLDriverConnect

SQLDriverConnect supports:

Data sources that require more connection information than the three arguments in
SQLConnect.

Dialog boxes to prompt the user for all connection information.
Data sources that are not defined in the .odbc.ini file.

SQLDriverConnect uses a connection string to specify the information needed to con-
nect to a driver and data source.

A connection string contains the following information:
Data source name or driver description

Zero or more user IDs

Zero or more passwords

Zero or more data source-specific parameter values

The connection string is more flexible than the data source name, user ID, and password
used by SQLConnect. For example, a driver needs to support SQLDriverConnect if its
associated data source requires multiple levels of login authorizations or other data
source-specific information.

An application calls SQLDriverConnect in one of three ways:

Specify a connection string that contains a data source name. The Driver Manager
retrieves the full path of the driver shared library associated with the data source from
the .odbc.ini file. To retrieve a list of data source names, an application calls SQLData-
Sources.
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Specify a connection string that contains a driver description. The Driver Manager
retrieves the full path of the driver shared library. To retrieve a list of driver descriptions,
an application calls SQLDrivers.

Specify a connection string that does not contain a data source name or a driver name.
The Driver Manager displays a dialog box from which the user selects a data source
name. The Driver Manager then retrieves the full path of the driver shared library asso-
ciated with the data source.

The Driver Manager then loads the driver shared library and passes the SQLDriverCon-
nect arguments to it.

The application may pass all the connection information the driver needs. It may also
request that the driver always prompt the user for connection information or only
prompts the user for information it needs. Finally, if a data source is specified, the driver
may read connection information from the appropriate section of the .odbc.ini file. (For
information on the structure of the .odbc.ini file, see “Structure of th@dbc.ini File” in Chapter
19, “Configuring Data Sources.”)

After the driver connects to the data source, it returns the connection information to the
application. The application may store this information for future use.

If the application specifies a data source name that is not in the .odbc.ini file, the Driver
Manager searches for the default data source specification. If it finds the default data

source, it loads the default driver shared library and passes the application-specified data
source name to it. If there is no default data source, the Driver Manager returns an error.

The Driver Manager displays the following dialog box if the application calls SQLDriv-
erConnect and requests that the user be prompted for information.
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=]
Select Data Source:

[Fecounting
Accounting
Documentation
Inventory
Marketing
Perzonnel

I OK I | Cancel I

The following diagram shows sample login dialog boxes. A driver displays a login
dialog box if the value of the SQLDriverConnect fDriverCompletion argument indicates
that such a dialog box is necessary.

= Data Source Login

eero: | |
Password: | |

Connection Browsing With SQLBrowseConnect

SQLBrowseConnect supports an iterative method of listing and specifying the
attributes and attribute values required to connect to a data source. For each level of a
connection, an application calls SQLBrowseConnect and specifies the connection
attributes and attribute values for that level. First level connection attributes always
include the data source name or driver description; the connection attributes for later
levels are data source-dependent, but might include the host, user name, and database.

Each time SQLBrowseConnect is called, it validates the current attributes, returns the
next level of attributes, and returns a user-friendly name for each attribute. It may also
return a list of valid values for those attributes. (Note, however, that for some drivers
and attributes, this list may not be complete.) After an application has specified each
level of attributes and values, SQLBrowseConnect connects to the data source and
returns a complete connection string. This string can be used in conjunction with SQLD-
riverConnect to connect to the data source at a later time.
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Connection Browsing Example for Sybase SQL Server

The following example shows how SQLBrowseConnect might be used to browse the
connections available with a driver for Sybase SQL Server. Although other drivers may
require different connection attributes, this example illustrates the connection browsing
model. (For the syntax of browse request and result strings, see SQLBrowseConnect in
Chapter 21, “ODBC Function Reference.”)

First, the application requests a connection handle:
SQLAIllocConnect(henv, & hdbc);
Next, the application calls SQLBrowseConnect and specifies a data source name:

SQL BrowseConnect(hdbc, "DSN=MySybaseServer", SQL_NTS,
szBrowseResult, 100, &cb);

Because this is the first call to SQLBrowseConnect, the Driver Manager locates the data
source name (MySybaseServer) in the .odbc.ini file and loads the corresponding driver
shared library (sybdrvr.so). The Driver Manager then calls the driver’s SQLBrowseCon-
nect function with the same arguments it received from the application.

The driver determines that this is the first call to SQLBrowseConnect and returns the
second level of connection attributes: server, user name, password, and application
name. For the server attribute, it returns a list of valid server names. The return code from
SQLBrowseConnect is SQL_NEED_DATA. The browse result string is:

"SERVER:Server={red,blue,green,yellow};UID:Login ID=7;
PWD:Password=?" - * APP:AppName=?;* WSID:WorkStation ID=?"

Note that each keyword in the browse result string is followed by a colon and one or
more words before the equal sign. These words are the user-friendly name that an appli-
cation can use as a prompt in a dialog box. The driver may change the value of this string
for different languages and locales.

In its next call to SQLBrowseConnect, the application must supply a value for the
SERVER, UID, and PWD keywords. Because they are prefixed by an asterisk, the APP
and WSID keywords are optional and may be omitted. The value for the SERVER key-
word may be one of the servers returned by SQLBrowseConnect or a user-supplied
name.

The application calls SQLBrowseConnect again, specifying the green server and omit-
ting the APP keyword and the user-friendly names after each keyword:

SQLBrowseConnect(hdbc, "SERV ER=green;UID=Smith;PWD=Sesame",
SQL_NTS,szBrowseResult, 100, &cb);
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The driver attempts to connect to the green server. If there are any nonfatal errors, such
as a missing keyword-value pair, SQLBrowseConnect returns SQL_NEED_DATA and
remains in the same state as prior to the error. The application can call SQLError to
determine the error. If the connection is successful, the driver returns
SQL_NEED_DATA and returns the browse result string:

"*DATABASE:Database={ master,model,pubs,tempdb} "

Since the attributes in this string are optional, the application can omit them. However,
the application must call SQLBrowseConnect again. If the application chooses to omit
the database name and language, it specifies an empty browse request string. In this
example, the application chooses the pubs database and calls SQLBrowseConnect a
final time:

SQLBrowseConnect(hdbc, "DATABASE=pubs", SQL_NTS,
szBrowseResult, 100, &cb);

Since the DATABASE attribute is the final connection attribute of the data source, the
browsing process is complete, the application is connected to the data source, and SQL-
BrowseConnect returns SQL_SUCCESS. SQLBrowseConnectalso returns the complete
connection string as the browse result string:

"DSN=MySQL Server;SERVER=green;Ul D=Smith;PWD=Sesame;
DATABASE=pubs"

The final connection string returned by the driver does not contain the user-friendly
names after each keyword, nor does it contain optional keywords not specified by the
application. The application can use this string with SQLDriverConnect to reconnect to
the data source on the current hdbc (after disconnecting) or to connect to the data source
on a different hdbc:

SQLDriverConnect(hdbc, szBrowseResult, SQL_NTS, szConnStrOut, 100, &cb,
SQL_DRIVER_NOPROMPT);

Translating Data

An application and a data source can store data in different formats. For example, the
application might use a different character set than the data source. ODBC provides a
mechanism by which a driver can translate all data (data values, SQL statements, table
names, row counts, and so on) that passes between the driver and the data source.

To translate data, the driver calls the functions SQLDriverToDataSource and SQLData-
SourceToDriver. These functions reside in a translation shared library. A default trans-
lation shared library may be specified for a data source in the .odbc.ini file. An
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application may specify a new translation shared library at any time by calling SQLSet-
ConnectOption. (For more information about specifying a default translation shared
library for a data source, see “Specifying a Default Translator” in Chapter 19, “Configur-
ing Data Sources.”)

If an application specifies a translation shared library with SQLSetConnectOption
before the driver is connected to the data source, the driver stores the translation shared
library name.

As part of the connection process, the driver loads the translation shared library (if one
has been specified). The driver first checks for a translation shared library specified with
SQLSetConnectOption. If none is found, it checks for a default translation shared
library for the data source in the .odbc.ini file.

If an application specifies a translation shared library with SQLSetConnectOption after
the driver is connected to the data source, the driver frees the current translation shared
library (if one exists) and loads the new translation shared library:.

Translation functions may support several different types of translation. For example, a
function that translates data from one character set to another might support a variety of
character sets. To specify a particular type of translation, an application can specify an
option flag by calling SQLSetConnectOption. The driver passes this flag in each call to
SQLDriverToDataSource and SQLDataSourceToDriver.

Additional Extension Functions

ODBC also provides the following functions related to connections, drivers, and data
sources. For more information about these functions, see Chapter 21, “ODBC Function
Reference.”

Function Description

SQL DataSources Returns a list of available data sources. The Driv-
er Manager retrieves this information from the
.odbc.ini file.

SQLDrivers Returns a list of installed drivers and their

attributes. The Driver Manager retrieves this in-
formation from the odbcinst.ini file.
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Function Description

SQLGetFunctions Returns functions supported by a driver. This
function allows an application to determine at
run time whether a particular function is sup-
ported by a driver.

SQLGetInfo Returns general information about a driver and
data source, including filenames, versions, con-
formance levels, and capabilities.

SQLGetTypelnfo Returns the SQL data types supported by a driv-
er and data source.

SQLSetConnectOption These functions set or return connection options,

SQLGetConnectOption such as the data source access mode, automatic
transaction commitment, timeout values, func-
tion tracing, data translation options, and trans-
action isolation.
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Chapter 47
Processing an SQL Statement

An application can submit any SQL statement supported by a data source. ODBC defines
a standard syntax for SQL statements (listed in Appendix C, “SQL Grammar”). For maxi-
mum interoperability, an application should only submit SQL statements that use this syn-
tax; the driver will translate these statements to the syntax used by the data source. If an
application submits an SQL statement that does not use the ODBC syntax, the driver passes
it directly to the data source.

The following diagram shows a simple sequence of ODBC function calls to execute SQL
statements. Note that statements can be executed a single time with SQLExecDirect or pre-
pared with SQLPrepare and executed multiple times with SQLExecute. Note also that an
application calls SQLTransact to commit or roll back a transaction.
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SQLPrepare
SQLSetParam SQLSetParam
SQLExecDirect

SQLExecute

Kind of Statement?
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[
More Rows?
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l No
SQLFreeStmt

SQLTransact

Terminate
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Allocating a Statement Handle

Before an application can submit an SQL statement, it must call SQLAllocStmt to request
that the driver allocate storage for the statement. The application passes a connection
handle and the address of a variable of type HSTMT to the driver.

The driver allocates storage for the statement, associates the statement with the connec-
tion referenced by the connection handle, and returns the statement handle in the vari-
able.

A driver uses the statement handle to reference storage for names, parameter and bind-
ing information, error messages, and other information related to a statement processing
stream.

Executing an SQL Statement

An application can submit an SQL statement for execution in two ways:

Prepared Call SQLPrepare and then call SQLExecute.
Direct Call SQLExecDirect.

These options are similar, though not identical to, the prepared and immediate options
in embedded SQL. For a comparison of the ODBC functions and embedded SQL, see
Appendix E, “Comparison Between Embedded SQL and ODBC.”

Prepared Execution
Preparing a statement before it is executed provides the following advantages:

= Itisthe most efficient way to execute the statement more than once, especially if
the statement is complex. The data source compiles the statement, produces an
access plan, and returns an access plan identifier to the driver. The data source
minimizes processing time by using the access plan each time it executes the
statement.
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= Itallows the driver to send an access plan identifier instead of an entire state-
ment each time the statement is to be executed. This minimizes network traffic.

= Thedriver can return information about a result set before executing the state-
ment. For more information, see “Returning Information About a Result Set,” in
Chapter 15, “Returning Results.”

Prepared execution is supported with SQLPrepare and SQLExecute. When an applica-
tion calls SQLPrepare, the driver:

1. Modifies the statement to use the form of SQL supported by the data source, if
necessary. In particular, the driver modifies the escape clauses used to define
ODBC-specific SQL. These are discussed in “Supporting ODBC Extensions to
SQL,” later in this chapter.

2. Submits the statement to the data source for preparation.

3. Stores the returned access plan identifier for later execution (if the preparation
succeeded) or returns errors to the application (if the preparation failed).

When an application calls SQLExecute, the driver:

1. Retrieves current parameter values, converts them as necessary, and sends them
to the data source. For more information, see “Supporting Parameters” later in
this chapter.

2. Sends the access plan identifier to the data source for execution.
3. Returns any errors.

Important: Some data sources delete the access plans for all hstmts on an hdbc when a transac-
tion is committed or rolled back; transactions may be committed or rolled back with SQL Transit
or automatically committed with the SQL_ AUTOCOMMIT connection option. A driver reports
this behavior with the SQL_CURSOR_COMMIT_BEHAVIOR and
SQL_CURSOR_ROLLBACK_BEHAVIOR information types in SQLGetInfo.

If the data source does not support statement preparation, the driver must emulate it to
the extent possible. For example, if the data source supports procedures, the driver
might place the statement in a procedure and submit it for compilation when SQLPre-
pare is called. When SQLExecute is called, it would submit the compiled procedure for
execution.

If the data source supports syntax checking without execution, the driver might submit
the statement for checking when SQLPrepare is called and submit the statement for exe-
cution when SQLExecute is called.
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If the driver cannot emulate statement preparation, it stores the statement when SQLPre-
pare is called and submits it for execution when SQLEXxecute is called. In this case,
SQLExecute can return the errors normally returned by SQLPrepare.

Direct Execution

Executing a statement directly is the most efficient way to execute a statement a single
time. Direct execution is supported through SQLExecDirect. When an application calls
SQLExecDirect, the driver:

1. Modifies the statement to use the form of SQL supported by the data source, if
necessary. In particular, the driver modifies the escape clauses used to define
ODBC-specific SQL. These are discussed in “Supporting ODBC Extensions to
SQL,” later in this chapter.

2. Retrieves current parameter values, converts them as necessary, and sends them
to the data source. For more information, see “Supporting Parameters” later in
this chapter.

3. Submits the statement to the data source for execution.
4. Returns any errors.

Supporting Parameters

An SQL statement can contain parameter markers that indicate values that the driver
retrieves from the application at execution time. For example, an application might use
the following statement to insert a row of data into the EMPLOYEE table:

INSERT INTO EMPLOYEE (NAME, AGE, HIREDATE) VALUES (?, ?, ?)

Atany time after an hstmt has been allocated, an application calls SQLBindParameter to
specify information about a parameter. (If the application has previously called SQL-
BindParameter for a parameter, the driver replaces the old values with the new values.)
The driver:

= Associates the address of the storage area with the parameter marker.

= Stores the data types of the storage location and the column associated with the
parameter, as well as the precision and scale of the parameter.
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Note: When an application calls SQLBindParameter, it specifies the number of the parameter for
which it is providing information. The driver stores the information without checking if a corre-
sponding parameter marker exists in the statement. When the statement is executed, the driver
only retrieves parameter values for those parameters with corresponding markers in the state-
ment.

When the application calls SQLExecute or SQLExecDirect to execute the statement, the
driver:

1. Checks that SQLBindParameter has been called for each parameter marker in
the statement. If not, the driver returns an error.
2. Retrieves the current value of each parameter from its associated storage area.

3. Converts the value from the data type of the storage area to the data type of the
associated column, if needed.

4, Passes the parameter values to the data source.
The driver releases information about parameters only when the application calls SQL-

FreeStmt with the SQL_RESET_PARAMS option or SQL_DROP option. Hence, param-
eter information persists after a statement has been executed.

Supporting Transactions

Drivers support two modes for transactions: auto-commit and manual-commit. In auto-

commit mode, each SQL statement is a single, complete transaction; the driver commits
one transaction for each statement. In manual-commit mode, a driver begins a transac-
tion when an application submits an SQL statement and no transaction is open. It com-
mits or rolls back the current transaction only when the application calls SQLTransact.

If adriver supports the SQL_ AUTOCOMMIT connection option, the default transaction
mode is auto-commit; otherwise, it is manual-commit. Applications call SQLSetCon-
nectOption to switch between auto-commit and manual-commit mode. Note that if an
application switches from manual-commit to auto-commit mode, the driver commits
any open transactions on the connection.

Applications should call SQLTransact, rather than submitting a COMMIT or ROLL-
BACK statement, to commit or roll back a transaction. The result of a COMMIT or
ROLLBACK statement depends on the driver and its associated data source.
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Important: Some data sources delete the access plans and closethe cursors for all hstmts on an hdbc
when a transaction is committed or ralled back; transactions may be committed or rolled back with
SQLTransact or automatically committed with the SQL_CURSOR_COMMIT_BEHAVIOR
and SQL_CURSOR_ROLLBACK_BEHAVIOR information types in SQLGetInfo.

ODBC Extensions for SQL Statements

ODBC extends the X/Open and SQL Access Group Call Level Interface to provide addi-
tional functions related to SQL statements. ODBC also extends the X/Open and SQL
Access Group SQL CAE specification (1992) to provide common extensions to SQL. The
remainder of this chapter describes these functions and SQL extensions.

A driver returns whether it supports a specific function with SQLGetFunctions. Adriver
returns whether it supports a specific extension to SQL with SQLGetlInfo.

Returning Information About the Data Sour ce Catalog

To return information about a data source’s catalog, a driver supports the following func-
tions, known as the catalog functions:

SQLTables returns the names of tables stored in a data source.
SQLTablePrivileges returns the privileges associated with one or more tables.
SQLColumns returns the names of columns in one or more tables.

SQLColumnPrivileges returns the privileges associated with each column in a single
table.

SQLPrimaryKeys returns the names of columns that comprise the primary key of a
single table.

SQLForeignKeys returns the names of columns in a single table that are foreign keys. It
also returns the names of columns in other tables that refer to the primary key of the spec-
ified table.

SQLSpecialColumns returns information about the optimal set of columns that
uniquely identify a row in a single table or the columns in that table that are automati-
cally updated when any value in the row is updated by a transaction.
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SQLStatistics returns statistics about a single table and the indexes associated with that
table.

SQLProcedures returns the names of procedures stored in a data source.

SQLProcedureColumns returns a list of the input and output parameters, as well as the
names of columns in the result set, for one or more procedures.

Each function returns the information as a result set. The application retrieves these
results by calling SQLBindCol and SQLFetch.

If the data source associated with a driver does not support catalog functions, the driver
can implement these functions.

Accepting Parameter Data at Execution Time

To support the ability to send parameter data at statement execution time, such as for
parameters of the SQL_LONGVARCHAR or SQL_LONGVARBINARY types, a driver
has the following three functions:

SQLBindParameter
SQLParamData
SQLPutData

To indicate that an application plans to send parameter data at statement execution time,
it calls SQLBindParameter and sets the pcbValue buffer for the parameter to the result of
the SQL_LEN_DATA_AT_EXEC(length) macro. If the fSqlType argument is
SQL_LONGVARBINARY or SQL_LONGVARCHAR and the driver returns “Y” for the
SQL_NEED_LONG_DATA_LEN information type in SQLGetInfo, length is the total
number of bytes of data to be sent for the parameter; otherwise, it is ignored.

It sets rgbValue to a value that, at run time, can be used to retrieve the data. For example,
rgbValue might point to a storage location that will contain the data at statement execu-
tion time or to a file that contains the data. The driver stores this value and returns it to
the application at statement execution time.
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When the driver processes a call to SQLExecute or SQLExecDirect and the statement
being executed includes a data-at-execution parameter, the driver returns
SQL_NEED_DATA. To send the parameter data, the application:

1.

Calls SQLParamData. The driver returns rgbValue (which it stored when SQL-
BindParameter was called) for the first data-at-execution parameter.

