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About Part |: Introduction to ODBC

This PDF file is an excerpt from the Microsoft ODBC Programmer's Reference and is divided into the
following parts:

Section 1: Introduction to ODBC, providing a brief history of Structured Query Language and ODBC and
conceptual information about the ODBC interface

Section 2: Developing Applications and Drivers, containing information about devel oping applications that
use the ODBC interface and drivers that implement it.




Section 1: Introduction to ODBC

Part 1 of the ODBC Programmer's Reference offers a brief history of Structured Query Language and
ODBC, and includes conceptual information about the ODBC interface. This section contains the following
chapters:

Chapter 1: Introduction
Chapter 2: An Introduction to SOL and ODBC
Chapter 3: ODBC Architecture

Chapter 1. Introduction

Open Database Connectivity (ODBC) is awidely accepted application programming interface (API) for
database access. It is based on the Call-Level Interface (CLI) specifications from X/Open and ISO/IEC for
database APIs and uses Structured Query Language (SQL) as its database access language.

ODBC isdesigned for maximum interoperability—that is, the ability of a single application to access
different database management systems (DBM Ss) with the same source code. Database applications call
functions in the ODBC interface, which are implemented in database-specific modules called drivers. The
use of driversisolates applications from database-specific calls in the same way that printer driversisolate
word processing programs from printer-specific commands. Because drivers are loaded at run time, a user
only has to add a new driver to access anew DBMS; it is not necessary to recompile or relink the
application.

Why Was ODBC Created?

Historically, companies used asingle DBMS. All database access was done either through the front end of
that system or through applications written to work exclusively with that system. However, as the use of
computers grew and more computer hardware and software became available, companies started to acquire
different DBM Ss. The reasons were many: People bought what was cheapest, what was fastest, what they
already knew, what was latest on the market, what worked best for a single application. Other reasons were
reorgani zations and mergers, where departments that previously had asingle DBM S now had several.

The issue grew even more complex with the advent of personal computers. These computers brought in a
host of tools for querying, analyzing, and displaying data, along with a number of inexpensive, easy-to-use
databases. From then on, a single corporation often had data scattered across a myriad of desktops, servers,
and minicomputers, stored in avariety of incompatible databases, and accessed by a vast number of
different tools, few of which could get at all of the data.

Thefinal challenge came with the advent of client/server computing, which seeks to make the most
efficient use of computer resources. Inexpensive personal computers (the clients) sit on the desktop and
provide both a graphical front end to the data and a number of inexpensive tools, such as spreadsheets,
charting programs, and report builders. Minicomputers and mainframe computers (the servers) host the
DBMSs, where they can use their computing power and central location to provide quick, coordinated data
access. How then was the front-end software to be connected to the back-end databases?



A similar problem faced independent software vendors (ISV's). Vendors writing database software for
minicomputers and mainframes were usually forced to write one version of an application for each DBMS
or write DBM S-specific code for each DBM S they wanted to access. Vendors writing software for personal
computers had to write data access routines for each different DBM S with which they wanted to work. This
often meant a huge amount of resources were spent writing and maintaining data access routines rather than
applications, and applications were often sold not on their quality but on whether they could access datain
agiven DBMS.

What both sets of developers needed was away to access datain different DBMSs. The mainframe and
minicomputer group needed a way to merge data from different DBM Ssin a single application, while the
personal computer group needed this ability as well as away to write a single application that was
independent of any one DBMS. In short, both groups needed an interoperable way to access data; they
needed open database connectivity.

What |sODBC?

Many misconceptions about ODBC exist in the computing world. To the end user, itisaniconinthe
Microsoft® Windows® Control Panel. To the application programmer, it isalibrary containing data access
routines. To many others, it is the answer to al database access problems ever imagined.

First and foremost, ODBC is a specification for a database API. This APl isindependent of any one DBMS
or operating system; although this manual uses C, the ODBC API is language-independent. The ODBC

API isbased on the CLI specifications from X/Open and 1SO/IEC. ODBC 3.x fully implements both of
these specifications—earlier versions of ODBC were based on preliminary versions of these specifications
but did not fully implement them—and adds features commonly needed by devel opers of screen-based
database applications, such as scrollable cursors.

The functionsin the ODBC API are implemented by devel opers of DBM S-specific drivers. Applications
call the functionsin these drivers to access datain a DBM S-independent manner. A Driver Manager
manages communication between applications and drivers.

Although Microsoft provides a Driver Manager for computers running Microsoft Windows NT®
Server/Windows 2000 Server, Microsoft Windows NT Workstation/Windows 2000 Professional, and
Microsoft Windows® 95/98, has written several ODBC drivers, and calls ODBC functions from some of
its applications, anybody can write ODBC applications and drivers. In fact, the vast mgjority of ODBC
applications and drivers available for computers running Windows NT Server/Windows 2000 Server,
Windows NT Workstation/Windows 2000 Professional, and Windows 95/98 are produced by companies
other than Microsoft. Furthermore, ODBC drivers and applications exist on the Macintosh® and a variety of
UNIX platforms.

To help application and driver developers, Microsoft offers an ODBC Software Development Kit (SDK)
for computers running Windows NT Server/Windows 2000 Server, Windows NT

Workstation/Windows 2000 Professional, and Windows 95/98 that provides the Driver Manager, installer
DLL, test tools, and sample applications. Microsoft has teamed with Visigenic Software to port these SDK's
to the Macintosh and a variety of UNIX platforms.

It isimportant to understand that ODBC is designed to expose database capabilities, not supplement them.
Thus, application writers should not expect that using ODBC will suddenly transform a simple database
into a fully featured relational database engine. Nor are driver writers expected to implement functionality
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not found in the underlying database. An exception to thisisthat developers who write drivers that directly
access file data (such as datain an Xbase file) are required to write a database engine that supports at |east
minimal SQL functionality. Another exception is that the ODBC component of the Microsoft® Data
Access Components (MDAC) SDK provides a cursor library that simulates scrollable cursors for drivers
that implement a certain level of functionality.

Applications that use ODBC are responsible for any cross-database functionality. For example, ODBC is
not a heterogeneous join engine, nor isit a distributed transaction processor. However, because it isDBMS-
independent, it can be used to build such cross-database tools.

ODBC and the Standard CL |

ODBC digns with the following specifications and standards that deal with the Call-Level Interface (CL1I).
(The ODBC features are a superset of each of these standards.)

The X/Open CAE Specification "Data Management: SQL Call-Level Interface (CLI)"
ISO/IEC 9075-3:1995 (E) Call-Level Interface (SQL/CLI)

Asaresult of this alignment, the following are true:

An application written to the X/Open and 1SO CLI specifications will work with an ODBC 3.x driver or a
standards-compliant driver when it is compiled with the ODBC 3.x header files and linked with ODBC 3.x
libraries, and when it gains access to the driver through the ODBC 3.x Driver Manager.

A driver written to the X/Open and 1SO CLI specifications will work with an ODBC 3.x application or a
standards-compliant application when it is compiled with the ODBC 3.x header files and linked with
ODBC 3.x libraries, and when the application gains access to the driver through the ODBC 3.x Driver
Manager. (For more information, see " Standards-Compliant Applications and Drivers' in Chapter 17,
"Programming Considerations.")

The Core interface conformance level encompasses all the featuresin the ISO CLI and all the nonoptional
featuresin the X/Open CLI. Optional features of the X/Open CLI appear in higher interface conformance
levels. Because all ODBC 3.x drivers are required to support the features in the Core interface conformance
level, the following are true:

An ODBC 3.x driver will support all the features used by a standards-compliant application.
An ODBC 3.x application using only the featuresin 1SO CLI and the nonoptional features of the X/Open
CLI will work with any standards-compliant driver.

In addition to the call-level interface specifications contained in the ISO/IEC and X/Open CLI standards,
ODBC implements the following features. (Some of these features existed in versions of ODBC prior to
ODBC 3.x.)

»  Multirow fetches by a single function call

e Binding to an array of parameters

»  Bookmark support including fetching by bookmark, variable-length bookmarks, and bulk update
and delete by bookmark operations on discontiguous rows

*  Row-wise binding

e Binding offsets



Support for batches of SQL statements, either in a stored procedure or as a sequence of SQL
statements executed through SQL Execute or SQL ExecDir ect

Exact or approximate cursor row counts

Positioned update and del ete operations and batched updates and del etes by function call
(SQL SetPos)

Catalog functions that extract information from the information schema without the need for
supporting information schema views

Escape sequences for outer joins, scalar functions, datetime literals, interval literals, and stored
procedures

Code-page trandation libraries

Reporting of a driver's ANSI-conformance level and SQL support

On-demand automatic population of implementation parameter descriptor
Enhanced diagnostics and row and parameter status arrays

Datetime, interval, numeric/decimal, and 64-bit integer application buffer types
Asynchronous execution

Stored procedure support, including escape sequences, output parameter binding mechanisms, and
catalog functions

Connection enhancements including support for connection attributes and attribute browsing

Chapter 2: An Introduction to SQL and ODBC

ODBC was created to provide a uniform method of access to different, or heterogeneous, database
management systems. This chapter discusses some of the concepts and history behind the development of
ODBC, including:

SQL and the various ways that applications useit.

How network database accessis done in the real world and what parts of this process can easily be
standardized.

Strategies used by ODBC and why those strategies were chosen.

Structured Query Language (SQL)

A typical DBMS allows usersto store, access, and modify datain an organized, efficient way. Originally,
the users of DBM Ss were programmers. Accessing the stored data required writing a programin a
programming language such as COBOL. While these programs were often written to present a friendly
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interface to a nontechnical user, access to the dataitself required the services of a knowledgeable
programmer. Casual access to the data was not practical.

Userswere not entirely happy with this situation. While they could access data, it often required convincing
aDBMS programmer to write special software. For example, if a sales department wanted to see the total
salesin the previous month by each of its salespeople and wanted this information ranked in order by each
salesperson's length of service in the company, it had two choices. Either a program already existed that
allowed the information to be accessed in exactly this way, or the department had to ask a programmer to
write such a program. In many cases, this was more work than it was worth, and it was always an expensive
solution for one-time, or ad hoc, inquiries. As more and more users wanted easy access, this problem grew
larger and larger.

Allowing users to access data on an ad hoc basis required giving them alanguage in which to express their
reguests. A single request to a database is defined as a query; such alanguage is called a query language.
Many query languages were developed for this purpose, but one of these became the most popular:
Structured Query Language, invented at IBM in the 1970s. It is more commonly known by its acronym,
SQL, and is pronounced both as "ess-cue-ell" and as "sequel”; this manual uses the former pronunciation.
SQL became an ANSI standard in 1986 and an 1 SO standard in 1987; it is used today in a great many
database management systems.

Although SQL solved the ad hoc needs of users, the need for data access by computer programs did not go
away. In fact, most database access till was (and is) programmatic, in the form of regularly scheduled
reports and statistical analyses, data entry programs such as those used for order entry, and data
manipulation programs, such as those used to reconcile accounts and generate work orders.

These programs also use SQL., using one of the following three techniques:

*  Embedded SQL, inwhich SQL statements are embedded in a host language such as C or
COBOL.

e SQL Modules, in which SQL statements are compiled on the DBMS and called from a host
language.

» Call-Level Interface, or CLI, which consists of functions called to pass SQL statements to the
DBMS and to retrieve results from the DBMS.

Note Itisahistorical accident that the term Call-Level Interface is used instead of Application
Programming Interface (API), another term for the same thing. In the database world, APl is used
to describe SQL itself: SQL isthe APl toaDBMS.

Of these choices, embedded SQL is the most commonly used, although most major DBM Ss support
proprietary CLIs.

Processing an SQL Statement

Before discussing the techniques for using SQL programmatically, it is necessary to discuss how an SQL
statement is processed. The steps involved are common to all three techniques, although each technique
performs them at different times. The following illustration shows the stepsinvolved in processing an SQL
statement, which are discussed throughout the rest of this section.
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SQL Statement

SELECT A B,C
FROM LY
WHERE A <500
AND G ="EFG'

-

Parse statement I

-

Validate statement

|
System Catalog
=

s

Optimize statement

|

Generate access plan |

Execute access plan |

To process an SQL statement, a DBM S performs the following five steps:

» The DBMSfirst parsesthe SQL statement. It breaks the statement up into individual words, called
tokens, makes sure that the statement has a valid verb and valid clauses, and so on. Syntax errors
and misspellings can be detected in this step.

» The DBMS validates the statement. It checks the statement against the system catalog. Do al the
tables named in the statement exist in the database? Do all of the columns exist and are the column
names unambiguous? Does the user have the required privileges to execute the statement? Certain
semantic errors can be detected in this step.

* The DBMS generates an access plan for the statement. The access plan is a binary representation

of the steps that are required to carry out the statement; it isthe DBM S equivalent of executable
code.
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» The DBMS optimizes the access plan. It explores various ways to carry out the access plan. Can
an index be used to speed a search? Should the DBM Sfirst apply a search conditionto Table A
and then join it to Table B, or should it begin with the join and use the search condition afterward?
Can a sequential search through a table be avoided or reduced to a subset of the table? After
exploring the alternatives, the DBM S chooses one of them.

» The DBMS executes the statement by running the access plan.

The steps used to process an SQL statement vary in the amount of database access they require and the
amount of time they take. Parsing an SQL statement does not require access to the database and can be
done very quickly. Optimization, on the other hand, is avery CPU-intensive process and reguires access to
the system catalog. For a complex, multitable query, the optimizer may explore thousands of different ways
of carrying out the same query. However, the cost of executing the query inefficiently is usually so high
that the time spent in optimization is more than regained in increased query execution speed. Thisis even
more significant if the same optimized access plan can be used over and over to perform repetitive queries.

Dynamic SQL

Although static SQL works well in many situations, there is a class of applications in which the data access
cannot be determined in advance. For example, suppose a spreadsheet allows a user to enter a query, which
the spreadsheet then sends to the DBM S to retrieve data. The contents of this query obviously cannot be
known to the programmer when the spreadsheet program is written.

To solve this problem, the spreadsheet uses a form of embedded SQL called dynamic SQL. Unlike static
SQL statements, which are hard-coded in the program, dynamic SQL statements can be built at run time
and placed in a string host variable. They are then sent to the DBMS for processing. Because the DBMS
must generate an access plan at run time for dynamic SQL statements, dynamic SQL is generally dower
than static SQL. When a program containing dynamic SQL statements is compiled, the dynamic SQL
statements are not stripped from the program, asin static SQL. Instead, they are replaced by a function call
that passes the statement to the DBMSS; static SQL statements in the same program are treated normally.

The simplest way to execute a dynamic SQL statement iswith an EXECUTE IMMEDIATE statement.
This statement passes the SQL statement to the DBM S for compilation and execution.

One disadvantage of the EXECUTE IMMEDIATE statement is that the DBM S must go through each of
the five steps of processing an SQL statement each time the statement is executed. The overhead involved
in this process can be significant if many statements are executed dynamically, and it is wasteful if those
statements are similar. To address this situation, dynamic SQL offers an optimized form of execution called
prepared execution, which uses the following steps:

The program constructs an SQL statement in a buffer, just asit does for the EXECUTE IMMEDIATE
statement. Instead of host variables, a question mark (?) can be substituted for a constant anywhere in the
statement text to indicate that a value for the constant will be supplied later. The question mark is called as
a parameter marker.

The program passes the SQL statement to the DBM S with a PREPARE statement, which requests that the
DBMS parse, validate, and optimize the statement and generate an execution plan for it. The program then
uses an EXECUTE statement (not an EXECUTE IMMEDIATE statement) to execute the PREPARE
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statement at alater time. It passes parameter values for the statement through a special data structure called
the SQL Data Area or SQLDA.

The program can use the EXECUTE statement repeatedly, supplying different parameter values each time
the dynamic statement is executed.

Prepared execution is still not the same as static SQL. In static SQL, the first four steps of processing an
SQL statement take place at compile time. In prepared execution, these steps till take place at run time, but
they are performed only once; execution of the plan takes place only when EXECUTE is called. This helps
eliminate some of the performance disadvantages inherent in the architecture of dynamic SQL. The next
illustration shows the differences between static SQL, dynamic SQL with immediate execution, and
dynamic SQL with prepared execution.

Call-Levd Interfaces

Thefinal technique for sending SQL statements to the DBM S isthrough a call-level interface (CLI). A
call-level interface provides alibrary of DBMS functions that can be called by the application program.
Thus, instead of trying to blend SQL with another programming language, a call-level interface is similar to
the routine libraries most programmers are accustomed to using, such as the string, 1/0, or math librariesin
C. Note that DBM Ss that support embedded SQL already have a call-level interface, the callsto which are
generated by the precompiler. However, these calls are undocumented and subject to change without
notice.

Call-level interfaces are commonly used in client/server architectures, in which the application program
(the client) resides on one computer and the DBM S (the server) resides on a different computer. The
application calls CLI functions on the local system, and those calls are sent across the network to the
DBMS for processing.

A call-level interfaceis similar to dynamic SQL, in that SQL statements are passed to the DBM S for
processing at run time, but it differs from embedded SQL as awhole in that there are no embedded SQL
statements and no precompiler is required.
Using acall-level interface typically involves the following steps:

» Theapplication callsa CLI function to connect to the DBMS.

e Theapplication builds an SQL statement and places it in a buffer. It then calls one or more CLI
functions to send the statement to the DBMS for preparation and execution.

» |f the statement is a SELECT statement, the application calls a CLI function to return the resultsin
application buffers. Typically, this function returns one row or one column of data at atime.

e Theapplication callsa CLI function to disconnect from the DBMS.

Networ k Database Access

Accessing a database across a network requires a number of components, each of which isindependent of,
and resides beneath, the programming interface. These components are shown in the following illustration.
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A further description of each component follows:

*  Programming Interface. As described earlier in this chapter, the programming interface contains
the calls made by the application. These interfaces (embedded SQL, SQL modules, and call-level
interfaces) are generally specific to each DBMS, athough they are usually based on an ANSI or
I SO standard.

» Data Stream Protocol. The data stream protocol describes the stream of data transferred between
the DBMS and its client. For example, the protocol might require the first byte to describe what
the rest of the stream contains. an SQL statement to be executed, a returned error value, or
returned data. The format of the rest of the datain the stream would then depend on this flag. For
example, an error stream might contain the flag, a 2-byte integer error code, a 2-byte integer error
message length, and an error message.

The data stream protocol isalogical protocol and is independent of the protocols used by the
underlying network. Thus, a single data stream protocol can generally be used on a number of
different networks. Data stream protocols are typically proprietary and have been optimized to
work with a particular DBMS.

* Interprocess Communication M echanism. The interprocess communication (IPC) mechanismis
the process by which one process communicates with another. Examples include named pipes,
TCP/IP sockets, and DECnet sockets. The choice of IPC mechanism is constrained by the
operating system and network being used.

«  Network Protocol. The network protocol is used to transport the data stream over a network. It
can be considered the plumbing that supports the | PC mechanisms used to implement the data
stream protocol, as well as supporting basic network operations such as file transfers and print
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sharing. Network protocols include NetBEUI, TCP/IP, DECnet, and SPX/IPX and are specific to
each network.

The ODBC Solution

The question, then, is how does ODBC standardize database access? There are two architectural
requirements:

e Applications must be able to access multiple DBM Ss using the same source code without
recompiling or relinking.

»  Applications must be able to access multiple DBM Ss simultaneously.

And there is one more question, due to marketplace reality:

Which DBM S features should ODBC expose? Only features that are common to all DBM Ss or any feature
that is availablein any DBMS?

ODBC solves these problems in the following manner:

e« ODBCisacall-level interface. To solve the problem of how applications access multiple
DBM Ss using the same source code, ODBC defines a standard CLI. This contains all of the
functionsin the CLI| specifications from X/Open and | SO/IEC and provides additional functions
commonly required by applications.

A different library, or driver, isrequired for each DBMS that supports ODBC. The driver
implements the functions in the ODBC API. To use adifferent driver, the application does not
need to be recompiled or relinked. Instead, the application simply loads the new driver and calls
the functionsin it. To access multiple DBM Ss simultaneously, the application |oads multiple
drivers. How drivers are supported is operating system-specific. For example, on the Microsoft®
Windows® operating system, drivers are dynamic-link libraries (DLLS).

* ODBC definesa standard SQL grammar . In addition to a standard call-level interface, ODBC
defines a standard SQL grammar. This grammar is based on the X/Open SQL CAE specification.
Differences between the two grammars are minor and primarily due to the differences between the
SQL grammar required by embedded SQL (X/Open) and a CLI (ODBC). There are also some
extensions to the grammar to expose commonly available language features not covered by the
X/Open grammar.

Applications can submit statements using ODBC or DBM S-specific grammar. If a statement uses
ODBC grammar that is different from DBM S-specific grammar, the driver convertsit before
sending it to the data source. However, such conversions are rare because most DBM Ss already
use standard SQL grammar.

» ODBC providesaDriver Manager to manage simultaneous access to multiple DBM Ss.
Although the use of drivers solves the problem of accessing multiple DBM Ss simultaneously, the
code to do this can be complex. Applications that are designed to work with all drivers cannot be
statically linked to any drivers. Instead, they must load drivers at run time and call the functionsin
them through atable of function pointers. The situation becomes more complex if the application
uses multiple drivers simultaneously.
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Rather than forcing each application to do this, ODBC provides a Driver Manager. The Driver
Manager implements all of the ODBC functions—mostly as pass-through callsto ODBC
functionsin drivers—and is statically linked to the application or loaded by the application at run
time. Thus, the application calls ODBC functions by name in the Driver Manager, rather than by
pointer in each driver.

When an application needs a particular driver, it first requests a connection handle with which to
identify the driver and then requests that the Driver Manager |oad the driver. The Driver Manager
loads the driver and stores the address of each function in the driver. To call an ODBC functionin
the driver, the application calls that function in the Driver Manager and passes the connection
handle for the driver. The Driver Manager then calls the function by using the addressiit stored
earlier.

ODBC exposes a significant number of DBM S features but doesnot requiredriversto
support all of them. If ODBC exposed only features that are common to all DBMSs, it would be
of little use; after all, the reason so many different DBMSs exist today is that they have different
features. If ODBC exposed every feature that is available in any DBMS, it would be impossible
for driversto implement.

Instead, ODBC exposes a significant number of features—more than are supported by most

DBM Ss—hut requires drivers to implement only a subset of those features. Drivers implement the
remaining features only if they are supported by the underlying DBMS or if they choose to
emulate them. Thus, applications can be written to exploit the features of asingle DBMS as
exposed by the driver for that DBMS, to use only those features used by all DBMSs, or to check
for support of a particular feature and react accordingly.

So that an application can determine what features a driver and DBM S support, ODBC provides
two functions (SQL Getl nfo and SQL GetFunctions) that return general information about the
driver and DBMS capabilities and alist of functions the driver supports. ODBC a so defines API
and SQL grammar conformance levels, which specify broad ranges of features supported by the
driver. For more information, see " Conformance Levels* in Chapter 4, "ODBC Fundamentals.”

It isimportant to remember that ODBC defines a common interface for all of the features it
exposes. Because of this, applications contain feature-specific code, not DBM S-specific code, and
can use any drivers that expose those features. One advantage of thisis that applications do not
need to be updated when the features supported by a DBM S are enhanced; instead, when an
updated driver isinstalled, the application automatically uses the features because its code is
feature-specific, not driver-specific or DBM S-specific.
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Chapter 3: ODBC Architecture

The ODBC architecture has four components:

»  Application. Performs processing and calls ODBC functions to submit SQL statements and
retrieve results.

* Driver Manager. Loads and unloads drivers on behalf of an application. Processes ODBC
function calls or passes them to adriver.

e Driver. Processes ODBC function calls, submits SQL requests to a specific data source, and
returns results to the application. If necessary, the driver modifies an application's request so that
the reguest conforms to syntax supported by the associated DBMS.

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

»  Thefollowing illustration shows the rel ationship between these four components.
Application
ODBC API

Driver KManager

Driver | Driver \ Driver |

Data Data Data
sourcel source] source

ODBC API

Note the following about this diagram. First, multiple drivers and data sources can exist, which alows the
application to simultaneously access data from more than one data source. Second, the ODBC AP is used
in two places. between the application and the Driver Manager, and between the Driver Manager and each
driver. The interface between the Driver Manager and the driversis sometimes referred to as the service
provider interface, or SPI. For ODBC, the application programming interface (APIl) and the service
provider interface (SPI) are the same; that is, the Driver Manager and each driver have the same interface to
the same functions.
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Applications

An application is a program that calls the ODBC API to access data. Although many types of applications
are possible, most fall into three categories, which are used as examples throughout this guide.

Generic Applications. These are also referred to as shrink-wrapped applications or off-the-shelf
applications. Generic applications are designed to work with a variety of different DBMSs.
Examples include a spreadsheet or statistics package that uses ODBC to import data for further
analysis and aword processor that uses ODBC to get amailing list from a database.

An important subcategory of generic applications is application development environments, such
as PowerBuilder or Microsoft® Visual Basic®. Although the applications constructed with these
environments will probably work only with asingle DBMS, the environment itself needs to work
with multiple DBMSs.

What all generic applications have in common is that they are highly interoperable among DBM Ss
and they need to use ODBC in arelatively generic manner. For more information about
interoperability, see "Choosing a Level of Interoperability” in Chapter 16, "Interoperability.”

Vertical Applications. Vertical applications perform a single type of task, such as order entry or
tracking manufacturing data, and work with a database schemathat is controlled by the devel oper
of the application. For a particular customer, the application works with asingle DBMS. For
example, a small business might use the application with dBase, while a large business might use
it with Oracle.

The application uses ODBC in such a manner that the application is not tied to any one DBMS,
although it might be tied to alimited number of DBM Ss that provide similar functionality. Thus,
the application developer can sell the application independently from the DBMS. Vertical
applications are interoperable when they are devel oped but are sometimes modified to include
noninteroperabl e code once the customer has chosen aDBMS.

Custom Applications. Custom applications are used to perform a specific task in asingle
company. For example, an application in alarge company might gather sales data from several
divisions (each of which uses a different DBMS) and create a single report. ODBC is used because
it isa common interface and saves programmers from having to learn multiple interfaces. Such
applications are generally not interoperable and are written to specific DBMSs and drivers.

A number of tasks are common to all applications, no matter how they use ODBC. Taken together, they
largely define the flow of any ODBC application. The tasks are:

Selecting a data source and connecting to it.
Submitting an SQL statement for execution.
Retrieving results (if any).

Processing errors.

Committing or rolling back the transaction enclosing the SQL statement.
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»  Disconnecting from the data source.

Because most data access work is done with SQL, the primary task for which applications use ODBC isto
submit SQL statements and retrieve the results (if any) generated by those statements. Other tasks for
which applications use ODBC include determining and adjusting to driver capabilities and browsing the
database catal og.

The Driver Manager

The Driver Manager is alibrary that manages communication between applications and drivers. For
example, on Microsoft® Windows® platforms, the Driver Manager is a dynamic-link library (DLL) that is
written by Microsoft and can be redistributed by users of the Microsoft Data Access Software Devel opment
Kit (SDK).

The Driver Manager exists mainly as a convenience to application writers and solves a number of problems
common to all applications. These include determining which driver to load based on a data source name,
loading and unloading drivers, and calling functionsin drivers.

To see why the latter is a problem, consider what would happen if the application called functionsin the
driver directly. Unless the application was linked directly to a particular driver, it would have to build a
table of pointers to the functionsin that driver and call those functions by pointer. Using the same code for
more than one driver at atime would add yet another level of complexity. The application would first have
to set afunction pointer to point to the correct function in the correct driver, and then call the function
through that pointer.

The Driver Manager solves this problem by providing a single place to call each function. The application
islinked to the Driver Manager and calls ODBC functions in the Driver Manager, not the driver. The
application identifies the target driver and data source with a connection handle. When it loads a driver, the
Driver Manager builds atable of pointers to the functionsin that driver. It uses the connection handle
passed by the application to find the address of the function in the target driver and calls that function by
address.

For the most part, the Driver Manager just passes function calls from the application to the correct driver.
However, it also implements some functions (SQL DataSour ces, SQL Drivers, and SQL GetFunctions)
and performs basic error checking. For example, the Driver Manager checks that handles are not null
pointers, that functions are called in the correct order, and that certain function arguments are valid. For a
complete description of the errors checked by the Driver Manager, see the reference section for each
function and the “ODBC State Transition Tables’ contained in the Part |11 Microsoft SDK PDF File
available on the Solid Web site.

The final major role of the Driver Manager is loading and unloading drivers. The application loads and
unloads only the Driver Manager. When it wants to use a particular driver, it calls a connection function
(SQL Connect, SQL Driver Connect, or SQL BrowseConnect) in the Driver Manager and specifies the
name of a particular data source or driver, such as"Accounting” or "SQL Server." Using this name, the
Driver Manager searches the data source information for the driver's file name, such as Sqlsrvr.dil. It then
loads the driver (assuming it is not already loaded), stores the address of each function in the driver, and
calls the connection function in the driver, which then initializes itself and connects to the data source.
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When the application is done using the driver, it calls SQL Disconnect in the Driver Manager. The Driver
Manager calls this function in the driver, which disconnects from the data source. However, the Driver
Manager keeps the driver in memory in case the application reconnects to it. It unloads the driver only
when the application frees the connection used by the driver or uses the connection for a different driver,
and no other connections use the driver. For a complete description of the Driver Manager's role in loading
and unloading drivers, see "Driver Manager’s Role in the Connection Process' in Chapter 6, ""Connecting
to a Data Source or Driver."

Drivers

Driversare libraries that implement the functionsin the ODBC API. Each is specific to a particular DBMS;
for example, adriver for Oracle cannot directly access datain an Informix DBMS. Drivers expose the
capabilities of the underlying DBMSs; they are not required to implement capabilities not supported by the
DBMS. For example, if the underlying DBMS does not support outer joins, then neither should the driver.
The only major exception to thisisthat drivers for DBM Ssthat do not have stand-alone database engines,
such as Xbase, must implement a database engine that at least supports a minimal amount of SQL.

Driver Tasks
Specific tasks performed by driversinclude:

»  Connecting to and disconnecting from the data source.
e Checking for function errors not checked by the Driver Manager.
» Initiating transactions; thisis transparent to the application.

e Submitting SQL statements to the data source for execution. The driver must modify ODBC SQL
to DBM S-specific SQL ; thisis often limited to replacing escape clauses defined by ODBC with
DBM S-specific SQL.

*  Sending data to and retrieving data from the data source, including converting data types as
specified by the application.

e Mapping DBMS-specific errorsto ODBC SQLSTATEs.

Driver Architecture

Driver architecture fallsinto two categories, depending on which software processes SQL statements:

* File-based drivers. The driver accesses the physical data directly. In this case, the driver acts as
both driver and data source; that is, it processes ODBC calls and SQL statements. For example,
dBASE drivers are file-based drivers because dBASE does not provide a stand-al one database
engine the driver can use. It isimportant to note that devel opers of file-based drivers must write
their own database engines.

* DBM S-based drivers. The driver accesses the physical data through a separate database engine.
In this case the driver processes only ODBC calls; it passes SQL statements to the database engine
for processing. For example, Oracle drivers are DBM S-based drivers because Oracle has a stand-
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alone database engine the driver uses. Where the database engine residesis immaterial. It can
reside on the same machine as the driver or a different machine on the network; it might even be
accessed through a gateway.

Driver architectureis generally interesting only to driver writers; that is, driver architecture generally
makes no difference to the application. However, the architecture can affect whether an application can use
DBMS-specific SQL. For example, Microsoft Access provides a stand-alone database engine. If a
Microsoft Access driver is DBM S-hased—it accesses the data through this engine—the application can
pass Microsoft Access-SQL statements to the engine for processing.

However, if the driver isfile-based—that is, it contains a proprietary engine that accesses the Microsoft®
Access.mdb file directly—any attempts to pass Microsoft Access—specific SQL statements to the engine
arelikely to result in syntax errors. The reason is that the proprietary engineis likely to implement only
ODBC SQL.

DBM S-Based Drivers

DBM S-based drivers are used with data sources such as Oracle or SQL Server that provide a stand-alone
database engine for the driver to use. These drivers access the physical data through the stand-alone engine;
that is, they submit SQL statements to and retrieve results from the engine.

Because DBM S-based drivers use an existing database engine, they are usually easier to write than file-
based drivers. Although a DBM S-based driver can be easily implemented by trandating ODBC callsto
native API calls, thisresultsin a slower driver. A better way to implement a DBM S-based driver isto use
the underlying data stream protocol, which is usually what the native API does. For example, a SQL Server
driver should use TDS (the data stream protocol for SQL Server) rather than DB Library (the native API
for SQL Server). An exception to thisrule iswhen ODBC is the native API. For example, Watcom SQL is
a stand-al one engine that resides on the same machine as the application and is loaded directly as the driver.

DBMS-based drivers act asthe client in a client/server configuration where the data source acts as the
server. In most cases, the client (driver) and server (data source) reside on different machines, although
both could reside on the same machine running a multitasking operating system. A third possibility isa
gateway, which sits between the driver and data source. A gateway is a piece of software that causes one
DBMS to look like another. For example, applications written to use SQL Server can also access DB2 data
through the Micro Decisionware DB2 Gateway; this product causes DB2 to look like SQL Server.

The following illustration shows three different configurations of DBM S-based drivers. In the first
configuration, the driver and data source reside on the same machine. In the second, the driver and data
source reside on different machines. In the third, the driver and data source reside on different machines
and a gateway sits between them, residing on yet another machine.

Network Example

Thisillustration shows how each of the preceding configurations could appear in asingle network.
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Types of Data Sour ces

There are two types of data sources. machine data sources and file data sources. Although both contain
similar information about the source of the data, they differ in the way thisinformation is stored. Because
of these differences, they are used in somewhat different manners.

M achine Data Sour ces

Machine data sources are stored on the system with a user-defined name. Associated with the data source
name is all of the information the Driver Manager and driver need to connect to the data source. For an
Xbase data source, this might be the name of the Xbase driver, the full path of the directory containing the
Xbase files, and some options that tell the driver how to use those files, such as single-user mode or read-
only. For an Oracle data source, this might be the name of the Oracle driver, the server where the Oracle
DBMS resides, the SQL*Net connection string that identifies the SQL*Net driver to use, and the system ID
of the database on the server.
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Using Data Sour ces

Data sources usually are created by the end user or atechnician with a program called the ODBC
Administrator. The ODBC Administrator prompts the user for the driver to use and then calls that driver.
The driver displays a dialog box that requests the information it needs to connect to the data source. After
the user enters the information, the driver storesit on the system.

Later, the application calls the Driver Manager and passes it the name of a machine data source or the path
of afile containing afile data source. When passed a machine data source name, the Driver Manager
searches the system to find the driver used by the data source. It then loads the driver and passes the data
source name to it. The driver uses the data source name to find the information it needs to connect to the
data source. Finaly, it connects to the data source, typically prompting the user for a user 1D and password,
which generally are not stored.

When passed afile data source, the Driver Manager opens the file and |oads the specified driver. If the file
also contains a connection string, it passes this to the driver. Using the information in the connection string,
the driver connects to the data source. If no connection string was passed, the driver generally prompts the

user for the necessary information.

Data Sour ce Example

On computers running Microsoft® Windows NT® Server/Windows 2000 Server, Microsoft Windows NT
Workstation/Windows 2000 Professional, or Microsoft Windows® 95/98, machine data source information
is stored in the registry. Depending on which registry key the information is stored under, the data source is
known as a user data source or a system data source. User data sources are stored under the
HKEY_CURRENT_USER key and are available only to the current user. System data sources are stored
under the HKEY _L OCAL_MACHINE key and can be used by more than one user on one machine. They
can also be used by systemwide services, which can then gain access to the data source even if no user is
logged on to the machine. For more information about user and system data sources, see
“SQLManageDataSources’ inthe "Installer DLL Function Reference” contained in the Part I11 PDF file
available on the Solid Web site.

Suppose a user has three user data sources. Personnel and Inventory, which use an Oracle DBMS; and
Payroll, which uses a Microsoft SQL Server DBMS. The registry values for data sources might be:

HKEY_CURRENT_USER
SOFTWARE
ODBC
Odbc.ini

ODBC Data Sources
Personnel : REG_SZ : Oracle
Inventory : REG_SZ : Oracle
Payroll : REG_SZ : SQL Server

and the registry values for the Payroll data source might be:

HKEY_CURRENT_USER
SOFTWARE
ODBC
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Odbc.ini
Payroll

Driver : REG_SZ : C:\WINDOWS\SY STEM\Sqlsrvr.dll
Description : REG_SZ : Payroll database
Server : REG_SZ : PYRLL1
FastConnectOption : REG_SZ : No
UseProcForPrepare : REG_SZ : Yes
OEMTOANSI : REG_SZ : No
LastUser : REG_SZ : smithjo
Database : REG_SZ : Payroll
Language: REG_SZ .
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Section 2: Developing Applications and
Drivers

Part 2 of the ODBC Programmer's Reference contains information about devel oping applications that use
the ODBC interface and drivers that implement it. This section contains the following chapters:

Chapter 4. ODBC Fundamentals

Chapter 5: Overview of Basic ODBC Application Steps
Chapter 6: Overview of Connecting to a Data Source or Driver
Chapter 7: Overview of Catalog Functions

Chapter 8: Overview of SQL Statements

Chapter 9: Overview of Executing Statements

Chapter 10: Overview of Retrieving Results (Basic)
Chapter 11: Overview of Retrieving Results (Advanced)
Chapter 12: Overview of Updating Data

Chapter 13: Overview of Descriptors

Chapter 14: Overview of Transactions

Chapter 15: Overview of Diagnostics

Chapter 16: Overview of |nteroperability

Chapter 17: Overview of Programming Considerations
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Chapter 4. ODBC Fundamentals

This chapter covers a number of concepts fundamental to writing ODBC applications and drivers:

Handles

Buffers

Data types

Conformance levels

Environment, connection, and statement attributes

Handles

Handles are opague, 32-bit values that identify a particular item; in ODBC, this item can be an
environment, connection, statement, or descriptor. When the application calls SQL AllocHandle, the Driver
Manager or driver creates a new item of the specified type and returns its handle to the application. The
application later uses the handle to identify that item when calling ODBC functions. The Driver Manager
and driver use the handle to locate information about the item.

For example, the following code uses two statement handles (hstmtOrder and hstmtLine) to identify the
statements on which to create result sets of sales orders and sales order line numbers. It later uses these
handles to identify which result set to fetch data from.