Calls SQLPutData one or more times to send data for the parameter. (More than
one call will be needed if the data value is larger than the buffer; multiple calls
are allowed only if the C data type is character or binary and the SQL data type
is character, binary, or data source—specific.)

Calls SQLParamData again to indicate that all data has been sent for the param-
eter. The driver finishes processing the parameter. If there is another data-at-exe-
cution parameter, the driver returns rghbValue for that parameter and
SQL_NEED_DATA for the function return code. Otherwise, it returns
SQL_SUCCESS for the function return code.

Repeats steps 2 and 3 for the remaining data-at-execution parameters.

For additional information, see the description of SQLBindParameter in Chapter 21,
“ODBC Function Reference.”

Accepting Arrays of Parameter Values

To support specification of multiple sets of parameter values for a single SQL statement,
implement the SQLParamOptions function. For data sources that support multiple
parameter values for a single SQL statement, SQLParamOptions can provide perfor-
mance benefits. For example, an application can set up an array of values and submit a
single INSERT statement.
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Supporting Asynchronous Execution

By default, a driver executes ODBC functions synchronously; the driver does not return
control to the application until a function call completes. If a driver supports asynchro-
nous execution, however, the application can request asynchronous execution for the
functions listed below. (All of these functions either submit requests to a data source or
retrieve data. These operations may require extensive processing.)

SQLColAttributes

SQLColumnPrivileges

SQLColumns
SQLDescribeParam
SQLExecute
SQLFetch
SQLGetData
SQLMoreResults
SQLNumResultCols
SQLPrepare
SQLProcedureColumn
SQLPutData
SQLSpecialColumns

SQLTablePrivileges

SQLDescribeCol
SQLExecDirect
SQLExtendedFetch
SQLForeignKeys
SQLGetTypelnfo
SQLNumParams
SQLParamData
SQLPrimaryKeys
SQLProcedures
SQLSetPos
SQLStatistics

SQLTables
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Asynchronous execution is performed on a statement-by-statement basis. When an
application calls SQLSetStmtOption with the SQL_ASYNC_ENABLE option, the
driver enables or disables asynchronous execution for the hstmt. When an application
calls SQLSetConnectOption with the SQL_ASYNC_ENABLE option, the driver
enables or disables asynchronous execution for all hstmts associated with the hdbc.

For functions that can be executed asynchronously, the driver checks if asynchronous
execution has been enabled for the hstmt. If this has been enabled, the driver begins exe-
cuting the function asynchronously and returns SQL_STILL_EXECUTING. Otherwise,
the driver executes the function synchronously.
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While a function is executing asynchronously, an application can call any function with
a different hstmt or an hdbc not associated with the original hstmt. With the original hstmt
or the hdbc associated with that hstmt, the application can only call the original function,
SQLAIllocStmt, SQLCancel, or SQLGetFunctions. If it calls any other function with the
original hstmt or the hdbc associated with that hstmt, the Driver Manager returns an error.

If the application calls the asynchronously executing function with the original hstmt, the
driver ignores all arguments except the hstmt argument. It returns
SQL_STILL_EXECUTING if the function is still executing. Otherwise, it returns a differ-
ent code, such as SQL_SUCCESS or SQL_ERROR. For information about canceling an
asynchronously execution, see “Terminating Statement Processing” in Chapter 17, “Ter-
minating Transactions and Connections.”

For functions that cannot be executed asynchronously, the driver ignores whether asyn-
chronous execution is enabled for the hstmt.

Supporting ODBC Extensions to SQL

ODBC defines the following extensions to SQL, which are common to most DBMS'’s:

= Date, time, and timestamp data

= Scalar functions such as numeric, string, and data type conversion functions
» LIKE predicate escape characters

= Outer joins

= Procedures

The syntax defined by ODBC for these extensions uses the escape clause provided by the
X/0pen and SQL Access Group SQL CAE specification (1992) to cover vendor-specific
extensions to SQL. Its format is:

--(*vendor (vendor -name), product(product-name) extension *)--

For the ODBC extensions to SQL, product-name is always “ODBC”, since the product
defining them is ODBC. Vendor-name is always “Microsoft”, since ODBC is a Microsoft
product. ODBC also defines a shorthand syntax for these extensions:

{extension}

Most DBMS’s provide the same extensions to SQL as does ODBC. Because of this, an
application may be able to submit an SQL statement using one of these extensions in
either of two ways:
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= Use the syntax defined by ODBC. The driver translates the extension to its
DBMS-specific syntax. An application that uses the ODBC syntax will be
interoperable among DBMS'’s.

= Use the syntax defined by the DBMS. The driver does not translate the exten-
sion. An application that uses DBMS-specific syntax will not be interoperable
among DBMS’s.

In either case, the driver does not check the validity of the syntax except as needed to
translate the ODBC syntax to the DBMS-specific syntax. For example, the driver does
not perform type checking of the arguments of a scalar function.

Due to the difficulty in implementing some ODBC extensions to SQL, such as outer
joins, a driver might only implement those ODBC extensions that are supported by its
associated DBMS. A driver returns whether it and its associated data source support all
the ODBC extensions to SQL through SQLGetInfo with the
SQL_ODBC_SQL_CONFORMANCE flag. For information about how a driver returns
whether a specific extension is supported, see the section that describes the extension.

Note: Many DBMS’s provide extensions to SQL other than those defined by ODBC. To use one
of these extensions, an application uses the DBMS-specific syntax. The driver does not translate
the extension. The application will not be interoperable among DBMS’s.

Date, Time, and Timestamp Data

The escape clauses ODBC uses for date, time, and timestamp data are:
--(*vendor(Microsoft),product(ODBC) d 'value’ *)--
--(*vendor(Microsoft),product(ODBC) t 'value’ *)--
--(*vendor(Microsoft),product(ODBC) ts 'value' *)--
where d indicates value is a date in the “yyyy-mm-dd” format,indicatesvalue is a time in the
“hh:mm:ss” format, ands indicatesvalue is a timestamp in the “yyyy-mm-dd hh:mm:ss[Jf’
format. The shorthand syntax for date, time, and timestamp data is:
{d 'value'}

{t 'value'}

{ts 'value'}
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For example, each of the following statements updates the birthday of John Smith in the
EMPLOYEE table. The first statement uses the escape clause syntax. The second state-
ment uses the shorthand syntax. The third statement uses the native syntax for a DATE
column in DEC’s Rdb and is not interoperable among DBMS’s.

UPDATE EMPLOYEE

SET BIRTHDAY =--(*vendor(Microsoft),
product(ODBC) d '1967-01-15" *)--
WHERE NAME="Smith, John’

UPDATE EMPLOYEE

SET BIRTHDAY={d '1967-01-15"}
WHERE NAME="Smith, John’

UPDATE EMPLOYEE

SET BIRTHDAY ='15-Jan-1967’

WHERE NAME="Smith, John’

The ODBC escape clauses for date, time, and timestamp literals can be used in parame-
ters with a C data type of SQL_C_CHAR. For example, the following statement uses a
parameter to update the birthday of John Smith in the EMPLOYEE table:

UPDATE EMPLOYEE SET BIRTHDAY=? WHERE NAME="Smith, John’

A storage location of type SQL_C_CHAR bound to the parameter might contain any of
the following values. The first value uses the escape clause syntax. The second value uses
the shorthand syntax. The third value uses the native syntax for a DATE column in DEC’s
Rdb and is not interoperable among DBMS’s.

"--(*vendor(Microsoft),product(ODBC) d '1967-01-15" *)--"
"{d’1967-01-15}"
"'15-Jan-1967"

An application can also send date, time, or timestamp values as parameters using the C
structures defined by the C data types SQL_C_DATE, SQL_C_TIME, and
SQL_C_TIMESTAMP.

To determine if a data source supports date, time, or timestamp data, an application calls
SQLGetTypelnfo. If a driver supports date, time, or timestamp data, it must also sup-
port the escape clauses for date, time, or timestamp literals.

Scalar Functions

Scalar functions_such as string length, absolute value, or current date_can be used on
columns of a result set and on columns that restrict rows of a result set. The escape clause
ODBC uses for scalar functions is:

--(*vendor(Microsoft),product(ODBC) fn scalar-function *)--
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where scalar-function is one of the functions listed in Appendix F, “Scalar Functions.” The
shorthand syntax for scalar functions is:

{fn scalar-function}

For example, each of the following statements creates the same result set of uppercase
employee names. The first statement uses the escape clause syntax. The second state-

ment uses the shorthand syntax. The third statement uses the native syntax for Ingres
for UNIX and is not interoperable among DBMS'’s.

SELECT --(*vendor(Microsoft),product(ODBC) fn UCASE(NAME) *)--
FROM EMPLOYEE

SELECT {fn UCASE(NAME)} FROM EMPLOYEE

SELECT uppercase(NAME) FROM EMPLOYEE

An application can mix scalar functions that use native syntax and scalar functions that
use ODBC syntax. For example, the following statement creates a result set of last names
of employees in the EMPLOYEE table. (Names in the EMPLOYEE table are stored as a
last name, a comma, and a first name.) The statement uses the ODBC scalar function
SUBSTRING and the SQL Server scalar function CHARINDEX and will only execute
correctly on SQL Server.

SELECT {fn SUBSTRING(NAME, 1, CHARINDEX(',', NAME) — 1)} FROM EMPLOYEE

To determine which scalar functions are supported by a data source, an application calls
SQLGetInfo with the SQL_NUMERIC_FUNCTIONS, SQL_STRING_FUNCTIONS,
SQL_SYSTEM_FUNCTIONS, and SQL_TIMEDATE_FUNCTIONS flags.

Data Type Conversion Function

ODBC defines a special scalar function, CONVERT, that requests that the data source
convert data from one SQL data type to another SQL data type. The escape clause ODBC
uses for the CONVERT function is:

--(*vendor(Microsoft),product(ODBC)
/A fn CONVERTyalue_exp, data_type) *)--

where value_exp is a column name, the result of another scalar function, or a literal value,
and data_type is a keyword that matches the #define name used by an ODBC SQL data
type (as defined in Appendix D, “Data Types”). The shorthand syntax for the CON-
VERT function is:

{fn CONVERT (value_exp, data_type)}
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For example, the following statement creates a result set of the names and ages of all
employees in their twenties. It uses the CONVERT function to convert each employee’s
age from type SQL_SMALLINT to type SQL_CHAR. Each resulting character string is
compared to the pattern “2%” to determine if the employee’s age is in the twenties.

SELECT NAME, AGE FROM EMPLOYEE
WHERE {fn CONVERT(AGE,SQL_CHAR)} LIKE 2%’

To determine if the CONVERT function is supported by a data source, an application
calls SQLGetInfo with the SQL_CONVERT_FUNCTIONS flag. For more information
about the CONVERT function, see Appendix F, “Scalar Functions.”

LIKE Predicate Escape Characters

In a LIKE predicate, the percent character (%) matches zero or more of any character and
the underscore character () matches any one character. The percent and underscore

characters can be used as literals in a LIKE predicate by preceding them with an escape
character. The escape clause ODBC uses to define the LIKE predicate escape character is:

--(*vendor(Microsoft),product(ODBC) escape 'escape-character’ *)--

where escape-character is any character supported by the data source. The shorthand
syntax for the LIKE predicate escape character is:

{ escape 'escape-character’}

For example, each of the following statements creates the same result set of department
names that start with the characters “%AAA”. The first statement uses the escape clause
syntax. The second statement uses the shorthand syntax. The third statement uses the
native syntax for Ingres for UNIX and is not interoperable among DBMS’s. Note that the
second percent character in each LIKE predicate is a wild-card character that matches
zero or more of any character.

SELECT NAME FROM DEPT WHERE NAME

LIKE \%AAA%' --(* vendor(Microsoft),product(ODBC) escape '\'*)--
SELECT NAME FROM DEPT WHERE NAME LIKE \%AAA%’ { escape '\'}
SELECT NAME FROM DEPT WHERE NAME LIKE \%AAA%' ESCAPE '\

To determine whether LIKE predicate escape characters are supported by a data source,
an application calls SQLGetInfo with the SQL_LIKE_ESCAPE_CLAUSE information

type.
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Outer Joins

ODBC supports the ANSI SQL-92 left outer join syntax. The escape clause ODBC uses
for outer joins is;

--(*vendor(Microsoft),product(ODBC) oj outer-join *)--
where outer-join is:

table-reference LEFT OUTER JOIN
{table-reference | outer-join} ON search-condition

table-reference specifies a table name, and search-condition specifies the join condition
between the table-references. The shorthand syntax for outer joins is:

{oj outer-join}

An outer join request must appear after the FROM keyword and before the WHERE
clause (if one exists). For complete syntax information, see Appendix C, “SQL Gram-
mar.”

For example, each of the following statements creates the same result set of the names
and departments of employees working on project 544. The first statement uses the
escape clause syntax. The second statement uses the shorthand syntax. The third state-
ment uses the native syntax for Oracle and is not interoperable among DBMS’s.

SELECT EMPLOYEE.NAME, DEPT.DEPTNAME

FROM --(*vendor(Microsoft),product(ODBC) oj

EMPLOYEE LEFT OUTER JOIN DEPT ON EMPLOY EE.DEPTID=DEPT.DEPTID*)--
WHERE EMPLOY EE.PROJID=544

SELECT EMPLOYEE.NAME, DEPT.DEPTNAME

FROM {oj EMPLOYEE LEFT OUTER JOIN DEPT

ON EMPLOY EE.DEPTID=DEPT.DEPTID}

WHERE EMPLOY EE.PROJID=544

SELECT EMPLOYEE.NAME, DEPT.DEPTNAME

FROM EMPLOYEE, DEPT

WHERE (EMPLOY EE.PROJID=544) AND (EMPLOYEE.DEPTID = DEPT.DEPTID (+))

To determine the level of outer joins a data source supports, an application calls
SQLGetInfo with the SQL_OUTER_JOINS flag. Data sources can support two-table
outer joins, partially support multi-table outer joins, fully support multi-table outer
joins, or not support outer joins.
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Procedures

An application can call a procedure in place of an SQL statement. The escape clause
ODBC uses for calling a procedure is:

--(*vendor(Microsoft),product(ODBC)
[?=] call procedure-name[([parameter][,[parameter]]...)] *)--

where procedure-name specifies the name of a procedure stored on the data source and
parameter specifies a procedure parameter. A procedure can have zero or more parame-
ters and can return a value. The shorthand syntax for procedure invocation is:

{[?=]call procedure-name[([parameter][,[parameter]]...)]}

For output parameters, parameter must be a parameter marker. For input and input/out-
put parameters, parameter can be a literal, a parameter marker, or not specified. If param-
eter is a literal or is not specified for an input/output parameter, the driver discards the
output value. If parameter is not specified for an input or input/output parameter, the
procedure uses the default value of the parameter as the input value; the procedure also
uses the default value if parameter is a parameter marker and the pchValue argument in
SQLBindParameter is SQL_DEFAULT_PARAM. If a procedure call includes parameter
markers (including the “?=" parameter marker for the return value), the application must
bind each marker by calling SQLBindParameter prior to calling the procedure.

Note: For some data sources, parameter cannot be a literal value. For all data sources, it can be a
parameter marker. For maximum interoperability, applications should always use a parameter
marker for parameter.

If an application specifies a return value parameter for a procedure that does not return
a value, the driver sets the pcbhValue buffer specified in SQLBindParameter for the
parameter to SQL_NULL_DATA. If the application omits the return value parameter for
a procedure returns a value, the driver ignores the value returned by the procedure.

If a procedure returns a result set, the application retrieves the data in the result set in the
same manner as it retrieves data from any other result set.

For example, each of the following statements uses the procedure EMPS_IN_PROJ to
create the same result set of names of employees working on a project. The first statement
uses the escape clause syntax. The second statement uses the shorthand syntax. For an
example of code that calls a procedure, see SQLProcedures in Chapter 21, “ODBC Func-
tion Reference.”

--(*vendor(Microsoft),product(ODBC) call EMPS_IN_PROJ(?)*)--
{call EMPS_IN_PROJ(?)}
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To determine if a data source supports procedures, an application calls SQLGetInfo
with the SQL_PROCEDURES information type. To retrieve a list of the procedures
stored in a specific data source, an application calls SQLProcedures. To retrieve a list of
the input, input/output, and output parameters, as well as the return value and the col-
umns that make up the result set (if any) returned by a procedure, an application calls
SQLProcedureColumns.

Additional Extension Functions

ODBC also provides the following functions related to SQL statements. For more infor-
mation about these functions, see Chapter 21, “ODBC Function Reference.”

Function Description
SQLDescribeParam Returns information about prepared parameters.
SQLNativeSql Returns the SQL statement as processed by the data

source, with escape sequences translated to SQL code
used by the data source.

SQLNumParams Returns the number of parameters in an SQL statement.
SQLSetStmtOption These functions set or return statement options, such as
SQLSetConnectOption asynchronous processing, orientation for binding

SQLGetStmtOption rowsets, maximum amount of variable length data to re-

turn, maximum number of result set rows to return, and
guery timeout value. Note that SQLSetConnectOption
sets options for all statements on a connection.
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Chapter 48
Returning Results

A SELECT statement is used to retrieve data that meets a given set of specifications. For
example, SELECT * FROM EMPLOYEE WHERE EMPNAME ="Jones" is used to retrieve
all columns of all rows in EMPLOYEE where the employee’s name is Jones. ODBC exten-
sion functions can also return data. For example, SQLColumns returns data about columns
in the data source. These sets of data, called result sets, can contain zero or more rows.

Note that other SQL statements, such as GRANT or REVOKE, do not return result sets.
For these statements, the code returned by the driver from SQLExecute or SQLExecDirect
is usually the only source of information as to whether the statement was successful. (For
INSERT, UPDATE, and DELETE statements, an application can call SQLRowCount to
return the number of affected rows.)

An application may or may not know the form of an SQL statement prior to execution.
Therefore, drivers support functions that allow an application to request information about
the result set.

For functions and SQL statements that return a result set, an application calls ODBC func-
tions to fetch the results.

Assigning Storage for Results (Binding)

An application can assign storage for result columns before or after submitting an SQL
statement.

A driver binds storage to result columns using the information passed to it through SQL-
BindCol. The driver:

= Accepts pointer arguments that reference storage areas.
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= Checks whether the pointers are null. If the rghValue pointer is null, the driver
unbinds the column. If the pcbValue pointer is null, the driver does not return
length information to the application.

= Associates each column with the given storage area.
= Stores information about the data type to which to convert the result data.
= The driver uses this information during subsequent fetch operations.

Returning Information About a Result Set

Each driver supports the following core functions:

= SQLNumResultCols returns the number of columns in the result set.

s SQLColAttributes and SQLDescribeCol provide information about a column
in the result set.

= SQLRowCount returns the number of rows affected by an SQL statement.

An application can call SQLColAttributes, SQLDescribeCol, and SQLNumResultCols
after it calls SQLPrepare and before it calls SQLExecute. If a data source cannot return
this information before a statement has been executed, the driver must attempt to
retrieve it in some other manner. For example, if the data source returns this information
with a result set, then for a SELECT statement, the driver might generate an empty
result set.

Returning Result Data

An application binds columns of the result set to storage locations with SQLBindCol. It
retrieves a row of data with SQLFetch. Each time SQLFetch is called, a driver:

1. Moves the cursor to the next row.

2. Retrieves the data from the data source.

3. Converts the data for each bound column to the form specified by the fCType
argument in SQLBindCol. The driver may truncate the data for some data type
conversions.
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4, Places the converted data for each bound column in the storage pointed to by the
rgbValue argumentin SQLBindCol. For some data types, the driver will truncate
the data if the storage location is too small.

If the driver truncates data, it returns SQL_SUCCESS_WITH_INFO. For more informa-
tion on converting and truncating data, see “Converting Data From SQL to C Data
Types” in Appendix D, “Data Types.”

Supporting Cursors

To keep track of its position in the result set, a driver maintains a cursor. The cursor is so
named because it indicates the current position in the result set, just as the cursor on a
CRT screen indicates current position. Each time an application calls SQLFetch, the
driver moves the cursor to the next row and returns that row. The cursor supported by
core ODBC functions only scrolls forward, one row at a time.

Important: Some data sources close the cursors for all hstmts on an hdbc when a transaction is
committed or rolled back; transactions may be committed or rolled back with SQLTransact or auto-
matically committed with the SQL_ AUTOCOMMIT connection option. A driver reports this
behavior with the SQL_CURSOR_COMMIT_BEHAVIOR and
SQL_CURSOR_ROLLBACK_BEHAVIOR information types in SQLGetInfo.

ODBC Extensions for Results

ODBC extends the X/Open and SQL Access Group Call Level Interface to provide addi-
tional functions related to retrieving results. The remainder of this chapter describes
these functions. A driver returns whether it supports a specific function with SQLGet-
Functions.

Returning Data from Unbound Columns

SQLGetData returns data from a single column to a buffer. A driver may require that the
column has not been bound by an earlier call to SQLBindCol, that the column be to the
right of the rightmost bound column, and that, if data is returned from more than one
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column in a row with SQLGetData, these columns be accessed in left-to-right order.
These restrictions are considered normal functionality and a driver returns whether it
waives them through the SQL_GETDATA_EXTENSIONS option in SQLGetInfo.

SQLGetData cooperates with SQLBindCol, SQLFetch, and SQLExtendedFetch:

= SQLGetData can return data from each column in a row of a result set. The
application must call SQLFetch or SQLExtendedFetch to move from row to
row.

= The driver can return data from both bound and unbound columns in the same
row. SQLBindCol is used to bind as many columns as desired. SQLFetch or
SQLExtendedFetch positions the cursor on the next row of the result set and
returns data for all bound columns. SQLGetData can then return data for
unbound columns.

= SQLGetData can be called more than once for the same column, as long as the
type of the column is character, binary, or data source—specific and the data is
being transferred to a buffer of type SQL_C_CHAR or SQL_C_BINARY. Each
time it is called, it returns the next unreturned part of the data. For example, an
application may need to retrieve data of the SQL_LONGVARCHAR and
SQL_LONGVARBINARY types in several parts.

Assigning Storage for Rowsets (Binding)

In addition to binding individual rows of data, an application can call SQLBindCol to
assign storage for a rowset (one or more rows of data). By default, the driver binds
rowsets in column-wise fashion. It can also bind them in row-wise fashion.

To specify how many rows of data are in a rowset, an application calls SQLSetStmtOp-
tion with the SQL_ROWSET_SIZE option. The driver stores the number of rows for later
reference.

Column-Wise Binding

To support column-wise binding of results, SQLBindCol performs the following tasks
for each column:

nAccepts the address of an array of data storage buffers and the size of one element of
the data array. When returning data, the driver will use the array element size to deter-
mine where to store successive rows of data in the array. If this address is null, the driver
unbinds the column.
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Accepts the address of a second array. For each row, the driver will return the number of
bytes of data available to return in an element in this array. If this address is null, the
driver does not return the number of bytes of available data to the application.

Associates the arrays with a column.

Stores information about whether the data is to be converted to a different data type.

Row-Wise Binding

An application defines a structure in which to store row-wise bound results. For each
column to be bound, this structure contains one field in which to return data and one
field in which to return the number of bytes of data available to return.

To support row-wise binding of results, SQLBindCol performs the following tasks for
each column:

= Accepts the address of the data field for the column in the first element of an
array of these structures. If this address is null, the driver unbinds the column.
= Accepts the size of the data field for the column.

= Accepts the address of the number-of-bytes field for the column in the first ele-
ment of the array of structures. If this address is null, the driver does not return
the number of bytes of available data to the application.

= Associates the addresses with the column.
= Stores information about whether the data in the column is to be converted to a
different data type.

SQLSetStmtOption accepts the size of the structure. When returning data, the driver
uses the addresses and the size of the structure to determine where each successive row
of data is stored.
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Returning Rowset Data

To retrieve rowset data, an application calls SQLExtendedFetch. The driver retrieves the
data from the data source. For each bound column in a row of data, the driver:

1.
2.

Converts the data to the type specified with SQLBindCol.
Calculates the location in the application where the data is to be stored.

For column-wise bound data, it uses the current row number, the pointer to the
data array, and the size of an element in the data array. The pointer to the data
array and the size of an element in the data array are specified with
SQLBindCol.

For row-wise bound data, it uses the current row number, the pointer to the data
field in the first element of the array of structures, and the size of the structure.
The pointer to the data field is specified with SQLBindCol. The size of the struc-
ture is specified with SQLSetStmtOption.

Stores the converted data in the calculated location. If the size of the converted
data is larger than the size of the data storage buffer (as specified in SQLBind-
Col), the driver truncates the data and returns SQL_SUCCESS_WITH_INFO or
stops the processing and returns SQL_ERROR.

Calculates the location in the application where the number of available bytes
to return is to be stored.

For column-wise bound data, it uses the current row number, the pointer to the
number-of-bytes array, and the size of an array element. The pointer to the num-
ber-of-bytes array is specified with SQLBindCol.

For row-wise bound data, it uses the current row number, the pointer to the
number-of-bytes field in the first element of the array of structures, and the size
of the structure. The pointer to the number-of-bytes field is specified with SQL-
BindCol. The size of the structure is specified with SQLSetStmtOption.

Stores the number of bytes available to return in the calculated location.

The driver returns up to the number of rows of data specified with the
SQL_ROWSET_SIZE statement option. For more information, see “Assigning
Storage for Rowsets (Binding)” earlier in this chapter.

Note: Drivers are not required to support the use of SQLGetData with blocks (more than one row)
of data. A driver returns whether it supports the use of SQLGetData with blocks of data through
the SQL_GETDATA_EXTENSIONS option in SQLGetInfo.
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Supporting Block and Scrollable Cursors

As originally designed, cursors in SQL only scroll forwards through a result set, return-
ing one row at a time. However, interactive applications often require forward and back-
ward scrolling, absolute or relative positioning within the result set, and the ability to
retrieve and update blocks of data, or rowsets.

To retrieve and update rowset data, ODBC provides a block cursor attribute. To allow an
application to scroll forwards or backwards through the result set, or move to an absolute
or relative position in the result set, ODBC provides a scrollable cursor attribute. Cursors
may have one or both attributes.

Block Cursors

An application calls SQLSetStmtOption with the SQL_ROWSET_SIZE option to specify
the rowset size. The application can call SQLSetStmtOption to change the rowset size at
any time. Each time the application calls SQLExtendedFetch, the driver returns the next
rowset size rows of data. After the data is returned, the cursor points to the first row in the
rowset. By default, the rowset size is one.

Scrollable Cursors

Applications have different needs in their ability to sense changes in the tables underly-
ing a result set. For example, when balancing financial data, an accountant needs data
that appears static; it is impossible to balance books when the data is continually chang-
ing. When selling concert tickets, a clerk needs up-to-the minute, or dynamic, data on
which tickets are still available. Various cursor models are designed to meet these needs,
each of which requires different sensitivities to changes in the tables underlying the
result set.

Static Cursors

At one extreme are static cursors, to which the data in the underlying tables appears to
be static. The membership, order, and values in the result set used by a static cursor are
generally fixed when the cursor is opened. Rows updated, deleted, or inserted by other
users (including other cursors in the same application) are not detected by the cursor
until it is closed and then reopened; the SQL_STATIC_SENSITIVITY information type
returns whether the cursor can detect rows it has updated, deleted, or inserted.

159



Supporting Block and Scrollable Cursors

160

Static cursors are commonly implemented by taking a snapshot of the data or locking
the result set. Note that in the former case, the cursor diverges from the underlying
tables as other users make changes; in the latter case, other users are prohibited from
changing the data.

Dynamic Cursors

At the other extreme are dynamic cursors, to which the data appears to be dynamic. The
membership, order, and values in the result set used by a dynamic cursor are ever-
changing. Rows updated, deleted, or inserted by all users (the cursor, other cursors in
the same application, and other applications) are detected by the cursor when data is
next fetched. Although ideal for many situations, dynamic cursors are difficult to imple-
ment.

Keyset-Driven Cursors

Between static and dynamic cursors are keyset-driven cursors, which have some of the
attributes of each. Like static cursors, the membership and ordering of the result set of a
keyset-driven cursor is generally fixed when the cursor is opened. Like dynamic cur-
sors, most changes to the values in the underlying result set are visible to the cursor
when data is next fetched.

When a keyset-driven cursor is opened, the driver saves the keys for the entire result set,
thus fixing the membership and order of the result set. As the cursor scrolls through the
result set, the driver uses the keys in this keyset to retrieve the current data values for
each row in the rowset. Because data values are retrieved only when the cursor scrolls
to a given row, updates to that row by other users (including other cursors in the same
application)after the cursor was opened are visible to the cursor.

If the cursor scrolls to a row of data that has been deleted by other users (including other
cursors in the same application), the row appears as a hole in the result set, since the key
is still in the keyset but the row is no longer in the result set. Updating the key values in
arow is considered to be deleting the existing row and inserting a new row; therefore,

rows of data for which the key values have been changed also appear as holes. When the
driver encounters a hole in the result set, it returns a status code of

SQL_ROW _DELETED for the row.

Rows of data inserted into the result set by other users (including other cursors in the
same application) after the cursor was opened are not visible to the cursor, since the keys
for those rows are not in the keyset.
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The SQL_STATIC_SENSITIVITY information type returns whether the cursor can detect
rows it has deleted or inserted. Because updating key values in a keyset-driven cursor is
considered to be deleting the existing row and inserting a new row, keyset-driven cursors
can always detect rows they have updated.

Mixed (Keyset/Dynamic) Cursors

If a result set is large, it may be impractical for the driver to save the keys for the entire
result set. Instead, the application can use a mixed cursor. In a mixed cursor, the keyset is
smaller than the result set, but larger than the rowset.

Within the boundaries of the keyset, a mixed cursor is keyset-driven, that is, the driver
uses keys to retrieve the current data values for each row in the rowset. When a mixed
cursor scrolls beyond the boundaries of the keyset, it becomes dynamic, that is, the driver
simply retrieves the next rowset size rows of data. The driver then constructs a new keyset,
which contains the new rowset.

For example, assume a result set has 1000 rows and uses a mixed cursor with a keyset
size of 100 and a rowset size of 10. When the cursor is opened, the driver (depending on
the implementation) saves keys for the first 100 rows and retrieves data for the first 10
rows. If another user deletes row 11 and the cursor then scrolls to row 11, the cursor will
detect a hole in the result set; the key for row 11 is in the keyset but the data is no longer
in the result set. This is the same behavior as a keyset-driven cursor. However, if another
user deletes row 101 and the cursor then scrolls to row 101, the cursor will not detect a
hole; the key for the row 101 is not in the keyset. Instead, the cursor will retrieve the data
for the row that was originally row 102. This is the same behavior as a dynamic cursor.

Supporting the Cursor Types

To specify the cursor type, an application calls SQLSetStmtOption with the
SQL_CURSOR_TYPE option. The application can specify a cursor that only scrolls for
ward, a static cursor, a dynamic cursor, a keyset-driven cursor, or a mixed cursor. If the
application specifies a mixed cursor, it also specifies the size of the keyset used by the cur-
sor.

Note: To use the ODBC cursor library, an application calls SQLSetConnectOption with the
SQL_ODBC_CURSORS option before it connects to the data souce. The cursor library supports
block scrollable cursors. It also supports positioned update and delete statements. For more infor-
mation, see Appendix G, "ODBC Cursor Library."
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Unless the cursor is a forward-only cursor, an application calls SQLExtendedFetch to
scroll the cursor backwards, forwards, or to an absolute or relative position in the result
set. The application calls SQLSetPos to refresh the row currently pointed to by the cur-
sor.

If the data source does not support keyset-driven and mixed cursors, the driver can sup-
port SQLExtendedFetch and SQLSetPos by saving the keyset itself. The driver uses the
keys in the keyset to position the cursor and return the requested results.

The driver can either build the entire keyset when the data source creates the result set,
or build the keyset in pieces as the application fetches results from the result set. The
keyset always contains keys for contiguous rows; that is, if the application positions the
cursor more than keyset-size rows away from the current keyset, the current keyset is dis-
carded and a new keyset is built.

The keyset is built from the optimal information that uniquely defines each row in the
result set. This depends on the tables in the result set and may be a unique index, a
unique key, or the entire row.

Supporting Cursor Concurrency

Concurrency is the ability of more than one user to use the same data at the same time. A
transaction is serializable if it is performed in a manner in which it appears as if no other
transactions operate on the same data at the same time. For example, assume one trans-
action doubles data values and another adds 1 to data values. If the transactions are seri-
alizable and both attempt to operate on the values 0 and 10 at the same time, the final
values will be 1 and 21 or 2 and 22, depending on which transaction is performed first.
If the transactions are not serializable, the final values will be 1 and 21, 2 and 22, 1 and
22, or 2 and 21; the sets of values 1 and 22, and 2 and 21, are the result of the transactions
acting on each value in a different order.

Serializability is considered necessary to maintain database integrity. For cursors, it is
most easily implemented at the expense of concurrency by locking the result set. A com-
promise between serializability and concurrency is optimistic concurrency control. In a
cursor using optimistic concurrency control, the driver does not lock rows when it
retrieves them. When the application requests an update or delete operation, the driver
or data source checks if the row has changed. If the row has not changed, the driver or
data source prevents other transactions from changing the row until the operation is
complete. If the row has changed, the transaction containing the update or delete oper-
ation fails.
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To specify the concurrency used by a cursor, an application calls SQLSetStmtOption
with the SQL_CONCURRENCY option. The application can specify that the cursor is
read-only, locks the result set, uses optimistic concurrency control and compares row ver-
sions to determine if a row has changed, or uses optimistic concurrency control and com-
pares data values to determine if a row has changed. The application calls SQLSetPos to
lock the row currently pointed to by the cursor, regardless of the specified cursor concur-
rency.

If the data source does not support optimistic concurrency control, the driver can support
it by saving the timestamps or values for the entire rowset.

Using Bookmarks

A bookmark is a 32-bit value that an application uses to return to a row. The application
does not request that the driver places a bookmark on a row; instead, the application
requests a bookmark that it can use to return to a row. For example, if a bookmark is a
row number, an application requests the row number of a row and stores it. Later, the
application passes this row number back to the driver and requests that the driver return
to the row.

Before opening the cursor, an application must call SQLSetStmtOption with the
SQL_USE_BOOKMARKS option to inform the driver it will use bookmarks. After open-
ing the cursor, the application retrieves bookmarks either from column 0 of the result set
or by calling SQLGetStmtOption with the SQL_GET_BOOKMARK option. To retrieve
a bookmark from the result set, the application either binds column 0 and calls SQLEXx-
tendedFetch or calls SQLGetData; in either case, the fCType argument must be set to
SQL_C _BOOKMARK. To return to the row specified by a bookmark, the application calls
SQLExtendedFetch with a fetch type of SQL_FETCH_BOOKMARK.

If a bookmark requires more than 32 bits, such as when it is a key value, the driver maps
the bookmarks requested by the application to 32-bit binary values. The 32-bit values are
then returned to the application. Because this mapping may require considerable mem-
ory, applications should only bind column 0 of the result set if they will actually use
bookmarks for most rows. Otherwise, they should call SQLGetStmtOption with the
SQL_GET_BOOKMARK statement option or call SQLGetData for column 0.
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Modifying Result Set Data

ODBC provides two ways to modify data in the result set. Positioned update and delete
statements are similar to such statements in embedded SQL. Calls to SQLSetPos allow
an application to update, delete, or add new data without executing SQL statements.

Processing Positioned Update and Delete Statements

An application can update or delete the row in the rowset currently pointed to by the
cursor. This is known as a positioned update or delete statement. After executing a
SELECT statement to create a result set, an application calls SQLFetch one or more
times to position the cursor on the row to be updated or deleted. Alternatively, it fetches
the rowset with SQLExtendedFetch and positions the cursor on the desired row with
SQLSetPos. To update or delete the row, the application then executes an SQL statement
with the following syntax:

UPDATE table-name

SET column-identifier = {expression | NULL}

[, column-identifier = { expression | NULL}]...

WHERE CURRENT OF cursor-name

DELETE FROM table-name WHERE CURRENT OF cursor-name

Positioned update and delete statements require cursor names. An application can name
acursor with SQLSetCursorName. The driver associates the cursor name with the SQL
statement. If the application has not named the cursor by the time the driver executes a
SELECT statement, the driver generates a cursor name. To retrieve the cursor name for
an hstmt, an application calls SQLGetCursorName.

To support positioned update and delete statements, a driver or data source must check
that:
= The SELECT statement that creates the result set has a FOR UPDATE clause.

= The cursor name used in the UPDATE or DELETE statement is the same as the
cursor name associated with the SELECT statement.

= Different hstmts are used for the SELECT statement and the UPDATE or
DELETE statement.

= The hstmts for the SELECT statement and the UPDATE or DELETE statement
are on the same connection.
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If the data source does not support positioned update and delete statements, the driver
can support them by saving the keys for the entire rowset. (If the application requested
a keyset-driven cursor, the driver may already have done this.) When the application
executes a positioned update or delete statement, the action of the driver depends on the
CuUrsor concurrency:

Read Only The driver returns an error.

Locked The driver updates or deletes the row pointed
to by the cursor.

Optimistic Concurrency  The driver retrieves and, at a minimum, locks

Control Comparing Row the row pointed to by the cursor. It compares

\ersions the new row version with the saved row ver-
sion. If the row version is different, the driver
returns an error.

Optimistic Concurrency  The driver retrieves and, at a minimum, locks

Control Comparing the row pointed to by the cursor. It compares

Values the new values with the saved values. If any
values are different, the driver returns an error.

A driver returns whether it supports positioned update and delete statements with the
SQL_POSITIONED_STATEMENTS option in SQLGetInfo. For an example of code that
performs a positioned update statement, see SQLSetCursorName in Chapter 21, “ODBC
Function Reference.”

Modifying Data with SQLSetPos

To add, update, and delete rows of data, an application calls SQLSetPos and specifies the
operation, the row number, and how to lock the row. Where new rows of data are added
to the result set, and whether they are visible to the cursor is data source—defined.

The row number determines both the number of the row in the rowset to update or delete
and the index of the row in the rowset buffers from which to retrieve data to add or
update. If the row number is 0, the operation affects all of the rows in the rowset.
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SQLSetPos retrieves the data to update or add from the rowset buffers. It only updates
those columns in a row that have been bound with SQLBindCol and do not have a
length of SQL_IGNORE. However, it cannot add a new row of data unless all of the col-
umns in the row are bound, are nullable, or have a default value.

To add a new row of data to the result set, a driver or data source:

1.

Checks that one of the following two conditions is met:
o All columns in the underlying tables are bound.

o All unbound columns or bound columns for which the specified length is
SQL_IGNORE accept NULL values or have default values.

If neither condition is met, the driver returns an error.

Retrieves the data from array index irow—1 of each bound buffer for which the
specified length is not SQL_IGNORE, converts the data as necessary, and adds
the data to the new row in the data source. For information about how a driver
retrieves data for data-at-execution columns, see SQLSetPos in Chapter 21,
“ODBC Function Reference.”.

Leaves the row locked in accordance with the fLock argument and the
SQL_CONCURRENCY statement option.

Positions the cursor on the original row.

If irow is less than or equal to the rowset size, including when irow is 0, sets the
corresponding value in the rgfRowStatus array to SQL_ROW_ADDED.