SQLHSTMI hstnt Order, hstntLine; // Statenent handl es.
SQLUI NTEGER  Order | b

SQLI NTEGER O derlDind = 0;

SQLRETURN rc;

/1 Prepare the statenment that retrieves |ine nunber information.
SQLPrepare(hstntLine, "SELECT * FROM Lines WHERE OrderI D = ?", SQ._NTS);

/1 Bind OderIDto the paraneter in the preceding statenent.
SQLBi ndPar anet er (hstnt Li ne, 1, SQL_PARAM | NPUT, SQL_C ULONG, SQL_I NTEGER 5, O,
& rderI D, 0, & derl Dl nd);

// Bind the result sets for the Order table and the Lines table. Bind

// OderlIDto the OrderlD colum in the Orders table. Wen each rowis

/]l fetched, OderIDwll contain the current order ID, which will then be
/'l passed as a paraneter to the statement tofetch |ine nunber

// information. Code not shown.

// Create a result set of sales orders.
SQLExecDi rect (hstnt Order, "SELECT * FROM Orders", SQ._NTS);

/1 Fetch and display the sales order data. Code to check if rc equals
/1 SQ._ERROR or SQ._SUCCESS W TH_| NFO not shown.
while ((rc = SQLFetch(hstntOrder)) !'= SQ._NO DATA) {

/1 Display the sales order data. Code not shown.

/l Create a result set of line nunbers for the current sal es order.
SQLExecut e( hst nt Li ne);

/1l Fetch and display the sales order |ine nunber data. Code to check
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/1 if rc equals SQ._ERROR or SQ._SUCCESS W TH_ I NFO not shown.
while ((rc = SQLFetch(hstntLine)) !'= SQL_NO DATA) ({

/1 Display the sales order line nunber data. Code not shown.
}

// Cose the sales order |ine nunber result set.
SQLA oseCur sor (hstnt Li ne);
}

// Close the sales order result set.
SQLC oseCursor (hstnt O der);

Handles are meaningful only to the ODBC component that created them; that is, only the Driver Manager
can interpret Driver Manager handles and only a driver can interpret its own handles.

For example, suppose the driver in the preceding example allocates a structure to store information about a
statement and returns the pointer to this structure as the statement handle. When the application calls

SQL Prepare, it passes an SQL statement and the handle of the statement used for sales order line numbers.
The driver sendsthe SQL statement to the data source, which preparesit and returns an access plan
identifier. The driver uses the handle to find the structure in which to store this identifier.

Later, when the application calls SQL Execute to generate the result set of line numbers for a particular
sales order, it passes the same handle. The driver uses the handle to retrieve the access plan identifier from
the structure. It sends the identifier to the data source to tell it which plan to execute.

ODBC hastwo levels of handles: Driver Manager handles and driver handles. The application uses Driver
Manager handles when calling ODBC functions because it calls those functionsin the Driver Manager. The
Driver Manager uses this handle to find the corresponding driver handle and uses the driver handle when
calling the function in the driver. For an example of how driver and Driver Manager handles are used, see
"Driver Manager’s Role in the Connection Process' in Chapter 6, "Connecting to a Data Source or Driver."

That there are two levels of handlesis an artifact of the ODBC architecture; in most cases, it is not relevant
to either the application or driver. Although there is usually no reason to do so, it is possible for the
application to determine the driver handles by calling SQL Getlnfo.

Environment Handles

An environment isaglobal context in which to access data; associated with an environment is any
information that is global in nature, such as:

*  Theenvironment's state

e The current environment-level diagnostics

» Thehandles of connections currently allocated on the environment
e The current settings of each environment attribute

Within a piece of code that implements ODBC (the Driver Manager or adriver), an environment handle
identifies a structure to contain thisinformation.
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Environment handles are not frequently used in ODBC applications. They are dlways used in callsto
SQL DataSour ces and SQL Driver s and sometimes used in callsto SQL AllocHandle, SQLEndTran,
SQL FreeHandle, SQL GetDiagField, and SQL GetDiagRec.

Each piece of code that implements ODBC (the Driver Manager or a driver) contains one or more
environment handles. For example, the Driver Manager maintains a separate environment handle for each
application that is connected to it. Environment handles are allocated with SQL AllocHandle and freed
with SQL FreeHandle.

Connection Handles

A connection consists of adriver and a data source. A connection handle identifies each connection. The
connection handle defines not only which driver to use, but which data source to use with that driver.
Within a piece of code that implements ODBC (the Driver Manager or a driver), the connection handle
identifies a structure that contains connection information, such as;

*  Theconnection's state

»  The current connection-level diagnostics

e The handles of statements and descriptors currently allocated on the connection
*  The current settings of each connection attribute

ODBC does not prevent multiple simultaneous connections, if the driver supportsthem. Thus, in a
particular ODBC environment, multiple connection handles might point to a variety of drivers and data
sources, the same driver and a variety of data sources, or even multiple connections to the same driver and
data source. Some drivers limit the number of active connections they support; the
SQL_MAX_DRIVER_CONNECTIONS option in SQL Getl nfo specifies how many active connections a
particular driver supports.

Connection handles are used primarily when connecting to the data source (SQL Connect,

SQL Driver Connect, or SQL BrowseConnect), disconnecting from the data source (SQL Disconnect),
getting information about the driver and data source (SQL Getlnfo), retrieving diagnostics

(SQL GetDiagField and SQL GetDiagRec) and performing transactions (SQLEndTran). They are also
used when setting and getting connection attributes (SQL SetConnectAttr and SQL GetConnectAttr) and
when getting the native format of an SQL statement (SQL NativeSql).

Connection handles are allocated with SQL AllocHandle and freed with SQL FreeHandle.
Statement Handles

A statement is most easily thought of as an SQL statement, such as SELECT * FROM Employee.
However, a statement is more than just an SQL statement—it consists of all of the information associated
with that SQL statement, such as any result sets created by the statement and parameters used in the
execution of the statement. A statement does not even need to have an application-defined SQL statement.
For example, when a catalog function such as SQL Tables is executed on a statement, it executes a
predefined SQL statement that returns alist of table names.
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Each statement is identified by a statement handle. A statement is associated with a single connection, and
there can be multiple statements on that connection. Some drivers limit the number of active statements
they support; the SQL_ MAX_CONCURRENT_ACTIVITIES option in SQL Getlnfo specifies how many
active statements a driver supports on a single connection. A statement is defined to be active if it has
results pending, where results are either aresult set or the count of rows affected by an INSERT,
UPDATE, or DELETE statement, or datais being sent with multiple callsto SQL PutData.

Within a piece of code that implements ODBC (the Driver Manager or a driver), the statement handle
identifies a structure that contains statement information, such as:

*  The statement's state
*  The current statement-level diagnostics

e The addresses of the application variables bound to the statement's parameters and result set
columns

»  The current settings of each statement attribute

Statement handles are used in most ODBC functions. Notably, they are used in the functions to bind
parameters and result set columns (SQL BindParameter and SQL BindCol), prepare and execute
statements (SQL Prepar e, SQL Execute, and SQL ExecDir ect), retrieve metadata (SQL Col Attribute and
SQL DescribeCol), fetch results (SQL Fetch), and retrieve diagnostics (SQL GetDiagField and

SQL GetDiagRec). They are also used in catalog functions (SQL Columns, SQL Tables, and so on) and a
number of other functions.

Statement handles are allocated with SQL AllocHandle and freed with SQL FreeHandle.
Descriptor Handles

A descriptor is a collection of metadata that describes the parameters of an SQL statement or the columns
of aresult set, as seen by the application or driver (also known as the implementation). Thus, a descriptor
can fill any of four roles:

Application Parameter Descriptor (APD). Contains information about the application buffers bound to
the parametersin an SQL statement, such as their addresses, lengths, and C data types.

Implementation Parameter Descriptor (IPD). Contains information about the parametersin an SQL
statement, such as their SQL data types, lengths, and nullability.

Application Row Descriptor (ARD). Contains information about the application buffers bound to the
columnsin aresult set, such as their addresses, lengths, and C data types.

Implementation Row Descriptor (IRD). Contains information about the columns in aresult set, such as
their SQL data types, lengths, and nullability.

Four descriptors (one filling each role) are allocated automatically when a statement is allocated. These are
known as automatically allocated descriptors and are always associated with that statement. Applications
can also allocate descriptors with SQL AllocHandle. These are known as explicitly allocated descriptors.
They are allocated on a connection and can be associated with one or more statements on that connection to
fulfill therole of an APD or ARD on those statements.
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Most operations in ODBC can be performed without explicit use of descriptors by the application.
However, descriptors provide a convenient shortcut for some operations. For example, suppose an
application wants to insert data from two different sets of buffers. To use the first set of buffers, it would
repeatedly call SQL BindParameter to bind them to the parametersin an INSERT statement, and then
execute the statement. To use the second set of buffers, it would repeat this process. Alternatively, it could
set up bindings to the first set of buffersin one descriptor and to the second set of buffersin another
descriptor. To switch between the sets of bindings, it would simply call SQL SetStmtAttr and associate the
correct descriptor with the statement asthe APD.

For more information about descriptors, see “ Types of Descriptors’ in Chapter 13, “Descriptors.”

State Transitions

ODBC defines discrete states for each environment, each connection, and each statement. For example, the
environment has three possible states. Unallocated (in which no environment is allocated), Allocated (in
which an environment is allocated but no connections are allocated), and Connection (in which an
environment and one or more connections are allocated). Connections have 7 possible states; statements
have 13 possible states.

A particular item, as identified by its handle, moves from one state to another when the application calls a
certain function or functions and passes the handle to that item. Such movement is called a state transition.
For example, allocating an environment handle with SQL AllocHandle moves the environment from
Unallocated to Allocated, and freeing that handle with SQL FreeHandle returns it from Allocated to
Unallocated. ODBC defines alimited number of legal state transitions, which is another way of saying that
functions must be called in a certain order.

Some functions, such as SQL GetConnectAttr, do not affect state at all. Other functions affect the state of
asingleitem. For example, SQL Disconnect moves a connection from a Connection state to an Allocated
state. Finally, some functions affect the state of more than one item. For example, alocating a connection
handle with SQL AllocHandle moves a connection from an Unallocated to an Allocated state and moves
the environment from an Allocated to a Connection state.

If an application calls afunction out of order, the function returns a state transition error. For example, if
an environment isin a Connection state and the application calls SQL FreeHandle with that environment
handle, SQL FreeHandle returns SQLSTATE HY 010 (Function sequence error), because it can be called
only when the environment isin an Allocated state. By defining this as an invalid state transition, ODBC
prevents the application from freeing the environment while there are active connections.

Some state transitions are inherent in the design of ODBC. For example, it is not possible to allocate a
connection handle without first allocating an environment handle, because the function that allocates a
connection handle requires an environment handle. Other state transitions are enforced by the Driver
Manager and the drivers. For example, SQL Execute executes a prepared statement. If the statement handle
passed to it isnot in a Prepared state, SQL Execute returns SQLSTATE HY 010 (Function sequence error).

From the application's point of view, state transitions are usually straightforward: Legal state transitions
tend to go hand-in-hand with the flow of a well-written application. State transitions are more complex for
the Driver Manager and the drivers because they must track the state of the environment, each connection,
and each statement. Most of thiswork is done by the Driver Manager; most of the work that must be done
by drivers occurs with statements with pending resullts.
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Parts 1 and 2 of this manual ("Introduction to ODBC" and "Developing Applications and Drivers") tend not
to explicitly mention state transitions. Instead, they describe the order in which functions must be called.
For example, Chapter 9, "Executing SQL Statements," states that a statement must be prepared with

SQL Prepare before it can be executed with SQL Execute. For a complete description of states and state
transitions, including which transitions are checked by the Driver Manager and which must be checked by
drivers, see Appendix B, "ODBC State Transition Tables'contained on the Microsoft Web site (ODBC
Programmer’ s Reference).

Buffers

A buffer isany piece of application memory used to pass data between the application and the driver. For
example, application buffers can be associated with, or bound to, result set columns with SQL BindCol. As
each row is fetched, the datais returned for each column in these buffers. Input buffers are used to pass data
from the application to the driver; output buffers are used to return data from the driver to the application.

Note If an ODBC function returns SQL_ERROR, the contents of any output arguments to that
function are undefined.

This discussion concerns itself primarily with buffers of indeterminate type. The addresses of these buffers
appear as arguments of type SQLPOINTER, such as the TargetValuePtr argument in SQL BindCol.
However, some of the items discussed here, such as the arguments used with buffers, also apply to
arguments used to pass strings to the driver, such as the TableName argument in SQL Tables.

These buffers usually come in pairs. Data buffers are used to pass the data itself, while length/indicator
buffers are used to pass the length of the data in the data buffer or a special value such as
SQL_NULL_DATA, which indicates that the datais NULL. The length of the datain a data buffer is
different from the length of the data buffer itself. The following illustration shows the relationship between
the data buffer and the length/indicator buffer.

A length/indicator buffer is required whenever the data buffer contains variable-length data, such as
character or binary data. If the data buffer contains fixed-length data, such as an integer or date structure, a
length/indicator buffer is needed only to pass indicator values because the length of the data is already
known. If an application uses alength/indicator buffer with fixed-length data, the driver ignores any lengths
passed init.

The length of both the data buffer and the data it containsis measured in bytes, as opposed to characters.
Thisdistinction is unimportant for programs that use ANSI strings because lengths in bytes and characters
arethe same.

When the data buffer represents a driver-defined descriptor field, diagnostic field, or attribute, the
application should indicate to the Driver Manager the nature of the function argument that indicates the
value for the field or attribute. The application does this by setting the length argument in any function call
that setsthe field or attribute to one of the following values. (The same istrue for functions that retrieve the
values of the field or attribute, with the exception that the argument points to the values that for the setting
function are in the argument itself.)

If the function argument that indicates the value for the field or attribute is a pointer to a character string,
the length argument is the length of the string or SQL_NTS.
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If the function argument that indicates the value for the field or attribute is a pointer to a binary buffer, the
application places the result of the SQL_LEN_BINARY _ATTR(length) macro in the length argument. This
places a negative value in the length argument.

If the function argument that indicates the value for the field or attribute is a pointer to a value other than a
character string or a binary string, the length argument should have the value SQL_IS POINTER.

If the function argument that indicates the value for the field or attribute contains a fixed-length value, the
length argument is SQL_IS INTEGER, SQL_IS UINTEGER, SQL_SMALLINT, or SQL_USMALLINT,

as appropriate.

Deferred Buffers

A deferred buffer is one whose value is used at some time after it is specified in afunction call. For
example, SQL BindParameter is used to associate, or bind, a data buffer with a parameter in an SQL
statement. The application specifies the number of the parameter and passes the address, byte length, and
type of the buffer. The driver saves this information but does not examine the contents of the buffer. Later,
when the application executes the statement, the driver retrieves the information and uses it to retrieve the
parameter data and send it to the data source. Therefore, the input of datain the buffer is deferred. Because
deferred buffers are specified in one function and used in another, it is an application programming error to
free adeferred buffer while the driver still expectsit to exist; for more information, see "

Allocating and Freeing Buffers," in the next section.

Both input and output buffers can be deferred. The following table summarizes the uses of deferred buffers.
Note that deferred buffers bound to result set columns are specified with SQL BindCol, and deferred

buffers bound to SQL statement parameters are specified with SQL BindPar ameter .

Buffer use Type Specified with Used by
Sending data for input Deferred input SQLBindParameter SQL Execute
parameters SQL ExecDirect
Sending datato update or insert || Deferred input SQLBindCol SQL SetPos
arow inaresult set
Returning data for output and Deferred output SQLBindParameter SQL Execute
input/output parameters SQL ExecDirect
Returning result set data Deferred output SQLBindCol SQL Fetch
SQL FetchScroll
SQL SetPos

Allocating and Freeing Buffers

All buffers are allocated and freed by the application. If a buffer is not deferred, it need only exist for the
duration of the call to afunction. For example, SQL Getl nfo returns the value associated with a particular
option in the buffer pointed to by the InfoValuePtr argument. This buffer can be freed immediately after the
call to SQL Getlnfo, as shown in the following code example:

SQLSMALLI NT
SQLCHAR *

I nf oVal uelLen;
I nf oval uePtr = mal | oc(50);
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SQLGet I nf o(hdbc, SQ._DBMS_NAME, (SQLPO NTER)I nfoVal uePtr, 50,
&l nf oval ueLen);

free(lnfoVal uePtr); /Il OKto free InfoVval uePtr.

Because deferred buffers are specified in one function and used in another, it is an application
programming error to free a deferred buffer while the driver still expectsit to exist. For example, the
address of the *ValuePtr buffer is passed to SQLBindCol for later use by SQL Fetch. This buffer cannot
be freed until the column is unbound, such aswith acall to SQL BindCol or SQL FreeStmt as shown in the
following code example:

SQLRETURN rc;
SQLI NTEGER  Val ueLenOr | nd;
SQLHSTMI hstnt ;

// Allocate Val uebPtr
SQLCHAR * Val uePtr = mal |l oc(50);

// Bind ValuePtr to columm 1. It is an error to free ValuePtr here.
SQLBi ndCol (hstnt, 1, SQ._C CHAR, Val uePtr, 50, &ValueLenOrlnd);

/1 Fetch each row of data and place the value for colum 1 in *ValuePtr.
/1 Code to check if rc equals SQ._ERROR or SQ._SUCCESS W TH_I NFO
/1 not shown.
while ((rc = SQLFetch(hstnt)) !'= SQ._NO DATA) {
/1 It is an error to free ValuePtr here.
}

/! Unbind ValuePtr fromcolum 1. It is now OKto free Val uePtr.
SQLFreeStnt (hstmt, SQ._UNBI ND);
free(Val uePtr);

Such an error is easily made by declaring the buffer locally in a function; the buffer is freed when the
application leaves the function. For example, the following code causes undefined and probably fatal
behavior in the driver:

SQLRETURN rc;
SQLHSTMI hstnt ;

Bi ndACol um( hstnt);

/1 Fetch each row of data and try to place the value for colum 1 in

/1 *Val uePtr. Because Val uePtr has been freed, the behavior is undefined
/1 and probably fatal. Code to check if rc equals SQ._ERROR or

/1 SQL_SUCCESS W TH_| NFO not shown.
while ((rc = SQLFetch(hstnt)) !'= SQL_NO DATA) {}

voi d Bi ndACol um( SQLHSTMTI hstmt) // WARNING This function won't work!

/1 Declare ValuePtr |ocally.
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SQLCHAR Val uePtr[50];
SQLI NTEGER Val ueLenOr | nd;

/1 Bind rgbValue to col um.
SQLBi ndCol (hstnt, 1, SQ._C CHAR, ValuePtr, sizeof(ValuePtr),
&Val ueLenOr | nd) ;

/1l ValuePtr is freed when Bi ndACol um exits.
}

Using Data Buffers

Data buffers are described by three pieces of information: their type, address, and byte length. Whenever a
function needs one of these pieces of information and does not already know it, it has an argument with
which the application passesiit.

Data Buffer Type

The C datatype of a buffer is specified by the application. In the case of asingle variable, this occurs when
the application allocates the variable. In the case of generic memory—that is, memory pointed to by a
pointer of type void—this occurs when the application casts the memory to a particular type. The driver
discovers thistype in two ways:

Data buffer type argument. Buffers used to transfer parameter values and result set data, such asthe
buffer bound with TargetValuePtr in SQL BindCol, usualy have an associated type argument, such asthe
TargetType argument in SQL BindCol. In this argument, the application passes the C type identifier
corresponding to the type of the buffer. For example, in the following call to SQL BindCol, the value
SQL_C TYPE_DATE tellsthe driver that the Date buffer isan SQL_DATE_STRUCT:

SQL_DATE_STRUCT Dat €;
SQLI NTEGER Dat el nd;
SQLBi ndCol (hstnt, 1, SQL_C TYPE DATE, &Date, 0, &Datelnd);

For more information on type identifiers, see the "Data Typesin ODBC" section, later in this chapter.

Predefined type. Buffers used to send and retrieve options or attributes, such as the buffer pointed to by
the InfoValuePtr argument in SQL Getl nfo, have afixed type that depends on the option specified. The
driver assumes that the data buffer is of thistype; it is the application's responsibility to allocate a buffer of
this type. For example, in the following call to SQL Getlnfo, the driver assumes the buffer is a 32-bit
integer because thisiswhat the SQL_STRING_FUNCTIONS option requires:

e SQLUI NTEGER StringFuncs;

e SQLGetlnfo(hdbc, SQ._STRI NG FUNCTI ONS, (SQLPO NTER) &StringFuncs, O,

. NULL) ;

The driver uses the C data type to interpret the data in the buffer.
Data Buffer Address

The application passes the address of the data buffer to the driver in an argument, often named ValuePtr or
asimilar name. For example, in the following call to SQL BindCol, the application specifies the address of
the Date variable:

SQL_DATE_STRUCT Dat €;
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SQLI NTEGER Dat el nd;
SQLBi ndCol (hstnt, 1, SQL_C TYPE DATE, &dsDate, 0, &Datelnd);
As mentioned in the“

Allocating and Freeing Buffers’ section in this chapter, the address of a deferred buffer must remain valid
until the buffer is unbound.

Unlessit is specifically prohibited, the address of a data buffer can be anull pointer. For buffers used to
send data to the driver, this causes the driver to ignore the information normally contained in the buffer. For
buffers used to retrieve data from the driver, this causes the driver to not return avalue. In both cases, the
driver ignores the corresponding data buffer length argument.

Data Buffer Length

The application passes the byte length of the data buffer to the driver in an argument, named BufferLength
or asimilar name. For example, in the following call to SQL BindCoal, the application specifies the length
of the ValuePtr buffer (sizeof (ValuePtr)):

SQLCHAR Val uePt r [ 50];
SQLI NTEGER  Val ueLenOr | nd;
SQLBi ndCol (hstnt, 1, SQ._C CHAR, ValuePtr, sizeof(ValuePtr), &ValueLenOlnd);

A driver will always return the number of bytes, not the number of characters, in the buffer length
argument of any function that has an output string argument.

Data buffer lengths are required only for output buffers; the driver uses them to avoid writing past the end
of the buffer. However, the driver checks the data buffer length only when the buffer contains variable-
length data, such as character or binary data. If the buffer contains fixed-length data, such as an integer or
date structure, the driver ignores the data buffer length and assumes the buffer is large enough to hold the
data; that is, it never truncates fixed-length data. It is therefore important for the application to alocate a
large enough buffer for fixed-length data.

When atruncation of non-data output strings occurs (such as the cursor name returned for

SQL GetCursor Name), the returned length in the buffer length argument is the maximum byte length
possible. That meansthat it is twice the number of characters, because the string could contain DBCS
characters. For example, if the cursor nameis 10 ANSI characterslong (10 bytes) and an application calls
SQL GetCursor Name to try to retrieve the cursor name into a buffer that is 6 bytes long, the value returned
in * NameLengthPtr will be 20.

Data buffer lengths are not required for input buffers because the driver does not write to these buffers.
Using L ength/Indicator Values

The length/indicator buffer is used to pass the byte length of the datain the data buffer or a special

indicator such as SQL_NULL_DATA, which indicates that the datais NULL. Depending on the function
inwhich it is used, alength/indicator buffer is defined to be an SQLINTEGER or an SQLSMALLINT.
Therefore, asingle argument is needed to describe it. If the data buffer is a nondeferred input buffer, this
argument contains the byte length of the dataitself or an indicator value. It is often named StrLen_or_Ind

or asimilar name. For example, the following code calls SQL PutData to pass a buffer full of data; the byte
length (Valuelen) is passed directly because the data buffer (ValuePtr) is an input buffer.

SQLCHAR Val uePtr[50];
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SQLI NTEGER  Val uelen;

/1 Call local function to place data in ValuePtr. In ValuelLen, return the
/1 number of bytes of data placed in ValuePtr. If there is not enough

// data, this will be |ess than 50.

Fi | | Buf fer (Val uePtr, sizeof(ValuePtr), &Val uelLen);

// Call SQ.PutData to send the data to the driver.
SQLPut Dat a( hst nt, Val uePtr, Val uelLen);

If the data buffer is adeferred input buffer, a nondeferred output buffer, or an output buffer, the argument
contains the address of the length/indicator buffer. It is often named SrLen_or_IndPtr or asimilar name.
For example, the following code calls SQL GetData to retrieve a buffer full of data; the byte lengthis
returned to the application in the length/indicator buffer (ValueLenOrInd), whose addressis passed to
SQL GetData because the corresponding data buffer (ValuePtr) is a nondeferred output buffer.

SQLCHAR Val uePtr[50];
SQLI NTEGER  Val ueLenOr | nd;
SQLGet Data(hstnmt, 1, SQ._C CHAR, Val uePtr, sizeof(ValuePtr), &ValueLenOlnd);

Unlessit is specifically prohibited, alength/indicator buffer argument can be O (if nondeferred input) or a
null pointer (if output or deferred input). For input buffers, this causes the driver to ignore the byte length
of the data. Thisreturns an error when passing variable-length data but is common when passing non-null,
fixed-length data, because neither alength nor an indicator value is needed. For output buffers, this causes
the driver to not return the byte length of the data or an indicator value. Thisis an error if the data returned
by the driver isNULL but is common when retrieving fixed-length, non-nullable data, because neither a
length nor an indicator value is needed.

Aswhen the address of a deferred data buffer is passed to the driver, the address of a deferred
length/indicator buffer must remain valid until the buffer is unbound.

The following lengths are valid as length/indicator values:
* n,wheren>0.
« O

* SQL_NTS. A string sent to the driver in the corresponding data buffer is null-terminated; thisisa
convenient way for C programmers to pass strings without having to calculate their byte length.
Thisvalueislegal only when the application sends data to the driver. When the driver returns data
to the application, it always returns the actual byte length of the data.

The following values are valid as length/indicator values. SQL_NULL_DATA is stored in the
SQL_DESC INDICATOR_PTR descriptor field; all other values are stored in the
SQL_DESC OCTET_LENGTH_PTR descriptor field.

SQL_NULL_DATA. ThedataisaNULL data value, and the value in the corresponding data buffer is
ignored. Thisvalueislegal only for SQL data sent to or retrieved from the driver.

SQL_DATA_AT_EXEC. The data buffer does not contain any data. Instead, the data will be sent with
SQL PutData when the statement is executed or when SQL BulkOperations or SQL SetPosis caled. This
valueislegal only for SQL data sent to the driver. For more information, see SQL BindParameter,
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SQLBulkOperations, and SQL SetPos in the Part |1 PDF file, “ODBC API Reference” available on the
Solid Web site.

Result of the SQL_LEN_DATA_AT_EXEC(length) macro. Thisvalueis similar to
SQL_DATA_AT_EXEC. For moreinformation, see "Sending Long Data" in Chapter 9, "Executing
Statements."

SQL_NO_TOTAL. Thedriver cannot determine the number of bytes of long data still available to returnin
an output buffer. Thisvalueislegal only for SQL dataretrieved from the driver.

SQL_DEFAULT_PARAM. A procedure is to use the default value of an input parameter in a procedure
instead of the value in the corresponding data buffer.

SQL_COLUMN_IGNORE. SQL BulkOperations or SQL SetPosisto ignore the value in the data buffer.
When updating a row of data by acall to SQL BulkOperations or SQL SetPos, the column valueis not
changed. When inserting a new row of data by a call to SQL BulkOper ations, the column valueis set to its
default or, if the column does not have a default, to NULL.

Data L ength, Buffer Length, and Truncation

The data length is the byte length of the data as it would be stored in the application’s data buffer, not as it
is stored in the data source. This distinction isimportant because the data is often stored in different types
in the data buffer and in the data source. Thus, for data being sent to the data source, this is the byte length
of the data before conversion to the data source’ s type. For data being retrieved from the data source, thisis
the byte length of the data after conversion to the data buffer’ s type and before any truncation is done.

For fixed-length data, such as an integer or a date structure, the byte length of the data is always the size of
the data type. In general, applications allocate a data buffer that is the size of the data type. If the
application allocates a smaller buffer, the consequences are undefined because the driver assumes the data
buffer is the size of the data type and does not truncate the data to fit into a smaller buffer. If the application
allocates alarger buffer, the extra space is never used.

For variable-length data, such as character or binary data, it isimportant to recognize that the byte length of
the data is separate from and often different than the byte length of the buffer. The relation of these two
lengths is shown in the “Buffers’ section, earlier in this chapter. If the byte length of the datais greater than
the byte length of the buffer, the driver truncates data being fetched to the byte length of the buffer and
returns SQL_SUCCESS WITH_INFO with SQLSTATE 01004 (Data truncated). However, the returned
byte length is the length of the untruncated data.

For example, suppose an application allocates 50 bytes for a binary data buffer. If the driver has 10 bytes of
binary datato return, it returns those 10 bytesin the buffer. The byte length of the dataiis 10, and the byte
length of the buffer is 50. If the driver has 60 bytes of binary data to return, it truncates the data to 50 bytes,
returns those bytes in the buffer, and returns SQL_SUCCESS WITH_INFO. The byte length of the datais
60 (the length before truncation), and the byte length of the buffer is still 50.

A diagnostic record is created for each column that istruncated. Because it takes time for the driver to
create these records and for the application to process them, truncation can degrade performance. Usually,
an application can avoid this problem by allocating large enough buffers, although this might not be
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possible when working with long data. When data truncation occurs, the application can sometimes allocate
alarger buffer and refetch the data; thisis not truein all cases. If truncation occurs while getting data with
callsto SQL GetData, the application need not call SQL GetData for data that has already been returned;
for more information, see “Getting Long Data” in Chapter 10, “ Retrieving Results (Basic).”

Character Data and C Strings

Input parameters that refer to variable-length character data (such as column names, dynamic parameters,
and string attribute values) have an associated length parameter. If the application terminates strings with
the null character, asistypical in C, it provides as an argument either the length in bytes of the string (not
including the null-terminator) or SQL_NTS (Null-Terminated String). A non-negative length argument
specifies the actual length of the associated string. The length argument may be 0 to specify a zero-length
string, which isdistinct from a NULL value. The negative value SQL_NTS directs the driver to determine
the length of the string by locating the null-termination character.

When character datais returned from the driver to the application, the driver must always null-terminate it.
This gives the application the choice of whether to handle the data as a string or a character array. If the
application buffer is not large enough to return all of the character data, the driver truncates it to the byte
length of the buffer less the number of bytes required by the null-termination character, null-terminates the
truncated data, and storesit in the buffer. Therefore, applications must always allocate extra space for the
null-termination character in buffers used to retrieve character data. For example, a 51-byte buffer is
needed to retrieve 50 characters of data.

Special care must be taken by both the application and the driver when sending or retrieving long character
datain parts with SQL PutData or SQL GetData. If the datais passed as a series of null-terminated strings,
the null-termination characters on these strings must be stripped before the data can be reassembl ed.

A number of ODBC programmers have confused character data and C strings. That this has occurred is an
artifact of using the C language when defining ODBC functions. If an ODBC driver or application uses
another language—remember that ODBC is language-independent—this confusion is less likely to arise.

When C strings are used to hold character data, the null-termination character is not considered to be part of
the data and is not counted as part of its byte length. For example, the character data"ABC" can be held as
the C string "ABC\O" or the character array {'A’, 'B', 'C’}. The byte length of the datais 3, whether or not it
istreated as a string or a character array.

Although applications and drivers commonly use C strings (null-terminated arrays of characters) to hold
character data, there is no requirement to do this. In C, character data can also be treated as an array of
characters (without null-termination) and its byte length passed separately in the length/indicator buffer.

Because character data can be held in a non—null-terminated array and its byte length passed separately, it
is possible to embed null charactersin character data. However, the behavior of ODBC functionsin this
case is undefined and it is driver-specific whether a driver handles this correctly. Thus, interoperable
applications should always handle character data that can contain embedded null characters as binary data.
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Data Typesin ODBC

ODBC uses two sets of data types: SQL data types and C data types. SQL data types are used in the data
source and C datatypes are used in C code in the application.

Type ldentifiers

To describe SQL and C data types, ODBC defines two sets of type identifiers. A type identifier describes
the type of an SQL column or a C buffer. It is a#define value and is generally passed as a function
argument or returned in metadata. For example, the following call to SQL BindPar ameter binds avariable
of type SQL_DATE_STRUCT to a date parameter in an SQL statement. The C type identifier

SQL_C TYPE_DATE specifies the type of the Date variable, and the SQL type identifier
SQL_TYPE_DATE specifies the type of the dynamic parameter.

SQL_DATE_STRUCT Dat e;
SQLI NTEGER Datelnd = 0;
SQLBi ndPar anet er (hstmt, 1, SQL_PARAM | NPUT, SQL_C TYPE_DATE, SQL_TYPE_DATE, O,
0,
&Date, 0, &Datelnd);

SQL Data Typesin ODBC

SQL data types are the types in which data is stored in the data source.

SQL Type I dentifiers

Each data source definesits own SQL data types. ODBC defines type identifiers and describes the general
characteristics of the SQL data types that might be mapped to each type identifier. It is driver-specific how
each data type in the underlying data source is mapped to an SQL type identifier of ODBC.

For example, SQL_CHAR isthe typeidentifier for a character column with afixed length, typically
between 1 and 254 characters. These characteristics correspond to the CHAR data type found in many SQL
data sources. Thus, when an application discovers that the type identifier for acolumnis SQL_CHAR, it
can assume it is probably dealing with a CHAR column. However, it should still check the byte length of
the column before assuming it is between 1 and 254 characters; the driver for a non-SQL data source, for
example, might map a fixed-length character column of 500 charactersto SQL_CHAR or
SQL_LONGVARCHAR, since neither is an exact match.

ODBC defines awide variety of SQL type identifiers. However, the driver is not required to use al of these
identifiers. Instead, it uses only those identifiersit needs to expose the SQL data types supported by the
underlying data source. If the underlying data source supports SQL data types to which no type identifier
corresponds, the driver can define additional type identifiers. For more information, see " Driver-Specific
Data Types, Descriptor Types, Information Types, Diagnostic Types, and Attributes,” in Chapter 17,
“Programming Considerations.”

For a complete description of SQL type identifiers, see Appendix D, “Data Types’ inthe SOLID
Programmer Guide.
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Retrieving Data Type | nformation with SQL GetTypel nfo

Because the mappings from underlying SQL data types to ODBC type identifiers are approximate, ODBC
provides a function (SQL GetTypel nfo) through which adriver can completely describe each SQL data
type in the data source. This function returns aresult set, each row of which describes the characteristics of
asingle datatype, such as name, type identifier, precision, scale, and nullability.

Thisinformation generally is used by generic applications that allow the user to create and alter tables.
Such applications call SQL GetTypel nfo to retrieve the data type information and then present some or all
of it to the user. Such applications need to be aware of two things:

More than one SQL data type can map to a single type identifier, which can make it difficult to determine
which data type to use. To solve this, the result set is ordered first by type identifier and second by
closeness to the type identifier’s definition. In addition, data source-defined data types take precedence
over user-defined data types. For example, suppose that a data source defines the INTEGER and
COUNTER data types to be the same except that COUNTER is auto-incrementing. Suppose also that the
user-defined type WHOLENUM is a synonym of INTEGER. Each of these types mapsto SQL_INTEGER.
In the SQL GetTypel nfo result set, INTEGER appears first, followed by WHOLENUM and then
COUNTER. WHOLENUM appears after INTEGER because it is user-defined but before COUNTER
because it more closely matches the definition of the SQL_INTEGER type identifier.

ODBC does not define data type names for usein CREATE TABLE and ALTER TABLE statements.
Instead, the application should use the name returned in the TY PE_NAME column of the result set returned
by SQL GetTypel nfo. The reason for thisis that although most of SQL does not vary much across DBM S,
data type names vary tremendously. Rather than forcing driversto parse SQL statements and replace
standard data type names with DBM S-specific data type names, ODBC requires applications to use the
DBM S-specific namesin the first place.

Note that SQL Get Typel nfo does not necessarily describe al of the data types an application can
encounter. In particular, result sets might contain data types not directly supported by the data source. For
example, the data types of the columnsin result sets returned by catal og functions are defined by ODBC
and these data types might not be supported by the data source. To determine the characteristics of the data
typesin aresult set, an application calls SQL ColAttribute.

C Data Typesin ODBC

ODBC defines the C data types that are used by application variables and their corresponding type
identifiers. Among other things, these are used by the buffers that are bound to result set columns and
statement parameters. For example, suppose an application wants to retrieve data from a result set column
in character format. It declares a variable with the SQLCHAR * data type and binds this variable to the
result set column with atype identifier of SQL_C CHAR. For a complete list of C data types and type
identifiers, see Appendix D, “Data Types’ in the SOLID Programmer Guide.

ODBC a so defines a default mapping from each SQL data type to a C datatype. For example, a 2-byte
integer in the data source is mapped to a 2-byte integer in the application. To use the default mapping, an
application specifiesthe SQL_C _DEFAULT type identifier. However, use of thisidentifier is discouraged
for interoperability reasons.
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All integer C data types defined in ODBC 1.x were signed. Unsigned C data types and their corresponding
type identifiers were added in ODBC 2.0. Because of this, applications and drivers need to be particularly
careful when dealing with 1.x versions.

Data Type Conversions

Data can be converted from one type to another at one of four times: when data is transferred from one
application variable to another (C to C), when datain an application variable is sent to a statement
parameter (C to SQL), when datain aresult set column isreturned in an application variable (SQL to C),
and when datais transferred from one data source column to another (SQL to SQL).

Any conversion that occurs when data is transferred from one application variable to another is outside the
scope of this document.

When an application binds a variable to aresult set column or statement parameter, it implicitly specifiesa
data type conversion in its choice of the data type of the application variable. For example, suppose a
column contains integer data. If the application binds an integer variable to the column, it specifies that no
conversion be done; if it binds a character variable to the column, it specifies that the data be converted
from integer to character.

ODBC defines how datais converted between each SQL and C datatype. Basically, it supports all
reasonable conversions, such as character to integer and integer to float, and does not support ill-defined
conversions, such as float to date. Drivers are required to support all conversions for each SQL data type
they support. For a complete list of conversions between SQL and C data types, see “Converting Data from
SQL to C Data Types’ and “Converting Datafrom C to SQL Data Types’ in Appendix D, “Data Types® of
the SOLID Programmer Guide.

ODBC aso defines a scalar function for converting data from one SQL data type to another. The
CONVERT scalar function is mapped by the driver to the underlying scalar function or functions defined
to perform conversions in the data source. Because it is mapped to DBM S-specific functions, ODBC does
not define how these conversions work or what conversions must be supported. An application discovers
what conversions are supported by a particular driver and data source through the SQL_ CONVERT options
in SQL Getlnfo. For more information about the CONVERT scalar function, see “ Escape Sequences’ in
Chapter 8, “SQL Statements’ and Appendix E, “Scalar Functions’ in the SOLID Programmer Guide.