To update a row of data, a driver or data source:

1.

Checks the value of the irow argument. If it is greater than the number of rows
in the rowset, the driver returns an error.

Checks the value of the rgfRowStatus array. If it is SQL_ROW_DELETED,
SQL_ROW _ERROR, or SQL_ROW_NOROW, the driver returns an error.

Retrieves the data from array index irow-1 of each bound buffer for which the
specified length is not SQL_IGNORE, converts the data as necessary, and
updates the corresponding row in the data source. For information about how
adriver retrieves data for data-at-execution columns, see SQLSetPos in Chapter
21, “ODBC Function Reference.”

Leaves the row locked in accordance with the fLock argument and the
SQL_CONCURRENCY statement option.

Positions the cursor on the updated row.



6.

Returning Multiple Results

Sets the value of the irow-1 element in the rgfRowStatus array to
SQL_ROW_UPDATED.

To delete a row of data, a driver or data source:

1.

Checks the value of the irow argument. If it is greater than the number of rows in
the rowset, the driver returns an error.

Checks the value of the rgfRowStatus array. If it is SQL_ROW_DELETED,
SQL_ROW _ERROR, or SQL_ROW_NOROW, the driver returns an error.

Deletes the row corresponding to row irow of the rowset.
Positions the cursor on the deleted row.

Sets the value of the irow—1 element in the rgfRowStatus array to
SQL_ROW_DELETED.

Note: The application cannot perform any positioned operations, such as executing a positioned
update or delete statement or calling SQLGetData, on a deleted row.

Returning Multiple Results

SELECT statements return result sets. UPDATE, INSERT, and DELETE statements
return a count of affected rows. If any of these statements are batched, submitted with
arrays of parameters, or in procedures, they can return multiple result sets or counts.

For a batch of SQL statements or a statement with arrays of parameters, a driver:

Returns SQL_SUCCESS for SQLMoreResults if another result set or row count
is available. If another row count is available, performs the necessary processing
so SQLRowCount will be able to return this count. If another result set is avail-
able, initializes the processing for that result set.

Returns SQL_NO_DATA FOUND for SQLMoreResults if no more result sets or
row counts are available.
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Chapter 49

Returning Status and Error
Information

This chapter defines the ODBC return codes and error handling protocol. The return codes
indicate whether a function succeeded, succeeded but returned a warning, or failed. The
error handling protocol defines how the components in an ODBC connection construct and
return error messages through SQLError.

= The protocol defines:

= Use of the error text to identify the source of an error.

= Rules to ensure consistent and useful error information.

= Responsibility for setting ODBC SQLSTATE based on the native error code.

Returning Return Codes

When an application calls an ODBC function, the driver executes the function and returns
a predefined code. These return codes indicate success, warning, or failure status. The fol-
lowing table defines the return codes.

Return code Description

SQL_SUCCESS Function completed successfully; no additional in-
formation is available.

SQL_SUCCESS_WITH_INFO Function completed successfully, possibly with a
nonfatal error. The application can call SQLError to
retrieve additional information.

SQL_NO_DATA_FOUND All rows from the result set have been fetched.
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Return code Description

SQL_ERROR Function failed. The application can call SQLError
to retrieve error information.

SQL_INVALID HANDLE Function failed due to an invalid environment han-
dle, connection handle, or statement handle. This
indicates a programming error. No additional in-
formation is available from SQLError.

SQL_STILL_EXECUTING A function that was started asynchronously is still
executing.

SQL_NEED_DATA While processing a statement, the driver deter-
mined that the application needs to send parameter
data values.

Returning Error Messages

If an ODBC function other than SQLError returns SQL_SUCCESS WITH_INFO or
SQL_ERROR, an application can call SQLError to obtain additional information. Addi-
tional error or status information can come from one of two sources:

Error or status information from an ODBC function, indicating that a programming
error was detected.

Error or status information from the data source, indicating that an error occurred
during SQL statement processing.

The driver buffers errors or messages for the ODBC function it is currently executing.
The function may store multiple errors in the driver’s error buffer. After the driver has
executed the function, an application can call SQLError to return error messages for the
function. Each time the application calls SQLError, the driver returns the next error mes-
sage in the buffer. When the application calls a different function, the driver discards the
current contents of the error message buffer.

The information returned by SQLError is in the same format as that provided by SQL-
STATE in the X/Open and SQL Access Group SQL CAE specification (1992). Note that
SQLError never returns error information about itself.



Constructing ODBC Error Messages

For a list of error codes and the functions that return them, see Appendix A, “ODBC Error
Codes.”

Constructing ODBC Error Messages

ODBC defines a layered architecture to connect an application to a data source. At its
simplest, an ODBC connection requires two components: the Driver Manager and a
driver.

A more complex connection might include more components: the Driver Manager, a
number of drivers, and a (possibly different) number of DBMSs. The connection might
cross computing platforms and operating systems and use a variety of networking pro-
tocols.

As the complexity of an ODBC connection increases, so does the importance of providing
consistent and complete error messages to the application, its users, and support person-
nel. Error messages must not only explain the error, but also provide the identity of the
component in which it occurred. The identity of the component is particularly important
to support personnel when an application uses ODBC components from more than one
vendor. Because SQLError does not return the identity of the component in which the
error occurred, this information must be embedded in the error text.

Error Text Format

Error messages returned by SQLError come from two sources: data sources and compo-
nents in an ODBC connection. Typically, data sources do not directly support ODBC.
Consequently, if a component in an ODBC connection receives an error message from a
data source, it must identify the data source as the source of the error. It must also identify
itself as the component that received the error.

If the source of an error is a component itself, the error message must explain this. There-
fore, the error text returned by SQLError has two different formats: one for errors that
occur in a data source and one for errors that occur in other components in an ODBC con-
nection.

For errors that do not occur in a data source, the error text must use the format:

[vendor-identifier][ODBC-component-identifier]component-supplied-text
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For errors that occur in a data source, the error text must use the format:

[vendor-identifier][ODBC-component-identifier] [ data-source-identifier] data-source-supplied-text

The following table shows the meaning of each element.

Element

Meaning

vendor-identifier

ODBC-component-identifier

data-source-identifier

component-supplied-text

data-source-supplied-text

Identifies the vendor of the component in which the
error occurred or that received the error directly
from the data source.

Identifies the component in which the error oc-
curred or that received the error directly from the
data source.

Identifies the data source. For single-tier drivers,
this is typically a file format, such as ISAM 1 For
multiple-tier drivers, this is the DBMS product.

Generated by the ODBC component.

Generated by the data source.

1.In this case, the driver is acting as both the driver and the data source.

Note that the brackets ([ ]) must be included in the error text; they do not indicate

optional items.

Error Handling Rules

Specific rules govern how each component in an ODBC connection handles errors.

All components in an ODBC connection:

= Must not replace, alter, or mask errors received from another component.

= May add an additional message to the error message queue when they receive
an error message from another component. The added message must add real
information value to the original message.

The component that directly interfaces with a data source:



Documenting Error Mappings

= Must prefix its vendor identifier, its component identifier, and the data source’s
identifier to the error text it receives from the data source.

= Must preserve the data source’s error code.

= Must preserve the data source’s error text.

= Any component that generates an error independent of the data source:

= Must supply the correct ODBC SQLSTATE for the error.

= Must generate the text of the error message.

= Must prefix its vendor identifier and its component identifier to the error text.
= Must return a native error code, if one is available and meaningful.

The component that interfaces with the Driver Manager:
= Must initialize the output arguments of SQLError.

= Must format and return the error information as output arguments of SQLError
when that function is called.

One component other than the Driver Manager: must set the ODBC SQLSTATE based on
the native error. For one and two-tier drivers, the driver must set the ODBC SQLSTATE.
For three-tier drivers, either the driver or a gateway that supports ODBC may set the
ODBC SQLSTATE.

Documenting Error Mappings

The documentation for the component that formats and returns the arguments of SQLEr-
ror should explain the correlation between those arguments and the native error infor-
mation. This information is essential for creating and supporting ODBC applications.

For example, Digital Equipment Corporation’s (DEC) SQL/Services uses a structure
called an SQL Communications Area (SQLCA) to communicate between itself and a cli-
ent. When an error occurs, it updates the fields in this structure. An ODBC driver for
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SQL/Services might use the SQLCODE, SQLERRM.SQLERRMC,
SQLERRM.SQLERRML, and SQLERRD[0] fields from this structure to set the argu-
ments of SQLError. Its documentation might include the following table:

SQLError Argument SQLCA Fields

szSQL State Derived from SQLCODE and SQLERRDI0]

pfNativeError SQLCODE and SQLERRDI[0]

szErrorMsg SQLERRM.SQLERRMC (prefixed by ODBC vendor,
ODBC component, and data source identifiers)

pcbErrorMsg SQLERRM.SQLERRML plus the length of the identifi-
ers

As another example, the dbmsghandle function in Microsoft’s SQL Server installs a user
function to handle SQL Server messages. An ODBC driver for SQL Server might call
dbmsghandle to install a message handler, then use the msgno and msgtext arguments
of the handler to set the arguments of SQLError. Its documentation might include the
following table:

SQLError Argument Message Handler Arguments

szSQLState Derived from msgno

pfNativeError msgno

szErrorMsg msgtext (prefixed by ODBC vendor, ODBC component,

and data source identifiers)

pcbErrorMsg The length of msgtext plus the length of the identifiers

Sample Error Messages

The following are examples of how various components in an ODBC connection might
generate the text of error messages and how various drivers might return them to the
application with SQLError.
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Single-Tier Driver

A single-tier driver acts both as an ODBC driver and as a data source. It can therefore
generate errors both as a component in an ODBC connection and as a data source.
Because it also is the component that interfaces with the Driver Manager, it formats and
returns arguments for SQLError.

For example, if a Visigenic driver for text files could not allocate sufficient memory;, it
might return the following arguments for SQLError:

zSQL State=" S1001"

pfNativeError=NUL L

szErrorMsg="[Visigenic][ODBC Text Driver]Unableto
— allocate sufficient memory."

pcbError M sg=67

Because this error was not related to the data source, the driver only added prefixes to
the error text for the vendor ([Visigenic]) and the driver (ODBC Text Driver]).

If the driver could not find the file EMPLOYEE.DBF, it might return the following argu-
ments for SQLError:

sSQL State=" S0002"
pfNativeError=NUL L
szErrorMsg="[Visigenic][ODBC Text Driver][Text]Invalid file
— name, fileEMPLOY EE.DBF not found."
pcbErrorMsg=83

Because this error was related to the data source, the driver added the file format of the
data source ([Text]) as a prefix to the error text. Because the driver was also the compo-
nent that interfaced with the data source, it added prefixes for the vendor ([Visigenic])

and the driver ([ODBC Text Driver]).

Multiple-Tier Driver

A two-tier driver sends requests to a DBMS and returns information to the application
through the Driver Manager. Because it is the component that interfaces with the Driver
Manager, it formats and returns arguments for SQLError.

For example, if a Visigenic driver for Sybase’s SQL Server encountered a duplicate cursor
name, it might return the following arguments for SQLError:

zSQL State=" 3C000"

pfNativeError=NUL L

szErrorMsg="[Visigenic][ODBC Sybase SQL Server Driver]
— Duplicate cursor name: EMPLOYEE_CURSOR."

pcbError M sg=67
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Because the error occurred in the driver, it added prefixes to the error text for the vendor
([Visigenic]) and the driver ((ODBC Sybase SQL Server Driver]).

If the DBMS could not find the table EMPLOYEE, the driver might format and return
the following arguments for SQLError:

szSQL State=" S0002"

pfNativeError=-1

sErrorMsg="[Visigenic][ODBC Sybase SQL Server Driver]
— [SQL Server] % SQL-F-RELNOTDEF, TableEMPLOYEE
— isnot defined in schema.”

pcbError M sg=92

Because the error occurred in the data source, the driver added a prefix for the data
source identifier ([SQL Server]) to the error text. Because the driver was the component
that interfaced with the data source, it added prefixes for its vendor ([Visigenic]) and
identifier ((ODBC Sybase SQL Server Driver]) to the error text.

Gateways

In a gateway architecture, a driver sends requests to a gateway that supports ODBC. The
gateway sends the requests to a DBMS. Because it is the component that interfaces with
the Driver Manager, the driver formats and returns arguments for SQLError.

For example, if DEC based a gateway to Rdb on Microsoft Open Data Services, and Rdb
could not find the table EMPLOYEE, the gateway might generate the error text:

" [S0002][-1][DEC][ODS Gateway][Rdb]% SQL -F-RELNOTDEF, TableEMPLOYEE is
— not defined in schema."

Because the error occurred in the data source, the gateway added a prefix for the data
source identifier ([Rdb]) to the error text. Because the gateway was the component that
interfaced with the data source, it added prefixes for its vendor ([DEC]) and identifier
([ODS Gateway]) to the error text. Note that it also added the SQLSTATE value and the
Rdb error code to the beginning of the error text. This permitted it to preserve the seman-
tics of its own message structure and still supply the ODBC error information to the
driver.

Because the gateway driver is the component that interfaces with the Driver Manager, it
would use the preceding error text to format and return the following arguments for
SQLError:

sSQL State=" S0002"
pfNativeError=-1

szErrorMsg="[DEC][ODS Gateway][Rdb]% SQL -F-REL NOTDEF, Table
— EMPLOYEE isnot defined in schema.”

pcbErrorMsg=81
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Driver Manager

The Driver Manager can also generate error messages. For example, if an application
passed an invalid argument value to SQLDataSources, the Driver Manager might
format and return the following arguments for SQLError:

sSQL State=" S1009"

pfNativeError=NUL L

szErrorMsg="[Visigenic][ODBC lib]Invalid argument value:
- SQ.Dat aSour ces. "

pcbError M sg=60

Because the error occurred in the Driver Manager, it added prefixes to the error text for
its vendor ([Visigenic]) and its identifier ((ODBC lib]).
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Chapter 50

Terminating Transactions and
Connections

The ODBC interface allows applications to terminate statements, transactions, and connections, and
free statement (hstmt), connection (hdbc), and environment (henv) handles.

Terminating Statement Processing

The SQL FreeStmt function frees resources associated with a statement handle. The
SQL FreeStmt function hasfour options:

SQL_CLOSE Closes the cursor if one exists, and discards
pending results. The application can use the
statement handle again later.

SQL_DROP Closes the cursor, if one exists, discards pending
results, and frees all resources associated with
the statement handle.

SQL_UNBIND Frees all return buffers bound by SQLBindCol
for the statement handle.

SQL_RESET_PARAMS  Frees all parameter buffers requested by SQL-
BindParameter for the statement handle.

SQL Cancdl requests that the currently executing statement be canceled. When and if the statement
is actually canceled is driver- and data source—dependent. If the application calls the function that
was executing the statement after the statement has been canceled, the driver returns
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SQL_STILL_EXECUTING if the statement is still executing, SQL_ERROR and SQLSTATE
S1008 (Operation canceled) if the statement was successfully canceled, or any valid return code
(such as SQL_SUCCESS or SQL_ERROR) if the statement compl eted execution.

Terminating Transactions

The SQLTransact function requests a commit or rollback operation for the current transaction.
The driver must submit a commit or rollback request for all operations associated with the spec-
ified hdbc; this includes operations for all hstmts associated with the hdbc.

Terminating Connections

To allow an application to terminate the connection to a driver and the data source, the driver
supports the following three functions:

SQLDisconnect Closes a connection. The application can then
use the handle to reconnect to the same data
source or to a different data source.

SQLFreeConnect Frees the connection handle and frees all
resources associated with the handle.

SQLFreeEnv Frees the environment handle and frees all
resources associated with the handle.




Chapter 51
Redistributing ODBC Components

This chapter describes the ODBC components that must be redistributed so that users can
install ODBC software. In addition to the set of ODBC SDK files that must be redistributed,
users must also be provided with an installation program that installs your driver and the
appropriate ODBC components and files in the user’s specified odbc root directory.

Redistributing ODBC Files

A number of files are shipped with the ODBC SDK that may be redistributed by application
and driver developers. Developers who ship ODBC drivers must redistribute the following
files for the specified components:

ODBC Component Files to be Distributed

Driver Manager libodbc.so
odbc.m

Cursor Library odbccurs.so
odbccurs.m

Connection Dialog vscnctdlg.so

Creating Your Own Installation Program

If you are redistributing your driver and any ODBC components, you must create an instal-
lation program. The installation program must do the following things:
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Copy your driver(s) to the drivers subdirectory in the odbc root directory on the
user’s system.

Copy the appropriate ODBC components to the user’s lib and messages subdi-
rectories in the odbc root directory.

Create (or update) the odbcinst.ini file that is located in the odbc root directory.
Create (or update) the odbc.ini file that is located in the odbc root directory.

The odbcinst.ini and odbc.ini files are initialization files. The odbcinst.ini file is used
by the Driver Manager to determine which drivers and translators are currently
installed. The structure and format of this file is described in the next section. odbc.ini
is a template file which contains the user’s data source configuration information. The
structure and format of this file is described in Chapter 19, “Configuring Data Sources.”

Important: The odbc.ini file that you provide must be copied to each user’s home
directory and renameddbc.ini. The user must customize this file to reflect appro-
priate data source configuration information.

Structure of the odbcinst.ini File

The odbcinst.ini contains the following sections.
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The [ODBC Drivers] section lists the description of each available driver.

For each driver described in the [ODBC Drivers] section, there is a section that
lists the driver shared library and any driver attribute keywords.

An optional section that specifies the default driver.
The [ODBC Translators] section lists the description of each available translator.

For each translator described in the [ODBC Translators] section, there is a sec-
tion that lists the translator shared library.



[ODBC Drivers] Section

[ODBC Drivers] Section

The [ODBC Drivers] section lists the descriptions of the installed drivers. A driver
description is usually the name of the DBMS associated with that driver. Each entry in
the section also states that the driver is installed (no other options are allowed). The
format of the section is:

[ODBC Drivers]
driver-descl=Installed
driver-desc2=Installed

For example, suppose a user has installed drivers for Sybase SQL Server and Oracle
Database Server. The [ODBC Drivers] section might contain the following entries:

[ODBC Drivers]
Sybase SQL Server=Installed
Oracle=Installed

Driver Specification Sections

Each driver described in the [ODBC Drivers] section has a section of its own. The section
name is the driver description from the [ODBC Drivers] section. It lists the full paths of
the driver and any driver attribute keywords. The format of a driver specification section
is:

[driver-desc]

Driver=driver-shared-library-path
[Setup=setup-shared-library-path]
[APILevel=0]1]|2]
[ConnectFunctions={ Y N}{Y|N}{Y|[N}]
[DriverODBCVer=01.00 | 02.00]

[FileExtns=*. file-extensionl[,*. file-extension2]...]
[FileUsage=0| 1| 2]

[SQLLevel=0]1]| 2]
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where the use of each keyword is:

Keyword

APlLevel

ConnectFunctions

DriverODBCVer

Usage

A number indicating the ODBC API conformance level
supported by the driver:

0= None

1= Level 1 supported

2 = Level 2 supported

This must be the same as the value returned for the
SQL_ODBC_API_CONFORMANCE information type in
SQLGetlInfo.

A three-character string indicating whether the driver
supports SQLConnect, SQLDriverConnect, and
SQLBrowseConnect. If the driver supports SQLConnect,
the first character is “Y”’; otherwise, it is “N”. If the driver
supports SQLDriverConnect, the second character is “Y”;
otherwise, it is “N”. If the driver supports
SQLBrowseConnect, the third character is “Y”’; otherwise,
itis “N”. For example, if a driver supports SQLConnect
and SQLDriverConnect, but not SQLBrowseConnect, this
is “YYN”.

A character string with the version of ODBC that the driver
supports. The version is of the form ##.##, where the first
two digits are the major version and the next two digits are
the minor version. For the version of ODBC described in
this manual, the driver must return “02.00”.

This must be the same as the value returned for the
SQL_DRIVER_ODBC_VER information type in
SQLGetInfo.
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Keyword

Usage

FileUsage

A number indicating how a single-tier driver directly treats
files in a data source.

0 = The driver is not a single-tier driver. For example, an
ORACLE driver is a two-tier driver.

1= Asingle-tier driver treats files in a data source as tables.
For example, a Text driver treats each text file as a table.

2 = A single-tier driver treats files in a data source as a
qualifier. For example, an ISAM file driver treats each
ISAM file as a complete database.

An application might use this to determine how users will
select data.

When a user selects Open Data File from the File menu, an
application could display the Motif File Selection box. The
list of file types would use the file extensions specified with
the FileExtns keyword for drivers that specify a FileUsage
value of 1 and “Y” as the second character of the value of
the ConnectFunctions keyword. After the user selects a
file, the application would call SQLDriverConnect with
the DRIVER keyword, then execute a SELECT * FROM
table-name statement.

When the user selects Import Data from the File menu, an
application could display a list of descriptions for drivers
that specify a FileUsage value of 0 or 2 and “Y” as the
second character of the value of the ConnectFunctions
keyword. After the user selects a driver, the application
would call SQLDriverConnect with the DRIVER
keyword, then display a custom Select Table dialog box.
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Keyword Usage

FileExtns For single-tier drivers, a comma-separated list of
extensions of the files the driver can use. For example, an
ISAM driver might specify *.db and a formatted text file
driver might specify *.txt,*.csv. For an example of how an
application might use this information, see the FileUsage
keyword.

SQLLevel A number indicating the ODBC SQL conformance level
supported by the driver:
0 = Minimum grammar
1 =Core grammar
2 = Extended grammar
This must be the same as the value returned for the
SQL_ODBC_SQL_CONFORMANCE information type in
SQLGetInfo

For example, suppose the driver for a Sybase SQL Server database has a driver shared
library named vssyb.so and a server named SYB10. Suppose also that a driver for an
Oracle database has a driver shared library named vsorac.so. The specification sections
for these drivers might be;

[Sybasel0]
Driver=/opt/odbc/vssyb.so
SQLLevel=1

APILevel=1

[Oracle]
Driver=/opt/odbc/vsorac.so
APILevel=1

Default Driver Specification Section

The odbcinst.ini file may contain a default driver specification section. The section must
be named [Default]. It contains a single entry, which gives the description of the default
driver, which is the driver used by the default data source. (This driver must also be
described in the [ODBC Drivers] section and in a driver specification section of its own.)
The format of the default driver specification section is:

[Default]
Driver =default-driver-desc



[ODBC Translators] Section

For example, if the Sybase SQL Server driver is the default driver, the default driver spec-
ification section might be:

[Default]
Driver=Sybase SQL Server

[ODBC Translators] Section

The [ODBC Translators] section lists the descriptions of the installed translators. Each
entry in the section also states that the translator is installed (no other options are
allowed). The format of the section is:

[ODBC Translators]
translator-descl=Installed
translator-desc2=Installed

For example, suppose a user has installed the Microsoft Code Page Translator and a
custom EBCDIC to ASCII translator. The [ODBC Translators] section might contain the
following entries:

[ODBC Translators]
MS Code Page Translator=Installed
EBCDIC to ASCII =Installed

Translator Specification Sections

Each translator described in the [ODBC Translators] section has a section of its own. The
section name is the translator description from the [ODBC Translator] section. It lists the
full paths of the translation shared library. The format of a translator specification section
is:

[translator-desc]
Driver=translator-shared-library-path
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For example, suppose the Microsoft Code Page Translator has a translation shared
library named mscpxlt.so, which contains the setup function. Suppose also that a
custom EBCDIC to ASCII translator has a translation shared library named ebcasc.so.
The specification sections for these translators might be:

[MS Code Page Translator]
Translator=/opt/odbc/lib/mscpxIt.so

[ASCII to EBCDIC]
Translator=/opt/odbc/lib/ebcasc.so
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Configuring Data Sources

This chapter describes the odbc.ini file and how data sources are added, modified, or
deleted using this file.

With ODBC for UNIX SDK 2.0 you can configure data sources in two ways:

= Create a script that edits the user’s copy of the odbc.ini file (called .odbc.ini).
= Instruct the user on the changes that must be made to the user’s .odbc.ini file.

Adding, Modifying, and Deleting Data Sources

The odbc.ini file is a template that resides in the root directory of the ODBC installation. To
access data sources, each user must copy this file to their home directory and rename it
.odbc.ini. Occasionally, you may want to update the odbc.ini template file so that users
may then copy those data source changes to their own .odbc.ini file. The following sections
describe the format of this file.

Specifying a Default Data Source

The default data source is the same as any other data source, except that it has the name
Default. (Hence, the connection information includes the keyword-value pair
DSN=Default.) You add or modify a default data source in the same way that you would
add or modify any other data source.

Specifying a Default Translator

To select the default translator or default translation option for a data source, you must
modify the odbc.ini file. You can also specify that there is no default translator.
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To add, modify, or delete the default translator and default translation option specified
in the odbc.ini file, you must specify the TranslationName, TranslationSharedLibrary,
and TranslationOption keywords. These keywords have the following values:

Keyword Value

TranslationName Name of the translator as listed in the [ODBC
Translators] section of the odbcinst.ini file.

TranslationSharedLibrary Full path of the translation shared library.

TranslationOption ASCII representation of the 32-bit integer
translation option.

Structure of the odbc.ini File

The odbc.ini template file is used to create an initialization file that contains the user’s
data source configuration information. This file is created by the installation program
and is located in the root directory of the ODBC installation. Each user must copy this
file to their home directory, rename it .odbc.ini, and modify the file to reflect their data
source configurations. The odbc.ini file contains the following sections:The [ODBC Data
Sources] section lists the name of each available data source and the description of its
associated driver.

= Foreach data source listed in the [ODBC Data Sources] section, there is a section
that lists additional information about that data source.

= An optional section that specifies the default data source.

= The [ODBC] section that specifies ODBC options.
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[ODBC Data Sources] Section

The [ODBC Data Sources] section lists the data sources specified by the user. Each entry
in the section lists a data source and the description of the driver it uses. The driver
description is usually the name of the associated DBMS. The format of the section is:

[ODBC Data Sour ces]
data-source-namel=driver-descl
data-source-name2=driver-desc2

For example, suppose a user has three data sources: Personnel and Inventory, which use
formatted text files, and Payroll, which uses a Sybase SQL Server. The [ODBC Data
Sources] section might contain the following entries:

[ODBC Data Sources]
Personnel =Text
Inventory=Text
Payroll=Sybase SQL Server

Data Source Specification Sections

Each data source listed in the [ODBC Data Sources] section has a section of its own. The
section name is the data source name from the [ODBC Data Sources] section.It must list
the driver shared library and may list a description of the data source. If the driver sup-
ports translators, the section may list the name of a default translator, the default trans-
lation shared library, and the default translation option. The section may also list other
information required by the driver to connect to the data source. For example, the driver
might require a server name, database name, or schema name.

The format of a data source specification section is:

[data-source-name]
Driver=driver-shared-library-path
[Description=data-source-desc]
[TranslationSharedLibrary=shared-library- path]
[TranslationName=translator-name]
[TranslationOption=tranlation-option]
[keywordl1=stringl]

[keyword2=string2]

where brackets ([]) indicate optional keywords.
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Default Data Source Specification Section

The odbc.ini file may contain a default data source specification section. The data source
must be named Default and is not listed in the [ODBC Data Sources] section. The format
of the default data source specification section is the same as the structure of any other
data source specification section.

[ODBC] Options Section

The odbc.ini file may contain a section that specifies ODBC options. The format of the ODBC
options section is:
[ODBC]

InstallDir=installation-directory
Trace=0|1
TraceFile=tracefile-path
TraceAutoStop=0]1

where each keyword has the following meaning:

Keyword Meaning

InstallDir The InstallDir value should be set to the root directory of your
ODBC installation. For example, the default value would be
/opt/odbc.

Trace If the Trace keyword is set to 1 when an application calls

SQLAIllocEny, then tracing is enabled.

If the Trace keyword is set to 0 when an application calls
SQLAIllocEnvy, then tracing is disabled. This is the default val-
ue.

An application can enable or disable tracing with the
SQL_OPT_TRACE connection option. However, doing so
does not change the value of this keyword.

TraceFile If tracing is enabled, the Driver Manager writes to the trace file
specified by the TraceFile keyword.
If no trace file is specified, the Driver Manager writes to the
sql.log file in the current directory. This is the default value.
An application can specify a new trace file with the
SQL_OPT_TRACEFILE connection option. However, doing
so does not change the value of this keyword.
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Keyword Meaning

TraceAutoStop If the TraceAutoStop keyword is set to 1 when an application
calls SQLFreeEny, then tracing is disabled for all applications
and the Trace keyword is set to 0. This is the default value.

If the TraceAutoStop keyword is set to 0, then tracing must be
disabled with the Options dialog box displayed by the SQL-
ManageDataSources function.
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Chapter 53
Function Summary

This chapter summarizes the functions used by ODBC-enabled applications and related
software:

= ODBC functions
= Setup shared library functions
= Translation shared library functions

ODBC Function Summary

The following tables list ODBC functions according to the type of task performed by the
function, The tables include function name, conformance designation, and a brief descrip-
tion of the purpose of each function. For more information about conformance designa-
tions, see “ODBC Conformance Levels” in Chapter 1, “ODBC Theory of Operation.” For
more information about the syntax and semantics for each function, see Chapter 21,
“ODBC Function Reference.”

An application can call the SQLGetlInfo function to obtain conformance information about
adriver. To obtain information about support for a specific function in a driver, an applica-
tion can call SQLGetFunctions.
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Connecting to a Data Source

Function Name Conformance  Purpose

SQLAIllocEnv Core Obtains an environment handle. One envi-
ronment handle is used for one or more con-
nections.

SQLAIllocConnect Core Obtains a connection handle.

SQLConnect Core Connects to a specific driver by data source
name, user ID, and password.

SQLDriverConnect  Level 1 Connects to a specific driver by connection
string or requests that the Driver Manager
and driver display connection dialog boxes
for the user.

SQLBrowseConnect Level 2 Returns successive levels of connection

attributes and valid attribute values. When a
value has been specified for each connection
attribute, connects to the data source.

Obtaining Information about a Driver and Data Source

Function Name Conformance  Purpose

SQLDataSources Level 2 Returns the list of available data sources.

SQLDrivers Level 2 Returns the list of installed drivers and their
attributes.

SQLGetInfo Level 1 Returns information about a specific driver
and data source.

SQLGetFunctions Level 1 Returns supported driver functions.

SQLGetTypelnfo Level 1 Returns information about supported data

types.
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Setting and Retrieving Driver Options

ODBC Function Summary

Function Name Conformance  Purpose

SQLSetConnectOption  Level 1 Sets a connection option.

SQLGetConnectOption  Level 1 Returns the value of a connection op-
tion.

SQLSetStmtOption Level 1 Sets a statement option.

SQLGetStmtOption Level 1 Returns the value of a statement option.

Preparing SQL Requests

Function Name Conformance  Purpose

SQLAIllocStmt Core Allocates a statement handle.

SQLPrepare Core Prepares an SQL statement for later exe-
cution.

SQLBindParameter Level 1 Assigns storage for a parameter in an
SQL statement.

SQLParamOptions Level 2 Specifies the use of multiple values for
parameters.

SQLGetCursorName Core Returns the cursor name associated
with a statement handle.

SQLSetCursorName Core Specifies a cursor name.

SQLSetScrollOptions Level 2 Sets options that control cursor behav-

1or.
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Submitting SQL Requests

Function Name Conformance  Purpose

SQLExecute Core Executes a prepared statement.

SQLExecDirect Core Executes a statement.

SQLNativeSql Level 2 Returns the text of an SQL statement as
translated by the driver.

SQLDescribeParam Level 2 Returns the description for a specific pa-
rameter in a statement.

SQLNumParams Level 2 Returns the number of parameters in a
statement.

SQLParamData Level 1 Used in conjunction with SQLPutData
to supply parameter data at execution
time. (Useful for long data values.

SQLPutData Level 1 Send part or all of a data value for a pa-

rameter. (Useful for long data values.)

Retrieving Results and Information about Results

Function Name Conformance ~ Purpose

SQLRowCount Core Returns the number of rows affected by
an insert, update, or delete request.

SQLNumResultCols Core Returns the number of columns in the
result set.

SQLDescribeCol Core Describes a column in the result set.

SQLColAttributes Core Describes attributes of a column in the
result set.

SQLBindCol Core Assigns storage for a result column and
specifies the data type.

SQLFetch Core Returns a result row.

SQLExtendedFetch Level 2 Returns multiple result rows.
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Function Name Conformance  Purpose

SQLGetData Level 1 Returns part or all of one column of one
row of a result set. (Useful for long data
values.)

SQLSetPos Level 2 Positions a cursor within a fetched block
of data.

SQLMoreResults Level 2 Determines whether there are more re-
sult sets available and, if so, initializes
processing for the next result set.

SQLError Core Returns additional error or status infor-

mation.

Obtaining Information about Data Source System Tables (Catalog Functions)

Function Names Conformance  Purpose

SQLColumnPrivileges  Level 2 Returns alist of columns and associated
privileges for one or more tables.

SQLColumns Level 1 Returns the list of column names in
specified tables.

SQLForeignKeys Level 2 Returns a list of column names that
comprise foreign keys, if they exist for a
specified table.

SQLPrimaryKeys Level 2 Returns the list of column name(s) that
comprise the primary key for a table.

SQLProcedureColumns  Level 2 Returns the list of input and output pa-
rameters, as well as the columns that
make up the result set for the specified
procedures.

SQLProcedures Level 2 Returns the list of procedure names

stored in a specific data source.
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Function Names Conformance  Purpose

SQLSpecialColumns Level 1 Returns information about the optimal
set of columns that uniquely identifies a
row in a specified table, or the columns
that are automatically updated when
any value in the row is updated by a
transaction.

SQLStatistics Level 1 Returns statistics about a single table
and the list of indexes associated with
the table.

SQLTablePrivileges Level 2 Returns a list of tables and the privileges

associated with each table.

SQLTables Level 1 Returns the list of table names stored in
a specific data source.
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Terminating a Statement

Setup Shared Library Function Summary

Function Name Conformance  Purpose

SQLFreeStmt Core Ends statement processing and closes
the associated cursor, discards pending
results, and, optionally, frees all resourc-
es associated with the statement handle.

SQLCancel Core Cancels an SQL statement.

SQLTransact Core Commits or rolls back a transaction.

Terminating a Connection

Function Name Conformance ~ Purpose

SQLDisconnect Core Closes the connection.
SQLFreeConnect Core Releases the connection handle.
SQLFreeEnv Core Releases the environment handle.

Setup Shared Library Function Summary

The following table describes setup shared library functions. For more information about
the syntax and semantics for each function, see Chapter 22, “Setup Shared Library Func-

tion Reference.”

Task Function Name

Purpose

Setting up data sources ConfigDSN
and translators

Adds, modifies, or deletes a data
source

ConfigTranslator Returns a default translation op-

tion.
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Translation Shared Library Function Summary

The following table describes translation shared library functions. For more information
about the syntax and semantics for each function, see Chapter 23, “Translation Shared
Library Function Reference.”

Task Function name Purpose
Translating  SQLDriverToDataSource Translates all data flowing from the
data

driver to the data source.

SQL DataSour ceToDriver Translates al dataflowing from the
data source to the driver.
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Chapter 54
ODBC Function Reference

This chapter describes each ODBC function alphabetically . Each function is defined as a
programming language function. Unless noted otherwise, function descriptions apply to
ODBC 1.0. The function descriptions include the following aspects:

Purpose

ODB version
Conformance level
Syntax
Arguments
Return values
Diagnostics
Comments

Code example
Related functions

Error handling is described in the SQLError function description. The text associated with
SQLSTATE values is included to provide a description of the condition, but is not intended
to prescribe specific text.

Arguments

All function arguments use a naming convention of the following form:

[[prefix]...]tag[qualifier][suffix]
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Optional elements are enclosed in square brackets ([]). The following prefixes are used:

Prefix Description

c Count of

h Handle of

i Index of

p Pointer to

rg Range (array) of

The following tags are used:

Tag Description

b Byte

col Column (of a result set)

dbc Database connection

env Environment

f Flag (enumerated type)

par Parameter (of an SQL statement)
row Row (of a result set)

stmt Statement

sz Character string (array of

characters, terminated by zero)

\Y Value of unspecified type




Arguments

Prefixes and tags combine to correspond roughly to the ODBC C types listed below. Flags
(f) and byte counts (cb) do not distinguish between SWORD, UWORD, SDWORD, and

UDWORD.

Combined  Prefix Tag ODBC C Type(s) Description

cb c b SWORD, SDWORD, Count of bytes
UDWORD

crow c row SDWORD, Count of rows
UDWORD,
UWORD

f f SWORD, UWORD  Flag

hdbc h dbc HDBC Connection handle

henv h env HENV Environment handle

hstmt h stmt HSTMT Statement handle

hwnd h wnd HWND Widget

ib i b SWORD Byte index

icol i col UWORD Column index

ipar i par UWORD Parameter index

irow i row SDWORD, UWORD Row index

pcbh pc b SWORD FAR *, Pointer to byte count
SDWORD FAR *,
UDWORD FAR *

pccol pc col SWORD FAR * Pointer to column count

pcpar pc par SWORD FAR * Pointer to parameter count

pcrow pc row SDWORD FAR *, Pointer to row count
UDWORD FAR *

pf p f SWORD, SDWORD, Pointer to flag
UWORD

phdbc ph dbc HDBC FAR * Pointer to connection handle
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Combined  Prefix Tag ODBC C Type(s) Description

phenv ph env HENV FAR * Pointer to environment
handle

phstmt ph stmt HSTMT FAR * Pointer to statement handle

pib pi b SWORD FAR * Pointer to byte index

pirow pi row UDWORD FAR * Pointer to row index

prgb prg b PTR FAR * Pointer to range (array) of
bytes

pv p \% PTR Pointer to value of
unspecified type

rgb rg b PTR Range (array) of bytes

rgf rg f UWORD FAR * Range (array) of flags

sz - sz UCHAR FAR * String, zero terminated

\Y - \Y UDWORD Value of unspecified type

Quialifiers are used to distinguish specific variables of the same type. Qualifiers consist
of the concatenation of one or more capitalized English words or abbreviations.

ODBC defines one value for the suffix Max, which denotes that the variable represents

the largest value of its type for a given situation.

For example, the argument chErrorMsgMax contains the largest possible byte count for

an error message; in this case, the argument corresponds to the size in bytes of the argu-
ment szErrorMsg, a character string buffer. The argument pchErrorMsg is a pointer to the
count of bytes available to return in the argument szErrorMsg, not including the null ter-

mination character.
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ODBC Include Files

The files sql.h and sqglext.h contain function prototypes for all of the ODBC functions.
They also contain all type definitions and #define names used by ODBC.

Diagnostics

The diagnostics provided with each function list the SQLSTATESs that may be returned
for the function by the Driver Manager or a driver. Drivers can, however, return addi-
tional SQLSTATEs arising out of implementation-specific situations.