Conformance L evels

ODBC drivers give the application access to diverse data sources. Each driver lets the application
determine at run time what ODBC capabilities and what SQL grammar the driver and each data source
supports. Note that thisis not a requirement of applications designed to work with asingle driver or a
small, known set of drivers, because these applications can simply be written to the capabilities of that
driver or drivers. To help applications discover driver and data source capabilities, two areas of
conformance are available: the ODBC interface and SQL grammar.

| nterface Conformance Levels

The purpose of leveling is to inform the application what features are available to it from the driver. A
leveling scheme based on functions does not sufficiently achieve this goal. In ODBC 3.x, drivers are
classified based on the features they possess. Supporting the feature may include supporting the function; it
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may also include supporting a descriptor field, a statement attribute, a“Y” value for an information type
returned by SQL GetInfo, and so on.

To simplify specification of interface conformance, ODBC defines three conformance levels. To meet a
particular conformance level, a driver must satisfy al of the requirements of that conformance level.
Conformance with a given level implies complete conformance with all lower levels.

Conformance levels do not always divide neatly into support for a specific list of ODBC functions, but
specify supported features as listed in the following sections. To provide support for afeature, a driver must
support some or all forms of callsto certain ODBC functions (for more information, see " Function
Conformance”), setting certain attributes (for more information, see “ Attribute Conformance”), and certain
descriptor fields (for more information, see “Descriptor Field Conformance”).

The application discovers adriver’sinterface conformance level by connecting to a data source, and calling
SQL Getlnfo with the SQL_ODBC_INTERFACE_CONFORMANCE option.

Drivers are free to implement features beyond the level to which they claim complete conformance.
Applications discover any such additional capabilities by calling SQL GetFunctions (to determine which
ODBC functions are present) and SQL Getlnfo (to query various other ODBC capabilities).

There are three ODBC interface conformance levels: Core, Level 1, and Level 2.

Note These conformance levels have different requirements than the ODBC API conformance levels
of the same namein ODBC 2.x. In particular, all the featuresimplied by ODBC 2.x API conformance
Level 1 are now part of the Core interface conformance level. As aresult, many ODBC drivers may
report Core-level interface conformance.

Core I nterface Conformance

All ODBC drivers must exhibit at least Core-level interface conformance. Because the featuresin the Core
level are chosen such that they are what is required by most generic interoperable applications, this lets the
driver work with such applications; it also corresponds to the features defined in the SO CLI specification
and the non-optional features defined in the X/Open CLI specification. A Core-level interface-conformant
ODBC driver alows the application to do al of the following:

e Allocate and free all types of handles, by calling SQL AllocHandle and SQL FreeHandle.

» Useall forms of the SQL FreeStmt function.

e Bind result set columns, by calling SQL BindCoal.

» Handle dynamic parameters, including arrays of parameters, in the input direction only, by calling

SQL BindParameter and SQL NumParams. (Parameters in the output direction are feature 203
in“Level 2 Interface Conformance.”)

e Specify abind offset.

*  Usethe data-at-execution dialog, involving calls to SQL ParamData and SQL PutData.
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Manage cursors and cursor names, by calling SQL CloseCur sor, SQL GetCur sor Name, and
SQL SetCursor Name.

Gain access to the description (metadata) of result sets, by calling SQL ColAttribute,
SQL DescribeCol, SQL NumResultCols, and SQL RowCount. (Use of these functions on column
number O to retrieve bookmark metadata is feature 204 in “Level 2 Interface Conformance.”)

Query the data dictionary, by calling the catal og functions SQL Columns, SQL GetTypel nfo,
SQL Statistics, and SQL Tables. (The driver is not required to support multipart names of
database tables and views. For more information, see feature 101 in“Level 1 Interface
Conformance” and feature 201 in “Level 2 Interface Conformance.”) However, certain features of
the SQL 92 specification, such as column qualification and names of indexes, are syntactically
comparable to multipart naming. The present list of ODBC featuresis not intended to introduce
new options into these aspects of SQL92.)

Manage data sources and connections, by calling SQL Connect, SQL DataSour ces,
SQL Disconnect, and SQL Driver Connect. Obtain information on drivers, no matter which
ODBC level they support, by calling SQL Drivers.

Prepare and execute SQL statements, by calling SQL ExecDir ect, SQL Execute, and
SQLPrepare.

Fetch one row of aresult set or multiple rows, in the forward direction only, by calling SQL Fetch,
or by calling SQL FetchScroll with the FetchOrientation argument set to SQL_FETCH_NEXT.

Obtain an unbound column in parts, by calling SQL GetData.

Obtain current values of all attributes, by calling SQL GetConnectAttr, SQL GetEnvAttr, and
SQL GetStmtAttr; and set all attributes to their default values and set certain attributes to non-
default values by calling SQL SetConnectAttr, SQL SetEnvAttr, and SQL SetStmtAttr.

Manipulate certain fields of descriptors, by calling SQL CopyDesc, SQL GetDescField,
SQL GetDescRec, SQL SetDescField, and SQL SetDescRec.

Obtain diagnostic information, by calling SQL GetDiagField and SQL GetDiagRec.

Detect driver capabilities, by calling SQL GetFunctions and SQL Getl nfo. Also, detect the result
of any text substitutions made to an SQL statement before it is sent to the data source, by calling

SQL NativeSgl.

Use the syntax of SQL EndTran to commit atransaction. A Core-level driver need not support
true transactions; therefore, the application cannot specify SQL_ROLLBACK, nor
SQL_AUTOCOMMIT_OFF for the SQL_ATTR_AUTOCOMMIT connection attribute. (For
more information, see feature 109 in “Level 2 Interface Conformance.”)

Call SQL Cancel to cancel the data-at-execution dialog and, in multithread environments, to
cancel an ODBC function executing in another thread. Core-level interface conformance does not
mandate support for asynchronous execution of functions, nor the use of SQL Cancel to cancel an
ODBC function executing asynchronously. Neither the platform nor the ODBC driver need be
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multithread for the driver to conduct independent activities at the same time. However, in
multithread environments, the ODBC driver must be thread-safe. Serialization of requests from
the application is a conformant way to implement this specification, even though it may create
serious performance problems.

Obtain the SQL_BEST_ROWID row-identifying column of tables, by calling
SQL Special Columns. (Support for SQL_ROWVER isfeature 208 in “Level 2 Interface
Conformance.”)

Important ODBC Drivers must implement the functions in the Core interface conformance level.

Level 1 Interface Conformance

The Level 1 interface conformance level includes the Core interface conformance level functionality, plus
additional features, such as transactions, that are usually availablein an OLTP relational DBMS. A Level 1
interface—conformant driver lets the application do the following, in addition to the features in the Core
interface conformance level:

101 Specify the schema of database tables and views (using two-part naming). (For more information,
see the three-part naming feature 201 in “Level 2 Interface Conformance.”)

102 Invoke true asynchronous execution of ODBC functions, where applicable ODBC functions are
all synchronous or all asynchronous on a given connection.

103 Use scrollable cursors, and thereby achieve access to aresult set in methods other than forward-
only, by calling SQL FetchScroll with the FetchOrientation argument other than
SQL_FETCH_NEXT. (The SQL_FETCH_BOOKMARK FetchQOrientation isin feature 204 in
“Level 2 Interface Conformance.”)

104 Obtain primary keys of tables, by calling SQL PrimaryK eys.

105 Use stored procedures, through the ODBC escape sequence for procedure calls; and query the data
dictionary regarding stored procedures, by calling SQL ProcedureColumns and SQL Procedures.
(The process by which procedures are created and stored on the data source is outside the scope of
this document.)

106 Connect to a data source by interactively browsing the available servers, by calling
SQL BrowseConnect.

107 Use ODBC functions instead of SQL statements to perform certain database operations:

SQL SetPoswith SQL_POSITION and SQL_REFRESH.

108 Gain access to the contents of multiple result sets generated by batches and stored procedures, by
calling SQL M or eResults.

109 Delimit transactions spanning several ODBC functions, with true atomicity and the ability to

specify SQL_ROLLBACK in SQLEndTran.

Level 2 I nterface Conformance

The Level 2 interface conformance level includes the Level 1 interface conformance-level functionality,
plus the following features:

201

Use three-part names of database tables and views. (For more information, see the two-part
naming support feature 101 in “Level 1 Interface Conformance.”)
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202

Describe dynamic parameters, by calling SQL DescribePar am.

203

Use not only input parameters, but also output and input/output parameters, and result values of
stored procedures.

204

Use bookmarks, including retrieving bookmarks by calling SQL DescribeCol and

SQL ColAttribute on column number O; fetching based on a bookmark by calling

SQL FetchScroll with the FetchOrientation argument set to SQL_FETCH_BOOKMARK; and
update, delete, and fetch by bookmark operations by calling SQL BulkOper ations with the
Operation argument set to SQL_UPDATE_BY_ BOOKMARK,

SQL_DELETE BY_BOOKMARK, or SQL_FETCH_BY_BOOKMARK.

205

Retrieve advanced information on the data di?:tionary, by calling SQL ColumnPrivileges,
SQL ForagnKeys and SQLTabIePrlvneges

206

Use ODBC functions instead of SQL statements to perform additional database operations, by
calling SQL BulkOperationswith SQL_ADD, or SQL SetPoswith SQL_DELETE or
SQL_UPDATE. (Support for callsto SQL SetPos with the LockType argument set to
SQL_LOCK_EXCLUSIVE or SQL_LOCK_UNLOCK is not apart of the conformance levels,
but is an optional feature.)

207

Enable asynchronous execution of ODBC functions for specified individual statements.

208

Obtain the SQL_ROWYVER row-identifying column of tables, by calling SQL SpecialColumns.

(For more information, see the support for SQL Special Columns with the I dentifier Type argument

set to SQL_BEST ROWID as feature 20 in “Core Interface Conformance.”)

209

Set the SQL_ATTR_CONCURRENCY statement attribute to at least one value other than
SQL_CONCUR_READ_ONLY.

210

The ablllty to time out Iogln request and SQL queries (SQL_ATTR_LOGIN_TIMEOUT and
SQL ATTR QUERY TIMEOUT).

211

The abil ity to change the default isolation level; the ability to execute transactions with the
“serializable” level of isolation.

Function Conformance
The following table indicates the conformance level of each ODBC function, where this is well-defined.

Function Conformance level
SQLAIllocHandle Core
SQLBindCol Core
SQL BindParameter Core[1]
SQL BrowseConnect Level 1
SQL BulkOperations Leve 1
SQL Cancel Core[1]
SQL CloseCursor Core
SQL ColAttribute Core[1]
SQL ColumnPrivileges Level 2
SQL Columns Core
SQL Connect Core
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SQL CopyDesc Core
SQL DataSources Core
SQL DescribeCol Core[1]
SQL DescribeParam Level 2
SQL Disconnect Core
SQL DriverConnect Core
SQLDrivers Core
SQLENdTran Core[1]
SQL ExecDirect Core
SQL Execute Core
SQL Fetch Core
SQL FetchScroll Core[1]
SQL ForeignKeys Level 2
SQL FreeHandle Core
SQL FreeStmt Core
SQL GetConnectAttr Core
SQL GetCursorName Core
SQL GetData Core
SQL GetDescField Core
SQL GetDescRec Core
SQL GetDiagField Core
SQL GetDiagRec Core
SQL GetEnvAttr Core
SQL GetFunctions Core
SQL GetInfo Core
SQL GetStmtAttr Core
SQL GetTypelnfo Core
SQLMoreResults Level 1
SQL Nativea| Core
SQLNumParams Core
SQLNumResultCols Core
SQL ParamData Core
SQL Prepare Core
SQL PrimaryKeys Leve 1
SQL ProcedureColumns Level 1
SQL Procedures Leve 1
SQL PutData Core
SQL RowCount Core
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SQL SetConnectAttr Core[2]
SQL SetCursorName Core
SQL SetDescField Core[1]
SQL SetDescRec Core
SQL SetEnvAttr Core[2]
SQL SetPos Level 1[1]
SQL SetStmtAttr Core[2]
SQL Special Columns Core[1]
SQL Statistics Core
SQL TablePrivileges Leve 2
SQLTables Core

[1]Significant features of this function are available only at higher conformance levels.

[2] Setting certain attributes to non-default val ues depends on the conformance level. For more information,

see the next section, “ Attribute Conformance.”

Attribute Conformance

The following table indicates the conformance level of each ODBC environment attribute, where thisis

well-defined.

Function

Conformance level

SQL_ATTR_CONNECTION_
POOLING

- [1]

SQL ATTR_CP_MATCH

SQL ATTR ODE _ODBC_VER

SQL ATTR OUTPUT NTS

[1] Thisisan optional feature and as such is not part of the conformance levels.

The following table indicates the conformance level of each ODBC connection attribute, where thisis well-

defined.

Function Conformance level
SQL ATTR ACCESS MODE Core

SQL ATTR | ASYNC ENABLE Level 1/Level 2[1]
SQL ATTR | AUTO IPD Level 2

SQL ATTR AUTOCOMMIT Level 1

SQL ATTR  CONNECTION  DEAD Level 1

SQL ATTR . CONNECTION TIMEOUT Level 2

SQL ATTR  CURRENT CATALOG Level 2
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SQL ATTR_LOGIN_TIMEOUT Level 2

SQL ATTR_ ODBC 'CURSORS Core

SQL ATTR PACKET _SIZE Level 2

SQL ATTR | QUIET MODE Core

SQL ATTR_  TRACE Core

SQL ATTR _TRACEFILE Core

SQL ATTR_ TRANSLATE LIB Core

SQL ATTR TRANSLATE OPTION Core

SQL ATTR TXN ISOLATION Level 1/Level 2[2]

[1] Applications that support connection-level asynchrony (required for Level 1) must support setting this
attribute to SQL_TRUE by calling SQL SetConnectAttr; the attribute need not be settable to a value other
than its default value through SQL SetStmtAttr. Applications that support statement-level asynchrony
(required for Level 2) must support setting this attribute to SQL_TRUE using either function.

[2] For Level 1 interface conformance, the driver must support one value in addition to the driver-defined
default value (available by calling SQL Getlnfo with the SQL_DEFAULT_TXN_ISOLATION option).
For Level 2 interface conformance, the driver must also support SQL_TXN_SERIALIZABLE.

The following table indicates the conformance level of each ODBC statement attribute, where thisis well-

defined.

Function

Conformance level
SQL ATTR APP_PARAM DESC Core
SQL ATTR APP ROW DESC Core

SQL ATTR_ ASYNC ENABLE

Level 1/Leve 2[1]

SQL ATTR_ CONCU RRENCY

Level 1/Level 2[2]

SQL ATTR_ CURSOR SCROLLABLE

Level 1

SQL ATTR_ CURSOR SENSITIVITY

Level 2

SQL ATTR_ CURSOR TYPE

Core/Level 2[3]

SQL ATTR ENABLE_, AUTO IPD

Level 2

SQL ATTR | FETCH BOOKMARK PTR Level 2
SQL ATTR IMP_| PARAM _DESC Core
SQL ATTR IMP_ROW._| DESC Core
SQL ATTR  KEYSET SIZE Level 2
SQL ATTR MAX LENGTH Level 1
SQL ATTR MAX ROWS Level 1
SQL ATTR METADATA 1D Core
SQL ATTR NOSCAN Core
SQL ATTR PARAM_BIND_OFFSET_PTR Core
SQL ATTR PARAM BIND TYPE B Core
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SQL ATTR_PARAM_OPERATION_PTR Core
SQL ATTR PARAM STATUS PTR Core
SQL ATTR PARAMS PROCESSED PTR Core
SQL ATTR PARAMSET SIZE Core
SQL ATTR QUERY TIMEOUT Level 2
SQL ATTR_RETRIEVE_DATA Level 1
SQL ATTR ROW._, ARRAY _SIZE Core
SQL ATTR ROW BIND OFFSET PTR Core
SQL ATTR ROW BIND TYPE B Core
SQL ATTR ROW NUMBER Level 1
SQL ATTR ROW OPERATION_PTR Level 1
SQL ATTR ROW STATUS | PTR Core
SQL ATTR ROWS FETCHED PTR Core
SQL ATTR ¢ SIMULATE CURSOR Level 2
SQL ATTR USE BOOKMARKS Level 2

[1] Applications that support connection-level asynchrony (required for Level 1) must support setting this
attribute to SQL_TRUE by calling SQL SetConnectAttr; the attribute need not be settable to a value other
than its default value through SQL SetStmtAttr. Applications that support statement-level asynchrony
(required for Level 2) must support setting this attribute to SQL_TRUE using either function.

[2] For Level 2 interface conformance, the driver must support SQL_ CONCUR_READ_ONLY and at least
one other value.

[3] For Level 1 interface conformance, the driver must support SQL_CURSOR_FORWARD_ONLY and at
least one other value. For Level 2 interface conformance, the driver must support all values defined in this
document.

Descriptor Field Conformance

The following table indicates the conformance level of each ODBC descriptor header field, where thisis
well-defined.

Function Conformance level

| SQL_DESC_ALLOC _TYPE Core

'SQL_DESC_ARRAY_SIZE Core

| SQL_DESC_ARRAY STATUS PTR Core (for APD, IPR, and IRD); Level 1 (for ARD)
'SQL_DESC_BIND OFFSET PTR Core

| SQL_DESC_BIND  TYPE Core

SQL_DESC_COUNT Core

'SQL_DESC_ROWS PROCESSED _PTR Core
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The following table indicates the conformance level of each ODBC descriptor record field, where thisis

well-defined.

Function Conformance level
SQL_DESC_AUTO_UNIQUE VALUE Level 2
'SQL_DESC_BASE_COLUMN_NAME Core
SQL_DESC_BASE_TABLE_NAME Level 1
'SQL_DESC_CASE_SENSITIVE Core
'SQL_DESC_CATALOG_NAME Level 2
SQL_DESC_CONCISE_TYPE Core
'SQL_DESC DATA_PTR Core
SQL_DESC_DATETIME_INTERVAL _ Core[1]
CODE

SQL_DESC_DATETIME_INTERVAL _ Core[1]
PRECISION

SQL_DESC DISPLAY_SIZE Core
SQL_DESC_FIXED_PREC_SCALE Core
'SQL_DESC_INDICATOR_PTR Core
'SQL_DESC_LABEL B Level 2
SQL_DESC_LENGTH Core
|SQL_DESC_LITERAL_PREFIX Core
'SQL_DESC_LITERAL_SUFFIX Core
'SQL_DESC_LOCAL TYPE NAME Core
'SQL_DESC_NAME Core
'SQL_DESC_NULLABLE Core
'SQL_DESC_OCTET_LENGTH Core
'SQL_DESC_OCTET_LENGTH_PTR Core
SQL_DESC_PARAMETER_TYPE CorelLevel 2[2]
SQL_DESC_PRECISION Core
'SQL_DESC_ROWVER Level 1
SQL_DESC_SCALE Core
SQL_DESC_SCHEMA_NAME Level 1
'SQL_DESC_SEARCHABLE Core
'SQL_DESC_TABLE NAME Level 1
'SQL_DESC_TYPE Core
'SQL_DESC_TYPE_NAME Core
'SQL_DESC_UNNAMED Core
'SQL_DESC_UNSIGNED Core
SQL_DESC_UPDATABLE Core

50




[1]Support for these record fieldsis required only if the driver supports the applicable data types.

[2]For Core-level conformance, the driver must support SQL_PARAM_INPUT. For Level 2 interface
conformance, the driver must also support SQL_PARAM _INPUT_OUTPUT and
SQL_PARAM_OUTPUT.

SQL Conformance L evels

The level of SQL92 grammar supported by a driver isindicated by the value returned by a call to
SQL Getlnfo with the SQL_SQL_CONFORMANCE information type. This indicates whether the driver
conformsto the Entry, FIPS Transitional, Intermediate, or Full levels defined in SQL92.

All ODBC drivers must support the minimum SQL grammar described inin Appendix C, “SQL Minimum
Grammar” of the SOL 1D Programmer Guide. This grammar is a subset of the Entry level of SQL92.
Drivers may support additional SQL and, in fact, be conformant to the SQL 92 Entry, Intermediate, or Full
level, or to the FIPS 127-2 Transitional level. Drivers that comply to agiven level of SQL92 or FIPS 127-2
can support additional featuresin any of the higher levels, yet not be fully conformant to that level. To
determine whether afeature is supported, an application should call SQL Getlnfo with the appropriate
information type. The conformance level of an SQL feature is described in the corresponding information
type (see the SQL Getlnfo function description in the Part |1 PDF file, “ODBC API Reference,” available
on the Solid Web site.

Environment, Connection, and Statement Attributes

ODBC defines a number of attributes that are associated with environments, connections, or statements.

Environment attributes affect the entire environment, such as whether connection pooling is enabled.
Environment attributes are set with SQL SetEnvAttr and retrieved with SQL GetEnvAttr.

Connection attributes affect each connection individually, such as how long a driver should wait while
attempting to connect to a data source before timing out. Connection attributes are set with

SQL SetConnectAttr and retrieved with SQL GetConnectAttr. For more information about connection
attributes, see “Connection Attributes’ in Chapter 6, “ Connecting to a Data Source or Driver.”

Statement attributes affect each statement individually, such as whether a statement should be executed
asynchronously. Statement attributes are set with SQL SetStmtAttr and retrieved with SQL GetStmtAttr.
A few statement attributes are read-only attributes and cannot be set. For example, the
SQL_ATTR_ROW_NUMBER statement attribute, which is used to retrieve the number of the current row
in the cursor, is read-only. For more information about statement attributes, see “ Statement Attributes’ in
Chapter 9, “Executing Statements.”

In addition to attributes defined by ODBC, a driver can define its own connection and statement attributes.
Driver-defined attributes must be registered with X/Open to ensure that two driver vendors do not assign
the same integer value to different, proprietary attributes. For more information, see “Driver-Specific Data
Types, Descriptor Types, Information Types, Diagnostic Types, and Attributes’ in Chapter 17,
“Programming Considerations.”
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For acomplete list of attributes, see SQL SetEnvAttr, SQL SetConnectAttr, and SQL SetStmtAttr, in the Part
Il PDFfile, “ODBC API Reference,” available on the Solid Web site. Most attributes are also described in
the description of the ODBC function that they affect.

Tablesand Views

In ODBC functions, tables and views are interchangeable. The term tableis used for both tables and views,
except where the term view is used explicitly.

Chapter 5. Overview of Basic ODBC Application Steps

This chapter describes the general flow of ODBC applications. It is unlikely that any application calls all of
these functions in exactly this order. However, most applications use some variation of these steps. The
basic application steps are shown in the following figure.
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Basic application steps

STEFP 1: CONHECT
S0LAllocHand {ENV)
SOl Setbnwidir
S0LAllocHand (DB C)
S0l Connect
S0 SetConnectAiir

STEP 2 INTIALIFE
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S8 AllocHandle{STMT)
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& SELECT or calalog funclion

STEP4a FETCH RESULTS
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S04 BindCol Ij
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S0 CloseCursor

]
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I
© OTHER
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STEP 5. TRANSACT
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STEP & DISCOMMECT
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Step 1: Connect to the Data Source

Thefirst step in any application isto connect to the data source. This phase, including the functions it
requires, isillustrated in the following figure.

STEP 1: CONMNEGT

SQLANocHandle{(ENV)
SOLSetEnvAtr
SQLAllocHandle{DBC)
SQLConnect

SOLSed ConnectAttr

Thefirst step in connecting to the data source is to load the Driver Manager and all ocate the environment
handle with SQL AllocHandle. For more information, see “Allocating the Environment Handle” in Chapter
6, “ Connecting to a Data Source or Driver.”

The application then registers the version of ODBC to which it conforms by calling SQL SetEnvAttr with
the SQL_ATTR_APP_ODBC_VER environment attribute. For more information, see the “Declaring the
Application’s ODBC Version” section in Chapter 6, “Connecting to a Data Source or Driver,” and the
“Backward Compatibility and Standards Compliance” section in Chapter 17, “Programming
Considerations.”

Next, the application allocates a connection handle with SQL AllocHandle and connects to the data source
with SQL Connect, SQL Driver Connect, or SQL BrowseConnect. For more information, see “Allocating
a Connection Handle” and “Establishing a Connection” in Chapter 6, “Connecting to a Data Source or
Driver.”

The application then sets any connection attributes, such as whether to manually commit transactions. For
more information, see “ Connection Attributes’” in Chapter 6, “Connecting to a Data Source or Driver.”

Step 2: Initializethe Application

The second step isto initialize the application, asillustrated in the following figure.

STEP 2: INITIALIZE
S0 Getinfo
SQALAllocHandle{STMT)
SO SetStmiAttr

Exactly what is done here varies with the application.

At this point, it is common to use SQL GetInfo to discover the capabilities of the driver. For more
information, see “ Considering Database Features to Use” in Chapter 16, “Interoperability.”



All applications need to allocate a statement handle with SQL AllocHandle, and many applications set
statement attributes, such as the cursor type, with SQL SetStmtAttr. For more information, see “Allocating
a Connection Handle” and “ Statement Attributes’ in Chapter 9, “ Executing Statements.”

Step 3: Build and Execute an SQL Statement

Thethird step isto build and execute an SQL statement, as shown in the following figure. The methods
used to perform this step are likely to vary tremendously. The application might prompt the user to enter an
SQL statement, build an SQL statement based on user input, or use a hard-coded SQL statement. For more
information, see “ Constructing SQL Statements” in Chapter 8, “SQL Statements.”

If the SQL statement contains parameters, the application binds them to application variables by calling
SQL BindParameter for each parameter. For more information, see “ Statement Parameters’ in Chapter 9,
“Executing Statements.”

After the SQL statement is built and any parameters are bound, the statement is executed with

SQL ExecDirect. If the statement will be executed multiple times, it can be prepared with SQL Prepare
and executed with SQL Execute. For more information, see “Executing a Statement” in Chapter 9,
“Executing Statements.”

The application might also forgo executing an SQL statement altogether and instead call afunction to
return a result set containing catalog information, such as the available columns or tables. For more
information, see “Uses of Catalog Data” in Chapter 7, “Catalog Functions.”

The application’s next action depends on the type of SQL statement executed.

Type of SQL statement Proceed to

SELECT or catalog function “Step 4a: Fetch the Results’

UPDATE, DELETE, or INSERT “Step 4b: Fetch the Row Count”

All other SQL statements “Step 3: Build and Execute an SQL Statement” (this topic) or “ Step
5: Commit the Transaction”

Step 4a: Fetch the Results

The next step isto fetch the results, as shown in the following figure.

STEP 4a: FETCH RESULTS
SQLNumResultCols
SQ1 DescribeCol
SALBindCol I—“_)
SQLFetch
SOLGetData

SOLCloseCursor
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If the statement executed in Step 3, “Build and Execute an SQL Statement,” was a SELECT statement or a
catalog function, the application first calls SQL NumResultCols to determine the number of columnsin the
result set. This step is not necessary if the application aready knows the number of result set columns, such
as when the SQL statement is hard-coded in a vertical or custom application.

Next, the application retrieves the name, data type, precision, and scale of each result set column with
SQL DescribeCol. Again, thisis not necessary for applications such as vertical and custom applications
that already know thisinformation. It passes thisinformation to SQL BindCol, which binds an application
variable to a column in the result set.

The application now calls SQL Fetch to retrieve the first row of data and place the data from that row in the
variables bound with SQL BindCal. If thereis any long datain the row, it then calls SQL GetData to
retrieve that data. The application continues to call SQL Fetch and SQL GetData to retrieve additional

data. After it has finished fetching data, it calls SQL CloseCur sor to close the cursor.

For a complete description of retrieving results, see “ Chapter 10: Overview of Retrieving Results (Basic)”
and “Chapter 11: Overview of Retrieving Results (Advanced).”

The application now returnsto Step 3, “Build and Execute an SQL Statement,” to execute another
statement in the same transaction; or proceeds to Step 5, “ Commit the Transaction,” to commit or roll back
the transaction.

Step 4b: Fetch the Row Count

If the statement executed in Step 3 wasan UPDATE, DELETE, or INSERT statement, the application
retrieves the count of affected rows with SQL RowCount. For more information, see “Determining the
Number of Affected Rows” in Chapter 12, “Updating Data.”

The application now returnsto Step 3 to execute another statement in the same transaction or proceeds to
Step 5 to commit or roll back the transaction.

Step 5: Commit the Transaction

Thefifth step isto call SQLEndTran to commit or roll back the transaction. The application performs this
step only if it set the transaction commit mode to manual commit; if the transaction commit mode is auto-
commit, which is the default, the transaction is automatically committed when the statement is executed. or
more information, see “ Chapter 14: Overview of Transactions.”

STEP 5: TRANSACT
SOLEndTran

To execute a statement in a new transaction, the application returns to Step 3. To disconnect from the data
source, the application proceeds to Step 6.
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Step 6: Disconnect from the Data Source

Thefinal step isto disconnect from the data source, asillustrated in the following figure. First, the
application frees any statement handles by calling SQL FreeHandle. For more information, see “Freeing a
Statement Handle” in Chapter 9, “ Executing Statements.”

STEP 6: DISCONNECT

SQLFreeHandle{STMT)
SQLDisconnect
S0 FreeHandle{DBC)

S0 FreeHandle{ENV)

Next, the application disconnects from the data source with SQL Disconnect and frees the connection
handle with SQL FreeHandle. For more information, see “ Disconnecting from a Data Source or Driver” in
Chapter 6, “Connecting to a Data Source or Driver.”

Finally, the application frees the environment handle with SQL FreeHandle and unloads the Driver
Manager. For more information, see “ Allocating a Connection Handle” in Chapter 6, “ Connecting to a Data
Source or Driver.”
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Chapter 6: Overview of Connecting to a Data Source or Driver

An application can be connected to any number of drivers and data sources. These can be a variety of
drivers and data sources, the same driver and a variety of data sources, or even multiple connections to the
same driver and data source.

Allocating the Environment Handle

Thefirst task for any ODBC application isto load the Driver Manager; how thisis doneis operating-
system dependent. For example, on a computer running Windows NT Server, Windows NT Workstation,
or Windows 95, the application either links to the Driver Manager library or calls LoadLibrary to load the
Driver Manager DLL.

The next task, which must be done before an application can call any other ODBC function, isto initiaize
the ODBC environment and allocate an environment handle. To do this:

The application declares a variable of type SQLHENV. It then calls SQL AllocHandle and passes the
address of this variable and the SQL_HANDLE_ENV option. For example:

SQLHENV henv1;
SQLAllocHandle(SQL_HANDLE_ENV, SQL_NULL_HANDLE, &henv1);

The Driver Manager allocates a structure in which to store information about the environment, and returns
the environment handle in the variable.

The Driver Manager does not call SQL AllocHandle in the driver at this time because it does not know
which driver to cal. It delays calling SQL AllocHandle in the driver until the application calls a function to
connect to a data source. For more information, see “Driver Manager’s Role in the Connection Process,”
later in this chapter.

When the application has finished using ODBC, it frees the environment handle with SQL FreeHandle.
After freeing the environment, it is an application programming error to use the environment’s handlein a
call to an ODBC function; doing so has undefined but probably fatal consequences.

When SQL FreeHandle is called, the driver rel eases the structure used to store information about the
environment. Note that SQL FreeHandle cannot be called for an environment handle until after all
connection handles on that environment handle have been freed.

For more information about the environment handle, see “ Environment Handles’ in Chapter 4, “ODBC
Fundamentals.”

Declaring the Application’s ODBC Version

Before an application all ocates a connection, it must set the SQL_ATTR_ODBC_VERSION environment
attribute. This attribute states that the application follows the ODBC 2.x or ODBC 3.x specification when
using the following items:

SQLSTATEs. Many SQLSTATE values are different in ODBC 2.x and ODBC 3.x.
Date, Time, and Timestamp Type | dentifiers. The following table shows the type identifiers for date,
time, and timestamp datain ODBC 2.x and ODBC 3.x.
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ODBC 2.x ODBC 3.x

SQL Type ldentifiers

SQL_DATE SQL_TYPE DATE
'SQL_TIME SQL_TYPE_TIME
'SQL_TIMESTAMP SQL_TYPE_TIMESTAMP
pre Identifiers B B

SQL_C DATE SQL_C TYPE DATE

SQL_C TIME SQL_C TYPE TIME

SQL_C_TIMESTAMP SQL_C_TYPE_TIMESTAMP

CatalogName Argument in SQL Tables. In ODBC 2.x, the wild card characters (“%" and “_") in the
CatalogName argument are treated literally. In ODBC 3., they are treated as wild cards. Thus, an
application that follows the ODBC 2.x specification cannot use these as wild cards and does not escape
them when using them as literals. An application that follows the ODBC 3.x specification can use these as
wild cards or escape them and use them as literals. For more information, see “Argumentsin Catalog
Functions’ in Chapter 7, “ Catal og Functions.”

The ODBC 3.x Driver Manager and ODBC 3.x drivers check the version of the ODBC specification to
which an application is written and respond accordingly. For example, if the application follows the ODBC
2.x specification and calls SQL Execute before calling SQL Prepar e, the ODBC 3.x Driver Manager
returns SQLSTATE S1010 (Function sequence error). If the application follows the ODBC 3.x
specification, the Driver Manager returns SQLSTATE HY 010 (Function sequence error). For more
information, see “Backward Compatibility and Standards Compliance” in Chapter 17, “Programming
Considerations.”

Important Applications that follow the ODBC 3.x specification must use conditional code to avoid
using functionality new to ODBC 3.x when working with ODBC 2.x drivers. ODBC 2.x drivers do not
support functionality new to ODBC 3.x just because the application declares that it follows the ODBC
3.x specification. Furthermore, ODBC 3.x drivers do not cease to support functionality new to ODBC
3.x just because the application declares that it follows the ODBC 2.x specification.

Choosing a Data Sourceor Driver

The data source or driver used by an application is sometimes hard-coded in the application. For example, a
custom application written by an M1S department to transfer data from one data source to another would
contain the names of those data sources — the application simply would not work with any other data
sources. Another example is avertical application, such as one used for order entry. Such an application
always uses the same data source, which has a predefined schema known by the application.

Other applications choose the data source or driver at run time. Usually, these are generic applications that
do ad hoc queries, such as a spreadsheet that uses ODBC to import data. Such applications usually list the
available data sources or drivers and let users choose the ones they want to work with. Whether a generic
application lists data sources, drivers, or both often depends on whether the application uses DBMS- or
file-based drivers.
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DBMS-based drivers usually require afairly complex set of connection information, such as the network
address, network protocol, database name, and so on. The purpose of a data source isto hide all of this
information. Hence, the data source paradigm lends itself to use with DBM S-based drivers. An application
can display alist of data sources to the user in one of two ways. It can call SQL Driver Connect with the
DSN (Data Source Name) keyword and no associated value; the Driver Manager will display alist of data
source names. If the application wants control over the appearance of theligt, it calls SQL DataSour ces to
retrieve alist of available data sources and constructs its own dialog box. This function isimplemented by
the Driver Manager and can be called before any drivers are loaded. The application then calls a connection
function and passes it the name of the chosen data source.

If adata sourceis not specified, the default data source indicated by the system information is used. (For
more information, see “ Default Subkey” in Chapter 20, “ Configuring Data Sources’ contained in the Part
Il PDFfile, “Installing and Configuring ODBC,” available on the Solid Web site.) If SQL Connect is
called with a ServerName argument that cannot be found, isanull pointer, or is“DEFAULT”, the Driver
Manager connects to the default data source. The default data source is also used if the connection string
used in acall to SQL Driver Connect or SQL BrowseConnect contains the DSN keyword set to
“DEFAULT”", or the data source is not found. Additionally, the default data source is used if the connection
string used in acall to SQL Driver Connect does not contain the DSN keyword.

With file-based drivers, it is possible to use a file paradigm. For data stored on the local machine, users
often know that their dataisin a particular file, such as EMPLOY EE.DBF. Rather than choosing an
unknown data source, it is easier for such users to choose the file they know. To implement this, the
application first calls SQL Drivers. This function isimplemented by the Driver Manager and can be called
before any drivers are loaded. SQL Driversreturnsalist of available drivers; it also returns values for the
FileUsage and FileExtns keywords. The FileUsage keyword explains whether file-based drivers treat files
as tables, such as Xbase, or databases, such as Microsoft Access. The FileExtns keyword lists the file
extensions the driver recognizes, such as .dbf for an Xbase driver. Using this information, the application
constructs a dialog box with which the user chooses a file. Based on the extension of the chosen file, the
application then connects directly to the driver by calling SQL Driver Connect with the DRIVER keyword.

There is nothing to stop an application from using a data source with afile-based driver or calling
SQL Driver Connect with the DRIVER keyword to connect directly to a DBM S-based driver. Here are
several common uses of the DRIVER keyword for DBM S-based drivers:

Not creating data sour ces. For example, a custom application might use a particular driver and database.
If the driver name and all information needed to connect to the database is hard-coded in the application,
users do not need to create a data source on their computer to run the application — all they needtodois
install the application and driver.

A disadvantage of this method is that the application must be recompiled and redistributed if the connection
information changes. If a data source name is hard-coded in the application instead of complete connection
information, then each user only needs to change the information in the data source.

Accessing a particular DBM S a single time. For example, a spreadsheet that retrieves data by calling
ODBC functions might contain the DRIVER keyword to identify a particular driver. Because the driver
name is meaningful to any usersthat have that driver, the spreadsheet could be passed among those users.

If the spreadsheet contained a data source name, each user would have to create the same data source to use
the spreadsheet.
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Browsing the system for all databases accessibleto a particular driver. For more information, see
“Connecting with SQL BrowseConnect,” later in this chapter.

Allocating a Connection Handle

Before the application can connect to a data source or driver, it must alocate a connection handle. To do
this:
The application declares a variable of type SQLHDBC. It then calls SQL AllocHandle and passes the

address of this variable, the handle of the environment in which to allocate the connection, and the
SQL_HANDLE_DBC option. For example:

SQLHDBC hdbcl;
SQLAllocHandl&(SQL_HANDLE_DBC, henv1, &hdbcl);

The Driver Manager allocates a structure in which to store information about the statement and returns the
connection handle in the variable.

The Driver Manager does not call SQL AllocHandle in the driver at this time because it does not know
which driver to call. It delays calling SQL AllocHandle in the driver until the application calls afunction to
connect to a data source. For more information, see “Driver Manager’s Role in the Connection Process,”
later in this chapter.

It isimportant to note that allocating a connection handle is not the same as loading adriver. The driver is
not loaded until a connection function is called. Thus, after alocating a connection handle and before
connecting to the driver or data source, the only functions the application can call with the connection
handle are SQL SetConnectAttr, SQL GetConnectAttr, or SQL Getlnfo with the SQL_ODBC_VER
option. Calling other functions with the connection handle, such as SQLEndTran, returns SQLSTATE
08003 (Connection not open). For complete details, see Appendix B, “ODBC State Transition Tables’
contained on the Microsoft Web site (ODBC Programmer’s Reference).

For more information about connection handles, see “ Connection Handles” in Chapter 4, “ODBC
Fundamentals.”

Connection Attributes

Connection attributes are characteristics of the connection. For example, because transactions occur at the
connection level, the transaction isolation level is a connection attribute. Similarly, the login timeout, or
number of seconds to wait while trying to connect before timing out, is a connection attribute.