The character string value returned for an SQLSTATE consists of a two-character class
value followed by a three-character subclass value. A class value of “01” indicates a
warning and is accompanied by a return code of SQL_SUCCESS_WITH_INFO. Class
values other than “01”, except for the class “IM”, indicate an error and are accompanied
by a return code of SQL_ERROR. The class “IM” is specific to warnings and errors that
derive from the implementation of ODBC itself. The subclass value “000” in any class is
for implementation-defined conditions within the given class. The assignment of class
and subclass values is defined by ANSI SQL-92.

Tables and Views

In ODBC functions, tables and views are interchangeable. The term table is used for both
tables and views, except where view is used explicitly.

Catalog Functions

ODBC supports a set of functions that return information about the data source’s system
tables or catalog. These are sometimes referred to collectively as the catalog functions. For
more information about catalog functions, see “Retrieving Information About the Data
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Source’s Catalog” in Chapter 6, “Executing an SQL Statement,” and “Returning Infor-
mation About the Data Source’s Catalog” in Chapter 14, “Processing an SQL Statement.”
The catalog functions are:

SQLColumnPrivileges SQLColumns
SQLForeignKeys SQLPrimaryKeys
SQLProcedureColumns SQLProcedures
SQLSpecialColumns SQLStatistics
SQLTablePrivileges SQLTables

Search Pattern Arguments

Each catalog function returns information in the form of a result set. The information
returned by a function may be constrained by a search pattern passed as an argument to
that function. These search patterns can contain the metacharacters underscore (_) and
percent (%) and a driver-defined escape character as follows:

The underscore character represents any single character.
The percent character represents any sequence of zero or more characters.

The escape character permits the underscore and percent metacharacters to be
used as literal characters in search patterns. To use a metacharacter as a literal
character in the search pattern, precede it with the escape character. To use the
escape character as a literal character in the search pattern, include it twice. To
obtain the escape character for a driver, an application must call SQLGetInfo

with the SQL_SEARCH_PATTERN_ESCAPE option.

All other characters represent themselves.

For example, if the search pattern for a table name is “%A%”, the function will
return all tables with names that contain the character “A”. If the search pattern
for a table name is “B__" (“B” followed by two underscores), the function will
return all tables with names that are three characters long and start with the
character “B”. If the search pattern for a table name is “%?”, the function will
return all tables.

Suppose the search pattern escape character for a driver is a backslash (\). If the
search pattern for a table name is “ABC\%”, the function will return the table



SQLAllocConnect

named “ABC%.” If the search pattern for a table name is “ \\%?”, the function
will return all tables with names that start with a backslash. Failing to precede a
metacharacter used as a literal with an escape character may return more results
than expected. For example, if a table identifier, “MY_TABLE” was returned as
the result of a call to SQLTables and an application wanted to retrieve a list of
columns for “MY_TABLE” using SQLColumns would return all of the tables
that matched MY_TABLE, suchas MY_TABLE, MY1TABLE, MY2TABLE, and so
on, unless the escape character precedes the underscore.

A zero length search pattern matches the empty string. A search pattern argu-

ment that is a null pointer means the search will not be constrained for the
argument. (A null pointer and a search string of “%” should return the same

values.)

SQLAllocConnect

Core

SQLAIllocConnect allocates memory for a connection handle within the environment

identified by henv.

Syntax

RETCODE SQL AllocConnect(henv, phdbc)

The SQLAIllocConnect function accepts the following arguments:

Type Argument

Use Description

HENV henv

Input Environment handle.

HDBC FAR * phdbc

Output Pointer to storage for the connection handle.
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Returns

SQL_SUCCESS, SQL_SUCCESS_WITH_INFO, SQL_ERROR, or
SQL_INVALID_HANDLE.

If SQLAIllocConnect returns SQL_ERROR, it will set the hdbc referenced by phdbc to
SQL_NULL_HDBC. To obtain additional information, the application can call SQLError
with the specified henv and with hdbc and hstmt set to SQL_NULL_HDBC and
SQL_NULL_HSTMT, respectively.

Diagnostics

When SQLAIllocConnect returns SQL_ERROR or SQL_SUCCESS_WITH_INFO, an
associated SQLSTATE value may be obtained by calling SQLError. The following table
lists the SQLSTATE values commonly returned by SQLAIllocConnect and explains each
one in the context of this function; the notation “(DM)” precedes the descriptions of
SQLSTATEs returned by the Driver Manager. The return code associated with each SQL-
STATE value is SQL_ERROR, unless noted otherwise.

SQLSTATE Error Description

01000 General warning Driver-specific informational message.
(Function returns
SQL_SUCCESS_WITH_INFO.)

S1000 General error An error occurred for which there was no
specific SQLSTATE and for which no
implementation-specific SQLSTATE was
defined. The error message returned by
SQLError in the argument szErrorMsg
describes the error and its cause.

$1001 Memory allocation (DM) The Driver Manager was unable to
failure allocate memory for the connection

handle.The driver was unable to allocate
memory for the connection handle.

$1009 Invalid argument  (DM) The argument phdbc was a null pointer.
value
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Comments

A connection handle references information such as the valid statement handles on the
connection and whether a transaction is currently open. To request a connection handle,
an application passes the address of an hdbc to SQLAIllocConnect. The driver allocates
memory for the connection information and stores the value of the associated handle in
the hdbc. On operating systems that support multiple threads, applications can use the

same hdbc on different threads and drivers must therefore support safe, multithreaded

access to this information. The application passes the hdbc value in all subsequent calls
that require an hdbc.

The Driver Manager processes the SQLAllocConnect function and calls the driver’s
SQLAIllocConnect function when the application calls SQLConnect, SQLBrowseCon-
nect, or SQLDriverConnect. (For more information, see the description of the SQLCon-
nect function.)

If the application calls SQLAIllocConnect with a pointer to a valid hdbc, the driver over-
writes the hdbc without regard to its previous contents.

Code Example

See SQLBrowseConnect and SQLConnect.
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Related Functions

For information about See
Connecting to a data source SQLConnect
Freeing a connection handle SQLFreeConnect

SQLAllocEnv

Core

SQLAIllocEnv allocates memory for an environment handle and initializes the ODBC
call level interface for use by an application. An application must call SQLAIllocEnv
prior to calling any other ODBC function.

Syntax

RETCODE SQLAllocEnv(phenv)

The SQLAIllocEnv function accepts the following argument.

Type Argument Use Description

HENV FAR * phenv Output Pointer to storage for the
environment handle.

Returns

SQL_SUCCESS or SQL_ERROR.

If SQLAIllocEnv returns SQL_ERROR, it will set the henv referenced by phenv to
SQL_NULL_HENV. In this case, the application can assume that the error was a
memory allocation error.
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Diagnostics

A driver cannot return SQLSTATE values directly after the call to SQLAIlocEnv, since no
valid handle will exist with which to call SQLError.

There are two levels of SQLAIllocEnv functions, one within the Driver Manager and one
within each driver. The Driver Manager does not call the driver-level function until the
application calls SQLConnect, SQLBrowseConnect, or SQLDriverConnect. If an error
occurs in the driver-level SQLAIllocEnv function, then the Driver Manager-level SQL-
Connect, SQLBrowseConnect, or SQLDriverConnect function returns SQL_ERROR. A
subsequent call to SQLError with henv, SQL_NULL_HDBC, and SQL_NULL_HSTMT
returns SQLSTATE IMO004 (Driver’s SQLAIllocEnv failed), followed by one of the follow-
ing errors from the driver:

SQLSTATE S1000 (General error).

A driver-specific SQLSTATE value, ranging from S1000 to S19ZZ. For example, SQL-
STATE S1001 (Memory allocation failure) indicates that the Driver Manager’s call to the
driver-level SQLAIlocEnv returned SQL_ERROR, and the Driver Manager’s henv was
setto SQL_NULL_HENV.

For additional information about the flow of function calls between the Driver Manager
and a driver, see the SQLConnect function description.

Comments

An environment handle references global information such as valid connection handles
and active connection handles. To request an environment handle, an application passes
the address of an henv to SQLAIllocEnv. The driver allocates memory for the environ-
ment information and stores the value of the associated handle in the henv. On operating
systems that support multiple threads, applications can use the same henv on different
threads and drivers must therefore support safe, multithreaded access to this informa-
tion. The application passes the henv value in all subsequent calls that require an henv.

There should never be more than one henv allocated at one time and the application
should not call SQLAIllocEnv when there is a current valid henv. If the application calls
SQLAIllocEnv with a pointer to a valid henv, the driver overwrites the henv without
regard to its previous contents.

When the Driver Manager processes the SQLAIllocEnv function, it checks the Trace .key-
word in the [ODBC] section of the odbc.ini. If it is set to 1, the Driver Manager enables
tracing for all applications.
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Code Example

See SQLBrowseConnect and SQLConnect.

Related Functions

For information about See

Allocating a connection handle SQLAIllocConnect
Connecting to a data source SQLConnect
Freeing an environment handle SQLFreeEnv

SQLAllocStmt

Core

SQLAIllocStmt allocates memory for a statement handle and associates the statement
handle with the connection specified by hdbc.

An application must call SQLAIllocStmt prior to submitting SQL statements.

Syntax
RETCODE SQLAllocStmt(hdbc, phstmt)

The SQLAIllocStmt function accepts the following arguments.

Type Argument Use Description
HDBC hdbc Input Connection handle.
HSTMT FAR * phstmt Output Pointer to storage for the

statement handle.
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Returns

SQL_SUCCESS, SQL_SUCCESS_WITH_INFO, SQL_INVALID_HANDLE, or
SQL_ERROR.

If SQLAIllocStmt returns SQL_ERROR, it will set the hstmt referenced by phstmt to
SQL_NULL_HSTMT. The application can then obtain additional information by calling
SQLError with the hdbc and SQL_NULL_HSTMT.

Diagnostics

When SQLAIllocStmt returns SQL_ERROR or SQL_SUCCESS_WITH_INFO, an associ-
ated SQLSTATE value may be obtained by calling SQLError. The following table lists the
SQLSTATE values commonly returned by SQLAIllocStmt and explains each one in the
context of this function; the notation “(DM)” precedes the descriptions of SQLSTATES
returned by the Driver Manager. The return code associated with each SQLSTATE value
is SQL_ERROR, unless noted otherwise.

SQLSTATE Error Description

01000 General warning Driver-specific informational message.
(Function returns
SQL_SUCCESS_WITH_INFO.)

08003 Connection not (DM) The connection specified by the hdbc
open argument was not open. The connection
process must be completed successfully (and
the connection must be open) for the driver to
allocate an hstmt.

IM001 Driver does not (DM) The driver associated with the hdbc does
support this not support the function.
function

S1000 General error An error occurred for which there was no

specific SQLSTATE and for which no
implementation-specific SQLSTATE was
defined. The error message returned by
SQLError in the argument szErrorMsg
describes the error and its cause.
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SQLSTATE Error Description
$1001 Memory allocation (DM) The Driver Manager was unable to
failure allocate memory for the statement handle.The

driver was unable to allocate memory for the
statement handle.

$1009 Invalid argument  (DM) The argument phstmt was a null pointer.
value

Comments

A statement handle references statement information, such as network information,
SQLSTATE values and error messages, cursor name, number of result set columns, and
status information for SQL statement processing.

To request a statement handle, an application connects to a data source and then passes
the address of an hstmt to SQLAIllocStmt. The driver allocates memory for the statement
information and stores the value of the associated handle in the hstmt. On operating sys-
tems that support multiple threads, applications can use the same hstmt on different
threads and drivers must therefore support safe, multithreaded access to this informa-
tion. The application passes the hstmt value in all subsequent calls that require an hstmt.

If the application calls SQLAIllocStmt with a pointer to a valid hstmt, the driver over-
writes the hstmt without regard to its previous contents.

Code Example

See SQLBrowseConnect, SQLConnect, and SQLSetCursorName.



Related Functions

SQLBindCol

For information about

See

Executing an SQL statement
Executing a prepared SQL statement
Freeing a statement handle

Preparing a statement for execution

SQLExecDirect
SQLExecute
SQLFreeStmt

SQLPrepare

SQLBindCol

Core

SQLBiIndCol assigns the storage and data type for a column in a result set, including:

= A storage buffer that will receive the contents of a column of data

= The length of the storage buffer

= A storage location that will receive the actual length of the column of data

returned by the fetch operation

= Data type conversion

Syntax

RETCODE SQLBindCol(hstmt, icol, fCType, rgbValue, chValueMax, pchValue)
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The SQLBindCol function accepts the following arguments.

Type Argument Use Description
SQLHSTMT hstmt Input Statement handle.
SQLUSMALLINT icol Input Column number of result data, ordered

sequentially left to right, starting at 1. A
column number of 0 is used to retrieve a
bookmark for the row; bookmarks are not
supported by ODBC 1.0 drivers or by
SQLFetch.
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Type
SQLSMALLINT

Argument

fCType

Use

Input

Description

The C data type of the result data. This must
be one of the following values:
SQL_C_BINARY

SQL_C_BIT

SQL_C_BOOKMARK
SQL_C_CHARSQL_C _DATE
SQL_C_DEFAULT

SQL_C_DOUBLE

SQL_C _FLOAT

SQL_C_SLONG

SQL_C_SSHORT

SQL_C_STINYINT

SQL_C _TIME

SQL_C_TIMESTAMP

SQL_C_ULONG

SQL_C_USHORT

SQL_C_UTINYINT

SQL_C_DEFAULT specifies that data be
transferred to its default C data type.
Drivers must also support the following
values of fCType from ODBC 1.0.
Applications must use these values, rather
than the ODBC 2.0 values, when calling an
ODBC 1.0 driver:

SQL_C _LONG

SQL_C_SHORT

SQL_C_TINYINT

For more information, see “ODBC 1.0 C
Data Types” in Appendix D, “Data Types.
For information about how data is
converted, see “Converting Data from SQL
to C Data Types” in Appendix D, “Data
Types.”
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Type Argument Use Description

SQLPOINTER  rgbValue Input Pointer to storage for the data. If rgbValue is
anull pointer, thedriver unbinds the column.
(To unbind al columns, an application calls
SQL FreeStmt with the SQL_UNBIND
option.)
If anull pointer was passed for rgbValuein
ODBC 1.0, the driver returned SQLSTATE
S1009 (Invalid argument value); individual
columns could not be unbound.
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Type
SQLLEN

SQLLEN*

Argument

cbValueMax

pcbValue

Use

Input

Input

Description

Maximum length of the rgbValue buffer. For
character data, rgbValue must also include
space for the null-termination byte. For
more information about length, see
“Precision, Scale, Length, and Display Size”
in Appendix D, “Data Types.”

SQL_NULL_DATA or the number of bytes
(excluding the null termination byte for
character data) available to return in
rgbValue prior to calling
SQLExtendedFetch or SQLFetch, or
SQL_NO_TOTAL if the number of
available bytes cannot be determined.

For character data, if the number of bytes
available toreturnis SQL_NO_TOTAL oris
greater than or equal to chValueMax, the
data in rgbValue is truncated to cbhVValueMax
—1 bytes and is null-terminated by the
driver.

For binary data, if the number of bytes
available toreturnis SQL_NO_TOTAL oris
greater than cbhValueMax, the data in
rgbValue is truncated to chValueMax bytes.

For all other data types, the value of
cbValueMax is ignored and the driver
assumes the size of rghValue is the size of the
C data type specified with fCType.

For more information about the value
returned in pchValue for each fCType, see
“Converting Data from SQL to C Data
Types” in Appendix D, “Data Types.”
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Returns

SQL_SUCCESS, SQL_SUCCESS_WITH_INFO, SQL_ERROR, or
SQL_INVALID_HANDLE.

Diagnostics

When SQLBiIndCol returns SQL_ERROR or SQL_SUCCESS_WITH_INFO, an associ-
ated SQLSTATE value may be obtained by calling SQLError. The following table lists
the SQLSTATE values commonly returned by SQLBindCol and explains each one in the
context of this function; the notation “(DM)” precedes the descriptions of SQLSTATES
returned by the Driver Manager. The return code associated with each SQLSTATE value
is SQL_ERROR, unless noted otherwise.

SQLSTATE Error Description

01000 General warning Driver-specific informational message.
(Function returns
SQL_SUCCESS_WITH_INFO.)

IM001 Driver does not (DM) The driver associated with the hstmt
support this does not support the function.
function

S1000 General error An error occurred for which there was no

specific SQLSTATE and for which no
implementation-specific SQLSTATE was
defined. The error message returned by
SQLError in the argument szErrorMsg
describes the error and its cause.

$1001 Memory allocation  The driver was unable to allocate memory
failure required to support execution or
completion of the function.

$1002 Invalid column The value specified for the argument icol
number was 0 and the driver was an ODBC 1.0
driver.

The value specified for the argument icol
exceeded the maximum number of columns
supported by the data source.
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SQLSTATE

Error

Description

$1003

S1009

S1010

S1090

S1C00

Comments

Program type out
of range

Invalid argument
value

Function sequence
error

Invalid string or
buffer length

Driver not capable

(DM) The argument fCType was not a valid
data type or SQL_C_DEFAULT.

The argument icol was 0 and the argument
fCType was not SQL_C_BOOKMARK.

The driver supported ODBC 1.0 and the
argument rghValue was a null pointer.

(DM) An asynchronously executing
function was called for the hstmt and was
still executing when this function was
called.

(DM) SQLExecute, SQLExecDirect, or
SQLSetPos was called for the hstmt and
returned SQL_NEED_DATA. This function
was called before data was sent for all data-
at-execution parameters or columns.

(DM) The value specified for the argument
cbValueMax was less than 0.

The driver does not support the data type
specified in the argument fCType.

The argument icol was 0 and the driver
does not support bookmarks.

The driver only supports ODBC 1.0 and the
argument fCType was one of the following:
SQL_C_STINYINT

SQL_C_UTINYINT

SQL_C_SSHORT

SQL_C_USHORT

SQL_C _SLONG

SQL_C_ULONG

The ODBC interface provides two ways to retrieve a column of data:

SQLBindCol assigns the storage location for a column of data before the data is
retrieved. When SQLFetch or SQLExtendedFetch is called, the driver places the data for
all bound columns in the assigned locations.
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SQLGetData (an extended function) assigns a storage location for a column of data after
SQLFetch or SQLExtendedFetch has been called. It also places the data for the
requested column in the assigned location. Because it can retrieve data from a column in
parts, SQLGetData can be used to retrieve long data values.

An application may choose to bind every column with SQLBindCol, to do no binding
and retrieve data only with SQLGetData, or to use a combination of the two. However,
unless the driver provides extended functionality, SQLGetData can only be used to
retrieve data from columns that occur after the last bound column.

An application calls SQLBindCol to pass the pointer to the storage buffer for a column
of data to the driver and to specify how or if the data will be converted. It is the applica-
tion’s responsibility to allocate enough storage for the data. If the buffer will contain
variable length data, the application must allocate as much storage as the maximum
length of the bound column or the data may be truncated. For a list of valid data conver-
sion types, see “Converting Data from SQL to C Data Types” in Appendix D, “Data
Types.”

At fetch time, the driver processes the data for each bound column according to the
arguments specified in SQLBindCol. First, it converts the data according to the argu-
ment fCType. Next, it fills the buffer pointed to by rgbValue. Finally, it stores the available
number of bytes in pchValue; this is the number of bytes available prior to calling
SQLFetch or SQLExtendedFetch.

n  IfSQL_MAX_ LENGTH has been specified with SQLSetStmtOption and the
available number of bytes is greater than SQL_MAX_LENGTH, the driver
stores SQL_MAX_LENGTH in pcbValue.

= If the data is truncated because of SQL_MAX_LENGTH, but the user’s buffer
was large enough for SQL_MAX_LENGTH bytes of data, SQL_SUCCESS is
returned.

Note: The SQL_MAX_LENGTH statement option is intended to reduce network traffice and
may not be supported by all drivers. To guarantee that data is truncated, an application should
allocate a buffer of the desired size and specify this size in the cbValueMax argument.