Connection attributes are set with SQL SetConnectAttr and their current settings retrieved with

SQL GetConnectAttr. If SQL SetConnectAttr is caled before the driver isloaded, the Driver Manager
stores the attributes in its connection structure and sets them in the driver as part of the connection process.
Thereis no requirement that an application set any connection attributes; all connection attributes have
defaults, some of which are driver specific.

A connection attribute can be set before or after connection, or either, depending on the attribute and the
driver. Thelogintimeout (SQL_ATTR_LOGIN_TIMEOUT) applies to the connection process and is
effective only if set before connecting. The attributes that specify whether to use the ODBC cursor library
(SQL_ATTR_ODBC_CURSORS) and the network packet size (SQL_ATTR_PACKET_SIZE) must be set
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before connecting. The reason for thisisthat the ODBC cursor library resides between the Driver Manager
and the driver, and therefore must be loaded before the driver.

The attributes to specify whether a data source is read-only or read-write (SQL_ATTR_ACCESS MODE)
and the current catalog (SQL_ATTR_CURRENT_CATALOG) can be set before or after connecting,
depending on the driver. However, interoperable applications set them before connecting because some
drivers do not support changing these after connecting.

Some connection attributes have a default before the connection is made, while others do not. Those that do
are SQL_ATTR_ACCESS MODE, SQL_ATTR AUTOCOMMIT, SQL_ATTR _LOGIN_TIMEOUT,
SQL_ATTR ODBC CURSORS, SQL_ATTR TRACE, and SQL_ATTR TRACEFILE.

The trandation connection attributes (SQL_ATTR_TRANSLATE DLL and
SQL_ATTR_TRANSLATE_OPTION) must be set after connecting.

All other connection attributes can be set at any time. For more information, see the SQL SetConnectAttr
function description contained in the Part |1 PDF file, “ODBC API Reference,” available on the Solid Web
site. (Connection attributes cannot be set on the environment level by acall to SQL SetEnvAttr.)

Establishing a Connection

After alocating environment and connection handles and setting any connection attributes, the application
isready to connect to the data source or driver. There are three different functions the application can use to
do this: SQL Connect (Core interface conformance level), SQL Driver Connect (Core), and

SQL BrowseConnect (Level 1). Each of the three is designed to be used in a different scenario. Before
connecting, the application can determine which of these functionsis supported with the
ConnectFunctions keyword returned by SQL Drivers.

Note Some driverslimit the number of active connections they support. An application calls
SQL Getlnfo withthe SQL_MAX_DRIVER _CONNECTIONS option to determine how many active
connections a particular driver supports.

Default Data Source
The driver may select a data source, called the default data source, in certain cases where the application
does not explicitly specify one:

Inacall to SQL Connect where the ServerName argument is a zero-length string, a null pointer, or
DEFAULT.

Inacall to SQLDriver Connect where InConnectionString either specifies DSN=DEFAULT or specifies
with the DSN keyword a data source that is not contained in the system information.

It is driver-defined how the default data source is specified. This may involve administrative action and
may depend on the user.

Connecting with SQL Connect

SQL Connect isthe simplest connection function. It requires a data source name and accepts an optional
user ID and password. It works well for applications that hard-code a data source name and do not require a
user ID or password. It also works well for applications that want to control their own “look and feel,” or
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that have no user interface. Such applications can build alist of data sources using SQL DataSour ces,
prompt the user for data source, user 1D, and password; and then call SQL Connect.

Connection Strings

A connection string contains information used for establishing a connection. A complete connection string
contains all the information needed to establish a connection. The connection string is a series of
keyword/value pairs separated by semicolons. (For the complete syntax of a connection string, see the
SQL DriverConnect function description in the Part || PDF file, “ODBC API Reference,” available on the
Solid Web site.) The connection string is used by:

SQL Driver Connect, which completesit by interaction with the user.
SQL BrowseConnect, which completes it iteratively with the data source.

SQL Connect does not use a connection string; using SQL Connect is analogous to connecting using a
connection string with exactly three keyword/value pairs (for data source name, and optionally user ID and
password).

ODBC Connection Pooling

Connection pooling enables an application to use a connection from a pool of connections that do not need
to be reestablished for each use. Once a connection has been created and placed in a pool, an application
can reuse that connection without performing the complete connection process.

Using a pooled connection can result in significant performance gains, because applications can save the
overhead involved in making a connection. This can be particularly significant for middle-tier applications
that connect over a network or for applications that repeatedly connect and disconnect, such as Internet
applications.

In addition to performance gains, the connection pooling architecture enables an environment and its
associated connections to be used by multiple components in a single process. This means that stand-alone
components in the same process can interact with each other without being aware of each other. A
connection in a connection pool can be used repeatedly by multiple components.

Note Connection pooling can be used by an ODBC application exhibiting ODBC 2.x behavior, as
long as the application can call SQLSetEnvAttr. When using connection pooling, the application must
not execute SQL statements that change the database or the context of the database, such as changing
the <database name>, which changes the catal og used by a data source.

An ODBC driver must be fully thread-safe, and connections must not have thread affinity to support
connection pooling. This means the driver is able to handle a call on any thread at any time and is able to
connect on one thread, to use the connection on another thread, and to disconnect on athird thread.

The connection pooal is maintained by the Driver Manager. Connections are drawn from the pool when the
application calls SQL Connect or SQL Driver Connect and are returned to the pool when the application
calls SQL Disconnect. The size of the pool grows dynamically, based on the requested resource all ocations.
It shrinks based on the inactivity timeout: If a connection isinactive for a period of time (it has not been
used in a connection), it is removed from the pool. The size of the pool is limited only by memory
congtraints and limits on the server.
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The Driver Manager determines whether a specific connection in a pool should be used according to the
arguments passed in SQL Connect or SQL Driver Connect, and according to the connection attributes set
after the connection was allocated.

When the Driver Manager is pooling connections, it needs to be able to determine if a connection is till
working before handing out the connection. Otherwise, the Driver Manager keeps on handing out the dead
connection to the application whenever a transient network failure occurs. A new connection attribute has
been defined in ODBC 3.x: SQL_ATTR_CONNECTION_DEAD. Thisis aread-only connection attribute
that returns either SQL_CD_TRUE or SQL_CD_FALSE. Thevalue SQL_CD_TRUE means that the
connection has been lost, while the value SQL_CD_FAL SE means that the connection is still active.
(Drivers conforming to earlier versions of ODBC can also support this attribute.)

A driver must implement this option efficiently or it will impair the connection pooling performance.
Specifically, acall to get this connection attribute should not cause a round trip to the server. Instead, a
driver should just return the last known state of the connection. The connection is dead if the last trip to the
server failed, and not dead if the last trip succeeded.

In order to prevent unwanted repeated attempts by the Driver Manager to reestablish a connection when
connection pooling is enabled, you can set ODBCGetTryWaitValue. ODBCSet TryWaitValue savesthe
information in the registry at the following location:

HKEY _LOCAL_MACHINE\Software\Odbc\Odbcinst.in\ODBC Connection Pooling\Retry Wait

If there is abad connection in the pool, the ODBC Driver Manager will attempt to connect before the
connection can be reused for the first time. If the connection till fails, the ODBC Driver Manager returns
the error and marks the connection with the time. From that point until the RetryWait value expires, the
ODBC Driver Manager returns a failure without testing the connection.

To use a connection pool, an application performs the following steps:

»  Enables connection pooling by calling SQL SetEnvAttr to set the
SQL_ATTR_CONNECTION_POOLING environment attribute to
SQL_CP_ONE_PER DRIVER or SQL_CP_ONE_PER_HENV. This call must be made before
the application allocates the shared environment for which connection pooling isto be enabled.
The environment handle in the call to SQL SetEnvAttr should be set to null, which makes
SQL_ATTR_CONNECTION_POOLING a process-level attribute. If the attribute is set to
SQL_CP_ONE_PER_DRIVER, asingle connection pool is supported for each driver. If an
application works with many drivers and few environments, this might be more efficient because
fewer comparisons may be required. If set to SQL_CP_ONE_PER HENV, asingle connection
pooal is supported for each environment. If an application works with many environments and few
drivers, this might be more efficient because fewer comparisons may be required. Connection
pooling is disabled by setting SQL_ATTR_CONNECTION_POOLING to SQL_CP_OFF.

*  Allocates an environment by calling SQL AllocHandle with the HandleType argument set to
SQL_HANDLE_ENV. The environment allocated by this call will be an implicit shared
environment because connection pooling has been enabled. The environment to be used is not
determined, however, until SQL AllocHandle with a HandleType of SQL_HANDLE DBC s
called on this environment.

64



» Allocates a connection by calling SQL AllocHandle with InputHandle set to
SQL_HANDLE_DBC, and the InputHandle set to the environment handle allocated for
connection pooling. The Driver Manager attempts to find an existing environment that matches
the environment attributes set by the application. If no such environment exists, oneis created,
with a reference count (maintained by the Driver Manager) of 1. If amatching shared environment
isfound, the environment is returned to the application and its reference count is incremented.
(The actual connection to be used is not determined by the Driver Manager until SQL Connect or
SQL Driver Connect is called.)

e Cadls SQL Connect or SQL Driver Connect to make the connection. The Driver Manager uses the
connection optionsin the call to SQL Connect (or the connection keywords in the call to
SQL Driver Connect) and the connection attributes set after connection allocation to determine
which connection in the pool should be used.

Note How arequested connection is matched to a pooled connection is determined by the
SQL_ATTR_CP_MATCH environment attribute. For more information, see SQL SetEnvAttr in the Part 11
PDFfile, “ODBC API Reference,” available on the Solid Web site.

Calls SQL Disconnect when done with the connection. The connection is returned to the connection pool
and becomes available for reuse.

Note For more information about connection pooling, see " Connection Pooling Considerations' in
Chapter 17, "Programming Considerations."

Disconnecting from a Data Source or Driver

When an application has finished using a data source, it calls SQL Disconnect. SQL Disconnect frees any
statements that are allocated on the connection and disconnects the driver from the data source. It returns an
error if atransaction isin process.

After disconnecting, the application can call SQL FreeHandle to free the connection. After freeing the
connection, it is an application programming error to use the connection’s handle in a call to an ODBC
function; doing so has undefined but probably fatal consequences. When SQL FreeHandleis called, the
driver releases the structure used to store information about the connection.

The application also can reuse the connection, either to connect to a different data source or reconnect to
the same data source. The decision to remain connected, as opposed to disconnecting and reconnecting
later, requires that the application writer consider the relative costs of each option; both connecting to a
data source and remaining connected can be relatively costly depending on the connection medium. In
making a correct tradeoff, the application must also make assumptions about the likelihood and timing of
further operations on the same data source.

Driver Manager’s Rolein the Connection Process

Remember that applications do not call driver functions directly. Instead, they call Driver Manager
functions with the same name and the Driver Manager calls the driver functions. Usually, this happens
almost immediately. For example, the application calls SQL Execute in the Driver Manager and after afew
error checks, the Driver Manager calls SQL Execute in the driver.
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The connection process is different. When the application calls SQL AllocHandle with the

SQL_HANDLE _ENV and SQL_HANDLE_DBC options, the function allocates handles only in the Driver
Manager. The Driver Manager does not call this function in the driver because it does not know which
driver to call. Similarly, if the application passes the handle of an unconnected connection to

SQL SetConnectAttr or SQL GetConnectAttr, only the Driver Manager executes the function. It stores or
gets the attribute value from its connection handle and returns SQLSTATE 08003 (Connection not open)
when getting a value for an attribute that has not been set and for which ODBC does not define a default
value.

When the application calls SQL Connect, SQL Driver Connect, or SQL BrowseConnect, the Driver
Manager first determines which driver to use. It then checks whether a driver is currently loaded on the
connection:

If no driver isloaded on the connection, the Driver Manager checks whether the specified driver isloaded
on another connection in the same environment. If not, the Driver Manager 1oads the driver on the
connection and calls SQL AllocHandle in the driver with the SQL_HANDLE_ENV option.

The Driver Manager then calls SQL AllocHandle in the driver with the SQL_HANDLE_DBC option,
regardless of whether it was just loaded. If the application set any connection attributes, the Driver
Manager calls SQL SetConnectAttr in the driver; if an error occurs, the Driver Manager’s connection
function returns SQLSTATE IMO006 (Driver's SQL SetConnectAttr failed). Finally, the Driver Manager
calls the connection function in the driver.

If the specified driver isloaded on the connection, the Driver Manager calls only the connection function in
the driver. In this case, the driver must make sure that all connection attributes on the connection maintain
their current settings.

If adifferent driver isloaded on the connection, the Driver Manager calls SQL FreeHandle in the driver to
free the connection. If there are no other connections that use the driver, the Driver Manager calls

SQL FreeHandle in the driver to free the environment and unloads the driver. The Driver Manager then
performs the same operations as when a driver is not loaded on the connection.

When the application calls SQL Disconnect, the Driver Manager calls SQL Disconnect in the driver.
However, it leaves the driver loaded in case the application reconnects to the driver. When the application
calls SQL FreeHandle with the SQL_HANDLE_DBC option, the Driver Manager calls SQL FreeHandle
in the driver. If the driver is not used by any other connections, the Driver Manager then calls

SQL FreeHandlein the driver with the SQL_HANDLE_ENV option and unloads the driver.

Connecting with SQL BrowseConnect

SQL BrowseConnect, like SQL Driver Connect, uses a connection string. However, by using
SQL BrowseConnect, an application can construct a complete connection string at run time. This allows
the application to do two things:

Build its own dialog boxes to prompt for this information, thereby retaining control over its “look and feel.”
Browse the system for data sources that can be used by a particular driver, possibly in several steps. For
example, the user might first browse the network for servers and, after choosing a server, browse the server
for databases accessible by the driver.

The application calls SQL BrowseConnect and passes a connection string, known as the browse request
connection string, that specifies adriver or data source. The driver returns a connection string, known as
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the browse result connection string, that contains keywords, possible values (if the keyword accepts a
discrete set of values), and user-friendly names. The application builds a dialog box with the user-friendly
names and prompts the user for values. It then builds a new browse request connection string from these
values and returns this to the driver with another call to SQL BrowseConnect.

Because connection strings are passed back and forth, the driver can provide several levels of browsing by
returning a new connection string when the application returns the old one. For example, the first time an
application calls SQL BrowseConnect, the driver might return keywords to prompt the user for a server
name. When the application returns the server name, the driver might return keywords to prompt the user
for adatabase. The browsing process would be complete after the application returned the database name.

Each time SQL BrowseConnect returns a new browse result connection string, it returns
SQL_NEED_DATA asitsreturn code. Thistells the application that the connection processis not
complete. Until SQL BrowseConnect returns SQL_SUCCESS, the connection isin a Need Data state and
cannot be used for other purposes, such asto set a connection attribute. The application can terminate the
connection browsing process by calling SQL Disconnect.

SQL Server Browsing Example

The following example shows how SQL BrowseConnect might be used to browse the connections
available with adriver for SQL Server. First, the application reguests a connection handle;

SQLAIllocHandle(SQL_HANDLE_DBC, henv, & hdbc);

Next, the application calls SQL BrowseConnect and specifies the SQL Server driver, using the driver
description returned by SQL Drivers:

SQLBrowseConnect(hdbc, "DRIVER={ SQL Server};", SQL_NTS, BrowseResult,
sizeof (BrowseResult), & BrowseResultLen);

Because thisisthe first call to SQL BrowseConnect, the Driver Manager loads the SQL Server driver and
callsthe driver’s SQL BrowseConnect function with the same arguments it received from the application.

The driver determines that thisisthe first call to SQL BrowseConnect and returns the second level of
connection attributes. server, user name, password, application name, and workstation I1D. For the server
attribute, it returns alist of valid server names. The return code from SQL BrowseConnect is
SQL_NEED_DATA. Here isthe browse result string:

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

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 application can use to build a dialog box. The APP
and WSID keywords are prefixed by an asterisk, which means they are optional. The SERVER, UID, and
PWD keywords are not prefixed by an asterisk; values must be supplied for them in the next browse
request string. The value for the SERVER keyword may be one of the servers returned by

SQL BrowseConnect or a user-supplied name.

The application calls SQL BrowseConnect again, specifying the green server and omitting the APP and
W SID keywords and the user-friendly names after each keyword:

SQLBrowseConnect(hdbc, "SERV ER=green;UID=Smith;PWD=Sesame;", SQL_NTS,
BrowseResult, sizeof(BrowseResult), & BrowseResultLen);
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The driver attempts to connect to the green server. If there are any nonfatal errors, such asamissing
keyword-value pair, SQL BrowseConnect returns SQL_NEED_DATA and remains in the same state as it
was prior to the error. The application can call SQL GetDiagField or SQL GetDiagRec 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} ;

*L ANGUAGE:Language={ us_english,Francais} ;"

Because the attributes in this string are optional, the application can omit them. However, the application
must call SQL BrowseConnect 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 SQL BrowseConnect afinal time, omitting the LANGUAGE keyword and the asterisk before the
DATABASE keyword:

SQLBrowseConnect(hdbc, "DATABASE=pubs;", SQL_NTS, BrowseResult,
sizeof (BrowseResult), & BrowseResultLen);

Because the DATABASE attribute is the final connection attribute required by the driver, the browsing
processis complete, the application is connected to the data source, and SQL BrowseConnect returns
SQL_SUCCESS. SQL BrowseConnect also returns the complete connection string as the browse result
string:

"DSN=MySQL Server;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 SQL Driver Connect to reconnect to the data source on the current connection handle (after
disconnecting) or to connect to the data source on a different connection handle. For example;

SQL DriverConnect(hdbc, hwnd, BrowseResult, SQL_NTS, ConnStrOut,
sizeof (ConnStrOut), & ConnStrOutLen, SQL_DRIVER_NOPROMPT);

Connecting with SQL Driver Connect

SQL Driver Connect is used to connect to a data source using a connection string. SQL Driver Connect is
used instead of SQL Connect for the following reasons:

e Tolet the application use driver-specific connection information.
» Toreguest that the driver prompt the user for connection information.

e To connect without specifying a data source.
Driver-Specific Connection | nfor mation

SQL Connect assumes that a data source name, user 1D, and password are sufficient to connect to a data
source and that all other connection information can be stored on the system. This s often not the case. For
example, adriver might need one user 1D and password to log into a server and a different user ID and
password to log into aDBMS. Because SQL Connect accepts asingle user 1D and password, this means
that the other user ID and password must be stored with the data source information on the system if

SQL Connect isto be used. Thisis a potential breach of security and should be avoided unless the
password is encrypted.
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SQL Driver Connect allows the driver to define an arbitrary amount of connection information in the
keyword-value pairs of the connection string. For example, suppose a driver requires a data source name, a
user ID and password for the server, and auser ID and password for the DBMS. A custom program that
always uses the XY Z Corp data source might prompt the user for |Ds and passwords and build the
following set of keyword-value pairs, or connection string, to passto SQL Driver Connect:

DSN=XYZ Corp;UID=Gomez; PWD=Sesame;UIDDBM S=JGomez;PWDDBM S=Shazam,;

The DSN (Data Source Name) keyword names the data source, the UID and PWD keywords specify the
user ID and password for the server, and the UIDDBM S and PWDDBM S keywords specify the user ID
and password for the DBMS. Note that the final semicolon is optional. SQL Driver Connect parses this
string; uses the XY Z Corp data source name to retrieve additional connection information from the system,
such as the server address; and logs on to the server and DBM S using the specified user IDs and passwords.

Keyword-value pairsin SQL Driver Connect must follow certain syntax rules. The keywords and their
values should not contain the []{}(),; ?*=! @ characters. The value of the DSN keyword cannot consist only
of blanks, and should not contain leading blanks. Because of the registry grammar, keywords and data
source names cannot contain the backslash (\) character. Spaces are not allowed around the equal signin
the keyword-value pair.

The FILEDSN keyword can be used in acall to SQL Driver Connect to specify the name of afile
containing data source information (see “ Connecting Using File Data Sources’ later in this section). The
SAVEFILE keyword can be used to specify the name of a.dsn file in which the keyword-value pairs of a
successful connection made by the call to SQL Driver Connect will be saved. For more information on file
data sources, see the SQL DriverConnect function description in the Part || PDF file, “ODBC API
Reference” available on the Solid Web site.

Prompting the User for Connection Information

If the application uses SQL Connect and needs to prompt the user for any connection information, such as
auser name and password, it must do so itself. While this allows the application to control its “look and
feel,” it might force the application to contain driver-specific code. This occurs when the application needs
to prompt the user for driver-specific connection information. This presents an impossible situation for
generic applications, which are designed to work with any and all drivers, including drivers that do not
exist when the application is written.

SQL Driver Connect can prompt the user for connection information. For example, the custom program
mentioned earlier could pass the following connection string to SQL Driver Connect:
DSN=XYZ Corp;

The driver might then display a dialog box similar to the following, which prompts for user IDs and
passwords.
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[Server 1D: [
[Server Password: [
[
[

DBEMS ID:
[DEMS Password:

L i —

That the driver can prompt for connection information is particularly useful to generic and vertical
applications. These applications should not contain driver-specific information, and having the driver
prompt for the information it needs keeps that information out of the application. Thisis shown by the
previous two examples. When the application passed only the data source name to the driver, the
application did not contain any driver-specific information and was therefore not tied to a particular driver;
when the application passed a complete connection string to the driver, it was tied to the driver that could
interpret that string.

A generic application might take this one step further and not even specify a data source. When

SQL Driver Connect receives an empty connection string, the Driver Manager displays the following
dialog box.

Select Data Source |

File Data Source | Machine Data Source |

Laok ir: IData Sources j |

DSM M ame: || Mew...

Select the file data source that describes the driver that vou wish to connect tao.
Y'ou can use any file data source that refers to an ODEC diver which iz installed
ar yaur machine.

| k. I Cancel Help
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After the user selects a data source, the Driver Manager constructs a connection string specifying that data
source and passes it to the driver. The driver can then prompt the user for any additional information it
needs.

The conditions under which the driver prompts the user are controlled by the Driver Completion flag; there
are options to always prompt, prompt if necessary, or never prompt. For a complete description of thisflag,
see the SQL DriverConnect function description in the Part || PDF file, “ODBC API Reference,” available

on the Solid Web site.

Connecting Using File Data Sour ces

The connection information for a file data sourceis stored in a.dsn file. As aresult, the connection string
can be used repeatedly by a single user or shared among several usersif they have the appropriate driver
installed. The file contains a driver name (or another data source name in the case of an unshareablefile
data source) and optionally, a connection string that can be used by SQL Driver Connect. The Driver
Manager builds the connection string for the call to SQL Driver Connect from the keywordsin the .dsn file.

A file data source allows an application to specify connection options without having to build a connection
string for use with SQL Driver Connect. The file data source usually is created by specifying the
SAVEFILE keyword, which causes the Driver Manager to save the output connection string created by a
call to SQL Driver Connect to the .dsn file. That connection string can be used repeatedly by calling

SQL Driver Connect with the FILEDSN keyword. This streamlines the connection process and provides a
persistent source of the connection string.

File data sources aso can be created by calling SQL CreateDataSour ce in theinstaller DLL. Information
can be written into the .dsn file by calling SQL WriteFileDSN, and read from the .dsn file by calling

SQL ReadFileDSN; both of these functions are also in the installer DLL. For information about the
installer DLL, see Chapter 20, “Configuring Data Sources’ contained in the Part 111 PDF file, “ Configuring
and Installing ODBC Software,” available on the Solid Web site.

The keywords used for connection information are in the [ODBC] section of a.dsn file. The minimum
information that a shareable .dsn file would have in the [ODBC] section is the DRIVER keyword:

DRIVER = SQL Server
The shareable .dsn file usually contains a connection string, as follows:

DRIVER = SQL Server
UID = Larry
DATABASE = MyDB

When the file data source is unshareable, the .dsn file contains only aDSN keyword. When the Driver
Manager is sent the information in an unshareable file data source, it connects as necessary to the data
source indicated by the DSN keyword. An unshareable .dsn file would contain the following keyword:

DSN = MyDataSource

The connection string used for afile data source is the union of the keywords specified in the .dsn file and
the keywords specified in the connection string in the call to SQL Driver Connect. If any of the keywords
in the .dsn file conflict with keywords in the connection string, the Driver Manager decides which keyword
value should be used. For more information, see the SQL DriverConnect function description in the Part 11
PDFfile, “ODBC API Reference,” available on the Solid Web site.
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Connecting Directly to Drivers

Aswas discussed in “Choosing a Data Source or Driver,” earlier in this chapter, some applications do not
want to use a data source at all. Instead, they want to connect directly to adriver. SQL Driver Connect
provides away for the application to connect directly to adriver without specifying a data source.
Conceptually, atemporary data source is created at run time.

To connect directly to adriver, the application specifies the DRIVER keyword in the connection string
instead of the DSN keyword. The value of the DRIVER keyword is the description of the driver as
returned by SQL Drivers. For example, suppose adriver has the description Paradox Driver and requires
the name of a directory containing the datafiles. To connect to this driver, the application might use either
of the following connection strings:

DRIV ER={ Paradox Driver} ;Directory=C:\PARADOX;
DRIVER={Paradox Driver};

With the first string, the driver would not need any additional information. With the second string, the
driver would need to prompt for the name of the directory containing the datafiles.
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Chapter 7: Overview of Catalog Functions

All databases have a structure that outlines how data will be stored in the database. For example, asimple
sales order database might have the structure shown in the following illustration, in which the ID columns
are used to link the tables.

[Order 1D Integer [Order ID Integer
[ﬂusﬂD: integer [Ijne: inteqer
[openDate:  Date [PartiD: Inieger
[salesPerson:  thar f10) [Quantity:  integer
[Slelus: char (&)

Customers Table Parts Table Pictures Table
[ CustiD integer [ PartiD: nieger [PartiD: Integer
[ Mame Char 50) [Description:  Char §0) [Picture: Long Varbinary
| Address: Char §0) [ Price: Real
[ Phone: Char (10)

This structure, along with other information such as privileges, is stored in a set of system tables called the
database's catalog, which is also known as a data dictionary.

An application can discover this structure through calls to the catal og functions. The catalog functions
return information in result sets and are usually implemented through SELECT statements against the
tables in the catalog. For example, an application might request a result set containing information about all
the tables on the system or all the columnsin a particular table.

Uses of Catalog Data

Applications use catalog data in a variety of ways. Here are some common Uses:

e Constructing SQL statementsat run time. Vertical applications, such as an order entry
application, contain hard-coded SQL statements. The tables and columns that are used by the
application are fixed ahead of time, as are the statements that access these tables. For example, an
order entry application usually contains asingle, parameterized INSERT statement for adding
new orders to the system.
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Generic applications, such as a spreadsheet program that uses ODBC to retrieve data, often
construct SQL statements at run time based on input from the user. Such an application could
require the user to type the names of the tables and columns to use. However, it would be easier
for the user if the application displayed lists of tables and columns from which the user could
make selections. To build these lists, the application would call the SQL Tables and

SQL Columns catal og functions.

* Constructing SQL statements during development. Application development environments
typically allow the programmer to create database queries while developing a program. The
gueries are then hard-coded in the application being built.

Such environments could also use SQL Tables and SQL Columns to create lists from which the
programmer could make selections. They might also use SQL PrimaryK eys and

SQL ForeignK eys to automatically determine and show relationships between selected tables, and
use SQL Statistics to determine and highlight indexed fields so the programmer can creste

efficient queries.

* Constructing cursors. An application, driver, or middleware that provides a scrollable cursor
engine could use SQL Special Columns to determine which column or columns uniquely identify a
row. The program could build a keyset containing the values of these columns for each row that
has been fetched. When the application scrolls back to the row, it would then use these valuesto
fetch the most recent data for the row. For more information about scrollable cursors and keysets,
see “ Scrollable Cursors” in Chapter 11, “Retrieving Results (Advanced).”

Catalog Functionsin ODBC

ODBC contains the following catal og functions:

Function Description

SQL Tables Returns alist of catalogs, schemas, tables, or table typesin the data
source.

SQL Columns Returns alist of columnsin one or more tables.

SQL Statistics Returns alist of statistics about asingle table. Also returnsalist of
indexes associated with that table.

SQL SpecialColumns Returns alist of columns that uniquely identifiesarow in asingle

table. Also returns alist of columnsin that table that are
automatically updated.

SQLPrimaryKeys

Returnsalist of columns that compose the primary key of asingle
table.

SQL ForeignKeys

Returns alist of foreign keysin asingletable or alist of foreign keys
in other tables that refer to a single table.

SQL TablePrivileges

Returns alist of privileges associated with one or more tables.

SQL ColumnPrivileges

Returns alist of privileges associated with one or more columnsin a
single table.
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SQL Procedures Returns alist of proceduresin the data source.

SQL ProcedureColumns Returns alist of input and output parameters, the return value, and
the columnsin the result set of a single procedure.

SQL GetTypelnfo Returns alist of the SQL data types supported by the data source.
These data types are generally used in CREATE TABLE and
ALTER TABLE statements.

Because SQL Tables, SQL Columns, SQL Statistics, and SQL Special Columns conform to the X/Open
CLI, and SQL GetTypel nfo conformsto the ISO 92 CLI, they are implemented by most drivers. The
remaining catal og functions are in the ODBC conformance level.

Data Returned by Catalog Functions

Each catalog function returns data as aresult set. Thisresult set is no different from any other result set. It
isusually generated by a predefined, parameterized SELECT statement that is hard-coded in the driver or
stored in a procedure in the data source. For information on how to retrieve data from aresult set, see “Was
a Result Set Created?” in Chapter 10, “Retrieving Results (Basic).”

The result set for each catalog function is described in the reference entry for that function. In addition to
the listed columns, the result set can contain driver-specific columns after the last predefined column.
These columns (if any) are described in the driver documentation.

Applications should bind driver-specific columns relative to the end of the result set. That is, they should
calculate the number of a driver-specific column as the number of the last column—retrieved with

SQL NumResultCols—less the number of columns that occur after the required column. This saves having
to change the application when new columns are added to the result set in future versions of ODBC or the
driver. For this scheme to work, drivers must add new driver-specific columns before old driver-specific
columns so that column numbers do not change relative to the end of the result set.

Identifiersthat are returned in the result set are not quoted, even if they contain specia characters. For
example, suppose the identifier quote character (which is driver-specific and returned through

SQL Getlnfo) is adouble quotation mark (") and the Accounts Payable table contains a column named
Customer Name. In the row returned by SQL Columns for this column, the value of the TABLE_NAME
column is Accounts Payable, not " Accounts Payable", and the value of the COLUMN_NAME column is
Customer Name, not "Customer Name". To retrieve the names of customers in the Accounts Payable table,
the application would quote these names:

SELECT "Customer Name' FROM "Accounts Payabl "
For more information, see “Quoted Identifiers’ in Chapter 8, “SQL Statements.”

The catalog functions are based upon an SQL -like authorization model in which a connection is made
based upon a username and password, and only data for which the user has a privilege is returned.
Password protection of individual files, which does not fit into this model, is driver-defined.

The result sets returned by the catal og functions are almost never updatable, and applications should not
expect to be able to change the structure of the database by changing the data in these result sets.

75




Argumentsin Catalog Functions

All catalog functions accept arguments with which an application can restrict the scope of the data returned.
For example, the first and second callsto SQL Tablesin the following code return a result set containing
information about all tables, while the third call returns information about the Orders table:

SQL Tables(hstmtl, NULL, O, NULL, O, NULL, O, NULL, 0);
SQL Tables(hstmt2, NULL, 0, NULL, O, "%", SQL_NTS, NULL, 0);
SQL Tables(hstmt3, NULL, 0, NULL, O, "Orders", SQL_NTS, NULL, 0);

Catal og function string arguments fall into four different types: ordinary arguments (OA), pattern value
arguments (PV), identifier arguments (ID), and value list arguments (VL). Most string arguments can be of
one of two different types, depending on the value of the SQL_ATTR_METADATA_ID statement
attribute. The following table lists the arguments for each catal og function and describes the type of the
argument for aSQL_TRUE or SQL_FALSE value of SQL_ATTR_METADATA_ID.

Typewhen QL _ Typewhen SQL _
ATTR_METADATA_ |ATTR_METADATA_
Function Argument ID=SQL _FALSE ID=SQL_TRUE
SQL ColumnPrivileges CatalogName OA ID
SchemaName OA ID
TableName OA ID
ColumnName PV ID
SQL Columns CatalogName OA ID
SchemaName (Y ID
TableName PV ID
ColumnName PV ID
SQL ForeignKeys PKCatalogName OA ID
PKSchemaName OA ID
PKTableName OA ID
FKCatalogName OA ID
FKSchemaName OA ID
FKTableName OA ID
SQLPrimaryKeys CatalogName OA ID
SchemaName OA ID
TableName OA ID
SQL ProcedureColumns CatalogName OA ID
SchemaName PV ID
ProcName PV ID
ColumnName PV ID
SQL Procedures CatalogName OA ID
SchemaName PV ID
ProcName PV ID
SQL SpecialColumns CatalogName OA ID
SchemaName OA ID
TableName OA ID
SQL Statistics CataloaName OA ID
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SchemaName OA ID
TableName OA ID
SQL TablePrivileges CatalogName OA ID
SchemaName (Y ID
TableName PV ID
SQL Tables CatalogName PV ID
SchemaName PV ID
TableName PV ID
TableType VL VL

Ordinary Arguments

When a catal og function string argument is an ordinary argument, it is treated as aliteral string. An
ordinary argument accepts neither a string search pattern, nor alist of values. The case of an ordinary
argument is significant, and quote characters in the string are taken literally. These arguments are treated as
ordinary arguments if the SQL_ATTR_METADATA_|D statement attribute is set to SQL_FALSE; they
aretreated asidentifier argumentsinstead if this attribute is set to SQL_TRUE.

If an ordinary argument is set to a null pointer and the argument is a required argument, the function returns
SQL_ERROR and SQLSTATE HY 009 (Invalid use of null pointer). If an ordinary argument is set to a null
pointer and the argument is not a required argument, the argument’ s behavior is driver-dependent. The
following arguments are required arguments:

Function Required arguments

SQL ColumnPrivileges TableName

SQL ForeignK eys } PKTableName, FKTableName
SQL PrimaryK eys TableName

SQL SpecialColumns TableName

SQL Statistics TableName

Pattern Value Arguments

Some arguments in the catalog functions, such as the TableName argument in SQL Tables, accept search
patterns. These arguments accept search patternsif the SQL_ATTR_METADATA_ID statement attribute
isset to SQL_FALSE; they areidentifier arguments that do not accept a search pattern if this attribute is set
to SQL_TRUE.

The search pattern characters are;

* Anunderscore (_), which represents any single character.
e A percent sign (%), which represents any sequence of zero or more characters.

e Anescape character, which is driver-specific and is used to include underscores, percent signs,
and the escape character as literals.
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The escape character isretrieved with the SQL_SEARCH_PATTERN_ESCAPE option in SQL Getlnfo. It
must precede any underscore, percent sign, or escape character in an argument that accepts search patterns
to include that character as aliteral. For example:

Sear ch pattern Description

%A% All identifiers containing the letter A

ABC _ All four character identifiers starting with ABC

ABC\ Theidentifier ABC_, assuming the -eﬂ:ape character is a backdash (V)

\% All identifiers starting with a backslash (\), assuming the escape character isa
backslash

Special care must be taken to escape search pattern charactersin arguments that accept search patterns.
Thisis particularly true for the underscore character, which is commonly used in identifiers. A common
mistake in applicationsisto retrieve a value from one catalog function and pass that value to a search
pattern argument in another catalog function. For example, suppose an application retrieves the table name
MY _TABLE from the result set for SQL Tables and passes this to SQL Columnsto retrieve alist of
columnsin MY_TABLE. Instead of getting the columnsfor MY_TABLE, the application will get the
columns for all the tables that match the search pattern MY_TABLE, suchasMY_TABLE, MY 1TABLE,
MY 2TABLE, and so on.

Note ODBC 2.x drivers do not support search patterns in the CatalogName argument in SQL Tables.
ODBC 3.x drivers accept search patterns in this argument if the SQL_ATTR_ODBC_VERSION
environment attribute is set to SQL_OV_ODBCS3; they do not accept search patternsin this argument
ifitissetto SQL_OV_ODBC2.

Passing a null pointer to a search pattern argument does not constrain the search for that argument; that is, a
null pointer and the search pattern % (any characters) are equivalent. However, a zero-length search
pattern—that is, avalid pointer to a string of length zero—matches only the empty string (“").

I dentifier Arguments

If astring in an identifier argument is quoted, the driver removes leading and trailing blanks, and treats
literally the string within the quotation marks. If the string is not quoted, the driver removes trailing blanks
and folds the string to uppercase. Setting an identifier argument to a null pointer returns SQL_ERROR and
SQLSTATE HY009 (Invalid use of null pointer), unless the argument is a catalog name and catalogs are
not supported.

These arguments are treated as identifier argumentsif the SQL_ATTR_METADATA_ID statement
attribute is set to SQL_TRUE. In this case, the underscore () and the percent sign (%) will be treated as
the actual character, not as a search pattern character. These arguments are treated as either an ordinary
argument or a pattern argument, depending on the argument, if this attribute is set to SQL_FALSE.

Although identifiers containing specia characters must be quoted in SQL statements, they must not be
guoted when passed as catal og function arguments, because quote characters passed to catalog functions
areinterpreted literally. For example, suppose the identifier quote character (which is driver-specific and
returned through SQL Getlnfo) is a double quotation mark (). Thefirst call to SQL Tables returns aresult
set containing information about the Accounts Payabl e table, while the second call returns information
about the “Accounts Payable” table, which is probably not what was intended.
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SQL Tables(hstmtl, NULL, 0, NULL, O, "Accounts Payable", SQL_NTS, NULL, 0);
SQL Tables(hstmt2, NULL, 0, NULL, O, "\"Accounts Payable\"", SQL_NTS, NULL, 0);

Quoted identifiers are used to distinguish a true column name from a pseudo-column of the same name,
such as ROWID in Oracle. If “ROWID” is passed in an argument of a catalog function, the function will
work with the ROWID pseudo-column if it exists. If the pseudo-column does not exist, the function will
work with the “ROWID” column. If ROWID is passed in an argument of a catal og function, the function
will work with the ROWID column.

For more information about quoted identifiers, see “ Quoted Identifiers’ in Chapter 8, “SQL Statements.”

Value List Arguments

A valuelist argument consists of alist of comma-separated values to be used for matching. Thereisonly
one value list argument in the ODBC catalog functions: the TableType argument in SQL Tables. Setting
TableType to anull pointer isthe sameasif itissetto SQL_ALL _TABLE_TYPES, which enumerates all
possible members of the value list. This argument is not affected by the SQL_ATTR_METADATA_ID
statement attribute. For more information, see the SQL Tables function description in the Part 1| PDF
file,”ODBC API Reference,” available on the Solid Web site.

Schema Views

An application can retrieve metadata information from the DBMS either by calling ODBC catalog
functions or by using INFORMATION_SCHEMA views. The views are defined by the ANSI SQL92
standard.

If supported by the DBMS and the driver, the INFORMATION_SCHEMA views provide a more powerful
and comprehensive means of retrieving metadata than the ODBC catalog functions provide. An application
can execute its own custom SELECT statement against one of these views, can join views, or can perform
aunion on views. While offering greater utility and a wider range of metadata,
INFORMATION_SCHEMA views are not often supported by the DBMS. This may change as more
DBMSs and drivers achieve compliance with SQL92.

To determine which views are supported, an application calls SQL Getlnfo with the

SQL_INFO_SCHEMA_VIEWS option. To retrieve metadata from a supported view, the application
executes a SELECT statement that specifies the schema information required.
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Chapter 8: Overview of SQL Statements

ODBC applications perform almost all database access by executing SQL statements. The form of these
statements—hard-coded or constructed at run time, interoperable or data source-specific, and so on—
depends on the needs of the application.

Constructing SQL Statements

SQL statements can be constructed in one of three ways: hard-coded during devel opment, constructed at
run time, or entered directly by the user.

Hard-Coded SQL Statements

Applications that perform afixed task usually contain hard-coded SQL statements. For example, an order
entry system might use the following call to list open sales orders:

SQLExecDirect (hstnt, "SELECT Orderl D FROM Orders WHERE Status = ' OPEN ",
SQL_NTS) ;

There are several advantages to hard-coded SQL statements: they can be tested when the application is
written, they are simpler to implement than statements constructed at run time, and they simplify the
application.

Using statement parameters and preparing statements provide even better ways to use hard-coded SQL
statements. For example, suppose the Parts table contains the Part| D, Description, and Price columns. One
way to insert a new row into this table would be to construct and execute an INSERT statement:

#define DESC_LEN 51
#def i ne STATEMENT_LEN 51

SQLUI NTEGER Part | D
SQLCHAR Desc[ DESC _LEN], Statenent[ STATEMENT_LEN];
SQLREAL Price;

/1 Set part |ID, description, and price.
Get Newval ues(&Part | D, Desc, &Price);

/1 Build I NSERT statemnent.
sprintf(Statement, "INSERT INTO Parts (PartlD, Description, Price)
"VALUES (%, '9%', % )", PartlD, Desc, Price);

/!l Execute the statenent.
SQLExecDirect (hstnt, Statement, SQL_NTS);

An even better way is to use a hard-coded, parameterized statement. This has two advantages over a
statement with hard-coded data values. First, it is easier to construct a parameterized statement because the
data values can be sent in their native types, such asintegers and floating point numbers, rather than
converting them to strings. Second, such a statement can be used easily more than once by just changing
the parameter values and re-executing it; thereis no need to rebuild it.
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#defi ne DESC _LEN 51

SQLCHAR * Staterment = "INSERT INTO Parts (PartlD, Description, Price)
"VALUES (?, ?2, ?2)";

SQLUI NTEGER Part| D;

SQ.CHAR  Desc[ DESC LEN];

SQLREAL Price;

SQLINTEGER PartlDind = 0, DescLenOrlnd = SQL_NTS, Pricelnd = O;

/1 Bind the paraneters.

SQLBi ndPar aneter (hstnt, 1, SQ._PARAM I NPUT, SQ._C ULONG SQL_I NTECER, 5, O,
&Part|I D, 0, &Partl Dl nd);

SQLBi ndPar aneter (hstnt, 2, SQ._PARAM | NPUT, SQ._C CHAR, SQ._CHAR, DESC LEN - 1,

0,
Desc, sizeof (Desc), &DescLenOrlnd);

SQLBi ndPar anet er (hstnt, 3, SQ._PARAM | NPUT, SQ._C FLOAT, SQ._REAL, 7, O,
&Price, 0, &Pricelnd);

/1 Set part |ID, description, and price.
Get Newval ues(&Part | D, Desc, &Price);

/! Execute the statenent.
SQLExecDirect (hstnt, Statenment, SQL_NTS);

Assuming this statement is to be executed more than once, it can be prepared for even greater efficiency:
#defi ne DESC _LEN 51

SQLCHAR *Statement = "I NSERT | NTO Parts (Partl D, Description, Price)
"VALUES (?, ?, ?2)";

SQLUI NTEGER Part | D

SQLCHAR  Desc[ DESC_LEN ;

SQLREAL Price;

SQLINTEGER PartIDind = 0, DescLenOrlnd = SQL_NTS, Pricelnd = 0;

/1 Prepare the I NSERT statenent.
SQLPrepare(hstnt, Statenment, SQL_NTS);

/1 Bind the paraneters.

SQLBi ndPar aneter (hstnt, 1, SQ._PARAM I NPUT, SQ._C ULONG SQL_I NTECER, 5, O,
&Part|I D, 0, &Partl Dl nd);

SQLBi ndPar aneter (hstnt, 2, SQ._PARAM | NPUT, SQ._C CHAR, SQ._CHAR, DESC LEN - 1,

0,
Desc, sizeof (Desc), &DescLenOrlnd);

SQLBi ndPar anet er (hstnt, 3, SQ._PARAM | NPUT, SQ._C FLOAT, SQ._REAL, 7, O,
&Price, 0, &Pricelnd);

/1 Loop to continually get new values and insert them
whil e (Get Newval ues(&Partl D, Desc, &Price))
SQLExecut e(hstnt);

Perhaps the most efficient way to use the statement is to construct a procedure containing the statement, as

shown in the following code example. Because the procedure is constructed at development time and stored
on the data source, it does not need to be prepared at run time. A drawback of this method is that the syntax
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for creating proceduresis DBM S-specific and procedures must be constructed separately for each DBMS
on which the application isto run.

#define DESC_LEN 51

SQLUI NTEGER Part | D

SQLCHAR  Desc[ DESC _LEN];

SQLREAL Price;

SQLINTEGER PartIDind = 0, DescLenOrlnd = SQL_NTS, Pricelnd = 0;

/1 Bind the paraneters.

SQ.Bi ndPar aneter (hstnt, 1, SQ._PARAM | NPUT, SQ._C ULONG SQ _INTEGER, 5, O,
&Part1 D, 0, &PartlDind);

SQLBi ndPar anet er (hstnt, 2, SQ._PARAM | NPUT, SQ._C CHAR, SQ _CHAR, DESC LEN - 1,

0,
Desc, sizeof (Desc), &DescLenOrlnd);

SQLBi ndPar anet er (hstnt, 3, SQ._PARAM | NPUT, SQ._C FLOAT, SQL_REAL, 7, O,
&Price, 0, &Pricelnd);

/1 Loop to continually get new values and insert them
whil e (Get Newal ues(&Part| D, Desc, &Price))
SQ.ExecDirect (hstmt, "{call InsertPart(?, ?, ?)}", SQ_NTS);
For more information about parameters, prepared statements, and procedures, see “ Executing a Statement”
in Chapter 9, “Executing Statements.”

SQL Statements Constructed at Run Time

Applications that perform ad hoc analysis commonly build SQL statements at run time. For example, a
spreadsheet might allow a user to select columns from which to retrieve data:

SQLCHAR  *Statenent, *Tabl eNane;

SQLCHAR **Tabl eNamesArray, **Col umNanmesArray;
BOCL *Col umSel ect edArr ay;

BOOL CommaNeeded;

SQLSMALLI NT i, NunCol umms;

/1l Use SQ.Tables to build a list of tables (Tabl eNamesArray[]). Let the user
sel ect a
// table and store the selected table in Tabl eNane.

/1 Use SQ.Colums to build a list of the colums in the selected table

/1 (Col umNanmesArray). Set NunColums to the nunber of colums in the table. Let
t he

/1 user select one or nore colums and flag these columms in

Col utmsSel ect edArray[] .

// Build a SELECT statenent fromthe sel ected col ums.
ConmmaNeeded = FALSE;

strcpy(Statenent, "SELECT ");

for (i = 0; i = NunColumms; i++) {
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if (ColumsSel ectedArray[i]) {
i f (CommaNeeded)
strcat(Statenent, ",");
el se
ComraNeeded = TRUE;
strcat (Statenent, ColumNanesArray[i]);

}
}

strcat(Statenent, " FROM");
strcat (Statenent, Tabl eNane);

/1 Execute the statenment directly. Because it will be executed only once, do not
/] prepare it.
SQLExecDirect (hstnt, Statenment, SQ._NTS);

Another class of applications that commonly constructs SQL statements at run time are application
development environments. However, the statements they construct are hard-coded in the application they
are building, where they can usually be optimized and tested.

Applications that construct SQL statements at run time can provide tremendous flexibility to the user. As
can be seen from the preceding example, which did not even support such common operations as WHERE
clauses, ORDER BY clauses, or joins, constructing SQL statements at run time is vastly more complex
than hard-coding statements. Furthermore, testing such applicationsis problematic, because they can
congtruct an arbitrary number of SQL statements.

A potential disadvantage of constructing SQL statements at run time is that it takes far more time to
construct a statement than use a hard-coded statement. Fortunately, thisisrarely a concern. Such
applications tend to be user-interface intensive, and the time the application spends constructing SQL
statements is generally small compared to the time the user spends entering criteria.

SQL Statements Entered by the User

Applications that perform ad hoc analysis also commonly allow the user to enter SQL statements directly.
For example:

SQ.CHAR *Statenent, Sql State[6], Mg[SQ_MX MESSAGE LENGTH];
SQLSMALLI NT i, MsglLen;

SQLI NTEGER Nat i veError;

SQLRETURN rcl, rc2;

/1 Pronpt user for SQ statenent.
Get SQLSt at errent ( St at enent ) ;

/1 Execute the statement directly. Because it will be executed only once, do not
/] prepare it.
rcl = SQLExecDirect (hstmt, Statenent, SQ._NTS);

/1 Process any errors or returned information.
if ((rcl == SQL_ERROR) || rcl == SQ._SUCCESS W TH_ | NFO {
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i =1
while ((rc2 = SQ.CGet Di agRec(SQ._HANDLE STMI, hstnt, i, Sqgl State, &NativeError,
Msg, sizeof (Msg), &MsgLen)) != SQL_NO DATA) {
Di spl ayError (Sql State, NativeError, Mg, MsglLen);
i ++;
}
}

This approach simplifies application coding; the application relies on the user to build the SQL statement
and on the data source to check the statement’ s validity. Because it’ s difficult to write a graphical user
interface that adequately exposes the intricacies of SQL, simply asking the user to enter the SQL statement
text may be a preferable alternative. However, this requires the user to know not only SQL but also the
schema of the data source being queried. Some applications provide a graphical user interface by which the
user can create abasic SQL statement, and a text interface with which the user can modify it.

| nter oper ability of SQL Statements

Like the rest of an application, SQL statements can be interoperable or DBM S-specific. And like the rest of
the application, the choice of how interoperable SQL statements need to be depends on the type of
application. Custom applications are less likely to use interoperable SQL statements because they are
usually designed to exploit the capahilities of one or possibly two DBMSs. Generic applications use
interoperable SQL statements because they are designed to work with a variety of DBMSs. And vertical
applications usualy fall somewhere in between, demanding a certain level of functionality but otherwise
using interoperable SQL statements.

Choosing an SQL Grammar

The first decision to make when constructing SQL statements is which grammar to use. In addition to the
grammars available from the various standards bodies, such as X/Open, ANSI, and I SO, virtually every
DBMS vendor defines its own grammar, each of which varies slightly from the standard.

Appendix C, “SQL Minimum Grammar,” in the SOLID Programmer Guide describes the minimum SQL
grammar that all ODBC drivers must support. This grammar is a subset of the Entry level of SQL92.
Drivers may support additional grammar to conform to the Intermediate, Full, or FIPS 127-2 Transitional
levels defined by SQL92. For more information, see Appendix C, “SQL Minimum Grammar,” in the
SOLID Programmer Guide and SQL92.

Appendix C also defines escape sequences containing standard grammar for commonly available language
features, such as outer joins, that are not covered by the SQL92 grammar. For more information, see
Appendix C, “SQL Minimum Grammar” in the SOLID Programmer Guide and “Escape Seguences,”
later in this chapter.

The grammar that is chosen affects how the driver processes the statement. Drivers must modify SQL 92
SQL and the ODBC-defined escape sequences to DBM S-specific SQL. Because most SQL grammars are
based on one or more of the various standards, most drivers do little or no work to meet this requirement. It
often consists only of searching for the escape sequences defined by ODBC and replacing them with

DBM S-specific grammar. When a driver encounters grammar it does not recognize, it assumes the
grammar is DBM S-specific and passes the SQL statement without modification to the data source for
execution.
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Thus, there are really two choices of grammar to use: the SQL92 grammar (and the ODBC escape
sequences) and a DBM S-specific grammar. Of the two, only the SQL92 grammar is interoperable, so all
interoperabl e applications should use it. Applications that are not interoperable can use the SQL 92
grammar or a DBM S-specific grammar. DBM S-specific grammars have two advantages: they can exploit
any features not covered by SQL 92 and they are marginally faster because the driver does not have to
modify them. The latter feature can be partially enforced by setting the SQL_ATTR_NOSCAN statement
attribute, which stops the driver from searching for and replacing escape sequences.

If the SQL92 grammar is used, the application can discover how it is modified by the driver by calling
SQL NativeSql. Thisis often useful when debugging applications. SQL NativeSql accepts an SQL
statement and returns it after the driver has modified it. Because this function isin the Core interface
conformance level, it is supported by all drivers.

Constructing I nter operable SQL Statements

As mentioned in the previous sections, interoperable applications should use the ODBC SQL grammar.
Beyond using this grammar, however, there are a number of additional problems faced by interoperable
applications. For example, what does an application do if it wants to use afeature, such as outer joins, that
is not supported by all data sources?

At this point, the application writer must make some decisions about which language features are required
and which are optional. Generally, if a particular driver does not support a feature required by the
application, the application simply refuses to run with that driver. However, if the feature is optional, the
application can work around the feature. For example, it might disable those parts of the interface that
allow the user to use the feature,

To determine which features are supported, applications start by calling SQL Getlnfo with the
SQL_SQL_CONFORMANCE option. The SQL conformance level gives the application a broad view of
which SQL is supported. To refine this view, the application calls SQL Getlnfo with any of a number of
other options. For acomplete list of these options, see SQL Getlnfo function description in the Part || PDF
file, “ODBC API Reference” available on the Solid Web site. Finally, SQL GetTypel nfo returns
information about the data types supported by the data source.The following sections list a number of
things that applications should watch for when constructing interoperable SQL statements.

Catalog and Schema Usage

Data sources do not necessarily support catalog and schema names as object name identifiersin all SQL
statements. Data sources might support catalog and schema names in one or more of the following classes
of SQL statements: Data Manipulation Language (DML) statements, procedure calls, table definition
statements, index definition statements, and privilege definition statements. To determine the classes of
SQL statements in which catalog and schema names can be used, an application calls SQL Getlnfo with the
SQL_CATALOG_USAGE and SQL_SCHEMA_USAGE options.

Catalog Position

The position of a catalog name in an identifier and how it is separated from the rest of the identifier varies
from data source to data source. For example, in an Xbase data source, the catalog name is adirectory and,
in Windows, is separated from the table name (which is afile name) by a backslash (\). The following
figure illustrates this condition.
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Ina SQL Server data source, the catalog is a database and is separated from the schema and table names by
aperiod (.).
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Catalog separdor ()

In an Oracle data source, the catalog is also the database, but follows the table name and is separated from
the schema and table names by an at sign (@).

Corporate Pats@Sales

Schema  Table Catalog
Caalog separator ()

To determine the catalog separator and the location of the catalog name, an application calls SQL GetInfo
with the SQL_CATALOG_NAME_SEPARATOR and SQL_CATALOG_LOCATION options.
Interoperable applications should construct identifiers according to these values.

When quoting identifiers that contain more than one part, applications must be careful to quote each part
separately and not quote the character that separates the identifiers. For example, the following statement to
select all of the rows and columns of an Xbase table quotes the catalog \XBASE\SALES\CORP) and table
(PARTS.DBF) names, but not the catal og separator (\):

SELECT * FROM "\ XBASE\ SALES\ CORP"\ " PARTS. DBF"

The following statement to select all of the rows and columns of an Oracle table quotes the catalog (Sales),
schema (Corporate), and table (Parts) names, but not the catalog (@) or schema (.) separators:

SELECT * FROM "Cor porate"."Parts" @ Sal es”
For information about quoting identifiers, see the next section, “Quoted Identifiers.”

Quoted I dentifiers

In an SQL statement, identifiers containing special characters or match keywords must be enclosed in
identifier quote characters; identifiers enclosed in such characters are known as quoted identifiers (also
known as delimited identifiersin SQL92). For example, the Accounts Payable identifier is quoted in the
following SELECT statement:

SELECT * FROM "Accounts Payabl e"

The reason for quoting identifiersis to make the statement parseable. For example, if Accounts Payable
was not quoted in the previous statement, the parser would assume there were two tables, Accounts and
Payable, and return a syntax error that they were not separated by a comma. The identifier quote character
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is driver-specific and isretrieved with the SQL_IDENTIFIER_QUOTE_CHAR option in SQLGetInfo. The
lists of special characters and of keywords are retrieved with the SQL_SPECIAL_CHARACTERS and
SQL_KEYWORDS options in SQL GetlInfo.

To be safe, interoperable applications often quote al identifiers except those for pseudo-columns, such as
the ROWID column in Oracle. SQL Special Columns returns alist of pseudo-columns. Also, if there are
application-specific restrictions on where special characters can appear in an object name, it is best for
interoperabl e applications not to use special charactersin those positions.

|dentifier Case

In SQL statements and catal og function arguments, identifiers and quoted identifiers can be either case
sensitive or not. An application determines which they are by calling SQL GetInfo with the
SQL_IDENTIFIER_CASE and SQL_QUOTED_IDENTIFIER_CASE options.

Each of these options has four possible return values: one stating that the identifier or quoted identifier case
is sensitive and three stating that it is not sensitive. The three values that are not case sensitive further
describe the case in which identifiers are stored in the system catalog. How identifiers are stored in the
system catalog is relevant only for display purposes, such as when an application displays the results of a
catalog function; it does not change the case sensitivity of identifiers.

Escape Sequences

ODBC defines escape seguences containing standard grammar for date, time, timestamp, and datetime
interval literals, scalar function calls, LIKE predicate escape characters, outer joins, and procedure calls.
Interoperable applications should use these sequences whenever possible.

To determineif adriver supports the escape sequences for date, time, timestamp, or datetime interval
literals, an application calls SQLGetTypelnfo. If the data source supports a date, time, timestamp, or
datetime interval data type, it must also support the corresponding escape sequence. To determine if the
other escape sequences are supported, an application calls SQL Getlnfo.

For more information, see “Escape Sequencesin ODBC,” later in this chapter.
Literal Prefixesand Suffixes

Inan SQL statement, aliteral is a character representation of an actual data value. For example, in the
following statement, ABC, FFFF, and 10 are literals:

SELECT CharCol, BinaryCol, IntegerCol FROM MyTabl e
VWHERE Char Col = ' ABC AND Bi naryCol = OxFFFF AND I ntegerCol = 10

Literals for some data types require special prefixes and suffixes. In the preceding example, the character
literal (ABC) requires a single quotation mark (*) as both a prefix and a suffix, the binary literal (FFFF)
requires the characters Ox as a prefix, and the integer literal (10) does not require a prefix or suffix.

For all data types except date, time, and timestamps, interoperable applications should use the values
returned in the LITERAL_PREFIX and LITERAL_SUFFIX columnsin the result set created by
SQLGetTypelnfo. For date, time, timestamp, and datetime interval literals, interoperable applications
should use the escape sequences discussed in the previous section.
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Parameter Markersin Procedure Calls

When calling procedures that accept parameters, interoperable applications should use parameter markers
instead of literal parameter values. Some data sources do not support the use of literal parameter valuesin
procedure calls. For more information about parameters, see “ Statement Parameters’ in Chapter 9,
“Executing Statements.” For more information about calling procedures, see “Procedure Calls,” later in this
chapter.

DDL Statements

Data Definition Language (DDL) statements vary tremendously among DBM Ss. ODBC SQL defines
statements for the most common data definition operations:. creating and dropping tables, indexes, and
views; altering tables; and granting and revoking privileges. All other DDL statements are data source—
specific. Thus, interoperabl e applications cannot perform some data definition operations. In general, thisis
not a problem, because such operations tend to be highly DBM S-specific and are best | eft to the proprietary
database administration software shipped with most DBM Ss or the setup program shipped with the driver.

Another problem in data definition is that data type names also vary tremendously among DBM Ss. Rather
than defining standard data type names and forcing drivers to convert them to DBM S-specific names,
SQL GetTypelnfo provides away for applications to discover DBM S-specific data type names.
Interoperable applications should use these namesin SQL statements to create and alter tables; the names
listed in Appendix C, “SQL Miniumum Grammar” and Appendix D, “Data Types’ (both contained in the
SOLID Programmer Guide) are examples only.

88



Escape Sequencesin ODBC

A number of language features, such as outer joins and scalar function calls, are commonly implemented
by DBM Ss. However, the syntaxes for these features tend to be DBM S-specific, even when standard
syntaxes are defined by the various standards bodies. Because of this, ODBC defines escape sequences that
contain standard syntaxes for the following language features:

e Date, time, timestamp, and datetime interval literals

e Scalar functions such as numeric, string, and data type conversion functions
* LIKE predicate escape character

»  Outer joins

* Procedurecalls
The escape sequence used by ODBC is as follows:
{ extension}

The escape sequence is recognized and parsed by drivers, which replace the escape sequences with DBM S-
specific grammar. For more information about escape sequence syntax, see Appendix C, “SQL Minimum
Grammar” contained on the Microsoft Web site (ODBC Programmer’ s Reference).

Note InODBC 2.x, thiswas the standard syntax of the escape sequence:
--(*vendor(vendor-name), product(product-name) extension *)--

In addition to this syntax, a shorthand syntax was defined of the form: {extension}. In ODBC 3.x, the
long form of the escape sequence has been deprecated, and the shorthand form is used exclusively.

Because the escape sequences are mapped by the driver to DBM S-specific syntaxes, an application can use
either the escape sequence or DBM S-specific syntax. However, applications that use the DBM S-specific
syntax will not be interoperable. When using the escape sequence, applications should make sure that the
SQL_ATTR_NOSCAN statement attribute is turned off, which it is by default. Otherwise, the escape
seguence will be sent directly to the data source, where it will generally cause a syntax error.

Drivers support only those escape sequences that they can map to underlying language features. For
example, if the data source does not support outer joins, neither will the driver. To determine which escape
sequences are supported, an application calls SQL GetTypelnfo and SQL Getlnfo. For more information, see
the next section, “Date, Time, and Timestamp Literals.”

Date, Time, and Timestamp Literals

The escape sequence for date, time, and timestamp literalsis:
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{literal-type 'value'}

where literal-type is one of the following:

literal- Meaning Format of value

type

d Date yyyy-mm-dd

t Time hh:mm:ss[1]

ts Timestamp yyyy-mm-dd hh:mm:sg[.f...] [1]

[1] The number of digitsto the right of the decimal point in atime or timestamp interval literal containing
a seconds component is dependent upon the seconds precision, as contained in the
SQL_DESC PRECISION descriptor field (for more information, see SQL SetDescField).

For more information about the date, time, and timestamp escape sequences, see “Date, Time, and
Timestamp Escape Sequences’ in Appendix C, “SQL Minimum Grammar” contained on the Microsoft
Web site (ODBC Programmer’s Reference).

For example, both of the following SQL statements update the open date of sales order 1023 in the Orders
table. The first statement uses the escape sequence syntax. The second statement uses the native syntax for
aDATE column in the Rdb from Digital Equipment Corporation; this statement is not interoperable.

UPDATE Orders SET OpenDate={d '1995-01-15'} WHERE Order| D=1023

UPDATE Orders SET OpenDate='15-Jan-1995' WHERE Order| D=1023

The escape sequence for a date, time, or timestamp literal also can be placed in a character variable bound
to adate, time, or timestamp parameter. For example, the following code uses a date parameter bound to a
character variable to update the open date of sales order 1023 in the Orders table:

SQLCHAR (penDate[56]; // The size of a date literal is 55.
SQLI NTEGER OpenDat eLenOrl nd = SQ._NTS;

/1 Bind the paraneter.
SQLBi ndPar aneter (hstnt, 1, SQL_PARAM | NPUT, SQL_C CHAR SQL_TYPE DATE, 0, O,
OpenDat e, sizeof (OpenDate), &OpenDatelLenOr | nd);

/1l Place the date in the OpenDate variable. In addition to the escape sequence
shown,

/1 it would al so be possible to use either of the strings "{d '1995-01-15'}" and
/1 "15-Jan-1995", although the latter is data source-specific.

strcpy(OpenDate, "{d '1995-01-15"}");

/!l Execute the statenent.
SQLExecDirect (hstnt, "UPDATE Orders SET QpenbDate=? WHERE Order| D = 1023",
SQ_NTS);

However, it is usually more efficient to bind the parameter directly to a date structure;

SQL_DATE_STRUCT OpenDat e;
SQLI NTEGER OpenDatelnd = 0;

/1 Bind the paraneter.
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SQLBi ndPar anet er (hstmt, 1, SQL_PARAM | NPUT, SQL_C TYPE_DATE, SQL_TYPE_DATE, O,
0,
&penDat e, 0, &OpenDatelen);

/1 Place the date in the dsOpenDate structure.
OpenDat e. year = 1995;

OpenDat e. nonth = 1;

OpenDat e. day = 15;

/!l Execute the statenent.
SQLExecDi rect (hstnt, "UPDATE Enpl oyee SET OpenDate=? WHERE OrderI D = 1023",
SQ_NTS);

To determine if adriver supports the ODBC escape sequences for date, time, or timestamp literals, an

application calls SQLGetTypelnfo. If the data source supports a date, time, or timestamp data type, it must
also support the corresponding escape sequence.

Data sources can also support the datetime literals defined in the ANSI SQL 92 specification, which are
different from the ODBC escape sequences for date, time, or timestamp literals. To determine if a data
source supports the ANSI literals, an application calls SQL Getlnfo with the
SQL_ANSI_SQL_DATETIME_LITERALS option.

To determine if adriver supports the ODBC escape sequences for interval literals, an application calls
SQLGetTypelnfo. If the data source supports a datetime interval datatype, it must also support the
corresponding escape sequence.

Data sources can also support the datetime literals defined in the ANSI SQL 92 specification, which are
different from the ODBC escape sequences for datetime interval literals. To determine if a data source
supports the ANSI literals, an application calls SQL Getlnfo with the
SQL_ANSI_SQL_DATETIME_LITERALS option.

Scalar Function Calls

Scalar functions return a value for each row. For example, the absolute value scalar function takes a
numeric column as an argument and returns the absolute value of each value in the column. The escape
sequence for calling ascalar function is:

{fn scalar-function}

where scalar-function is one of the functions listed in Appendix E, “Scalar Functions” inthe SOLID
Programmer Guide. For more information on the scalar function escape sequence, see “ Scalar Functions
Escape Sequence” in Appendix C, “SQL Grammar,” contained on the Microsoft Web site (ODBC
Programmer’ s Guide).

For example, the following SQL statements create the same result set of uppercase customer names. The
first statement uses the escape-sequence syntax. The second statement uses the native syntax for Ingres for
0S/2 and is not interoperable.

SELECT {fn UCASE(Nane)} FROM Custoners

SELECT upper case(Narme) FROM Cust omers
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An application can mix callsto scalar functions that use native syntax and calls to scalar functions that use
ODBC syntax. For example, assume that names in the Employee table are stored as a last name, acomma,
and afirst name. The following SQL statement creates aresult set of last names of employeesin the
Employee table. The statement uses the ODBC scalar function SUBSTRING and the SQL Server scalar
function CHARINDEX, and will execute correctly only on SQL Server.

SELECT {fn SUBSTRI NG(Nane, 1, CHARI NDEX(',', Name) — 1)} FROM Custoners

For maximum interoperability, applications should use the CONVERT scalar function to make sure the
output of ascalar function is the required type. The CONVERT function converts data from one SQL data
type to the specified SQL datatype. The syntax of the CONVERT function is:

CONVERT (value_exp, data_type)

where value_exp is a column name, the result of another scalar function, or aliteral value, and data typeis
akeyword that matches the #define name used by an SQL data type identifier as defined in Appendix D,
“Data Types.” For example, the following SQL statement uses the CONVERT function to make sure that
the output of the CURDATE function is a date, rather than a timestamp or character data:

I NSERT I NTO Orders (OrderI D, CustlD, OpenDate, Sal esPerson, Status)
VALUES (?, ?, {fn CONVERT({fn CURDATE()}, SQL_DATE)}, ?, ?)

To determine which scalar functions are supported by a data source, an application calls SQL Getlnfo with
the SQL_CONVERT_FUNCTIONS, SQL_NUMERIC_FUNCTIONS, SQL_STRING_FUNCTIONS,
SQL_SYSTEM_FUNCTIONS, and SQL_TIMEDATE_FUNCTIONS options. To determine which
conversion operations are supported by the CONVERT function, an application calls SQL GetInfo with any
of the options that start with SQL_CONVERT.

LIKE Predicate Escape Character

InaLIKE predicate, the percent sign (%) matches zero or more of any character and the underscore( )
matches any one character. To match an actual percent sign or underscore in a LIKE predicate, an escape
character must precede the percent sign or underscore. The escape sequence that defines the LIKE
predicate escape character is:

{ escape 'escape-character'}
where escape-character is any character supported by the data source.

For more information on the LIKE escape sequence, see “LIKE Escape Sequence” in Appendix C, “SQL
Minimum Grammar” contained on the Microsoft Web site (ODBC Programmer’s Guide)...

For example, the following SQL statements create the same result set of customer names that start with the
characters “%AAA”. The first statement uses the escape-sequence syntax. The second statement uses the
native syntax for Microsoft Access and is not interoperable. Note that the second percent character in each
LIKE predicate isawild card that matches zero or more of any character.

SELECT Nane FROM Custoners WHERE Nane LIKE '\ %AAA% {escape '\'}

SELECT Nanme FROM Custoners WHERE Nane LI KE ' [ % AAA%

To determine whether the LIKE predicate escape character is supported by a data source, an application
calls SQL GetInfo with the SQL_LIKE_ESCAPE_CLAUSE option.
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Outer Joins

ODBC supports the SQL 92 left, right, and full outer join syntax. The escape sequence for outer joinsis:
{oj outer-join}
where outer-joinis:

table-reference { LEFT | RIGHT | FULL} 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.

An outer join request must appear after the FROM keyword and before the WHERE clause (if one exists).
For complete syntax information, see “Outer Join Escape Sequence” in Appendix C, “SQL Minimum
Grammar,” contained on the Microsoft Web site (ODBC Programmer’s Guide).

For example, the following SQL statements create the same result set that lists all customers and shows
which has open orders. The first statement uses the escape-sequence syntax. The second statement uses the
native syntax for Oracle and is not interoperable.

SELECT Custoners. Custl D, Custoners.Nane, Oders.OderlD, Oders. Status
FROM {0j Custoners LEFT OUTER JO N Orders ON Custoners. Cust| D=Orders. Cust| D}
WHERE O ders. St at us=" OPEN

SELECT Custoners. Custl D, Custoners.Nane, Oders.OderlD, Oders. Status
FROM Custoners, Orders
WHERE (Orders. Status='OPEN' ) AND (Custoners. Custl D= Orders. CustlD(+))

To determine the types of outer joins that a data source and driver support, an application calls SQL GetInfo
with the SQL_OJ CAPABILITIES flag. The types of outer joins that might be supported are left, right,
full, or nested outer joins; outer joinsin which the column names in the ON clause do not have the same
order astheir respective table namesin the OUTER JOIN clause; inner joins in conjunction with outer
joins; and outer joins using any ODBC comparison operator. If the SQL_0J CAPABILITIES information
type returns 0, no outer join clause is supported.

Procedure Calls

A procedure is an executable object stored on the data source. Generally, it is one or more SQL statements
that have been precompiled. The escape sequence for calling a procedureis:

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

where procedure-name specifies the name of a procedure and parameter specifies a procedure parameter.
For more information on the procedure call escape sequence, see “Procedure Call Escape Sequence” in
Appendix C, “SQL Minimum Grammar,” contained on the Microsoft Web site (ODBC Programmer’s
Guide).

A procedure can have zero or more parameters. It can also return avalue, as indicated by the optional
parameter marker ?= at the start of the syntax. If parameter is an input or an input/output parameter, it can
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be aliteral or a parameter marker. However, interoperabl e applications should always use parameter
markers, because some data sources do not accept literal parameter values. If parameter is an output
parameter, it must be a parameter marker. Parameter markers must be bound with SQL BindParameter
before the procedure call statement is executed.

Input and input/output parameters can be omitted from procedure calls. If a procedure is called with
parentheses but without any parameters, such as { call procedure-name()}, the driver instructs the data
source to use the default value for the first parameter. If the procedure does not have any parameters, this
may cause the procedure to fail. If aprocedure is called without parentheses, such as { call procedure-
name}, the driver does not send any parameter values.

Literals can be specified for input and input/output parametersin procedure calls. For example, suppose the
procedure InsertOrder has five input parameters. The following call to InsertOrder omits the first
parameter, provides aliteral for the second parameter, and uses a parameter marker for the third, fourth,
and fifth parameters:

{call InsertOrder(, 10, ?, ?, ?)} // Not interoperable!

Note that if a parameter is omitted, the comma delimiting it from other parameters must still appear. If an
input or input/output parameter is omitted, the procedure uses the default value of the parameter. Another
way to specify the default value of an input or input/output parameter is to set the value of the
length/indicator buffer bound to the parameter to SQL_ DEFAULT_PARAM.

If an input/output parameter is omitted or if aliteral is supplied for the parameter, the driver discards the
output value. Similarly, if the parameter marker for the return value of a procedure is omitted, the driver
discards the return value. Finally, if an application specifies a return value parameter for a procedure that
does not return a value, the driver sets the value of the length/indicator buffer bound to the parameter to
SQL_NULL_DATA.

Suppose the procedure PARTS _IN_ORDERS creates aresult set containing alist of orders which contain a
particular part number. The following code calls this procedure for part number 544:

SQLUI NTEGER Part | D

SQLI NTEGER PartIDind = 0;

/1 Bind the paraneter.
SQLBi ndPar aneter (hstnt, 1, SQL_PARAM | NPUT, SQL_C SLONG, SQL_I NTEGER 0, O,
&Part|I D, 0, PartlDlnd);

/1 Place the departnment nunber in PartlD.
Part| D = 544;

// Execute the statenent.
SQLExecDi rect (hstnmt, "{call PARTS IN ORDERS(?)}", SQ._NTS);

To determine if a data source supports procedures, an application calls SQL Getlnfo with the
SQL_PROCEDURES option.

For more information about procedures, see “Procedures’ in Chapter 9, “ Executing Statements.”
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Chapter 9: Overview of Executing Statements

ODBC applications perform almost all database access by executing SQL statements. The general sequence
of eventsisto allocate a statement handle, set any statement attributes, execute the statement, retrieve any
results, and free the statement handle.

Allocating a Statement Handle

Before the application can execute a statement, it must allocate a statement handle. To do this:

1. Theapplication declares avariable of type HSTMT. It then calls SQLAllocHandle and passes the
address of this variable, the handle of the connection in which to allocate the statement, and the
SQL_HANDLE_STMT option. For example:

SQLHSTMT hst it 1;
SQLAI | ocHandl e( SQL_HANDLE_STMI, hdbcl, &hstntl);

2. The Driver Manager allocates a structure in which to store information about the statement and
calls SQLAllocHandle in the driver with the SQL_ HANDLE_STMT option.

3. Thedriver dlocates its own structure in which to store information about the statement and returns
the driver statement handle to the Driver Manager.

4. The Driver Manager returns the Driver Manager statement handle to the application in the
application variable.

The statement handle identifies which statement to use when calling ODBC functions. For more
information about statement handles, see “ Statement Handles” in Chapter 4, “ODBC Fundamentals.”

Statement Attributes

Statement attributes are characteristics of the statement. For example, whether to use bookmarks and what
kind of cursor to use with the statement’ s result set are statement attributes.

Statement attributes are set with SQL SetStmtAttr and their current settings retrieved with SQL GetStmtAttr.
There is no requirement that an application set any statement attributes; all statement attributes have
defaults, some of which are driver-specific.

When a statement attribute can be set depends on the attribute itself. The SQL_ATTR_CONCURRENCY,
SQL_ATTR_CURSOR_TYPE, SQL_ATTR_SIMULATE_CURSOR, and

SQL_ATTR_USE BOOKMARKS statement attributes must be set before the statement is executed. The
SQL_ATTR_ASYNC _ENABLE and SQL_ATTR_NOSCAN statement attributes can be set at any time,
but are not applied until the statement isused again. SQL_ATTR_MAX_LENGTH,
SQL_ATTR_MAX_ROWS, and SQL_ATTR_QUERY_TIMEOUT statement attributes can be set at any
time, but it is driver-specific whether they are applied before the statement is used again. The remaining
statement attributes can be set at any time.
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Note The ahility to set statement attributes at the connection level by calling SQL SetConnectAttr has
been deprecated in ODBC 3.x. ODBC 3.x applications should never set statement attributes at the
connection level. ODBC 3.x drivers need only support this functionality if they should work with
ODBC 2.x applications. For more information, see “ SQL SetConnectOption Mapping” in Appendix G,
“Driver Guidelines for Backward Compatibility” contained on the Microsoft Web site (ODBC
Programmer’ s Reference).

An exception to thisisthe SQL_ATTR_METADATA_ID and SQL_ATTR_ASYNC_ENABLE
attributes, which are both connection attributes and statement attributes, and can be set either at the
connection level or the statement level.

None of the statement attributesintroduced in ODBC 3.x (except for SQL_ATTR_METADATA_ID)
can be set at the connection level.

For more information, see the SQL SetStmtAttr function description in the Part || PDF file, “ODBC API
Reference,” available on the Solid Web site.

Executing a Statement

There are four ways to execute a statement, depending on when they are compiled (prepared) by the
database engine and who defines them:

» Direct execution. The application defines the SQL statement. It is prepared and executed at run
timeinasingle step.

*  Prepared execution. The application defines the SQL statement. It is prepared and executed at
run time in separate steps. The statement can be prepared once and executed multiple times.

*  Procedures. The application can define and compile one or more SQL statements at devel opment
time and store these statements on the data source as a procedure. The procedure is executed one
or more times at run time. The application can enumerate available stored procedures using
catalog functions.