= |If the user’s buffer causes the truncation, the driver returns
SQL_SUCCESS_WITH_INFO and SQLSTATE 01004 (Data truncated) for the
fetch function.

» If the data value for a column is NULL, the driver sets pcbValue to
SQL_NULL_DATA.

= If the number of bytes available to return cannot be determined in advance, the
driver sets pchValue to SQL_NO_TOTAL.
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When an application uses SQLExtendedFetch to retrieve more than one row of data, it
only needs to call SQLBindCol once for each column of the result set (just as when it
binds a column in order to retrieve a single row of data with SQLFetch). The SQLExtend-
edFetch function coordinates the placement of each row of data into subsequent loca-
tions in the rowset buffers. For additional information about binding rowset buffers, see
the “Comments” topic for SQLExtendedFetch.

An application can call SQLBindCol to bind a column to a new storage location, regard-
less of whether data has already been fetched. The new binding replaces the old binding.
Note that the new binding does not apply to data already fetched; the next time data is

fetched, the data will be placed in the new storage location.

To unbind a single bound column, an application calls SQLBindCol and specifies a null
pointer for rghValue; if rghValue is a null pointer and the column is not bound, SQLBind-
Col returns SQL_SUCCESS. To unbind all bound columns, an application calls SQL-
FreeStmt with the SQL_UNBIND option.

Code Example

In the following example, an application executes a SELECT statement to return a result
set of the employee names, ages, and birthdays, which is sorted by birthday. It then calls
SQLBindCol to bind the columns of data to local storage locations. Finally, the applica-
tion fetches each row of data with SQLFetch and prints each employee’s hame, age, and
birthday.

For more code examples, see SQLColumns, SQLExtendedFetch, and SQLSetPos.

#defineNAME_LEN 30
#defineBDAY_LEN 11

UCHAR szName[NAME_L EN], szBirthday[BDAY_LEN];
SWORD sAge,
SQLLEN cbName, chAge, cbBirthday;

retcode = SQL ExecDirect(hstmt,
" SELECT NAME, AGE, BIRTHDAY FROM EMPLOYEE ORDER BY 3,2, 1",
SQL_NTS);
if (retcode == SQL_SUCCESS) {
/* Bind columns 1, 2, and 3*/
SQLBindCol(hstmt, 1, SQL_C_CHAR, szName, NAME_LEN, & cbName);

SQLBindCol(hstmt, 2, SQL_C_SSHORT, & sAge, 0, & cbAge);
SQLBindCol(hstmt, 3, SQL_C_CHAR, szBirthday, BDAY_LEN, & cbBirthday);
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[* Fetch and print each row of data. On */
/* an error, display a message and exit. */

while (TRUE) {
retcode = SQL Fetch(hstmt);

show_error();

}else{
break;
}

}
}

Related Functions

sAge, BDAY_LEN-1, szBirthday);

if (retcode == SQL_ERROR || retcode == SQL_SUCCESS WITH_INFO) {

}
if (retcode== SQL_SUCCESS || retcode == SQL_SUCCESS WITH_INFO)
fprintf(out, " %-*s%-2d %*s', NAME_LEN-1, szName,

For information about

See

Returning information about a column
in a result set

Fetching a block of data or scrolling
through a result set

Fetching a row of data
Freeing a statement handle
Fetching part or all of a column of data

Returning the number of result set
columns

SQLDescribeCol

SQLExtendedFetch (extension)

SQLFetch
SQLFreeStmt
SQLGetData (extension)

SQLNumResultCols

SQLBindParameter

ODBC Version 2.0

Level 1
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Note that this function replaces the ODBC 1.0 function SQLSetParam. For more informa-

tion, see “Comments.”

Syntax

RETCODE SQLBIND (hstmt, ipar, fParamType, fCType, FSql Type, cbColDef, ibScale, rgbValue,

cbValueMax, pcbValue)

The SQLBindParameter function accepts the following arguments.

Type Argument

Use

Description

SQLHSTMT hstmt

SQLUSMALLINT ipar

SQLSMALLINT fParamType
SQLSMALLINT fCType
SQLSMALLINT

fSqlType

SQLULEN chColDef

Input

Input

Input

Input

Input

Input

Statement handle.

Parameter number, ordered
sequentially left to right,
starting at 1.

The type of the parameter. For
more information, see
“fParamType Argument” in
“Comments.”

The C data type of the
parameter. For more
information, see “fCType
Argument” in “Comments.”

The SQL data type of the
parameter. For more
information, see “fSqlType
Argument” in “Comments.”

The precision of the column or
expression of the
corresponding parameter
marker. For more information,
see “cbColDef Argument” in
“Comments.”
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Type Argument Use Description

SQLSMALLINT ibScale Input The scale of the column or
expression of the
corresponding parameter
marker. For further
information concerning scale,
see “Precision, Scale, Length,
and Display Size,” in
Appendix D, “Data Types.”

SQLPOINTER rghValue Input A pointer to a buffer for the
Output parameter’s data. For more
information, see “rgbValue

Argument” in “Comments.”

SQLLEN cbValueMax  Input Maximum length of the
rghValue buffer. For more
information, see “cbValueMax
Argument” in “Comments.”

SQLLEN* pchValue Input/ A pointer to a buffer for the
Output parameter’s length. For more
information, see “pcbValue
Argument” in “Comments.”

Returns

SQL_SUCCESS, SQL_SUCCESS_WITH_INFO, SQL_ERROR, or
SQL_INVALID_HANDLE.

Diagnostics

When SQLBindParameter returns SQL_ERROR or SQL_SUCCESS WITH_INFO, an
associated SQLSTATE value may be obtained by calling SQLError. The following table
lists the SQLSTATE values commonly returned by SQLBindParameter and explains
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each one in the context of this function; the notation “(DM)” precedes the descriptions of
SQLSTATES returned by the Driver Manager. The return code associated with each SQL-
STATE value is SQL_ERROR, unless noted otherwise.

SQLSTATE Error Description
01000 General warning Driver-specific informational message.
(Function returns
SQL_SUCCESS_WITH_INFO.)
07006 Restricted data type The data value identified by the fCType
attribute violation argument cannot be converted to the data
type identified by the fSqlType argument.
IM001 Driver does not (DM) The driver associated with the hstmt
support this does not support the function.
function
S1000 General error An error occurred for which there was no
specific SQLSTATE and for which no
implementation-specific SQLSTATE was
defined. The error message returned by
SQLError in the argument szErrorMsg
describes the error and its cause.
$1001 Memory allocation  The driver was unable to allocate memory
failure required to support execution or completion
of the function.
S1003 Program type out of (DM) The value specified by the argument
range fCType was not a valid data type or
SQL_C_DEFAULT.
$1004 SQL datatype outof (DM) The value specified for the argument
range fSqlType was in the block of numbers
reserved for ODBC SQL data type indicators
but was not a valid ODBC SQL data type
indicator.
$1009 Invalid argument (DM) The argument rghValue was a null

value

pointer, the argument pchValue was a null
pointer, and the argument fParamType was
not SQL_PARAM_OUTPUT.
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SQLSTATE

Error

Description

S1010

S1090

S1093

S1094

51104

Function sequence
error

Invalid string or
buffer length

Invalid parameter
number

Invalid scale value

Invalid precision
value

(DM) An asynchronously executing function
was called for the hstmt and was still
executing when this function was called.
(DM) SQLExecute, SQLExecDirect, or
SQLSetPos was called for the hstmt and
returned SQL_NEED_DATA. This function
was called before data was sent for all data-
at-execution parameters or columns.

(DM) The value specified for the argument
cbValueMax was less than 0.

(DM) The value specified for the argument
ipar was less than 1.

The value specified for the argument ipar was
greater than the maximum number of
parameters supported by the data source.

The value specified for the argument ibScale
was outside the range of values supported by
the data source for a column of the SQL data
type specified by the fSqlType argument.

The value specified for the argument
cbColDef was outside the range of values
supported by the data source for a column of
the SQL data type specified by the fSqlType
argument.
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SQLSTATE

Error

Description

S1105

S1C00

Invalid parameter
type

Driver not capable

(DM) The value specified for the argument
fParamType was invalid (see “Comments”).
The value specified for the argument
fParamType was SQL_PARAM_OUTPUT and
the parameter did not mark a return value
from a procedure or a procedure parameter.
The value specified for the argument
fParamType was SQL_PARAM_INPUT and
the parameter marked the return value from
a procedure.

The driver or data source does not support
the conversion specified by the combination
of the value specified for the argument fCType
and the driver-specific value specified for the
argument fSqlType.

The value specified for the argument fSqlType
was a valid ODBC SQL data type indicator
for the version of ODBC supported by the
driver, but was not supported by the driver
or data source.

The value specified for the argument fSqlType
was in the range of numbers reserved for
driver-specific SQL data type indicators, but
was not supported by the driver or data
source.

The driver only supports ODBC 1.0 and the
argument fCType was one of the following:
SQL_C_STINYINT

SQL_C_UTINYINT

SQL_C_SSHORT

SQL_C_USHORT

SQL_C_SLONG

SQL_C_ULONG

Comments

An application calls SQLBindParameter to bind each parameter marker in an SQL state-
ment. Bindings remain in effect until the application calls SQLBindParameter again or
until the application calls SQLFreeStmt with the SQL_DROP or SQL_RESET_PARAMS

option.
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For more information concerning parameter data types and parameter markers, see
“Parameter Data Types” and “Parameter Markers” in Appendix C, “SQL Grammar.”

fParamType Argument

The fParamType argument specifies the type of the parameter. All parameters in SQL
statements that do not call procedures, such as INSERT statements, are input parame-
ters. Parameters in procedure calls can be input, input/output, or output parameters.
(An application calls SQLProcedureColumns to determine the type of a parameter in a
procedure call; parameters in procedure calls whose type cannot be determined are
assumed to be input parameters.)

The fParamType argument is one of the following values:

SQL_PARAM_INPUT. The parameter marks a parameter in an SQL statement
that does not call a procedure, such as an INSERT statement, or it marks an
input parameter in a procedure; these are collectively known asinput parameters.
For example, the parameters in INSERT INTO Employee VALUES (?, ?, ?) and
{call AddEmp(?, ?, ?)} are input parameters.

When the statement is executed, the driver sends data for the parameter to the
data source; the rgbValue buffer must contain a valid input value or the pcb-
Value buffer must contain SQL_NULL_DATA, SQL_DATA_AT_EXEC, or the
result of the SQL_LEN_ DATA_AT_EXEC macro.

If an application cannot determine the type of a parameter in a procedure call,
it sets fParamType to SQL_PARAM _INPUT; if the data source returns a value
for the parameter, the driver discards it.

SQL_PARAM_INPUT_OUTPUT. The parameter marks an input/output
parameter in a procedure. For example, the parameter in {call GetEmpDept(?)}
is an input/output parameter that accepts an employee’s name and returns the
name of the employee’s department.

When the statement is executed, the driver sends data for the parameter to the
data source; the rgbValue buffer must contain a valid input value or the pcb-
Value buffer must contain SQL_NULL_DATA, SQL_DATA_AT_EXEC, or the
result of the SQL_LEN_DATA_AT_EXEC macro. After the statement is exe-
cuted, the driver returns data for the parameter to the application; if the data
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source does not return a value for an input/output parameter, the driver sets the
pcbValue buffer to SQL_NULL_DATA.

Note that when an ODBC 1.0 application calls SQLSetParam in an ODBC 2.0
driver, the Driver Manager converts this to a call to SQLBindParameter in which
the fParamType argument is set to SQL_PARAM_INPUT_OUTPUT.

= SQL_PARAM_OUTPUT. The parameter marks the return value of a procedure
or an output parameter in a procedure; these are collectively known as output
parameters. For example, the parameter in {?=call GetNextEmpID} is an output
parameter that returns the next employee ID.

After the statement is executed, the driver returns data for the parameter to the
application, unless the rgbValue and pcbValue arguments are both null pointers,
in which case the driver discards the output value. If the data source does not
return a value for an output parameter, the driver sets the pchValue buffer to
SQL_NULL_DATA.

fCType Argument

The C data type of the parameter. This must be one of the following values:

SQL_C_BINARY SQL_C BIT
SQL_C_CHAR SQL_C_DATE
SQL_C_DEFAULT SQL_C_DOUBLE
SQL_C FLOAT SQL_C SLONG
SQL_C_SSHORT SQL_C_STINYINT
SQL_C_TIME SQL_C_TIMESTAMP
SQL_C_ULONG SQL_C_USHORT

SQL_C_UTINYINT

SQL_C_DEFAULT specifies that the parameter value be transferred from the default C
data type for the SQL data type specified with fSqlType.

Important: Drivers must also support the following values of fCType from ODBC 1.0. Applica-
tions must use these values, instead of the ODBC 2.0 values, when calling an ODBC 1.0 driver:

= SQL_C_LONG
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= SQL_C_SHORT
= SQL_C_TINYINT

For more information, see “Default C Data Types” and “Converting Data from C to SQL
Data Types” and “Converting Data from SQL to C Data Types” in Appendix D, “Data
Types.”

fSqlType Argument

This must be one of the following values:

SQL_BIGINT SQL_BINARY

SQL_BIT SQL_CHAR

SQL_DATE SQL_DECIMAL
SQL_DOUBLE SQL_FLOAT
SQL_INTEGER SQL_LONGVARBINARY
SQL_LONGVARCHAR SQL_NUMERIC
SQL_REAL SQL_SMALLINT
SQL_TIME SQL_TIMESTAMP
SQL_TINYINT SQL_VARBINARY

SQL_VARCHAR

or adriver-specific value. Values greater than SQL_TYPE_DRIVER_START are reserved
by ODBC; values less than or equal to SQL_TYPE_DRIVER_START are driver-specific.
For more information, see “Driver-Specific Data Types, Descriptor Types, Information
Types, and Options” in Chapter 11, “Guidelines for Implementing ODBC Functions.”

For information about how data is converted, see “Converting Data from C to SQL Data
Types” and “Converting Data from SQL to C Data Types” in Appendix D, “Data Types.”

cbColDef Argument

The cbColDef argument specifies the precision of the column or expression correspond-
ing to the parameter marker, unless all of the following are true:
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An ODBC 2.0 application calls SQLBindParameter in an ODBC 1.0 driver or an ODBC
1.0 application calls SQLSetParam in an ODBC 2.0 driver. (Note that the Driver Manager
converts these calls.)

The fSqlType argument is SQL_LONGVARBINARY or SQL_LONGVARCHAR.
The data for the parameter will be sent with SQLPutData.

In this case, the chColDef argument contains the total number of bytes that will be sent for
the parameter. For more information, see “Passing Parameter Values” and
SQL_DATA_AT_EXEC in “pcbValue Argument.”

rghValue Argument

The rghValue argument points to a buffer that, when SQLExecute or SQLExecDirect is
called, contains the actual data for the parameter. The data must be in the form specified
by the fCType argument.

If rgbValue points to a character string that contains a literal quote character ('), the driver
ensures that each literal quote is translated into the form required by the data source. For
example, if the data source required that embedded literal quotes be doubled, the driver
would replace each quote character (') with two quote characters ('").

If pcbValue is the result of the SQL_LEN_DATA_AT_EXEC(length) macro or
SQL_DATA_AT_EXEC, then rghValue is an application-defined 32-bit value that is asso-
ciated with the parameter. It is returned to the application through

SQLParamData. For example, rghValue might be a token such as a parameter number, a
pointer to data, or a pointer to a structure that the application used to bind input param-
eters. Note, however, that if the parameter is an input/output parameter, rgbVValue must
be a pointer to a buffer where the output value will be stored. If SQLParamOptions was
called to specify multiple values for the parameter, the application can use the value of

the pirow argument in SQLParamOptions in conjunction with the rgbValue. For example,
rgbValue might point to an array of values and the application might use pirow to retrieve
the correct value from the array. For more information, see “Passing Parameter Values.”

If the fParamType argument is SQL_PARAM_INPUT_OUTPUT or
SQL_PARAM_OUTPUT, rgbValue points to a buffer in which the driver returns the
output value. If the procedure returns one or more result sets, the rgbValue buffer is not
guaranteed to be set until all results have been fetched. (If fParamType is
SQL_PARAM_OUTPUT and rgbValue and pcbValue are both null pointers, the driver dis-
cards the output value.)
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If the application calls SQLParamOptions to specify multiple values for each parameter,
rgbValue points to an array. A single SQL statement processes the entire array of input
values for an input or input/output parameter and returns an array of output values for
an input/output or output parameter.

cbValueMax Argument

For character and binary C data, the chValueMax argument specifies the length of the rgb-
Value buffer (if it is a single element) or the length of an element in the rghValue array (if
the application calls SQLParamOptions to specify multiple values for each parameter).
If the application specifies multiple values, chValueMax is used to determine the location
of values in the rgbValue array, both on input and on output. For input/output and
output parameters, it is used to determine whether to truncate character and binary C
data on output:

For character C data, if the number of bytes available to return is greater than or equal
to chValueMax, the data in rgbValue is truncated to chValueMax - 1 bytes and is null-ter-
minated by the driver.

For binary C data, if the number of bytes available to return is greater than chValueMax,
the data in rghValue is truncated to chValueMax bytes.

For all other types of C data, the cbValueMax argument is ignored. The length of the rgb-
Value buffer (if it is a single element) or the length of an element in the rghValue array (if
the application calls SQLParamOptions to specify multiple values for each parameter)
is assumed to be the length of the C data type.

When an ODBC 1.0 application calls SQLSetParam in an ODBC 2.0 driver, the Driver
Manager converts this to a call to SQLBindParameter in which the cbVValueMax argu-
ment is always SQL_SETPARAM_VALUE_MAX. Because the Driver Manager returns
an error if an ODBC 2.0 application sets chVValueMax to

SQL_SETPARAM_ VALUE_MAX, an ODBC 2.0 driver can use this to determine when it
is called by an ODBC 1.0 application.

When an ODBC 2.0 application calls SQLBindParameter in an ODBC 1.0 driver, the
Driver Manager converts this to a call to SQLSetParam and discards the chValueMax
argument.

In SQLSetParam, the way in which an application specifies the length of the rgbValue
buffer so that the driver can return character or binary data and the way in which an
application sends an array of character or binary parameter values to the driver are
driver-defined. If an ODBC 2.0 application uses this functionality inan ODBC 1.0 driver,
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it must use the semantics defined by that driver. If an ODBC 2.0 driver supported this
functionality as an ODBC 1.0 driver, it must continue to support this functionality for
ODBC 1.0 applications.

pchValue Argument

The pcbValue argument points to a buffer that, when SQLExecute or SQLExecDirect is
called, contains one of the following:

The length of the parameter value stored in rgbValue. This is ignored except for character
or binary C data.

SQL_NTS. The parameter value is a null-terminated string.
SQL_NULL_DATA. The parameter value is NULL.

SQL_DEFAULT_PARAM. A procedure is to use the default value of a parameter, rather
than a value retrieved from the application. This value is valid only in a procedure call,
and then only if the fParamType argument is SQL_PARAM_INPUT or
SQL_PARAM_INPUT_OUTPUT. When pchValue is SQL_DEFAULT_PARAM, the fCType,
fSqlType, cbColDef, ibScale, cbVValueMax and rgbValue arguments are ignored for input
parameters and are used only to define the output parameter value for input/output
parameters.

Note that this value was introduced in ODBC 2.0.

iTheresultofthe SQL_LEN_DATA_AT_EXEC(length) macro. The data for the parameter
will be sent with SQLPutData. If the fSqlType argument is SQL_LONGVARBINARY,
SQL_LONGVARCHAR, or a long, data source-specific data type and the driver returns
“Y” for the SQL_NEED_LONG_DATA _LEN information type in SQLGetInfo, length is
the number of bytes of data to be sent for the parameter; otherwise, length must be a non-
negative value and is ignored. For more information, see “Passing Parameter Values.”