» Catalog functions. The driver writer creates a function that returns a predefined result set.
Usually, this function submits a predefined SQL statement or calls a procedure created for this
purpose. The function is executed one or more times at run time.

A particular statement (as identified by its statement handl€) can be executed any number of times. The
statement can be executed with avariety of different SQL statements, or it can be executed repeatedly with
the same SQL statement. For example, the following code uses the same statement handle (hstmtl) to
retrieve and display the tables in the Sales database. It then reuses this handle to retrieve the columnsin a
table selected by the user.

SQLHSTMI hstmt 1;
SQLCHAR * Tabl e;

// Create a result set of all tables in the Sal es dat abase.
SQLTabl es(hstnt1, "Sales", SQ_NTS, "sysadnin", SQ_NTS, NULL, 0, NULL, 0);
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/1 Fetch and display the table nanes; then close the cursor.
/1 Code not shown.

/1l Have the user select a particular table.
Sel ect Tabl e( Tabl e) ;

// Reuse hstntl to create a result set of all colums in Table.
SQLCol ums(hstnt1l, "Sales", SQ_NTS, "sysadm n", SQ._NTS, Table, SQL_NTS, NULL,
0);

/1 Fetch and display the columm nanes in Table; then close the cursor.
/1 Code not shown.

And the following code shows how a single handle is used to repeatedly execute the same statement to
delete rows from a table.

SQLHSTMI hst nt 1;
SQLUI NTEGER O derl D
SQLI NTEGER O derlDind = 0;

/]l Prepare a statenent to delete orders fromthe Orders table.
SQLPrepare(hstnt1l, "DELETE FROM Orders WHERE OrderI D = ?", SQ._NTS);

/1 Bind OderIDto the paraneter for the OderlD col um.
SQLBi ndPar aneter (hstnt1, 1, SQL_PARAM | NPUT, SQL_C ULONG SQL_I NTEGER, 5, O,
& rderI D, 0, &derl Dl nd);

/1l Repeatedly execute hstntl with different values of O derlD.
while ((OrderID = GetOrderID()) '=0) {

SQLExecut e(hstntl);
}

For many drivers, alocating statements is an expensive task, so reusing the same statement in this manner
is usually more efficient than freeing existing statements and all ocating new ones. Applications that create
result sets on a statement must be careful to close the cursor over the result set before reexecuting the
statement; for more information, see "' Closing the Cursor" in Chapter 10, "Retrieving Results (Basic)."

Reusing statements also forces the application to avoid alimitation in some drivers of the number of
statements that can be active at one time. The exact definition of "active" is driver-specific, but it often
refersto any statement that has been prepared or executed and still has results available. For example, after
an INSERT statement has been prepared, it is generally considered to be active; after a SELECT statement
has been executed and the cursor is still open, it is generally considered to be active; after aCREATE
TABLE statement has been executed, it is not generally considered to be active.

An application determines how many statements can be active on a single connection at one time by calling
SQL Getlnfo with the SQL_MAX_CONCURRENT_ACTIVITIES option. An application can use more
active statements than this limit by opening multiple connections to the data source; because connections
can be expensive, however, the effect on performance should be considered.

Applications can limit the amount of time allotted for a statement to execute with the
SQL_ATTR_QUERY_TIMEOUT statement attribute. If the timeout period expires before the data source
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returns the result set, the function executing the SQL statement returns SQLSTATE HY T0O0 (Timeout
expired). By default, thereis no timeout.

Direct Execution

Direct execution is the simplest way to execute a statement. When the statement is submitted for execution,
the data source compilesit into an access plan and then executes that access plan.

Direct execution is commonly used by generic applications that build and execute statements at run time.
For example, the following code builds an SQL statement and executesit asingle time:

SQLCHAR * SQLSt at enent ;

/1 Build an SQL statenent.
Bui | dSt at enent ( SQLSt at enent ) ;

// Execute the statenent.
SQLExecDirect (hstnt, SQ.Statenent, SQ._NTS);

Direct execution works best for statements that will be executed a single time. Its major drawback is that
the SQL statement is parsed every time it is executed. In addition, the application cannot retrieve
information about the result set created by the statement (if any) until after the statement is executed; thisis
possible if the statement is prepared and executed in two separate steps.

To execute a statement directly, the application:

1. Setsthevalues of any parameters. For more information, see “ Statement Parameters,” later in this
chapter.

2. Calls SQLExecDirect and passes it a string containing the SQL statement.

3. When SQLExecDirect is called, the driver:

* Modifiesthe SQL statement to use the data source’s SQL grammar without parsing the
statement; this includes replacing the escape sequences discussed in “ Escape Sequences
in ODBC” in Chapter 8, “SQL Statements.” The application can retrieve the modified
form of an SQL statement by calling SQLNativeSql. Note that escape sequences are not
replaced if the SQL_ATTR_NOSCAN statement attribute is set.

» Retrievesthe current parameter values and converts them as necessary. For more
information, see “ Statement Parameters,” later in this chapter.

*  Sendsthe statement and converted parameter values to the data source for execution.

* Returnsany errors. These include sequencing or state diagnostics such as SQLSTATE
24000 (Invalid cursor state), syntactic errors such as SQLSTATE 42000 (Syntax error or
access violation), and semantic errors such as SQLSTATE 42S02 (Base table or view not
found).
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Prepar ed Execution

Prepared execution is an efficient way to execute a statement more than once. The statement isfirst
compiled, or prepared, into an access plan. The access plan is then executed one or more times at a later
time. For more information about access plans, see “Processing an SQL Statement” in Chapter 2, “An
Introduction to SQL and ODBC.”

Prepared execution is commonly used by vertical and custom applications to repeatedly execute the same,
parameterized SQL statement. For example, the following code prepares a statement to update the prices of
different parts. It then executes the statement multiple times with different parameter values each time.
SQLREAL Price;

SQLUI NTECGER Part | D

SQLINTEGER PartIDind = 0, Pricelnd = 0;

/1l Prepare a statenent to update salaries in the Enpl oyees table.
SQLPrepare(hstnt, "UPDATE Parts SET Price = ? WHERE PartI D = ?", SQL_NTS);

/1 Bind Price to the paraneter for the Price colum and PartID to

/1 the paraneter for the PartlD col um.

SQ.Bi ndPar aneter (hstnt, 1, SQ._PARAM | NPUT, SQ._C FLOAT, SQ._REAL, 7, O,
&Price, 0, &Pricelnd);

SQ.Bi ndPar anet er (hstnt, 2, SQ._PARAM | NPUT, SQ._C ULONG SQ@Q _INTEGER, 10, O,
&PartI D, 0, &PartlDind);

/1 Repeatedly execute the statenent.

while (GetPrice(&PartID, &Price)) {
SQLExecut e(hstnt);

}

Prepared execution is faster than direct execution for statements executed more than once, primarily
because the statement is compiled only once; statements executed directly are compiled each time they are
executed. Prepared execution also can provide areduction in network traffic because the driver can send an
access plan identifier to the data source each time the statement is executed, rather than an entire SQL
statement, if the data source supports access plan identifiers.

The application can retrieve the metadata for the result set after the statement is prepared and before it is
executed. However, returning metadata for prepared, unexecuted statements is expensive for some drivers
and should be avoided by interoperable applications if possible. For more information, see “ Result Set
Metadata” in Chapter 10, “Retrieving Results (Basic).”

Prepared execution should not be used for statements executed a single time. For such statements, it is
dightly slower than direct execution because it requires an additional ODBC function call.

Important Committing or rolling back a transaction, either by explicitly calling SQLEndTran or by
working in autocommit mode, causes some data sources to del ete the access plans for all statements on
a connection. For more information, see the SQL_ CURSOR_COMMIT_BEHAVIOR and
SQL_CURSOR_ROLLBACK_BEHAVIOR optionsin the SQL GetInfo function description.

To prepare and execute a statement, the application:

1. Calls SQLPrepare and passes it a string containing the SQL statement.
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Sets the values of any parameters. Parameters can actually be set before or after preparing the
statement. For more information, see “ Statement Parameters,” later in this chapter.

Calls SQL Execute and does any additional processing that is necessary, such as fetching data.

Repeats steps 2 and 3 as necessary.

When SQL Prepare is called, the driver:

Modifies the SQL statement to use the data source’s SQL grammar without parsing the
statement. This includes replacing the escape sequences discussed in “ Escape Sequences
in ODBC” in Chapter 8, “SQL Statements.” The application can retrieve the modified
form of an SQL statement by calling SQLNativeSgl. Note that escape sequences are not
replaced if the SQL_ATTR_NOSCAN statement attribute is set.

Sends the statement to the data source for preparation.

Stores the returned access plan identifier for later execution (if the preparation succeeded)
or returns any errors (if the preparation failed). Errors include syntactic errors such as
SQLSTATE 42000 (Syntax error or access violation) and semantic errors such as
SQLSTATE 42502 (Base table or view not found).

Note Some drivers do not return errors at this point, but instead return them when the statement is
executed or when catal og functions are called. Thus, SQL Prepare might appear to have succeeded
when in fact it has failed.

When SQLExecute is caled, the driver:

Retrieves the current parameter values and converts them as necessary. For more
information, see “ Statement Parameters,” later in this chapter.

Sends the access plan identifier and converted parameter values to the data source.

Returns any errors. These are generally run-time errors such as SQLSTATE 24000
(Invalid cursor state). However, some drivers return syntactic and semantic errors at this
point.

If the data source does not support statement preparation, the driver must emulate it to the extent possible.
For example, the driver might do nothing when SQL Prepare is called, then perform direct execution of the
statement when SQLExecuteis called.

If the data source supports syntax checking without execution, the driver might submit the statement for
checking when SQL Prepare is called and submit the statement for execution when SQLExecute is called.
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If the driver cannot emulate statement preparation, it stores the statement when SQL Prepareis called and
submits it for execution when SQLExecuteis called.

Because emulated statement preparation is not perfect, SQL Execute can return any errors normally
returned by SQL Prepare.

Procedures

A procedure is an executable object stored on the data source. Generally, it is one or more SQL statements
that have been precompiled.

When to Use Procedures

There are anumber of advantages to using procedures, all based on the fact that using procedures moves
SQL statements from the application to the data source. What is |eft in the application is an interoperable
procedure call. These advantages include:

»  Performance. Procedures are usually the fastest way to execute SQL statements. Like prepared
execution, the statement is compiled and executed in two separate steps. Unlike prepared
execution, procedures are executed only at run time. They are compiled at a different time.

e Businessrules. A businessrule is arule about the way in which a company does business. For
example, only someone with the title Sales Person might be allowed to add new sales orders.
Placing these rules in procedures allows individual companies to customize vertical applications
by rewriting the procedures called by the application without having to modify the application
code. For example, an order entry application might call the procedure InsertOrder with a fixed
number of parameters; exactly how InsertOrder isimplemented can vary from company to
company.

* Replaceability. Closdly related to placing business rules in proceduresis the fact that procedures
can be replaced without recompiling the application. If a business rule changes after a company
has bought and installed an application, the company can change the procedure containing that
rule. From the application’s standpoint, nothing has changed; it still calls a particular procedure to
accomplish a particular task.

» DBMS-gpecific SQL. Procedures provide away for applications to exploit DBM S-specific SQL
and still remain interoperable. For example, a procedure on a DBM S that supports control-of-flow
statementsin SQL might trap and recover from errors, while a procedure on aDBMS that does not
support control-of-flow statements might simply return an error.

»  Procedures survive transactions. On some data sources, the access plans for all prepared
statements on a connection are deleted when a transaction is committed or rolled back. By placing
SQL statements in procedures, which are permanently stored in the data source, the statements
survive the transaction. Whether the procedures survive in a prepared, partialy prepared, or
unprepared state is DBM S-specific.
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e Separate development. Procedures can be developed separately from the rest of the application. In
large corporations, this might provide away to further exploit the skills of highly specialized
programmers. In other words, application programmers can write user-interface code and database
programmers can write procedures.

Procedures are generally used by vertical and custom applications. These applications tend to perform fixed
tasks, and it is possible to hard-code procedure calls in them. For example, an order entry application might
call the procedures InsertOrder, DeleteOrder, UpdateOrder, and GetOrders.

Thereislittle reason to call procedures from generic applications. Procedures are generally written to
perform atask in the context of a particular application and so have no use to generic applications. For
example, a spreadsheet has no reason to call the InsertOrder procedure just mentioned. Furthermore,
generic applications should not construct procedures at run time in hopes of providing faster statement
execution; not only isthislikely to be slower than prepared or direct execution, it also requires DBMS-
specific SQL statements.

An exception to thisis application-development environments, which often provide away for programmers
to build SQL statements that execute procedures and may provide away for programmers to test
procedures. Such environments call SQLProceduresto list available procedures and

SQL ProcedureColumns to list the input, input/output, and output parameters, the procedure return value,
and the columns of any result sets created by a procedure. However, such procedures must be devel oped
beforehand on each data source; doing so requires DBM S-specific SQL statements.

There are three major disadvantages to using procedures. The first is that procedures must be written and
compiled for each DBM S with which the application isto run. While thisis not a problem for custom
applications, it can significantly increase devel opment and maintenance time for vertical applications
designed to run with a number of DBM Ss.

The second disadvantage is that many DBM Ss do not support procedures. Again, thisis most likely to be a
problem for vertical applications designed to run with a number of DBM Ss. To determine whether
procedures are supported, an application calls SQL Getlnfo with the SQL_PROCEDURES option.

The third disadvantage, which is particularly applicable to application development environments, is that
ODBC does not define a standard grammar for creating procedures. Thus, although applications can call
procedures interoperably, they cannot create them interoperably.

Executing Procedures

ODBC defines a standard escape sequence for executing procedures. For the syntax of this sequence and a
code example that usesit, see “Procedure Calls’ in Chapter 8, “SQL Statements.”

To execute a procedure, an application:

1. Setsthevalues of any parameters. For more information, see “ Statement Parameters,” later in this
chapter.

2. Calls SQLExecDirect and passesit a string containing the SQL statement that executes the
procedure. This statement can use the escape sequence defined by ODBC or DBM S-specific
syntax; statements that use DBM S-specific syntax are not interoperable.
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3. When SQLExecDirect is called, the driver:

» Retrievesthe current parameter values and converts them as necessary. For more
information, see “ Statement Parameters,” later in this chapter.

e Cdlsthe procedure in the data source and sends it the converted parameter values. How
the driver calls the procedure is driver-specific. For example, it might modify the SQL
statement to use the data source’s SQL grammar and submit this statement for execution,
or it might call the procedure directly using a Remote Procedure Call (RPC) mechanism
that is defined in the data stream protocol of the DBMS.

« Returns the values of any input/output or output parameters or the procedure return value,
assuming the procedure succeeds. Note that these values might not be available until after
all other results (row counts and result sets) generated by the procedure have been
processed. If the procedure fails, the driver returns any errors.

Batches of SQL Statements

A batch of SQL statementsis a group of two or more SQL statements or asingle SQL statement that has
the same effect as a group of two or more SQL statements. In some implementations, the entire batch
statement is executed before any results are available. Thisis often more efficient than submitting
statements separately, because network traffic can often be reduced and the data source can sometimes
optimize execution of a batch of SQL statements. In other implementations, calling SQLM oreResults
triggers the execution of the next statement in the batch. ODBC supports the following types of batches:

« Explicit batches. An explicit batch istwo or more SQL statements separated by semicolons (;).
For example, the following batch of SQL statements opens a new sales order. Thisrequires
inserting rows into both the Orders and Lines tables. Note that there is no semicolon after the last
statement.

I NSERT I NTO Orders (OrderlI D, CustlD, OpenDate, Sal esPerson, Status)
VALUES (2002, 1001, {fn CURDATE()}, 'Garcia', 'OPEN);

I NSERT I NTO Lines (OrderI D, Line, PartlD, Quantity)

VALUES (2002, 1, 1234, 10);

I NSERT I NTO Lines (OrderI D, Line, PartlD, Quantity)

VALUES (2002, 2, 987, 8);

| NSERT I NTO Lines (Orderl D, Line, PartlD, Quantity)

VALUES (2002, 3, 566, 17);

| NSERT I NTO Lines (OrderI D, Line, PartlD, Quantity)

VALUES (2002, 4, 412, 500)
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» |f aprocedure contains more than one SQL statement, it is considered to be a batch of SQL
statements. For example, the following SQL Server — specific statement creates a procedure that
returns aresult set containing information about a customer and aresult set listing all the open
sales orders for that customer:

CREATE PROCEDURE GCet Custlnfo (@CustonerlD I NT) AS
SELECT * FROM Custoners WHERE Cust| D = @Custoner| D
SELECT Order|l D FROM Orders

WHERE Cust| D = @Custoner| D AND Status = ' OPEN

The CREATE PROCEDURE statement itself is not a batch of SQL statements. However, the procedure it
creates is a batch of SQL statements. Note that no semicolons separate the two SELECT statements
because the CREATE PROCEDURE statement is specific to SQL Server, and SQL Server does not
reguire semicolons to separate multiple statementsin a CREATE PROCEDURE statement.

Result-Generating and Result-Free Statements

SQL statements can be loosely divided into the following five categories:

* Result set—generating statements. These are SQL statements that generate aresult set. For
example, a SELECT statement.

*  Row count—generating statements. These are SQL statements that generate a count of affected
rows. For example, an UPDATE or DELETE statement.

» Data Definition Language (DDL) statements. These are SQL statements that modify the
structure of the database. For example, CREATE TABLE or DROP INDEX.

» Context-changing statements. These are SQL statements that change the context of a database.
For example, the USE and SET statementsin SQL Server.

* Administrative statements. These are SQL statements used for administrative purposesin a
database. For example, GRANT and REVOKE.

SQL statementsin the first two categories are collectively known as result-generating statements. SQL
statements in the latter three categories are collectively known as result-free statements. ODBC defines the
semantics of batches that include only result-generating statements. These semantics vary widely and are
therefore data source-specific. For example, the SQL Server driver does not support dropping an object and
then referring to or re-creating the same object in the same batch. Therefore, the term batch as used in this
manual refers only to batches of result-generating statements.

Executing Batches

Before an application executes a batch of statements, it should first check whether they are supported. To
do this, the application calls SQL Getlnfo with the SQL_BATCH_SUPPORT,
SQL_PARAM_ARRAY_ROW_COUNTS, and SQL_PARAM_ARRAY _SELECTS options. The first
option returns whether row count—generating and result set—generating statements are supported in explicit
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batches and procedures, while the latter two options return information about the availability of row counts
and result setsin parameterized execution.

Batches of statements are executed through SQL Execute or SQL ExecDirect. For example, the following
call executes an explicit batch of statementsto open a new sales order.

SQLCHAR *BatchStnt =

"INSERT INTO Orders (OrderI D, CustlD, OpenDate, Sal esPerson, Status)"

"VALUES (2002, 1001, {fn CURDATE()}, 'Garcia', 'OPEN);"

"I NSERT | NTO Lines (OrderID, Line, PartlD, Quantity) VALUES (2002, 1, 1234,
10);"
"I NSERT | NTO Lines (OrderID, Line, PartID, Quantity) VALUES (2002, 2, 987, 8);"
"I NSERT INTO Lines (OrderI D, Line, PartlD, Quantity) VALUES (2002, 3, 566, 17);"
"I NSERT | NTO Lines (OrderID, Line, PartlD, Quantity) VALUES (2002, 4, 412,
500)";

SQLExecDirect (hstnt, BatchStnt, SQ._NTS);

When a batch of result-generating statements is executed, it returns one or more row counts or result sets.
For information about how to retrieve these, see “Multiple Results’ in Chapter 11, “Retrieving Results
(Advanced).”

If a batch of statements includes parameter markers, these are numbered in increasing parameter order as
they arein any other statement. For example, the following batch of statements has parameters numbered
from 1 to 21; those in the first INSERT statement are numbered 1 to 5 and those in the last INSERT
statement are numbered 18 to 21.

I NSERT I NTO Orders (OrderI D, CustlD, OpenDate, Sal esPerson, Status)
VALUES (2, 2, 2, 2, ?);

I NSERT INTO Lines (OrderI D, Line, PartlD, Quantity) VALUES (?, ?, ?, ?);
I NSERT I NTO Lines (OrderI D, Line, PartlD, Quantity) VALUES (?, ?, ?, ?);
I NSERT INTO Lines (OrderI D, Line, PartlD, Quantity) VALUES (?, ?, ?, ?);
| NSERT I NTO Lines (OrderI D, Line, PartlD, Quantity) VALUES (?, ?, ?, ?);

For more information about parameters, see “ Statement Parameters,” later in this chapter.
Errorsand Batches

When an error occurs while executing a batch of SQL statements, one of four things can happen; which one
happens is data source — specific and may even depend on the statements included in the batch.

* No statementsin the batch are executed.
* No statements in the batch are executed and the transaction is rolled back.
« All of the statements before the error statement are executed.

« All of the statements except the error statement are executed.

In the first two cases, SQLExecute and SQL ExecDirect return SQL_ERROR. In the latter two cases, they
may return SQL_SUCCESS WITH_INFO or SQL_SUCCESS, depending on the implementation. In al
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cases, further error information can be retrieved with SQL GetDiagField, SQL GetDiagRec, or SQLError.
However, the nature and depth of thisinformation is data source — specific. Furthermore, thisinformation is
unlikely to exactly identify the statement in error.

Executing Catalog Functions

Because a catalog function creates aresult set, it is equivalent to executing any result set—generating SQL
statement. In fact, catalog functions are often implemented by executing predefined SQL statements or
calling predefined procedures that are shipped with the driver or DBMS. Almost anything that applies to
SQL statements that create result sets also appliesto catalog functions. For example, the
SQL_ATTR_MAX_ROWS statement attribute limits the number of rows returned by the catal og function,
just asit limits the number of rows returned by a SELECT statement.

To execute a catal og function, an application just calls the function.

For more information about catal og functions, see “Chapter 7: Overview of Catalog Functions.”

Statement Par ameters

A parameter isavariable in an SQL statement. For example, suppose a Parts table has columns named
PartlD, Description, and Price. To add a part without parameters would require constructing an SQL
statement such as:

I NSERT I NTO Parts (PartlD, Description, Price) VALUES (2100, 'Drive shaft',
50. 00)

Although this statement inserts a new order, it is not a good solution for an order entry application because
the values to insert cannot be hard-coded in the application. An alternative isto construct the SQL
statement at run time, using the values to be inserted. This also is not a good solution, due to the complexity
of constructing statements at run time. The best solution is to replace the elements of the VALUES clause
with question marks (?), or parameter markers:

I NSERT I NTO Parts (Part|D, Description, Price) VALUES (?, ?, ?)

The parameter markers are then bound to application variables. To add a new row, the application has only
to set the values of the variables and execute the statement. The driver then retrieves the current values of
the variables and sends them to the data source. If the statement will be executed multiple times, the
application can make the process even more efficient by preparing the statement.

The statement just shown might be hard-coded in an order entry application to insert a new row. However,
parameter markers are not limited to vertical applications. For any application, they ease the difficulty of
congtructing SQL statements at run time by avoiding conversions to and from text. For example, the part 1D
just shown is most likely stored in the application as an integer. If the SQL statement is constructed without
parameter markers, the application must convert the part 1D to text and the data source must convert it back
to an integer. By using a parameter marker, the application can send the part 1D to the driver as an integer,
which usually can send it to the data source as an integer, thereby saving two conversions. For long data
valuesthisiscritical, because the text forms of such values often exceed the allowable length of an SQL
statement.

Parameters are legal only in certain placesin SQL statements. For example, they are not allowed in the
select list (thelist of columnsto be returned by a SELECT statement), nor are they allowed as both
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operands of a binary operator such as the equals sign (=), asit would be impossible to determine the
parameter type. In general, parameters are legal only in Data Manipulation Language (DML) statements,
and not in Data Definition Language (DDL) statements. For details, see “Parameter Markers’ in Appendix
C, “SQL Minimum Grammar” of the SOLID Programmer Guide.

When the SQL statement invokes a procedure, named parameters can be used. Named parameters are
identified by their names, not by their position in the SQL statement. They can be bound by acall to
SQLBindParameter, but the parameter isidentified by the SQL_DESC_NAME field of the IPD
(implementation parameter descriptor), not by the ParameterNumber argument of SQL BindParameter.
They can also be bound by calling SQL SetDescField or SQL SetDescRec. For more information on named
parameters, see “Binding Parameters by Name (Named Parameters)” later in this chapter. For more
information on descriptors, see “ Chapter 13: Overview of Descriptors.”

Binding Parameters

Each parameter in an SQL statement must be associated, or bound, to a variable in the application before
the statement is executed. When the application binds a variable to a parameter, it describes that variable —
address, C data type, and so on — to the driver. It also describes the parameter itself — SQL data type,
precision, and so on. The driver stores thisinformation in the structure it maintains for that statement and
uses the information to retrieve the value from the variable when the statement is executed.

Parameters can be bound or rebound at any time before a statement is executed. If a parameter is rebound
after a statement is executed, the binding does not apply until the statement is executed again. To bind a
parameter to a different variable, an application simply rebinds the parameter with the new variable; the
previous binding is automatically released.

A variable remains bound to a parameter until a different variable is bound to the parameter, all parameters
are unbound by calling SQL FreeStmt with the SQL_RESET _PARAMS option, or the statement is released.
For this reason, the application must be sure that variables are not freed until after they are unbound. For
more information, see “Allocating and Freeing Buffers’ in Chapter 4, “ODBC Fundamentals.”

Because parameter bindings are just information stored in the structure maintained by the driver for the
statement, they can be set in any order. They are also independent of the SQL statement that is executed.
For example, suppose an application binds three parameters and then executes the following SQL
statement:

| NSERT I NTO Parts (Partl D, Description, Price) VALUES (?, ?, ?)
If the application then immediately executes this SQL statement:
SELECT * FROM Orders WHERE OrderI D = ?, OpenbDate = ?, Status = ?

on the same statement handle, the parameter bindings for the INSERT statement are used because those are
the bindings stored in the statement structure. In most cases, thisis a poor programming practice and should
be avoided. Instead, the application should call SQLFreeStmt with the SQL_RESET_PARAMS option to
unbind all the old parameters and then bind new ones.

Binding Parameter Markers

The application binds parameters by calling SQL BindParameter. SQL BindParameter binds one parameter
at atime. With it, the application specifies:
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e The parameter number. Parameters are numbered in increasing parameter order in the SQL
statement, starting with the number 1. While it islegal to specify a parameter number that is
higher than there are parameters in the SQL statement, the parameter value will be ignored when
the statement is executed.

»  The parameter type (input, input/output, or output). Except for parametersin procedure calls, all
parameters are input parameters. For more information, see “Procedure Parameters,” later in this
chapter.

e The C datatype, address, and byte length of the variable bound to the parameter. The driver must
be able to convert the data from the C data type to the SQL datatype or an error is returned. For a
list of supported conversions, see Appendix D, “Data Types’ in the SOLID Programmer Guide.

e The SQL datatype, precision, and scale of the parameter itself.

» Theaddress of alength/indicator buffer. It provides the byte length of binary or character data,
specifies that the datais NULL, or specifies that the data will be sent with SQLPutData. For more
information, see “Using Length/Indicator Values’ in Chapter 4, “ODBC Fundamentals.”

For example, the following code binds SalesPerson and CustID to parameters for the SalesPerson and
CustID columns. Because SalesPerson contains character data, which is variable length, the code specifies
the byte length of SalesPerson (11) and binds SalesPersonLenOrInd to contain the byte length of the datain
SalesPerson. Thisinformation is not necessary for CustlD because it containsinteger data, which is of
fixed length.

SQLCHAR  Sal esPerson[ 11];
SQLI NTEGER Sal esPersonLenOrl nd, Cust | DI nd;
SQLUI NTEGER Cust | D;

/1 Bind Sal esPerson to the paraneter for the Sal esPerson colum and

/] CustID to the paraneter for the CustlD col um.

SQLBi ndPar aneter(hstnt1, 1, SQ._PARAM | NPUT, SQ._C CHAR, SQ._CHAR, 10, O,
Sal esPer son, si zeof (Sal esPerson), &Sal esPersonLenOrlnd);

SQLBi ndPar aneter (hstnt1, 2, SQL_PARAM I NPUT, SQ._C ULONG SQ._INTEGER, 10, O,
&Cust |1 D, 0, &CustlDind);

/1 Set the values of the sal esperson and custoner |ID variables and
| engt h/i ndi cators.

strcpy(Sal esPerson, "Garcia");

Sal esPersonLenOr I nd = SQ._NTS;

Cust| D = 1331;

CustlDind = 0;

/!l Execute a statenent to get data for all orders nade to the specified
/1 customer by the specified sal esperson.

SQLExecDirect (hstnt 1, "SELECT * FROM Orders WHERE Sal esPer son=? AND

Cust | D=?", SQL_NTS);
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When SQLBindParameter is called, the driver stores thisinformation in the structure for the statement.
When the statement is executed, it uses the information to retrieve the parameter data and send it to the data
source.

Note InODBC 1.0, parameters were bound with SQL SetParam. The Driver Manager maps calls
between SQL SetParam and SQL BindParameter, depending on the versions of ODBC used by the
application and driver.

Binding Parameters by Name (Named Parameters)

Certain DBM Ss allow an application to specify the parameters to a stored procedure by name, instead of by
position in the procedure call. Such parameters are called named parameters. ODBC supports the use of
named parameters. In ODBC, named parameters are used only in callsto stored procedures, and cannot be
used in other SQL statements.

The driver checks the value of the SQL_DESC_UNNAMED field of the IPD to determine whether named
parameters are used. If SQL_DESC UNNAMED is not set to SQL_UNNAMED, the driver uses the name
inthe SQL_DESC_NAME field of the IPD to identify the parameter. To bind the parameter, an application
can call SQLBindParameter to specify the parameter information, and then call SQL SetDescField to set the
SQL_DESC_NAME field of the IPD. When named parameters are used, the order of the parameter in the
procedure call is not important, and the parameter’s record number isignored.

The difference between unnamed parameters and named parametersisin the relationship between the
record number of the descriptor and the parameter number in the procedure. When unnamed parameters are
used, the first parameter marker is related to the first record in the parameter descriptor, which inturnis
related to the first parameter (in creation order) in the procedure call. When named parameters are used, the
first parameter marker is till related to the first record of the parameter descriptor, but the relationship
between the record number of the descriptor and the parameter number in the procedure does not exist
anymore. Named parameters do not use the mapping of the descriptor record number to the procedure
parameter position; it is replaced by the mapping of the descriptor record name to the procedure parameter
name.

Note [f automatic population of the IPD is enabled, the driver will populate the descriptor such that
the order of the descriptor records will match the order of the parameters in the procedure definition,
even if named parameters are used.

If anamed parameter is used, all parameters must be named parameters. If any parameter is not a named
parameter, then all parameters must not be named parameters. If there were a mixture of named parameters
and unnamed parameters, the behavior would be driver-dependent.

As an example of named parameters, suppose a SQL Server stored procedure has been defined as follows:
CREATE PROCEDURE test @itle_id int = 1, @uote char(30) AS <bl ah>

In this procedure, the first parameter, @title_id, has a default value of 1. An application can use the
following code to invoke this procedure such that it specifies only one dynamic parameter. This parameter
isanamed parameter with the name “ @quote”.

/] prepare the procedure invocation statenent.
SQLPrepare(hstnt, "{call test(?)}", SQ_NTS);
/1 popul ate record 1 of ipd.
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SQLBi ndPar aneter (hstnt, 1, SQ._PARAM | NPUT, SQ._C CHAR, SQ._CHAR,
30, 0, szQuote, 0, &chbVal ue);

/1 get ipd handle and set the SQL_DESC NAMED and SQ._DESC UNNAMED fields for
record #1.

SQGetStntAttr(hstnt, SQ_ATTR | M°_PARAM DESC, &hlpd, 0, 0);

SQLSet DescFi el d(hl pd, 1, SQL_DESC NAME, "@uote", SQ._NTS);

SQ.Set DescFi el d(hl pd, 1, SQ._DESC UNNAMED, SQL_NAMED, O0);

/1 assum ng that szQuote has been appropriately initialized,
/] execute
SQLExecut e(hstnt);

Parameter Binding Offsets

An application can specify that an offset is added to bound parameter buffer addresses and the
corresponding length/indicator buffer addresses when SQL ExecDirect or SQLExecute is called. The result
of these additions determines the addresses used in these operations.

Bind offsets allow an application to change bindings without calling SQL BindParameter for previously
bound parameters. A call to SQLBindParameter to rebind a parameter changes the buffer address and the
length/indicator pointer. Rebinding with an offset, on the other hand, simply adds an offset to the existing
bound parameter buffer address and length/indicator buffer address. When offsets are used, the bindings are
a“template” of how the application buffers are laid out and the application can move this “template” to
different areas of memory by changing the offset. A new offset can be specified at any time, and is always
added to the originally bound values.

To specify abind offset, the application setsthe SQL_ATTR_PARAM_BIND_OFFSET_PTR statement
attribute to the address of an SQLINTEGER buffer. Before the application calls a function that uses the
bindings, it places an offset in bytesin this buffer, aslong as neither the parameter buffer address nor the
length/indicator buffer addressis 0, and the bound parameter isin the SQL statement. The sum of the
address and the offset must be avalid address. (This means that either or both of the offset and the address
to which the offset is added, can beinvalid, aslong as the sum of themisavalid address.)

Note Binding offsets are not supported by ODBC 2.x drivers.

Describing Parameters

SQLBindParameter has arguments that describe the parameter: its SQL type, precision, and scale. The
driver uses this information, or metadata, to convert the parameter value to the type needed by the data
source. At first glance, it might seem that the driver isin a better position to know the parameter metadata
than the application; after al, the driver can easily discover the metadata for aresult set column. Asit turns
out, thisis not the case. First, most data sources do not provide away for the driver to discover parameter
metadata. Second, most applications already know the metadata.

If an SQL statement is hard-coded in the application, then the application writer already knows the type of
each parameter. If an SQL statement is constructed by the application at run time, the application can
determine the metadata as it builds the statement. For example, when the application constructs the clause

WHERE OrderID = ?

it can call SQL Columnsfor the OrderID column.
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The only situation in which the application cannot easily determine the parameter metadata is when the
user enters a parameterized statement. In this case, the application calls SQL Prepare to prepare the
statement, SQL NumParams to determine the number of parameters, and SQL DescribeParam to describe
each parameter. However, as was noted earlier, most data sources do not provide away for the driver to
discover parameter metadata, so SQL DescribeParam is not widely supported.

Setting Parameter Values

To set the value of a parameter, the application simply sets the value of the variable bound to the parameter.
It is not important when this value is set, aslong asiit is set before the statement is executed. The
application can set the value before or after binding the variable and it can change the value as many times
asit wants. When the statement is executed, the driver smply retrieves the current value of the variable.
Thisis particularly useful when a prepared statement is executed more than once; the application sets new
values for some or al of the variables each time the statement is executed. For an example of this, see
“Prepared Execution,” earlier in this chapter.

If alength/indicator buffer was bound in the call to SQLBindParameter, it must be set to one of the
following values before the statement is executed:

*  The byte length of the datain the bound variable. The driver checks this length only if the variable
is character or binary (ValueTypeis SQL_C _CHAR or SQL_C BINARY).

e SQL_NTS. Thedatais anull-terminated string.

e SQL_NULL_DATA. Thedatavalueis NULL and the driver ignores the value of the bound
variable.

e SQL DATA AT _EXEC or theresult of the SQL_LEN DATA_AT_EXEC macro. The value of
the parameter isto be sent with SQLPutData. For more information, see “ Sending Long Data,”
later in this chapter.

The following table shows the values of the bound variable and the length/indicator buffer that the
application sets for a variety of parameter values.

Par ameter Parameter (SQL) Variable (C) Valuein bound Valuein length/
value data type data type variable indicator buffer [d]
“ABC” SQL_CHAR SQL_C CHAR ABC\0 [a] SQL_NTSor 3
10 SQL_INTEGER SQL_C SLONG 10 -
10 SQL_INTEGER SQL_C CHAR 10\0 [a] SQL_NTSor 2
1P.M. SQL_TYPE TIME | SQL_C TYPE_ 13,0,0 [b] —

TIME
1P.M. SQL_TYPE TIME ||SQL_C CHAR {t'13:00:001\0 SQL_NTSor 14

[, [c]

NULL SQL_SMALLINT SQL_C_SSHORT - SQL_NULL_DATA
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[a]“\O” represents a null-termination character. The null-termination character is required only if the value
in the length/indicator buffer is SQL_NTS.

[b] The numbersin thislist are the numbers stored in the fields of the TIME_STRUCT structure.

[c] The string uses the ODBC date escape clause. For more information, see “Date, Time, and Timestamp
Literals’ in Chapter 8, “SQL Statements.”

[d]Drivers must always check thisvalue to seeif it isaspecial value such as SQL_NULL_DATA.

What a driver does with a parameter value at execution time is driver-dependent. If necessary, the driver
converts the value from the C data type and byte length of the bound variable to the SQL data type,
precision, and scale of the parameter. In most cases, the driver then sends the value to the data source. In
some cases, it formats the value as text and insertsit into the SQL statement before sending the statement to
the data source.

Sending Long Data

DBMSs define long data as any character or binary data over a certain size, such as 254 characters. It may
not be possible to store an entire item of long data in memory, such as when the item represents along text
document or a bitmap. Because such data cannot be stored in a single buffer, the data source sendsiit to the
driver in parts with SQL PutData when the statement is executed. Parameters for which datais sent at
execution time are known as data-at-execution parameters.

Note An application can actually send any type of data at execution time with SQL PutData, although
only character and binary data can be sent in parts. However, if the datais small enough to fitina
single buffer, there is generally no reason to use SQL PutData. It is much easier to bind the buffer and
let the driver retrieve the data from the buffer.

To send data at execution time, the application:

1. Passesa32-bit value that identifies the parameter in the ParameterVauePtr argument in
SQLBindParameter rather than the address of a buffer. Thisvalue is not analyzed by the driver. It
will be returned to the application later, so it should mean something to the application. For
example, it might be the number of the parameter or the handle of afile containing data.

2. Passesthe address of alength/indicator buffer in the StrLen_or_IndPtr argument of
SQL BindParameter.

3. StoresSQL_DATA_AT_EXEC or theresult of the SQL_LEN_DATA_AT_EXEC(length) macro
in the length/indicator buffer. Both of these values indicate to the driver that the data for the
parameter will be sent with SQLPutData. SQL_LEN_DATA_AT_EXEC(length) is used when
sending long data to a data source that needs to know how many bytes of long data will be sent so
that it can preallocate space. To determine if a data source requires this value, the application calls
SQL GetInfo with the SQL_NEED L ONG_DATA_LEN option. All drivers must support this
macro; if the data source does not require the byte length, the driver can ignore it.
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4. Calls SQLExecute or SQLExecDirect. The driver discovers that alength/indicator buffer contains
thevalue SQL_DATA_AT_EXEC or theresult of the SQL_LEN_DATA_AT_EXEC(length)
macro and returns SQL_NEED_DATA as the return value of the function.