For example, to specify that 10,000 bytes of data will be sent with SQLPutData for an
SQL_LONGVARCHAR parameter, an application sets pchValue to
SQL_LEN_DATA_AT_EXEC(10000).

Note that this macro was introduced in ODBC 2.0.

SQL_DATA_AT_EXEC. The data for the parameter will be sent with SQLPutData. This
value is used by ODBC 2.0 applications when calling ODBC 1.0 drivers and by ODBC 1.0
applications when calling ODBC 2.0 drivers. For more information, see “Passing Param-
eter Values.”
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If pcbValue is a null pointer, the driver assumes that all input parameter values are non-
NULL and that character and binary data are null-terminated. If fParamType is
SQL_PARAM_OUTPUT and rghValue and pcbValue are both null pointers, the driver dis-
cards the output value.

Important: Application developers are strongly discouraged from specifying a null

SQL_C_BINARY data, a driver sends only the data preceding an occurrence of the
null-termination character, 0x00. To ensure that a driver does not unexpectedly
truncate SQL_C_BINARY data, pcbValue should contain a pointer to a valid
length value.

E pointer for pcbValue when the data type of the parameter is SQL_C_BINARY. For

If the fParamType argument is SQL_PARAM_INPUT_OUTPUT or
SQL_PARAM_OUTPUT, pchValue points to a buffer in which the driver returns
tSQL_NULL_DATA, the number of bytes available to return in rgbValue (excluding the
null termination byte of character data), or SQL_NO_TOTAL if the number of bytes
available to return cannot be determined. If the procedure returns one or more result
sets, the pchValu buffer is not guaranteed to be set until all results have been fetched.

If the application calls SQLParamOptions to specify multiple values for each parameter,
pcbValue points to an array of SDWORD values. These can be any of the values listed ear-
lier in this section and are processed with a single SQL statement.

Passing Parameter Values

An application can pass the value for a parameter either in the rghValue buffer or with
one or more calls to SQLPutData. Parameters whose data is passed with SQLPutData
are known as data-at-execution parameters. These are commonly used to send data for
SQL_LONGVARBINARY and SQL_LONGVARCHAR parameters and can be mixed
with other parameters.

To pass parameter values, an application:

1. Calls SQLBindParameter for each parameter to bind buffers for the parame-
ter’s value (rgbValue argument) and length (pcbValue argument). For data-at-
execution parameters, rgbValue is an application-defined 32-bit value such as a
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parameter number or a pointer to data. The value will be returned later and can
be used to identify the parameter.

Places values for input and input/output parameters in the rgbValue and pcb-
Value buffers:

o For normal parameters, the application places the parameter value in the
rgbValue buffer and the length of that value in the pcbValue buffer.

o For data-at-execution parameters, the application places the result of the
SQL_LEN_DATA_AT_EXEC(length) macro (when calling an ODBC 2.0
driver) or SQL_DATA_AT_EXEC (when calling an ODBC 1.0 driver) in the
pcbValue buffer.

Calls SQLExecute or SQLExecDirect to execute the SQL statement.
o If there are no data-at-execution parameters, the process is complete.

o If there are any data-at-execution parameters, the function returns
SQL_NEED_DATA.

Calls SQLParamData to retrieve the application-defined value specified in the
rgbValue argument for the first data-at-execution parameter to be processed.

Note that data-at-execution parameters are similar to data-at-execution columns,
although the value returned by SQLParamData is different for each.

Note: Although data-at-execution parameters aare similar to data-at-execution columns, the value
returned by SQLParamData is different for each.

Data-at-execution parameters are parameters in an SQL statement for which data will be sent
with SQLPutData when the statement is executed with SQLExecDirect or SQLExecute. They are
bound with SQLBindParameter. The value returned by SQLParamData is a 32-bit value passed
to SQLBindParameter in the rgbValue argument.

Data-at-execution columns are columns in a rowset for which data will be sent with SQLPutData
when a row is updated or added with SQLSetPos. They are bound with SQLBindCol. The value
returned by SQLParamData is the address of the row in the rgbValue buffer that is being pro-

cessed.
5.

Calls SQLPutData one or more times to send data for the parameter. More than
one call is needed if the data value is larger than the rgbValue buffer specified in
SQLPutData; note that multiple calls to SQLPutData for the same parameter are
allowed only when sending character C data to a column with a character,
binary, or data source—specific data type or when sending binary C data to a col-
umn with a character, binary, or data source-specific data type.
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6.

Calls SQLParamData again to signal that all data has been sent for the parame-

ter.

0

If there are more data-at-execution parameters, SQLParamData returns
SQL_NEED_DATA and the application-defined value for the next data-at-
execution parameter to be processed. The application repeats steps 5 and 6.

If there are no more data-at-execution parameters, the process is complete.
If the statement was successfully executed, SQLParamData returns
SQL_SUCCESS or SQL_SUCCESS_WITH_INFO; if the execution failed, it
returns SQL_ERROR. At this point, SQLParamData can return any SQL-
STATE that can be returned by the function used to execute the statement
(SQLExecDirect or SQLExecute).

Output values for any input/output or output parameters will be available
in the rgbValue and pcbValue buffers after the application retrieves any result
sets generated by the statement.

After SQLExecute or SQLExecDirect returns SQL_NEED_DATA, and before data is
sent for all data-at-execution parameters, the statement is canceled, or an error occurs in
SQLParamData or SQLPutData, the application can only call SQLCancel, SQLGet-
Functions, SQLParamData, or SQLPutData with the hstmt or the hdbc associated with
the hstmt. If it calls any other function with the hstmt or the hdbc associated with the
hstmt, the function returns SQL_ERROR and SQLSTATE S1010 (Function sequence

error).

If the application calls SQLCancel while the driver still needs data for data-at-execution
parameters, the driver cancels statement execution; the application can then call SQLEXx-
ecute or SQLExecDirect again. If the application calls SQLParamData or SQLPutData
after canceling the statement, the function returns SQL_ERROR and SQLSTATE S1008
(Operation canceled).
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Conversion of Calls to and from SQLSetParam

When an ODBC 1.0 application calls SQLSetParam in an ODBC 2.0 driver, the ODBC 2.0
Driver Manager maps the call as follows:

Call by ODBC 1.0 Application Call to ODBC 2.0 Driver
SQL SetParam( SQLBindParameter(

hstmt, ipar, hstmt, ipar,

fCType, fSql Type, SQL_PARAM_INPUT_OUTPUT,

cbCol Def, ibScale, fCType, fSqlType,

rgbValue, cbCol Def,

pcbvalue); ibScale, rghValue,
SQL_SETPARAM_VALUE_MAX,
pcbValue);

When an ODBC 2.0 application calls SQLBindParameter in an ODBC 1.0 driver, the
ODBC 2.0 Driver Manager maps the calls as follows:

Call by ODBC 2.0 Application Call to ODBC 1.0 Driver
SQLBindParameter( SQL SetParam(
hstmt, ipar, fParamType, hstmt, ipar,
fCType, fSqlType, fCType, fSqlType,
RcbColDef, ibScale, cbColDef,ibScale,
rgbValue, cbValueMax, rgbValue, pcbValue);
pcbValue);

Code Example

In the following example, an application prepares an SQL statement to insert data into
the EMPLOYEE table. The SQL statement contains parameters for the NAME, AGE, and
BIRTHDAY columns. For each parameter in the statement, the application calls SQL-
BindParameter to specify the ODBC C data type and the SQL data type of the parameter
and to bind a buffer to each parameter. For each row of data, the application assigns data
values to each parameter and calls SQLExecute to execute the statement.
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For more code examples, see SQLParamOptions, SQLProcedures, SQLPutData, and
SQLSetPos.

#defineNAME_LEN 30

UCHAR  szName[NAME_LEN];

SWORD  sAge

SQLLEN cbName=SQL_NTS, cbAge=0, chBirthday = 0;
DATE_STRUCT dsBirthday;

retcode = SQL Prepare(hstmt,
"INSERT INTO EMPLOYEE (NAME, AGE, BIRTHDAY) VALUES (?,?2,?)",
SQL_NTS);

if (retcode == SQL_SUCCESS){

* Specify data typesand buffers. */
/* for Name, Age, Birthday parameter data. */

SQL BindParameter (hstmt, 1, SQL_PARAM_INPUT, SQL_C_CHAR,
SQL_CHAR, NAME_LEN, 0, szName, 0, & coName);

SQL BindParameter (hstmt, 2, SQL_PARAM_INPUT, SQL_C_SSHORT,
SQL_SMALLINT, 0,0, &sAge, 0, & ChAge);

SQL BindParameter (hstmt, 3, SQL_PARAM_INPUT, SQL_C_DATE,
SQL_DATE, 0, 0, &dsBirthday, 0, & chBirthday);

strepy(szName, " Smith, John D.");  /* Specify first row of */

sAge=40; /* parameter data */

dsBirthday.year = 1952;

dsBirthday.month = 2;

dsBirthday.day = 29;

retcode = SQL Execute(hstmt); * Execute statement with */

[* first row */

strepy(szName, " Jones, Bob K.");  /* Specify second row of */
sAge=52; /* parameter data */
dsBirthday.year = 1940;
dsBirthday.month = 3;
dsBirthday.day = 31,
SQL Execute(hstmt); /* Execute statement with */

* second row */

Related Functions

For information about See

Returning information about a SQLDescribeParam (extension)
parameter in a statement

Executing an SQL statement SQLExecDirect
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For information about See

Executing a prepared SQL statement SQLExecute

Returning the number of statement SQLNumParams (extension)
parameters

Returning the next parameter to send SQLParamData (extension)
data for

Specifying multiple parameter values SQLParamOptions (extension)

Sending parameter data at execution SQLPutData (extension)
time

SQLBrowseConnect

Extension Level 2

SQLBrowseConnect supports an iterative method of discovering and enumerating the
attributes and attribute values required to connect to a data source. Each call to SQL-
BrowseConnect returns successive levels of attributes and attribute values. When all
levels have been enumerated, a connection to the data source is completed and a com-
plete connection string is returned by SQLBrowseConnect. A return code of
SQL_SUCCESS or SQL_SUCCESS_WITH_INFO indicates that all connection informa-
tion has been specified and the application is now connected to the data source.

Syntax

RETCODE SQL BrowseConnect(hdbc, szConnStrin, cbConnStrin, szConnStrOut, chConnStrOutMax,
pcbConnStrOut)

The SQLBrowseConnect function accepts the following arguments:
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Type Argument Use Description
HDBC hdbc Input Connection handle.
UCHARFAR*  szConnStrin Input Browse request connection

string (see “szConnStrin
Argument” in “Comments”).

SWORD chConnStrin Input Length of szConnStrin.

UCHARFAR *  szConnStrOut Output Pointer to storage for the
browse result connection
string (see “szConnStrOut
Argument” in “Comments”).

SWORD cbConnStrOutMax  Input Maximum length of the
szConnStrOut buffer.

SWORD FAR *  pcbConnStrOut Output The total number of bytes
(excluding the null
termination byte) available
to return in szConnStrOut. If
the number of bytes
available to return is greater
than or equal to
cbConnStrOutMax, the
connection string in
szConnStrOut is truncated to
cbConnStrOutMax - 1 bytes.

Returns

SQL_SUCCESS, SQL_SUCCESS_WITH_INFO, SQL_NEED_DATA, SQL_ERROR, or
SQL_INVALID_HANDLE.

Diagnostics

When SQLBrowseConnect returns SQL_ERROR, SQL_SUCCESS WITH_INFO, or
SQL_NEED_DATA, an associated SQLSTATE value may be obtained by calling SQLEr-
ror. The following table lists the SQLSTATE values commonly returned by SQLBrow-
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seConnect and explains each one in the context of this function; the notation “(DM)”
precedes the descriptions of SQLSTATES returned by the Driver Manager. The return
code associated with each SQLSTATE value is SQL_ERROR, unless noted otherwise.

SQLSTATE

Error

Description

01000

01004

01S00

08001

08002

08004

08S01

General warning

Data truncated

Invalid connection
string attribute

Unable to connect to
data source

Connection in use

Data source rejected
establishment of
connection

Communication link
failure

Driver-specific informational message.
(Function returns
SQL_SUCCESS_WITH_INFO.)

The buffer szConnStrOut was not large
enough to return entire browse result
connection string, so the string was
truncated. The argument pcbConnStrOut
contains the length of the untruncated
browse result connection string. (Function
returns SQL_SUCCESS_WITH_INFO.)

An invalid attribute keyword was specified
in the browse request connection string
(szConnStrlin). (Function returns
SQL_NEED_DATA))

An attribute keyword was specified in the
browse request connection string
(szConnStrin) that does not apply to the
current connection level. (Function returns
SQL_NEED_DATA))

The driver was unable to establish a
connection with the data source.

(DM) The specified hdbc had already been
used to establish a connection with a data
source and the connection was open.

The data source rejected the establishment
of the connection for implementation
defined reasons.

The communication link between the driver
and the data source to which the driver was
attempting to connect failed before the
function completed processing.
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SQLSTATE Error Description
28000 Invalid authorization Either the user identifier or the
specification authorization string or both as specified in
the browse request connection string
(szConnStrlin) violated restrictions defined
by the data source.
IM001 Driver does not (DM) The driver corresponding to the
support this function  specified data source name does not
support the function.
IM002 Data source notfound (DM) The data source name specified in the
and no default driver  browse request connection string
specified (szConnstrin) was not found in the odbc.ini
file nor was there a default driver
specification.
(DM) The odbc.ini file could not be found.
IM003 Specified driver could (DM) The driver listed in the data source
not be loaded specification in the odbc.ini file, specified
by the DRIVER keyword was not found or
could not be loaded for some other reason.
IM004 Driver’s (DM) During SQLBrowseConnect, the
SQLAIllocEnv failed Driver Manager called the driver’s
SQLAIllocEnv function and the driver
returned an error.
IM005 Driver’s (DM) During SQLBrowseConnect, the
SQLAIllocConnect Driver Manager called the driver’s
failed SQLAIllocConnect function and the driver
returned an error.
IM006 Driver’s (DM) During SQLBrowseConnect, the
SQLSetConnectOptio  Driver Manager called the driver’s
n failed SQLSetConnectOption function and the
driver returned an error.
IM009 Unable to load The driver was unable to load the

translation shared
library

translation shared library that was
specified for the data source or for the
connection.
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SQLSTATE Error Description
IM010 Data source name too (DM) The attribute value for the DSN
long keyword was longer than
SQL_MAX_DSN_LENGTH characters.
IM011 Driver name too long (DM) The attribute value for the DRIVER
keyword was longer than 255 characters.
IM012 DRIVER keyword (DM) The keyword-value pair for the
syntax error DRIVER keyword contained a syntax error.
$1000 General error An error occurred for which there was no
specific SQLSTATE and for which no
implementation-specific SQLSTATE was
defined. The error message returned by
SQLError in the argument szErrorMsg
describes the error and its cause.
$1001 Memory allocation (DM) The Driver Manager was unable to
failure allocate memory required to support
execution or completion of the function.
The driver was unable to allocate memory
required to support execution or
completion of the function.
$1090 Invalid string or (DM) The value specified for argument
buffer length chConnsStrin was less than 0 and was not
equal to SQL_NTS.
(DM) The value specified for argument
cbConnStrOutMax was less than 0.
S1T00 Timeout expired The timeout period expired before the

connection to the data source completed.
The timeout period is set through
SQLSetConnectOption,
SQL_LOGIN_TIMEOUT.
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Comments

szConnsStrin Argument

A browse request connection string has the following syntax:

connection-string ::= attributel;] | attribute; connection-string

attribute ::= attribute-keywor d=attribute-value | DRIVER={attribute-value}

(Thebracesareliteral; the application must specify them.)

attribute-keyword ::= DSN |UID | PWD

| driver -defined-attribute-keyword

attribute-value::= character-string

driver-defined-attribute-keyword ::= identifier
where character-string has zero or more characters; identifier has one or more characters;
attribute-keyword is case insensitive; attribute-value may be case sensitive; and the value
of the DSN keyword does not consist solely of blanks. Because of connection string and
initialization file grammar, keywords and attribute values that contain the characters

[080,;2*=!@\ should be avoided.

Important: The Driver keyword was introduced in ODBC 2.0 and is not supported by ODBC 1.0
drivers.

If any keywords are repeated in the browse request connection string, the driver uses the
value associated with the first occurrence of the keyword. If the DSN and DRIVER key-
words are included in the same browse request connection string, the Driver Manager
and driver use whichever keyword appears first.

szConnStrOut Argument

The browse result connection string is a list of connection attributes. A connection
attribute consists of an attribute keyword and a corresponding attribute value. The
browse result connection string has the following syntax:

connection-string ::= attributef;] | attribute; connection-string
attribute ::= [*]attribute-keywor d=attribute-value
attribute-keyword ::= ODBC-attribute-keyword

| driver-defined-attribute-keyword
ODBC-attribute-keyword = {UID | PWD}|:localized-identifier]
driver-defined-attribute-keyword ::= identifer[:localized-identifier]
attribute-value ::= {attribute-value-list} | ?
(Thebracesareliteral; they arereturned by thedriver.)
attribute-value-list ::= character-string | character-gtring, attribute-value-list
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where character-string has zero or more characters; identifier and localized-identifier have
one or more characters;attribute-keyword is case insensitive; and attribute-value may be
case sensitive. Because of connection string and initialization file grammar, keywords,
localized identifiers, and attribute values that contain the characters [[{}(),;?*=!@\ should
be avoided.

The browse result connection string syntax is used according to the following semantic
rules:

= Ifan asterisk (*) precedes an attribute-keyword, the attribute is optional, and may
be omitted in the next call to SQLBrowseConnect.

= The attribute keywords UID and PWD have the same meaning as defined in
SQLDriverConnect.

= A driver-defined-attribute-keyword names the kind of attribute for which an
attribute value may be supplied. For example, it might be SERVER, DATA-
BASE, HOST, or DBMS.

= ODBC-attribute-keywords and driver-defined-attribute-keywords include a localized
or user-friendly version of the keyword. This might be used by applications as a
label in a dialog box. However, UID, PWD, or the identifier alone must be used
when passing a browse request string to the driver.

= }The {attribute-value-list} is an enumeration of actual values valid for the corre-
sponding attribute-keyword. Note that the braces ({}) do not indicate a list of
choices; they are returned by the driver. For example, it might be a list of server
names or a list of database names.

= If the attribute-value is a single question mark (?), a single value corresponds to
the attribute-keyword. For example, UID=JohnS; PWD=Sesame.

= Each call to SQLBrowseConnect returns only the information required to satisfy
the next level of the connection process. The driver associates state information
with the connection handle so that the context can always be determined on each
call.

Using SQLBrowseConnect

SQLBrowseConnect requires an allocated hdbc. The Driver Manager loads the driver
that was specified in or that corresponds to the data source name specified in the initial
browse request connection string; for information on when this occurs, see the “Com-
ments” section in SQLConnect. It may establish a connection with the data source
during the browsing process. If SQLBrowseConnect returns SQL_ERROR, outstanding
connections are terminated and the hdbc is returned to an unconnected state.
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When SQLBrowseConnect is called for the first time on an hdbc, the browse request con-
nection string must contain the DSN keyword or the DRIVER keyword. If the browse
request connection string contains the DSN keyword, the Driver Manager locates a cor-
responding data source specification in the odbc.ini file:

= Ifthe Driver Manager finds the corresponding data source specification, it loads
the associated driver shared library; the driver can retrieve information about
the data source from the odbc.ini 