5. Cadls SQLParamDatain response to the SQL_NEED_DATA return value. If long data needs to be
sent, SQLParamData returns SQL_NEED_DATA. In the buffer pointed to by the ValuePtrptr
argument, the driver returns the value that identifies the data-at-execution parameter. If thereis
more than one data-at-execution parameter, the application must use this value to determine which
parameter to send data for; the driver is not required to request data for data-at-execution
parameters in any particular order.

6. CadlsSQLPutDatato send the parameter datato the driver. If the parameter data does not fit into a
single buffer, asis often the case with long data, the application calls SQL PutData repeatedly to
send the datain parts; it is up to the driver and data source to reassemble the data. If the
application passes null-terminated string data, the driver or data source must remove the null-
termination character as part of the reassembly process.

7. Calls SQLParamData again to indicate that it has sent al of the data for the parameter. If there are
any data-at-execution parameters for which data has not been sent, the driver returns
SQL_NEED_DATA and the value that identifies the next parameter; the application returns to
step 6. If data has been sent for all data-at-execution parameters, the statement is executed.

SQL ParamData returns SQL_SUCCESS or SQL_SUCCESS WITH_INFO, and can return any
return value or diagnostic that SQL Execute or SQL ExecDirect can return.

After SQLExecute or SQLExecDirect returns SQL_NEED DATA and before data has been compl etely
sent for the last data-at-execution parameter, the statement isin a Need Data state. While a statement isin a
Need Data state, the application can call only SQLPutData, SQL ParamData, SQL Cancel,
SQLGetDiagField, or SQL GetDiagRec; al other functions return SQLSTATE HY 010 (Function sequence
error). Calling SQL Cancel cancels execution of the statement and returnsit to its previous state. For more
information, see Appendix B, “ODBC State Transition Tables’ contained on the Microsoft Web site
(ODBC Programmer’s Reference).

For an example of sending data at execution time, see the SQL PutData function description.
Retrieving Output Parameters by SQL GetData

An application may retrieve bound output parameters by calling SQL BindParameter, in which case output
values are present in the application variables to which the respective parameters are bound. If the output
parameters are unbound, on the other hand, the application can read argument values by calling

SQL GetData. The application may use both these techniques if some parameters are bound and some are
unbound.

For unbound output parameters following the highest-numbered bound parameter, portable applications
obtain the parameter data by calling SQL GetData in ascending order of parameter number. It isdriver-
defined whether an application can obtain parameter data in a different sequence. It is driver-defined
whether parameter data for lower-numbered, unbound parametersis available.
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The application can achieve type conversion of the parameter data by specifying in the call to SQLGetData
either the desired target type or the value SQL_APD_TY PE, which means that the APD indicates the
desired target type even though the parameter is unbound.

If the length of the unbound output parameter value exceeds the length of the application's buffer,
SQL GetData may be called multiple times to obtain the value of a single parameter of SQL_CHAR or
SQL_VARCHAR typein pieces of manageable size.

Procedure Parameters

Parametersin procedure calls can be input, input/output, or output parameters. Thisis different from
parametersin all other SQL statements, which are always input parameters.

Input parameters are used to send values to the procedure. For example, suppose the Parts table has PartI D,
Description, and Price columns. The InsertPart procedure might have an input parameter for each column
in the table. For example:

{call InsertPart(?, ?, ?)}

A driver should not modify the contents of an input buffer until SQLExecDirect or SQL Execute returns
SQL_SUCCESS, SQL_SUCCESS WITH_INFO, SQL_ERROR, SQL_INVALID_HANDLE, or
SQL_NO_DATA. The contents of the input buffer should not be modified while SQLExecDirect or
SQL Execute returns SQL_NEED_DATA or SQL_STILL_EXECUTING.

Input/output parameters are used both to send values to procedures and retrieve values from procedures.
Using the same parameter as both an input and an output parameter tends to be confusing and should be
avoided. For example, suppose a procedure accepts an order 1D and returns the ID of the customer. This
can be defined with a single input/output parameter:

{call GetCustlD?)}

It may be better to use two parameters. an input parameter for the order D and an output or input/output
parameter for the customer 1D:

{call GetCustID(?, ?)}

Output parameters are used to retrieve the procedure return value and to retrieve values from procedure
arguments; procedures that return values are sometimes known as functions. For example, suppose the
GetCustID procedure just mentioned returns a value that indicates whether it was able to find the order. In
the following call, the first parameter is an output parameter used to retrieve the procedure return value, the
second parameter is an input parameter used to specify the order 1D, and the third parameter is an output
parameter used to retrieve the customer ID:

{? = call GetCustID?, ?)}
Drivers handle values for input and input/output parameters in procedures no differently than input

parameters in other SQL statements. When the statement is executed, they retrieve the values of the
variables bound to these parameters and send them to the data source.

After the statement has been executed, drivers store the returned values of input/output and output

parameters in the variables bound to those parameters. Note that these are not guaranteed to be set until
after all results returned by the procedure have been fetched and SQL M oreResults has returned
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SQL_NO_DATA. If executing the statement results in an error, the contents of the input/output parameter
buffer or output parameter buffer are undefined.

An application calls SQL Procedure to determine if a procedure has areturn value. It calls
SQL ProcedureColumns to determine the type (return value, input, input/output, or output) of each
procedure parameter.

Arraysof Parameter Values

It is often useful for applications to pass arrays of parameters. For example, using arrays of parameters and
aparameterized INSERT statement, an application can insert a number of rows at once. There are several
advantagesto using arrays. First, network traffic is reduced, because the data for many statementsis sent in
asingle packet (if the data source supports parameter arrays natively). Second, some data sources can
execute SQL statements using arrays faster than executing the same number of separate SQL statements.
Finally, when the datais stored in an array, asis often the case for screen data, the application can bind all
of the rowsin a particular column with asingle call to SQL BindParameter and update them by executing
asingle statement.

Unfortunately, not many data sources support parameter arrays. However, a driver can emulate parameter
arrays by executing an SQL statement once for each set of parameter values. This can lead to increasesin
speed, because the driver can then prepare the statement that it plans to execute once for each parameter
set. It might also lead to simpler application code.

Binding Arrays of Parameters

Applications that use arrays of parameters bind the arrays to the parametersin the SQL statement. There
are two binding styles:

e Bind an array to each parameter. Each data structure (array) contains all the data for asingle
parameter. Thisis called column-wise binding because it binds a column of values for asingle
parameter.

» Define astructure to hold the parameter data for an entire set of parameters and bind an array of
these structures. Each data structure contains the data for a single SQL statement. Thisis called
row-wise binding because it binds arow of parameters.

As when the application binds single variables to parameters, it calls SQL BindParameter to bind arrays to
parameters. The only difference is that the addresses passed are array addresses, not single-variable
addresses. The application setsthe SQL_ATTR_PARAM_BIND_TY PE statement attribute to specify
whether it is using column-wise (the default) or row-wise binding. Whether to use column-wise or row-
wise binding is largely a matter of application preference. Depending on how the processor accesses
memory, row-wise binding might be faster. However, the differenceis likely to be negligible except for
very large numbers of rows of parameters.

Column-Wise Binding

When using column-wise binding, an application binds one or two arrays to each parameter for which data
isto be provided. Thefirst array holds the data values and the second array holds length/indicator buffers.
Each array contains as many elements as there are values for the parameter.
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Column-wise binding is the default. The application also can change from row-wise binding to column-
wise binding by setting the SQL_ATTR_PARAM_BIND_TY PE statement attribute. The following figure
shows how column-wise binding works.

Column-wise binding of parameters

For example, the following code binds 10-element arrays to parameters for the PartI D, Description, and
Price columns, and executes a statement to insert 10 rows. It uses column-wise binding.

#defi ne DESC _LEN 51
#defi ne ARRAY_SI ZE 10

SQLCHAR * Statenent = "INSERT INTO Parts (PartlD, Description, Price)
"VALUES (?, ?, ?)";

SQLUI NTEGER Part | DArray[ ARRAY_SI ZE] ;

SQLCHAR DescArray[ ARRAY_SI ZE] [ DESC_LEN ;

SQLREAL PriceArray[ ARRAY_SI ZE] ;

SQLI NTEGER Part| Dl ndArray[ ARRAY_SI ZE], DescLenOr | ndArray[ ARRAY_SI ZE],
Pri cel ndArray[ ARRAY_SI ZE] ;

SQLUSMALLI NT i, ParansProcessed, ParanttatusArray[ ARRAY_SI ZE] ;

/1 Set the SQ._ATTR_PARAM Bl ND_TYPE statenent attribute to use colum-w se

bi ndi ng.

SQLSet Stmt Attr(hstnmt, SQL_ATTR_PARAM BI ND_TYPE, SQL_PARAMETER Bl ND_BY_ COLUMW\,
0);

/1 Specify the nunber of elenents in each paraneter array.
SQSetStntAttr(hstnt, SQ._ATTR _PARANMVSET_SI ZE, ARRAY_SI ZE, 0);

/1 Specify an array in which to return the status of each set of paranmeters.
SQLSet Stmt Attr(hstnt, SQ._ATTR_PARAM STATUS PTR, ParanttatusArray, 0);

/1 Specify an SQ.UI NTEGER val ue in which to return the nunber of sets of
par aneters

/'l processed.

SQLSet Stmt Attr(hstmt, SQL_ATTR_PARAMS_PROCESSED PTR, &ParansProcessed, 0);

/1 Bind the paraneters in colum-w se fashion.

SQLBi ndPar aneter (hstnt, 1, SQ._PARAM I NPUT, SQ._C ULONG SQL_I NTECER, 5, O,
Part| DArray, 0, Partl Dl ndArray);

SQLBi ndPar anet er (hstnt, 2, SQ._PARAM | NPUT, SQ._C CHAR, SQ._CHAR, DESC LEN - 1,

0,
DescArray, DESC LEN, DescLenOrlndArray);

SQLBi ndPar anet er (hstnt, 3, SQ._PARAM | NPUT, SQ._C FLOAT, SQ._REAL, 7, O,
PriceArray, 0, PricelndArray);

/1 Set part |ID, description, and price.
for (i =0; i < ARRAY_SIZE; i++) {
Get Newval ues(&Part | DArray[i], DescArray[i], &PriceArray[i]);
Part| Dl ndArray[i] = O;
DescLenOrl ndArray[i] = SQL_NTS;
PricelndArray[i] = O;
}

/! Execute the statenent.
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SQLExecDirect (hstnt, Statenment, SQ._NTS);

/1l Check to see which sets of paraneters were processed successfully.

for (i = 0; i < ParamsProcessed; i++) {
printf("Parameter Set Status\n");
printf("------------- oo \n");

switch (ParanStatusArray[i]) {
case SQ._PARAM SUCCESS:
case SQ._PARAM SUCCESS W TH_I NFQ.
printf("%d3d Success\n", i);
br eak;

case SQ._PARAM ERROR:
printf("%3d Error\n", i);
br eak;

case SQ._PARAM UNUSED:
printf("%d3d Not processed\n", i);
br eak;

case SQ._PARAM DI AG UNAVAI LABLE:
printf("%43d Unknown\n", i);
br eak;

}
}

Row-Wise Binding

When using row-wise binding, an application defines a structure for each set of parameters. The structure
contains one or two elements for each parameter. The first element holds the parameter value and the
second element holds the length/indicator buffer. The application then allocates an array of these structures,
which contains as many elements as there are values for each parameter.

The application declares the size of the structure to the driver with the
SQL_ATTR_PARAM_BIND_TY PE statement attribute. The application binds the addresses of the
parameters in the first structure of the array. Thus, the driver can calcul ate the address of the data for a
particular row and column as:

Address = Bound Address + ((Row Number - 1) * Structure Size) + Offset

where rows are numbered from 1 to the size of the parameter set, and the offset, if defined, isthe value
pointed to by the SQL_ATTR_PARAM_BIND_OFFSET_PTR statement attribute. The following figure
shows how row-wise binding works. The parameters can be placed in the structure in any order, but are
shown in sequential order for clarity.

Row-wise binding of parameters

For example, the following code creates a structure with elements for the values to store in the PartI D,
Description, and Price columns. It then allocates a 10-element array of these structures and binds it to
parameters for the PartlD, Description, and Price columns, using row-wise binding. It then executes a
statement to insert 10 rows.

#defi ne DESC _LEN 51
#defi ne ARRAY_SI ZE 10
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typedef tagPartStruct {
SQLREAL Price;
SQ.UI NTEGER Partl D
SQ.CHAR Desc[ DESC LEN;
SQLI NTEGER Pri cel nd;
SQ.I NTEGER Part| DI nd;
SQLI NTEGER DesclLenOr | nd;

} PartStruct;

Part Struct Part Array[ ARRAY_SI ZE] ;

SQLCHAR * Statenent = "INSERT INTO Parts (PartlD, Description, Price) "
"VALUES (?, ?, ?)";

SQLUSMALLI NT i, ParansProcessed, ParanftatusArray[ ARRAY_SI ZE] ;

/1l Set the SQ._ATTR PARAM BI ND TYPE statenment attribute to use col um-w se
bi ndi ng.
SQLSet Stmt Attr (hstnmt, SQL_ATTR_PARAM BI ND_TYPE, sizeof (PartStruct), 0);

/1 Specify the nunber of elenents in each paraneter array.
SQSetStntAttr(hstnt, SQ._ATTR _PARAMSET_SI ZE, ARRAY_SI ZE, 0);

/1 Specify an array in which to return the status of each set of parameters.
SQLSet Stmt Attr(hstnt, SQ._ATTR_PARAM STATUS PTR, ParanttatusArray, 0);

/1 Specify an SQ.UI NTEGER val ue in which to return the nunber of sets of
par aneters

/'l processed.

SQLSet Stmt Attr(hstnmt, SQL_ATTR_PARAMS_PROCESSED PTR, &ParansProcessed, 0);

/1 Bind the paraneters in roww se fashion.
SQLBi ndPar aneter (hstnt, 1, SQ._PARAM I NPUT, SQ._C ULONG SQL_I NTECER, 5, O,
&Part Array[0].PartlI D, 0, &PartArray[0].Partl Dl nd);
SQLBi ndPar aneter (hstnt, 2, SQ._PARAM | NPUT, SQ._C CHAR, SQ._CHAR, DESC LEN - 1,
0,
Part Array[ 0] . Desc, DESC _LEN, &PartArray[O0].DescLenOrlnd);
SQLBi ndPar anet er (hstnt, 3, SQ._PARAM | NPUT, SQ._C FLOAT, SQ._REAL, 7, O,
&Part Array[0].Price, 0, &PartArray[0].Pricelnd);

/1 Set part |ID, description, and price.

for (i =0; i < ARRAY_SIZE; i++) {

Get Newval ues(&Part Array[i].PartI D, PartArray[i].Desc, &PartArray[i].Price);
Part Array[0].PartI D nd = O;

Part Array[ 0] . DescLenOrl nd = SQ._NTS;

Part Array[O].Pricelnd = O;

/! Execute the statenent.
SQLExecDirect (hstnt, Statenment, SQL_NTS);

/1 Check to see which sets of paranmeters were processed successfully.

for (i = 0; i < ParansProcessed; i++) {
printf("Parameter Set Status\n");
printf("------------- -“------------ \n");



switch (ParanStatusArray[i]) {
case SQ._PARAM SUCCESS:
case SQ._PARAM SUCCESS W TH_I NFQ.
printf("%d3d Success\n", i);
br eak;

case SQ._PARAM ERROR:
printf("%3d Error\n", i);
br eak;

case SQ._PARAM UNUSED:
printf("%d3d Not processed\n", i);
br eak;

case SQ._PARAM DI AG_UNAVAI LABLE:
printf("%d3d Unknown\n", i);
br eak;

Using Arrays of Parameters

To use arrays of parameters, the application calls SQL SetStmtAttr with an Attribute argument of
SQL_ATTR_PARAMSET _SIZE to specify the number of sets of parameters. It calls SQL SetStmtAttr
with an Attribute argument of SQL_ATTR_PARAMS PROCESSED_PTR to specify the address of a
variable in which the driver can return the number of sets of parameters processed, including error sets. It
calls SQL SetStmtAttr with an Attribute argument of SQL_ATTR_PARAM_STATUS PTRto point to an
array in which to return status information for each row of parameter values. The driver stores these
addresses in the structure it maintains for the statement.

Note InODBC 2.x, SQL ParamOptions was called to specify multiple values for a parameter. In
ODBC 3.x, the call to SQL ParamOptions has been replaced by callsto SQL SetStmtAttr to set the
SQL_ATTR_PARAMSET_SIZE and SQL_ATTR_PARAMS_PROCESSED_ARRAY attributes.

Before executing the statement, the application sets the value of each element of each bound array. When
the statement is executed, the driver uses the information it stored to retrieve the parameter values and send
them to the data source; if possible, the driver should send these values as arrays. Although the use of
arrays of parametersis best implemented by executing the SQL statement with all of the parametersin the
array with asingle call to the data source, this capability is not widely availablein DBM Ss today. Thus,
drivers can simulate it by executing an SQL statement multiple times, each with a single set of parameters.

Before an application uses arrays of parameters, it must be sure that they are supported by the drivers used
by the application. There are two waysto do this:

» Useonly drivers known to support arrays of parameters. The application can hard-code the names
of these drivers or the user can be instructed to use only these drivers. Custom applications and
vertical applications commonly use alimited set of drivers.
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e Check for support of arrays of parameters at run time. A driver supports arrays of parametersif it
ispossibleto set the SQL_ATTR_PARAMSET_SIZE statement attribute to a value greater than 1.
Generic applications and vertical applications commonly check for support of arrays of parameters
at runtime.

The availability of row counts and result setsin parameterized execution can be determined by calling
SQL Getlnfo with the SQL_PARAM_ARRAY_ROW_COUNTS and SQL_PARAM_ARRAY_SELECTS
options. For INSERT, UPDATE, and DEL ETE statements, the
SQL_PARAM_ARRAY_ROW_COUNTS option indicates whether individual row counts (one for each
parameter set) are available (SQL_PARC_BATCH), or row counts are rolled up into one
(SQL_PARC_NO_BATCH). For SELECT statements, the SQL_PARAM_ARRAY _SEL ECTS option
indicates whether aresult set is available for each set of parameters (SQL_PAS BATCH), or only one
result set isavailable (SQL_PAS NO_BATCH). If the driver does not allow result set — generating
statements to be executed with an array of parameters, SQL_PARAM_ARRAY _SELECTSreturns
SQL_PAS NO_SELECT. It is data source — specific whether arrays of parameters can be used with other
types of statements, especially because the use of parametersin these statements would be data source —
specific, and would not follow ODBC SQL grammar.

The array pointed to by the SQL_ ATTR_PARAM_OPERATION_PTR statement attribute can be used to
ignore rows of parameters. If an element of the array is set to SQL_PARAM_|IGNORE, the set of
parameters corresponding to that element is excluded from the SQL Execute or SQL ExecDirect call. The
array pointed to by the SQL_ATTR_PARAM_OPERATION_PTR attribute is allocated and filled in by the
application, and read by the driver. If fetched rows are used as input parameters, the values of the row
status array can be used in the parameter operation array.

Error Processing

If an error occurs while executing the statement, the execution function returns an error and sets the row
number variable to the number of the row containing the error. It is data source — specific whether all rows
except the error set are executed, or all rows before (but not after) the error set are executed. Because it
processes sets of parameters, the driver sets the buffer specified by the

SQL_ATTR_PARAMS PROCESSED_PTR statement attribute to the number of the row currently being
processed. If all sets except the error set are executed, the driver sets this buffer to
SQL_ATTR_PARAMSET_SIZE after al rows are processed.

If the SQL_ATTR_PARAM_STATUS PTR statement attribute has been set, SQL Execute or

SQL ExecDirect returns the parameter status array, which provides the status of each set of parameters.
The parameter status array is allocated by the application and filled in by the driver. Its elements indicate
whether the SQL statement was executed successfully for the row of parameters, or whether an error
occurred while processing the set of parameters. If an error occurred, the driver sets the corresponding
value in the parameter status array to SQL_PARAM_ERROR, and returns SQL_SUCCESS WITH_INFO.
The application can check the status array to determine which rows were processed. Using the row number,
the application can often correct the error and resume processing.

How the parameter status array is used is determined by the SQL_PARAM_ARRAY_ROW_COUNTS and
SQL_PARAM_ARRAY_SELECTS optionsreturned by a call to SQL GetInfo. For INSERT, UPDATE,
and DEL ETE statements, the parameter status array is filled in with status information if
SQL_PARC_BATCH isreturned for SQL_PARAM_ARRAY_ROW_COUNTS, but not if
SQL_PARC_NO_BATCH isreturned. For SELECT statements, the parameter status array isfilled in if
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SQL_PAS BATCH isreturned for SQL_PARAM_ARRAY_SELECT, but not if SQL_PAS NO_BATCH
or SQL_PAS NO_SELECT isreturned.

Data-at-Execution Parameters

If any of the valuesin the length/indicator array are SQL_DATA_AT_EXEC or the result of the
SQL_LEN_DATA_AT_EXEC(length) macro, the data for those valuesis sent with SQL PutData in the
usual way. Two aspects of this process bear special comment, because they are not readily obvious:

*  Whenthedriver returns SQL_NEED DATA, it must set the address of the row number variable
to the row for which it needs data. Asin the single-valued case, the application cannot make any
assumptions about the order in which the driver will request parameter values within a single set
of parameters. If an error occursin the execution of a data-at-execution parameter, the buffer
specified by the SQL_ATTR_PARAMS PROCESSED PTR statement attribute is set to the
number of the row on which the error occurred, the status for the row in the row status array
specified by the SQL_ATTR_PARAM_STATUS PTR statement attribute is set to
SQL_PARAM_ERROR, and the call to SQL Execute, SQL ExecDirect, SQL ParamData, or
SQL PutData returns SQL_ERROR. The contents of this buffer are undefined if SQL Execute,
SQL ExecDirect, or SQL ParamData return SQL_STILL_EXECUTING.

»  Because the driver does not interpret the value in the ParameterValuePtr argument of
SQL BindParameter for data-at-execution parameters, if the application provides a pointer to an
array, SQL ParamData does not extract and return an element of this array to the application.
Instead, it returns the scalar value the application had supplied. This means the value returned by
SQL ParamData is not sufficient to specify the parameter for which the application needs to send
data; the application also needs to consider the current row number.

When only some of the elements of an array of parameters are data-at-execution parameters, the
application must pass the address of an array in ParameterValuePtr that contains elements for all
the parameters. This array isinterpreted normally for the parameters that are not data-at-execution
parameters. For the data-at-execution parameters, the value that SQL ParamData provides to the
application, which normally could be used to identify the data that the driver is requesting on this
occasion, is always the address of the array.

Asynchronous Execution

By default, drivers execute ODBC functions synchronously; that is, the application calls a function and the
driver does not return control to the application until it has finished executing the function. However, some
functions can be executed asynchronously; that is, the application calls the function, and the driver, after
minimal processing, returns control to the application. The application can then call other functions while
the first function is still executing.

Asynchronous execution is supported for most functions that are largely executed on the data source, such
as the functions to prepare and execute SQL statements, retrieve metadata, and fetch data. It is most useful
when the task being executed on the data source takes along time, such as a complex query against alarge
database.

Note In general, applications should execute functions asynchronously only on single-threaded
operating systems. On multithread operating systems, applications should execute functions on

121



separate threads, rather than executing them asynchronously on the same thread. No functionality is
lost if drivers that operate only on multithread operating systems do not support asynchronous
execution.

Asynchronous execution is controlled on either a per-statement or per-connection basis, depending on the
data source. That is, the application specifies not that a particular function is to be executed
asynchronously, but that any function executed on a particular statement or a particular connection isto be
executed asynchronously. To find out which one is supported, an application calls SQL Getlnfo with an
option of SQL_ASYNC_MODE. SQL_AM_CONNECTION isreturned if connection-level asynchronous
execution is supported; SQL_AM_STATEMENT if statement-level asynchronous execution is supported.

To specify that functions executed with a particular statement are to be executed asynchronously, the
application calls SQL SetStmtAttr withthe SQL_ATTR_ASYNC_ENABLE attribute and sets it to
SQL_ASYNC_ENABLE_ON. If connection-level asynchronous processing is supported, the
SQL_ATTR_ASYNC_ENABLE statement attribute is read-only, and its value is the same as the
connection attribute of the connection on which the statement was allocated. It is driver-specific whether
the value of the statement attributeis set at statement allocation time or later. Attempting to set it will
return SQL_ERROR and SQLSTATE HY C00 (Optional feature not implemented).

To determine the maximum number of active concurrent statements in asynchronous mode that the driver
can support on a given connection, the application calls SQL Getl nfo with the
SQL_MAX_ASYNC_CONCURRENT_STATEMENTS option.

To specify that functions executed with a particular connection are to be executed asynchronously, the
application calls SQL SetConnectAttr withthe SQL_ ATTR_ASYNC_ENABLE attribute and setsit to
SQL_ASYNC_ENABLE_ON. All future statement handles allocated on the connection will be enabled for
asynchronous execution; it is driver-defined whether existing statement handles will be enabled by this
action. If SQL_ATTR_ASYNC_ENABLE issetto SQL_ASYNC_ENABLE_OFF, all statements on the
connection are in synchronous mode. Note that an error is returned if asynchronous execution is enabled
while there is an active statement on the connection.

When the application executes a function with a statement that is enabled for asynchronous processing, the
driver performs a minima amount of processing (such as checking arguments for errors), hands processing
to the data source, and returns control to the application with the SQL_STILL_EXECUTING return code.
The application then performs other tasks. To determine when the asynchronous function has finished, the
application pollsthe driver at regular intervals by calling the function with the same arguments as it
originally used. If the function is still executing, it returns SQL_STILL_EXECUTING,; if it has finished
executing, it returns the code it would have returned had it executed synchronously, such as
SQL_SUCCESS, SQL_ERROR, or SQL_NEED_DATA. For example:

SQLHSTMI'  hstnt 1;
SQ.RETURN rc;

/1 Specify that the statenent is to be executed asynchronously.
SQSetStnt Attr(hstntl, SQ._ATTR ASYNC ENABLE, SQ._ASYNC ENABLE ON, 0);

/1 Execute a SELECT statenent asynchronously.

while ((rc=SQ.ExecDirect(hstnt1,"SELECT * FROM

Orders", SQL_NTS) ) ==SQ._STI LL_EXECUTI NG {

/1 While the statenent is still executing, do sonething el se.
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/1 Do not use hstntl, because it is being used asynchronously.

}

/1 \When the statement has finished executing, retrieve the results.

Whether the driver executes the function synchronously or asynchronously is up to the driver. For example,
suppose the result set metadata is cached in the driver. In this case, it takes very little time to execute

SQL DescribeCol and the driver should simply execute the function, rather than artificialy delaying
execution. On the other hand, if the driver needs to retrieve the metadata from the data source, it should
return control to the application while it is doing this. Thus, the application must be able to handle areturn
code other than SQL_STILL_EXECUTING when it first executes a function asynchronously.

While the function is being executed asynchronously, the application can call functions on any other
statements. It can also call functions on any connection except the one associated with the asynchronous
statement. On the asynchronous statement, the application can call only the asynchronously executing
function, or SQL Cancel, SQL GetDiagField, or SQL GetDiagRec. SQL GetDiagField or

SQL GetDiagRec can be called on an asynchronously executing statement handle to return a header
diagnostic field but not a record diagnostic field. On the connection associated with the asynchronous
statement, the application can call only SQL AllocHandle (to allocate a statement handle),

SQL GetDiagField, SQL GetDiagRec, or SQL GetFunctions. If the application calls any other function
with the asynchronous statement or with the connection associated with that statement, the function returns
SQLSTATE HY 010 (Function sequence error). The application can call any function using handles other
than the original statement handle or the original connection handle. For example:

SQLHDBC  hdbcl, hdbc2;

SQLHSTMI  hstntl, hstnt2, hstnt3;

SQLCHAR *SQL.Statenment = "SELECT * FROM Orders";
SQLUI NTEGER | nf oVal ue;

SQ.RETURN rc;

SQLAI | ocHandl e( SQL_HANDLE_STMI, hdbcl1, &hstntl);
SQLAI | ocHandl e( SQL_HANDLE_STMI, hdbcl, &hstnt2);
SQLAI | ocHandl e( SQL_HANDLE_STMI, hdbc2, &hstnt3);

/1 Specify that hstntl is to be executed asynchronously.
SQSetStnt Attr(hstntl, SQ._ATTR ASYNC ENABLE, SQ._ASYNC ENABLE ON, 0);

/1 Execute hstntl asynchronously.

while ((rc = SQLExecDirect (hstntl, SQStatenent, SQ_NTS)) ==

SQ._STI LL_EXECUTI NG {

/1 The following calls return HYO1l0 because the previous call to SQ.ExecDirect
is

/1 still executing asynchronously on hstntl. The first call uses hstnt1l and the
/'l second call uses hdbcl, on which hstnmtl is allocated.
SQLExecDirect (hstntl, SQ.Statement, SQL_NTS); /! Error!

SQLGet I nfo(hdbcl, SQL_UNI ON, (SQLPO NTER) &l nfoValue, 0, NULL); // Error!

/1 The following calls do not return errors. They use a statenent handl e ot her
t han

/1 hstmt1l or a connection handle other than hdbcl.

SQLExecDirect (hstnt2, SQLStatement, SQL_NTS); Il K

SQ.Tabl es(hstnt3, NULL, O, NULL, O, NULL, O, NULL, 0); Il XK

SQ Get I nfo(hdbc2, SQL_UNION, (SQ.PO NTER) &l nfoValue, 0, NULL); // K
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}

When an application calls afunction to determine if it is still executing asynchronously, it must use the
original statement handle. Thisis because asynchronous execution is tracked on a per-statement basis. The
application must also supply valid values for the other arguments—the original arguments will do—to get
past error checking in the Driver Manager. However, after the driver checks the statement handle and
determines that the statement is executing asynchronoudly, it ignores all other arguments.

While a function is executing asynchronously—that is, after it hasreturned SQL_STILL_EXECUTING
and before it returns a different code—the application can cancel it by calling SQL Cancel with the same
statement handle. Thisis not guaranteed to cancel function execution. For example, the function might
have already finished. Furthermore, the code returned by SQL Cancel indicates whether SQL Cancel
successfully attempted to cancel the function, not whether it actually did cancel the function. To determine
if the function was canceled, the application calls the function again. If the function was canceled, it returns
SQL_ERROR and SQLSTATE HY 008 (Operation canceled). If the function was not canceled, it returns
another code, such as SQL_SUCCESS, SQL_STILL_EXECUTING, or SQL_ERROR with a different
SQLSTATE.

To disable asynchronous execution of a particular statement when the driver supports statement-level
asynchronous processing, the application calls SQL SetStmtAttr with the SQL_ATTR_ASYNC_ENABLE
attribute and setsit to SQL_ASYNC_ENABLE_OFF. If the driver supports connection-level asynchronous
processing, the application calls SQL SetConnectAttr to set SQL_ATTR_ASYNC _ENABLE to
SQL_ASYNC_ENABLE_OFF, which disables asynchronous execution of all statements on the
connection.

When SQL GetDiagField is called on a statement handle on which afunction is currently executing
asynchronously, the following values are returned:

¢ What the SQL_DIAG_CURSOR_ROW_COUNT, SQL_DIAG_DYNAMIC_FUNCTION,
SQL_DIAG_DYNAMIC FUNCTION_CODE, and SQL_DIAG_ROW_COUNT header fields
return are undefined.

e TheSQL_DIAG_NUMBER header field returns 0.
e TheSQL_DIAG_RETURNCODE header field returns SQL_STILL_EXECUTING.

e All record fieldsreturn SQL_NO_DATA.

SQL GetDiagRec always returns SQL_NO_DATA when it is called on a statement handle on which a
function is currently executing asynchronousdly.

For alist of functions that can be executed asynchronoudly, see the SQL_ATTR_ASYNC_ENABLE
attribute in the SQL SetStmtAttr function description.

Freeing a Statement Handle

Asmentioned earlier, it is more efficient to reuse statements than drop them and allocate new ones. Before
executing a new SQL statement on a statement, applications should be sure that the current statement
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settings are appropriate. These include statement attributes, parameter bindings, and result set bindings.
Generally, parameters and result sets for the old SQL statement need to be unbound (by calling

SQL FreeStmt with the SQL_RESET _PARAMS and SQL_UNBIND options) and rebound for the new
SQL statement.

When the application has finished using the statement, it calls SQL FreeHandl e to free the statement. After
freeing the statement, it is an application programming error to use the statement’s handlein acall to an
ODBC function; doing so has undefined but probably fatal consequences.

When SQLFreeHandle is called, the driver rel eases the structure used to store information about the
statement. Note that SQL Disconnect automatically frees all statements on a connection.
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Chapter 10: Overview of Retrieving Results (Basic)

A result set isa set of rows on the data source that matches certain criteria. It is a conceptual table that
results from a query and that is available to an application in tabular form. SELECT statements, catalog
functions, and some procedures create result sets. For example, the first SQL statement creates aresult set
containing al the rows and all the columnsin the Orders table, and the second SQL statement creates a
result set containing Orderl D, SalesPerson, and Status columns for the rowsin the Orderstable in which
the Statusis OPEN.

SELECT * FROM Orders
SELECT OrderID, SalesPerson, Status FROM Orders WHERE Status = 'OPEN'

A result set can be empty, which is different from no result set at all. For example, the following SQL
statement creates an empty result set:

SELECT * FROM Orders WHERE 1 =2

An empty result set is no different from any other result set except that it has no rows. For example, the
application can retrieve metadata for the result set, can attempt to fetch rows, and must close the cursor
over the result set.

The process of retrieving rows from the data source and returning them to the application is called fetching.
This chapter explains the basic parts of that process. For information about more advanced topics, such as
block and scrollable cursors, see “Block Cursors’ and “ Scrollable Cursor Types’ in Chapter 11,
“Retrieving Results (Advanced).” For information about updating, deleting, and inserting rows, “ Chapter
12: Overview of Updating Data.”

Was a Result Set Created?

In most situations, application programmers know whether the statements their application executes will
create aresult set. Thisisthe caseif the application uses hard-coded SQL statements written by the
programmer. It is usually the case when the application constructs SQL statements at run time: The
programmer can easily include code that flags whether a SEL ECT statement or an INSERT statement is
being constructed. In afew situations, the programmer cannot possibly know whether a statement will
create aresult set. Thisistrueif the application provides away for the user to enter and execute an SQL
statement. It is aso true when the application constructs a statement at run time to execute a procedure.

In such cases, the application calls SQL NumResultCols to determine the number of columnsin the result
set. If thisis 0, the statement did not create aresult set; if it isany other number, the statement did create a
result set.

The application can call SQL NumResultCols at any time after the statement is prepared or executed.
However, because some data sources cannot easily describe the result sets that will be created by prepared
statements, performance will suffer if SQL NumResultColsis called after a statement is prepared, but
before it is executed.

Some data sources a so support determining the number of rows that an SQL statement returnsin aresult
set. To do so, the application calls SQL RowCount. Exactly what the row count representsis indicated by
the setting of the SQL_DYNAMIC_CURSOR_ATTRIBUTES2,
SQL_FORWARD_ONLY_CURSOR_ATTRIBUTES2, SQL_KEYSET_CURSOR_ATTRIBUTES2, or
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SQL_STATIC_CURSOR_ATTRIBUTES2 option (depending on the type of the cursor) returned by a call
to SQL GetlInfo. This bitmask indicates for each cursor type whether the row count returned is exact or
approximate, or is not available at all. Whether row counts for static or keyset-driven cursors are affected
by changes made through SQL BulkOper ations or SQL SetPos, or by positioned update or delete
statements, depends upon other bits returned by the same option arguments listed previoudly. For more
information, see the SQL Getlnfo function description in the Part |1 PDF file, “ODBC API Reference’
available on the Solid Web site.

Result Set M etadata

Metadata is data that describes other data. For example, result set metadata describes the result set, such as
the number of columnsin the result set, the data types of those columns, their names, precision, nullability,
and so on.

Interoperable applications should always check the metadata of result set columns. The metadata for a
column in aresult set might differ from the metadata for the column as returned by a catalog function. For
example, suppose that an updatable column isincluded in aresult set created by joining two tables. While
SQL ColumnPrivileges might indicate that a user can update the column, the result set metadata might not
if the column is on the “many” side of the join; many data sources can update columns on the “one” side of
ajoin but not on the “many” side. Even data types cannot be assumed to be the same, because the data
source might promote the data type while creating the result set.

How is M etadata Used?

Applications require metadata for most result set operations. For example, the application uses the data type
of a column to determine what kind of variable to bind to that column. It uses the byte length of a character
column to determine how much space it needs to display data from that column. How an application
determines the metadata for a column depends on the type of the application.

Vertical applications work with predefined tables and perform predefined operations on those tables.
Because the result set metadata for such applicationsis defined before the application is even written and is
controlled by the application developer, it can be hard-coded into the application. For example, if an order
ID column is defined as a 4-byte integer in the data source, the application can always bind a 4-byte integer
to that column. When metadata is hard-coded in the application, a change to the tables used by the
application generally implies a change to the application code. Thisisrarely a problem, because such
changes are generally made as part of a new release of the application.

Like vertical applications, custom applications generally work with predefined tables and perform
predefined operations on those tables. For example, an application might be written to transfer data among
three different data sources; the data to be transferred is generally known when the application is written.
Thus, custom applications also tend to have hard-coded metadata.

Generic applications, especially those that support ad-hoc queries, almost never know the metadata of the
result sets they create. Therefore, they must discover the metadata at run time using the functions
SQLNumResultCols, SQL DescribeCol, and SQL ColAttribute, which are described in the next section,
“SQLDescribeCol and SQL ColAttribute.”

All applications, regardless of their type, can hard-code metadata for the result sets returned by the catalog
functions. These result sets are defined in the reference section of this manual.
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SQL DescribeCol and SQL ColAttribute

SQL DescribeCol and SQL ColAttribute are used to retrieve result set metadata. The difference between
these two functions is that SQL DescribeCol always returns the same five pieces of information (a
column’s name, data type, precision, scale, and nullability), while SQL ColAttribute returns a single piece
of information requested by the application. However, SQL ColAttribute can return a much richer
selection of metadata, including a column’s case sensitivity, display size, updatability, and searchability.

Many applications, especially ones that only display data, only require the metadata returned by

SQL DescribeCol. For these applications, it is faster to use SQL DescribeCol than SQL ColAttribute
because the information is returned in asingle call. Other applications, especially ones that update data,
require the additional metadata returned by SQL Col Attribute and so use both functions. In addition,
SQL ColAttribute supports driver-specific metadata; for more information, see “ Driver-Specific Data
Types, Descriptor Types, Information Types, Diagnostic Types, and Attributes’ in Chapter 17,
“Programming Considerations.”

An application can retrieve result set metadata at any time after a statement has been prepared or executed,
and before the cursor over the result set is closed. Very few applications require result set metadata after the
statement is prepared and before it is executed. If possible, applications should wait to retrieve metadata
until after the statement is executed. The reason is that some data sources cannot return metadata for
prepared statements, and emulating this capability in the driver is often a slow process. For example, the
driver might generate a zero row result set by replacing the WHERE clause of a SELECT statement with
the clause WHERE 1 = 2 and executing the resulting statement.

Metadata is often expensive to retrieve from the data source. Because of this, drivers should cache any
metadata they retrieve from the server and hold it for aslong as the cursor over the result set is open. Also,
applications should request only the metadata they absolutely need.

Binding Columns

Data fetched from the data source is returned to the application in variables that the application has
allocated for this purpose. Before this can be done, the application must associate, or bind, these variables
to the columns of the result set; conceptually, this process is the same as binding application variablesto
statement parameters. When the application binds a variable to aresult set column, it describes that variable
— address, data type, and so on — to the driver. The driver stores thisinformation in the structure it
maintains for that statement and uses the information to return the value from the column when the row is
fetched.

Binding Result Set Columns

Applications can bind as many or as few columns of the result set as they choose, including binding no
columns at al. When arow of datais fetched, the driver returns the data for the bound columns to the
application. Whether the application binds all of the columnsin the result set depends on the application.
For example, applications that generate reports usually have a fixed format; such applications create a
result set containing all of the columns used in the report, then bind and retrieve the datafor all of these
columns. Applications that display screens full of data sometimes allow the user to decide which columns
to display; such applications create aresult set containing al columns the user might want, but bind and
retrieve the data only for those columns chosen by the user.
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Data can be retrieved from unbound columns by calling SQL GetData. Thisis commonly called to retrieve
long data, which often exceeds the length of a single buffer and must be retrieved in parts.

Columns can be bound at any time, even after rows have been fetched. However, the new bindings do not
take effect until the next time arow is fetched; they are not applied to data from rows already fetched.

A variable remains bound to a column until a different variable is bound to the column; the columnis
unbound by calling SQL BindCol with anull pointer as the variable’ s address; all columns are unbound by
calling SQL FreeStmt with the SQL_UNBIND option; or the statement is released. For this reason, the
application must be sure that all bound variables remain valid as long as they are bound. For more
information, see “Allocating and Freeing Buffers’ in Chapter 4, “ODBC Fundamentals.”

Because column bindings are just information associated with the statement structure, they can be set in
any order. They are also independent of the result set. For example, suppose an application binds the
columns of the result set generated by the following SQL statement:

SELECT * FROM Orders

If the application then executes the SQL statement:
SELECT * FROM Li nes

on the same statement handle, the column bindings for the first result set are still in effect because those are
the bindings stored in the statement structure. In most cases, thisis a poor programming practice and should
be avoided. Instead, the application should call SQL FreeStmt with the SQL_UNBIND option to unbind all
the old columns and then bind new ones.

Using SQL BindCol

The application binds columns by calling SQL BindCol. This function binds one column at atime. With it,
the application specifies:

The column number. Column 0 is the bookmark column; this column is not included in some result sets.
All other columns are numbered starting with the number 1. It isan error to bind a higher numbered
column than there are columns in the result set; this error cannot be detected until the result set has been
created, so it isreturned by SQL Fetch, not SQL BindCol.

The C datatype, address, and byte length of the variable bound to the column. It isan error to specify aC
data type to which the SQL data type of the column cannot be converted; this error might not be detected
until the result set has been created, so it is returned by SQL Fetch, not SQL BindCol. For alist of
supported conversions, see Appendix D, “Data Types’ in the SOL1D Programmer Guide. For
information about the byte length, see “Data Buffer Length” in Chapter 4, “ODBC Fundamentals.”

The address of alength/indicator buffer. The length/indicator buffer is optional. It is used to return the byte
length of binary or character data or return SQL_NULL_DATA if thedatais NULL. For more information,
see “Using Length/Indicator Values’ in Chapter 4, “ODBC Fundamentals.”

When SQL BindCaol is called, the driver associates this information with the statement. When each row of
dataisfetched, it uses the information to place the data for each column in the bound application variables.

For example, the following code binds variables to the SalesPerson and CustID columns. Data for the
columns will be returned in SalesPerson and CustID. Because SalesPerson is a character buffer, the
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application specifiesits byte length (11) so the driver can determine whether to truncate the data. The byte
length of the returned title, or whether itis NULL, will be returned in SalesPersonLenOrInd.

Because CustID is an integer variable and has fixed length, there is no need to specify its byte length; the
driver assumesit is sizeof (SQL UINTEGER). The byte length of the returned customer ID data, or whether
itisNULL, will be returned in CustIDInd. Note that the application is only interested in whether the salary
isNULL, because the byte length is always sizeof (SQL UINTEGER).

SQLCHAR  Sal esPerson[ 11];

SQLUI NTEGER Cust | D

SQLI NTEGER Sal esPer sonLenOrlnd, Custl Dl nd;
SQ.RETURN rc;

SQLHSTMI  hstnt;

/! Bind Sal esPerson to the Sal esPerson colum and CustID to the CustlD col um.
SQLBi ndCol (hstnt, 1, SQ._C CHAR, Sal esPerson, sizeof(Sal esPerson),

&Sal esPer sonLenOr | nd) ;
SQ.Bi ndCol (hstnt, 2, SQ_C ULONG &CustlD, 0, &CustlDlnd);

/1 Execute a statenent to get the sal es person/custoner of all orders.
SQLExecDirect (hstnt, "SELECT Sal esPerson, CustlD FROM Orders ORDER BY
Sal esPer son",

SQ_NTS);

/1l Fetch and print the data. Print "NULL" if the data is NULL. Code to check
if rc
/1 equals SQ._ERROR or SQL_SUCCESS W TH_I NFO not shown.
while ((rc = SQLFetch(hstnt)) !'= SQ._NO _DATA) {
if (Sal esPersonLenOrlnd == SQ._NULL_DATA)

printf("NULL "),
el se
printf("%0s ", Sal esPerson);

if (CustlDind == SQL_NULL_DATA)
printf("NULL\n");

el se
printf("%l\n", CustlD);

// Close the cursor.
SQLC oseCur sor (hstnt);

The following code executes a SELECT statement entered by the user and prints each row of datain the
result set. Because the application cannot predict the shape of the result set created by the SELECT
statement, it cannot bind hard-coded variables to the result set asin the previous example. Instead, the
application allocates a buffer that holds the data and a length/indicator buffer for each column in that row.
For each column, it calcul ates the offset to the start of the memory for the column and adjusts this offset so
that the data and length/indicator buffers for the column start on alignment boundaries. It then binds the
memory starting at the offset to the column. From the driver’s point of view, the address of thismemory is
indi stinguishable from the address of a variable bound in the previous example. For more information
about alignment, see “Alignment” in Chapter 17, “Programming Considerations.”

/1 This application allocates a buffer at run time. For each columm, this buffer
/1 contains nmenory for the colum's data and |l ength/indicator. For exanple:
I
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//  colum 1 colum 2 colum 3 colum 4

/1 dbl lil db2 1i2 db3 1i3 dbd li4

L I A I O B
11 V.V Vv V.V _V V.V

I | U O |

data buffer for columm n
| ength/indicator buffer for colum n

~

-

=}
I

/1 Define a macro to increase the size of a buffer so it is a nultiple of the
al i gnnent
/'l size. Thus, if a buffer starts on an alignnment boundary, it will end just
before the
/1 next alignment boundary. In this exanple, an alignnent size of 4 is used
because
/1l this is the size of the largest data type used in the application's buffer --
t he
/1 size of an SDWORD and of the |argest default C data type are both 4. If a
| ar ger
/'l data type (such as _int64) was used, it would be necessary to align for that
si ze.
#define ALI GNSI ZE 4
#defi ne ALI GNBUF(Length) Length % ALI GNSI ZE ? \

Length + ALIGNSI ZE - (Length % ALI GNSI ZE) : Length

SQLCHAR  Sel ect St nt [ 100] ;

SQLSMALLI NT NuntCol s, *CTypeArray, i;

SQLI NTEGER *Col LenArray, *Offset Array, SQ.Type, *DataPtr;
SQLRETURN rc;

SQLHSTMI  hstnt;

// Get a SELECT statenment fromthe user and execute it.
Get Sel ect St nt (Sel ect Stnt, 100);
SQLExecDirect (hstnt, SelectStmt, SQ_NTS);

/1 Determi ne the nunmber of result set colums. Allocate arrays to hold the C
type,

/1 byte length, and buffer offset to the data.

SQLNunResul t Col s(hstnt, &Nuntol s);

CTypeArray = (SQLSMALLINT *) mall oc(NuntCols * sizeof (SQLSMALLI NT));

Col LenArray = (SQLI NTEGER *) mal |l oc(NuntCol s * sizeof (SQI NTEGER)) ;

OfsetArray = (SQLI NTEGER *) mal |l oc(NuntCol s * sizeof (SQLI NTEGER)) ;

O fsetArray[0] = O;

for (i =0; i < NunCols; i++) {

/1 Determine the colum's SQ type. GetDefaultCType contains a switch statenent
t hat

/'l returns the default C type for each SQ type.

SQ.Col Attribute(hstnt, ((SQUSMALLINT) i) + 1, SQ._DESC TYPE, NULL, 0, NULL,
(SQ.PA NTER) &SQLType);

CTypeArray[i] = GetDefaul t CType(SQ.Type);
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/1 Determine the colum's byte length. Calculate the offset in the buffer to
t he

/1 data as the offset to the previous colum, plus the byte length of the
previ ous

/1 colum, plus the byte length of the previous colum's |ength/indicator
buffer.

/1 Note that the byte length of the columm and the | ength/indicator buffer are
/1 increased so that, assuming they start on an alignnment boundary, they wll
end on

/1 the byte before the next alignnent boundary. Although this mght |eave sone
hol es

/1 in the buffer, it is a relatively inexpensive way to guarantee alignment.
SQLCol Attribute(hstnt, ((SQLUSMALLINT) i)+1, SQL_DESC OCTET_LENGTH, NULL, O,
NULL, &Col LenArray[i]);

Col LenArray[i] = ALI GNBUF(Col LenArray[i]);

if (i)

OfsetArray[i] = OfsetArray[i-1] +Col LenArray[i -
1] +ALI GNBUF( si zeof ( SQLI NTEGER) ) ;

/!l Allocate the data buffer. The size of the buffer is equal to the offset to
the data
/1 buffer for the final colum, plus the byte |ength of the data buffer and
/1 length/indicator buffer for the |ast colum.
void *DataPtr = mall oc(Of fset Array[ NumCol s - 1] +

Col LenArray[ NunCol s - 1] + ALI GNBUF(si zeof (SQLI NTEGER)) ) ;

/1l For each columm, bind the address in the buffer at the start of the nmenory
al | ocat ed
/1 for that colum's data and the address at the start of the nenory allocated
for that
/1 colum's | ength/indicator buffer.
for (i = 0; i < NunCols; i++)
SQLBi ndCol (hstnt,
((SQLUSMALLINT) i) + 1,
CTypeArray[i],
(SQLPO NTER) (( SQLCHAR *) DataPtr + OffsetArray[i]),
Col LenArray[i],
(SQLI NTEGER *) ((SQLCHAR *)DataPtr + O fsetArray[i] + Col LenArray[i]));

/!l Retrieve and print each row PrintData accepts a pointer to the data, its C
type,
/1 and its byte length/indicator. It contains a switch statenment that casts and
prints
/1 the data according to its type. Code to check if rc equals SQ._ERROR or
/1 SQ._SUCCESS W TH_| NFO not shown.
while ((rc = SQLFetch(hstnt)) !'= SQ._NO DATA) {
for (i =0; i < NumCols; i++) {
Print Dat a( (SQLCHAR *)DataPtr[Of fset Array[i]], CTypeArray[i],
(SQLI NTEGER *) (( SQLCHAR *)DataPtr[ O fsetArray[i] + Col LenArray[i]]));

}
// O ose the cursor.
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SQLC oseCur sor (hstnt);

Fetching Data

The process of retrieving rows from the result set and returning them to the application is called fetching.
This section describes how to fetch data.

Cursors

An application fetches data with a cursor. A cursor is different from aresult set: A result set is the set of
rows that matches a particular search criteria, while a cursor is the software that returns those rows to the
application. The name “cursor” asit appliesto databases probably originated from the blinking cursor on a
computer terminal. Just as that cursor indicates the current position on the screen and where the typed
words will appear next, a cursor on aresult set indicates the current position in the result set and what row
will be returned next.

The cursor model in ODBC is based on the cursor model in embedded SQL. One notable difference
between these models is the way cursors are opened. In embedded SQL., a cursor must be explicitly
declared and opened before it can be used. In ODBC, a cursor isimplicitly opened when a statement that
creates aresult set is executed. When the cursor is opened, it is positioned before the first row of the result
set. In both embedded SQL and ODBC, a cursor must be closed after the application has finished using it.

Different cursors have different characteristics. The most common type of cursor, which iscaled a
forward-only cursor, can only move forward through the result set. To return to a previous row, the
application must close and reopen the cursor, then read rows from the beginning of the result set until it
reaches the required row. Forward-only cursors provide afast mechanism for making a single pass through
aresult set.

Forward-only cursors are less useful for screen-based applications, in which the user scrolls backward and
forward through the data. Such applications can use a forward-only cursor by reading the result set once,
caching the data locally, and performing scrolling themselves. However, this works well only with small
amounts of data. A better solution isto use a scrollable cursor, which provides random access to the result
set. Such applications can also increase performance by fetching more than one row of data at atime, using
what is called ablock cursor. For more information on block cursors, see “Using Block Cursors,” in
Chapter 11, “Retrieving Results (Advanced).”

The forward-only cursor isthe default cursor typein ODBC and is discussed in the following sections. For
more information about block cursors and scrollable cursors, see “Block Cursors’ and “ Scrollable Cursors’
in Chapter 11, “Retrieving Results (Advanced).”

Important Committing or rolling back atransaction, either by explicitly calling SQLEndTran or by
operating in autocommit mode, causes some data sources to close all the cursors on all statementson a
connection. For more information, see the SQL_ CURSOR_COMMIT_BEHAVIOR and
SQL_CURSOR_ROLLBACK_BEHAVIOR attributes in the SQL Getlnfo function description in the Part
Il PDFfile, “ODBC API Reference” available on the Solid Web site.
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Fetching a Row of Data

To fetch arow of data, an application calls SQL Fetch. SQL Fetch can be called with any kind of cursor, but
it only moves the rowset cursor in aforward-only direction. SQL Fetch advances the cursor to the next row
and returns the data for any columns that were bound with calls to SQLBindCol. When the cursor reaches
the end of the result set, SQL Fetch returns SQL_NO_DATA. For examples of calling SQL Fetch, see
“Using SQLBindCal,” earlier in this chapter.

Exactly how SQL Fetch isimplemented is driver-specific, but the general patternisfor the driver to retrieve
the data for any bound columns from the data source, convert it according to the types of the bound
variables, and place the converted data in those variables. If the driver cannot convert any data, SQL Fetch
returns an error. The application can continue fetching rows, but the data for the current row islost. What
happens to the data for unbound columns depends on the driver, but most drivers either retrieve and discard
it or never retrieveit at all.

The driver also sets the values of any length/indicator buffers that have been bound. If the data value for a
column is NULL, the driver sets the corresponding length/indicator buffer to SQL_NULL_DATA. If the
datavalueisnot NULL, the driver sets the length/indicator buffer to the byte length of the data after
conversion. If thislength cannot be determined, as is sometimes the case with long data that is retrieved by
more than one function call, the driver sets the length/indicator buffer to SQL_NO_TOTAL. Note that for
fixed-length data types, such as integers and date structures, the byte length is the size of the data type.

For variable-length data, such as character and binary data, the driver checks the byte length of the
converted data against the byte length of the buffer bound to the column; the buffer’s length is specified in
the BufferLength argument in SQLBindCoal. If the byte length of the converted datais greater than the byte
length of the buffer, the driver truncates the data to fit in the buffer, returns the untruncated length in the
length/indicator buffer, returns SQL_SUCCESS WITH_INFO, and places SQLSTATE 01004 (Data
truncated) in the diagnostics. The only exception to thisisif a variable-length bookmark is truncated when
returned by SQL Fetch, which returns SQLSTATE 22001 (String data, right truncated).

Fixed-length datais never truncated, because the driver assumes that the size of the bound buffer isthe size
of the data type. Data truncation tends to be rare, because the application usually binds a buffer large
enough to hold the entire data value; it determines the necessary size from the metadata. However, the
application might explicitly bind a buffer it knows to be too small. For example, it might retrieve and
display the first 20 characters of a part description or the first 100 characters of along text column.

Character data must be null-terminated by the driver before it is returned to the application, evenif it has
been truncated. The null-termination character is not included in the returned byte length, but does require
space in the bound buffer. For example, suppose an application uses strings composed of character datain
the ASCII character set, adriver has 50 characters of datato return, and the application’s buffer is 25 bytes
long. In the application’s buffer, the driver returns the first 24 characters followed by a null-termination
character. In the length/indicator buffer, it returns a byte length of 50.

The application can restrict the number of rows in the result set by setting the SQL_ATTR_MAX_ROWS
statement attribute before executing the statement that creates the result set. For example, the preview mode
in an application used to format reports needs only enough data to display the first page of the report. By
restricting the size of the result set, such afeature would run faster. This statement attribute is intended to
reduce network traffic and might not be supported by all drivers.
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Getting Long Data

DBMSs define long data as any character or binary data over a certain size, such as 255 characters. This
data may be small enough to be stored in a single buffer, such as a part description of several thousand
characters. However, it may be too long to store in memory, such as long text documents or bitmaps.
Because such data cannot be stored in a single buffer, it isretrieved from the driver in parts with

SQL GetData after the other data in the row has been fetched.

Note An application can actually retrieve any type of data with SQL GetData, not just long data, although
only character and binary data can be retrieved in parts. However, if the datais small enough tofitina
single buffer, there is generally no reason to use SQL GetData. It is much easier to bind a buffer to the
column and let the driver return the data in the buffer.

To retrieve long data from a column, an application first calls SQL FetchScroll or SQL Fetch to moveto a
row and fetch the data for bound columns. The application then calls SQL GetData. SQL GetData hasthe
same arguments as SQL BindCaol: a statement handle; a column number; the C data type, address, and byte
length of an application variable; and the address of a length/indicator buffer. Both functions have the same
arguments because they perform essentially the same task: They both describe an application variable to the
driver and specify that the data for a particular column should be returned in that variable. The major
differences are that SQL GetData is called after arow is fetched (and is sometimes called |ate binding for
this reason), and that the binding specified by SQL GetData lasts only for the duration of the call.

With respect to a single column, SQL GetData behaves in the same manner as SQL Fetch: It retrieves the
data for the column, convertsit to the type of the application variable, and returnsit in that variable. It also
returns the byte length of the data in the length/indicator buffer. For more information on how SQL Fetch
returns data, see the immediately preceding section, “Fetching a Row of Data.”

SQL GetData differs from SQL Fetch in one important respect. If it is called more than once in succession
for the same column, each call returns a successive part of the data. Each call except the last call returns
SQL_SUCCESS WITH_INFO and SQLSTATE 01004 (String data, right truncated); the last call returns
SQL_SUCCESS. Thisishow SQL GetData is used to retrieve long datain parts. When there is no more
datato return, SQL GetData returns SQL_NO_DATA. The application is responsible for putting the long
data together, which might mean concatenating the parts of the data. Each part is null-terminated; the
application must remove the null-termination character if concatenating the parts. Retrieving datain parts
can be done for variable-length bookmarks, as well as other long data. The value returned in the
length/indicator buffer decreases in each call by the number of bytes returned in the previous call, although
it is common for the driver to be unable to discover the amount of available data and return a byte length of
SQL_NO_TOTAL. For example:

/1 Declare a binary buffer to retrieve 5000 bytes of data at a tine.
SQLCHAR  Bi naryPt r[ 5000] ;

SQLUI NTEGER Part | D;

SQLI NTEGER Part!| Dl nd, BinaryLenOrlnd, NunBytes;

SQLRETURN rc;

SQLHSTMI'  hstnt;

/!l Create a result set containing the ID and picture of each part.
SQLExecDirect (hstnt, "SELECT PartlD, Picture FROM Pictures", SQL_NTS);

// Bind PartID to the PartlD col um.
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SQLBi ndCol (hstnt, 1, SQL_C ULONG, &PartID, 0, &Partl Dl nd);

/1l Retrieve and di splay each row of data.

while ((rc = SQLFetch(hstnt)) !'= SQ._NO _DATA) {

/1 Display the part ID and initialize the picture.
Di splayl D(Part|I D, Partl Dl nd);

InitPicture();

/!l Retrieve the picture data in parts. Send each part and the nunber of bytes
in

/1 each part to a function that displays it. The nunber of bytes is always 5000
i f

/'l there were nore than 5000 bytes available to return (cbBi naryBuffer > 5000).
/1 Code to check if rc equals SQL_ERROR or SQ._SUCCESS W TH_I NFO not shown.
while ((rc = SQLGetData(hstnt, 2, SQ._C BINARY, BinaryPtr, sizeof(BinaryPtr),

&Bi naryLenOrind)) !'= SQL_NO DATA) {
NumBytes = (Bi naryLenOrlnd > 5000) || (BinaryLenOrlnd == SQ._NO TOTAL) ?
5000 : Bi naryLenOrl nd;
Di spl ayNext Pi ct Part (Bi naryPtr, NunBytes);

}

// Close the cursor.
SQLC oseCur sor (hstnt);

*  Thereare anumber of restrictions on using SQL GetData. In general, columns accessed with
SQL GetData:

e Must be accessed in order of increasing column number (because of the way the columns of a
result set are read from the data source). For example, it isan error to call SQL GetData for
column 5 and then call it for column 4.

e Cannot be bound.

e Must have a higher column number than the last bound column. For example, if the last bound
columnis column 3, itisan error to call SQL GetData for column 2. For this reason, applications
should be careful to place long data columns at the end of the select list.

Cannot be used if SQL Fetch or SQL FetchScroll was called to retrieve more than one row. For more
information, see “Using Block Cursors’ in Chapter 11, “Retrieving Results (Advanced).”

Some drivers do not enforce these restrictions. Interoperable applications should either assume they exist or
determine which restrictions are not enforced by calling SQL Getlnfo with the
SQL_GETDATA_EXTENSIONS option.

If the application does not need all of the datain a character or binary data column, it can reduce network
traffic in DBM S-based drivers by setting the SQL_ATTR_MAX_LENGTH statement attribute before
executing the statement. This restricts the number of bytes of datathat will be returned for any character or
binary column. For example, suppose a column contains long text documents. An application that browses
the table containing this column might need to display only the first page of each document. Although this
statement attribute can be simulated in the driver, there is no reason to do so. In particular, if an application
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wants to truncate character or binary data, it should bind a small buffer to the column with SQL BindCol
and let the driver truncate the data.

Closing the Cur sor

When an application has finished using a cursor, it calls SQL CloseCursor to close the cursor. For example:
SQLC oseCursor (hstnt);

Until the application closes the cursor, the statement on which the cursor is opened cannot be used for most
other operations, such as executing another SQL statement. For a complete list of functions that can be
called while a cursor is open, see Appendix B, “ODBC Transition State Tables’ contained on the
Microsoft Web site (ODBC Programmer’s Reference).

Note To close acursor, an application should call SQL CloseCursor, not SQL Cancel.
Cursors remain open until they are explicitly closed, except when a transaction is committed or rolled back,
in which case some data sources close the cursor. In particular, reaching the end of the result set, when

SQL Fetch returns SQL_NO_DATA, does not close a cursor. Even cursors on empty result sets (result sets
created when a statement executed successfully but which returned no rows) must be explicitly closed.
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Chapter 11: Overview of Retrieving Results (Advanced)

An application can specify that an offset is added to bound data buffer addresses and the corresponding
length/indicator buffer addresses when SQL BulkOper ations, SQL Fetch, SQL FetchScrall, or
SQL SetPosis caled. The results of these additions determine the addresses used in these operations.

Bind offsets allow an application to change bindings without calling SQL BindCol for previously bound
columns. A call to SQLBindCaol to rebind data changes the buffer address and the length/indicator pointer.
Rebinding with an offset, on the other hand, simply adds an offset to the existing bound data buffer address
and length/indicator buffer address. When offsets are used, the bindings are a“template” of how the
application buffers are laid out and the application can move this “template” to different areas of memory
by changing the offset. A new offset can be specified at any time, and is always added to the originally
bound values.

To specify abind offset, the application setsthe SQL_ATTR_ROW_BIND_OFFSET_PTR statement
attribute to the address of an SQLINTEGER buffer. Before the application calls a function that uses the
bindings, such as SQL BulkOperations, SQL Fetch, SQL FetchScroll, or SQL SetPos, it places an offset in
bytesin this buffer, aslong as neither the data buffer address nor the length/indicator buffer addressis 0,
and the bound column isin the result set. The sum of the address and the offset must be a valid address.
(Thismeans that either or both of the offset and the address to which the offset is added can be invalid, as
long as the sum of them isavalid address.) The SQL_ATTR_ROW _BIND_OFFSET_PTR statement
attribute is a pointer so that the offset value can be applied to more than one set of binding data, all of
which can be changed by changing one offset value. An application must make sure that the pointer
remains valid until the cursor is closed.

Note Binding offsets are not supported by ODBC 2.x drivers.

Block Cursors

Many applications spend a significant amount of time bringing data across the network. Part of thistimeis
spent actually bringing the data across the network and part of it is spent on network overhead, such as the
call made by the driver to request arow of data. The latter time can be reduced if the application makes
efficient use of block, or fat, cursors, which can return more than one row at atime.

An application always has the option of using a block cursor. On data sources from which only one row at a
time can be fetched, block cursors must be simulated in the driver. This can be done by performing

multiple single-row fetches. While thisis unlikely to provide any performance gains, it opens opportunities
for applications. Such applications will then experience performance increases as DBM Ss implement block
cursors natively and the drivers associated with those DBM Ss expose them.

The rows returned in a single fetch with a block cursor are called the rowset. It isimportant not to confuse
the rowset with the result set. The result set is maintained at the data source, while the rowset is maintained
in application buffers. While the result set is fixed, the rowset is not—it changes position and contents each
time anew set of rows isfetched. Just as a single-row cursor such as the traditional SQL forward-only
cursor pointsto a current row, ablock cursor points to the rowset, which can be thought of as “current
rows.”

138



To perform operations that operate on a single row when multiple rows have been fetched, the application
must first indicate which row is the current row. The current row is required by calls to SQLGetData and
positioned update and del ete statements. When a block cursor first returns arowset, the current row is the
first row of the rowset. To change the current row, the application calls SQL SetPos or SQLBulkOperations
(to update by bookmark). The following figure shows the relationship of the result set, rowset, current row,
rowset cursor, and block cursor. For more information, see “Using Block Cursors,” later in this chapter, and
“Positioned Update and Delete Statements’ and “Updating Data with SQL SetPos’ in Chapter 12,
“Updating Data.”

Block cursor and rowset cursor

Whether a cursor is ablock cursor isindependent of whether it is scrollable. For example, most of the work
in areport application is spent retrieving and printing rows. Because of this, it will work fastest with a
forward-only, block cursor. It uses aforward-only cursor to avoid the expense of a scrollable cursor, and a
block cursor to reduce the network traffic.

Binding Columnsfor Usewith Block Cursors

Because block cursors return multiple rows, applications that use them must bind an array of variablesto
each column instead of asingle variable. These arrays are collectively known as the rowset buffers. Here
are the two styles of binding:

» Bind an array to each column. Thisis called column-wise binding because each data structure
(array) contains data for a single column.

» Defineastructure to hold the data for an entire row and bind an array of these structures. Thisis
called row-wise binding because each data structure contains the data for a single row.

Aswhen the application binds single variables to columns, it calls SQL BindCol to bind arraysto columns.
The only difference is that the addresses passed are array addresses, not single variable addresses. The
application setsthe SQL_ATTR_ROW_BIND_TY PE statement attribute to specify whether it is using
column-wise or row-wise binding. Whether to use column-wise or row-wise binding is largely a matter of
application preference. Row-wise binding might correspond more closely to the application’s layout of
data, in which case it would provide better performance.

Column-Wise Binding

When using column-wise binding, an application binds one or two, or in some cases three, arraysto each
column for which dataisto be returned. The first array holds the data values and the second array holds
length/indicator buffers. Indicators and length values can be stored in separate buffers by setting the
SQL_DESC INDICATOR _PTRand SQL_DESC OCTET_LENGTH_PTR descriptor fields to different
values; if thisisdone, athird array is bound. Each array contains as many elements as there are rowsin the
rowset.

The application declares that it is using column-wise binding with the SQL_ATTR_ROW_BIND_TYPE
statement attribute, which determines the bind type for rowset buffers, as opposed to parameter set buffers.
The driver returns the data for each row in successive elements of each array. This figure shows how
column-wise binding works.
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Column-wise binding of column data
For example, the following code binds 10-element arrays to the OrderI D, SalesPerson, and Status columns.
#defi ne ROW ARRAY_SI ZE 10

SQLUI NTEGER Or der | DArr ay[ ROW ARRAY_SI ZE], NunRowsFet ched;
SQLCHAR Sal esPer sonArray[ RON ARRAY_SI ZE] [ 11], Stat usArray[ RON ARRAY_SI ZE] [ 7] ;
SQLI NTEGER Order | DI ndAr r ay[ ROW ARRAY_SI ZE] ,
Sal esPer sonLenOr | ndAr r ay[ ROV ARRAY_SI ZE]
St at usLenOr | ndAr r ay[ ROV ARRAY_SI ZE] ;
SQLUSMALLI NT RowSt at usAr r ay[ ROW ARRAY_SI ZE], i ;
SQLRETURN rc;
SQLHSTMI  hstnt;

/1 Set the SQL_ATTR_ROWDBIND _TYPE statenent attribute to use colum-wi se

bi ndi ng.

/1 Declare the rowset size with the SQ._ATTR ROW ARRAY_SI| ZE statenent attribute.
Set the

/1 SQ._ATTR_ROW STATUS_PTR statenent attribute to point to the row status array.
Set

/1 the SQ._ATTR_ROWs_FETCHED PTR statenent attribute to point to cRowsFetched.
SQLSet StntAttr(hstmt, SQL_ATTR RONBIND_TYPE, SQL_BI ND_BY_COLUWN, 0);

SQLSet Stmt Attr(hstmt, SQL_ATTR ROW ARRAY_SI ZE, ROWN ARRAY_SI ZE, 0);

SQLSet Stmt Attr(hstnmt, SQL_ATTR_ROW STATUS_PTR, RowSt atusArray, 0);

SQLSet Stmt Attr(hstnmt, SQL_ATTR ROWS_FETCHED PTR, &NunRowsFet ched, 0);

/1 Bind arrays to the Orderl D, Sal esPerson, and Status col ums.

SQLBi ndCol (hstnt, 1, SQL_C ULONG OrderlDArray, 0, Orderl D ndArray);

SQLBi ndCol (hstnt, 2, SQ_C CHAR, Sal esPersonArray, sizeof(Sal esPersonArray[0]),
Sal esPer sonLenOr | ndArr ay) ;

SQLBi ndCol (hstnt, 3, SQ_C CHAR, StatusArray, sizeof(StatusArray[0]),
St at usLenOr | ndArray) ;

// Execute a statenent to retrieve rows fromthe Orders table.
SQLExecDirect (hstnt, "SELECT Orderl D, Sal esPerson, Status FROM Orders",
SQ_NTS);

/1l Fetch up to the rowset size nunber of rows at a time. Print the actual nunber
of rows fetched; this nunber
/1 is returned in NunRowsFetched. Check the row status array to print only those
rows
/'l successfully fetched. Code to check if rc equals SQL_SUCCESS W TH_I| NFO or
SQ._ERROR
/1 not shown.
while ((rc = SQLFetchScrol | (hstmt, SQL_FETCH NEXT, 0)) != SQ._NO DATA) {
for (i = 0; i < NunRowsFetched; i++) {
if ((RowStatusArray[i] == SQL_ROW SUCCESS) ||
(RowsSt atusArray[i] == SQ._ROW SUCCESS WTH I NFO)) {
if (OderlDndArray[i] == SQ._NULL_DATA)
printf(" NULL ");
el se
printf("%\t", OderlDArray[i]);
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if (Sal esPersonLenOrIndArray[i] == SQ._NULL_DATA)
printf(" NULL ");

el se
printf("%\t", SalesPersonArray[i]);

if (StatusLenOrlndArray[i] == SQ._NULL_DATA)
printf(" NULL\n");

el se
printf("%\n", StatusArray[i]);

}
}

/1 Cose the cursor.
SQLC oseCursor (hstnt);

Row-Wise Binding

When using row-wise binding, an application defines a structure containing one or two, or in some cases
three, elements for each column for which dataisto be returned. The first element holds the data value and
the second element holds the length/indicator buffer. Indicators and length values can be stored in separate
buffers by setting the SQL_DESC_INDICATOR_PTR and SQL_DESC_OCTET_LENGTH_PTR
descriptor fields to different values; if thisis done, the structure contains a third element. The application
then allocates an array of these structures, which contains as many elements as there are rows in the rowset.

The application declares the size of the structure to the driver withthe SQL_ATTR_ROW_BIND_TYPE
statement attribute and binds the address of each member in the first element of the array. Thus, the driver
can calculate the address of the data for a particular row and column as:

Address = Bound Address + ((Row Number - 1) * Structure Size)

where rows are numbered from 1 to the size of the rowset. (One is subtracted from the row number because
array indexing in C is zero-based.) The following figure shows how row-wise binding works. Generally,
only columns that will be bound are included in the structure. The structure can contain fields that are
unrelated to result set columns. The columns can be placed in the structure in any order, but are shown in
seguential order for clarity.

Row-wise binding of column data

For example, the following code creates a structure with elements in which to return data for the OrderID,
SalesPerson, and Status columns, and length/indicators for the SalesPerson and Status columns. It allocates
10 of these structures and binds them to the OrderI D, SalesPerson, and Status columns.

#defi ne RON ARRAY_SI ZE 10

/1 Define the ORDERI NFO struct and all ocate an array of 10 structs.
typedef struct {

SQLUI NTEGER Or der | D;

SQLI NTEGER O der | Dl nd;

SQLCHAR  Sal esPerson[ 11];

SQLI NTEGER Sal esPersonLenOr | nd;

SQLCHAR  Status[7];

141



SQLI NTEGER StatusLenOr | nd;
} ORDERI NFO
ORDERI NFO Or der | nf oArr ay[ ROV ARRAY_SI ZE] ;

SQLUI NTEGER NunRowsFet ched;

SQLUSMALLI NT RowSt at usArr ay[ RON ARRAY_SI ZE], i;
SQLRETURN rc;

SQLHSTMI hstnt ;

/1 Specify the size of the structure with the SQ._ATTR_ROW BI ND_TYPE st at emrent
/1 attribute. This also declares that roww se binding will be used. Declare the
ronset

/Il size with the SQ._ATTR_ROW ARRAY_SI ZE statenent attribute. Set the

/1 SQ._ATTR_ROW STATUS_PTR statenent attribute to point to the row status array.
Set

/1 the SQ_ATTR ROA5 FETCHED PTR statenent attribute to point to NumRowsFet ched.
SQSet Stnt Attr(hstm, SQ_ATTR ROV BIND TYPE, sizeof( ORDERI NFO, O0);

SQSetStnt Attr(hstnt, SQ_ATTR _ROWN ARRAY_SI ZE, ROW ARRAY_SI ZE, 0);

SQLSet Stmt Attr(hstnt, SQ._ATTR_ROW STATUS_PTR, RowStatusArray, 0);

SQ SetStnt Attr(hstnt, SQ_ATTR ROAM5 FETCHED PTR, &NunmRowsFetched, 0);

/1 Bind elenents of the first structure in the array to the OrderlD,
Sal esPer son, and
/1 Status col ums.
SQLBi ndCol (hstnt, 1, SQL_C ULONG, &OrderlnfoArray[0].OderlD, O,
&Or der I nfoArray[ 0] . Order | DI nd);
SQLBi ndCol (hstnt, 2, SQL_C CHAR, OrderlnfoArray[0]. Sal esPerson,
si zeof (Order | nfoArray[ 0] . Sal esPerson),
&0Or der I nf oArray[ 0] . Sal esPer sonLenOr | nd) ;
SQLBi ndCol (hstnt, 3, SQ_C CHAR, OrderlnfoArray[0]. Status,
sizeof (OrderInfoArray[0]. Status), &OderlnfoArray[0]. StatusLenOrlnd);

/] Execute a statenent to retrieve rows fromthe Orders table.
SQLExecDirect (hstnt, "SELECT Orderl D, Sal esPerson, Status FROM Orders",
SQ_NTS);

/1l Fetch up to the rowset size nunber of rows at a time. Print the actual nunber
of rows fetched; this nunber
/1 is returned in NunRowsFetched. Check the row status array to print only those
rows
/'l successfully fetched. Code to check if rc equals SQL_SUCCESS W TH_I| NFO or
SQ._ERROR
/1 not shown.
while ((rc = SQLFetchScrol | (hstmt, SQL_FETCH _NEXT, 0)) != SQ._NO DATA) {
for (i = 0; i < NunRowsFetched; i++) {
if (RowStatusArray[i] == SQ._ROW SUCCESS|| RowStatusArray[i] ==
SQL_ROW SUCCESS W TH_ I NFO) {
if (OderInfoArray[i].Oderl D nd == SQL_NULL_DATA)
printf(" NULL ");
el se
printf("%\t", OderlnfoArray[i].OderlD);
if (OderlnfoArray[i]. Sal esPersonLenOrInd == SQ._NULL_DATA)
printf(" NULL ");
el se
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printf("%\t", OderlnfoArray[i]. Sal esPerson);

if (OderInfoArray[i].StatusLenOrlnd == SQL_NULL_DATA)
printf(" NULL\n");

el se
printf("%\n", OderlnfoArray[i]. Status);

}
}
}

// Close the cursor.
SQLC oseCur sor (hstnt);

Using Block Cursors

Support for block cursorsis built into ODBC 3.x. SQL Fetch can be used only for multirow fetches when
called in ODBC 3.x; if an ODBC 2.x application calls SQLFetch, it will open only a single-row, forward-
only cursor. When an ODBC 3.x application calls SQLFetch in an ODBC 2.x driver, it returns a single row
unless the driver supports SQL ExtendedFetch. For more information, see Appendix G, “Driver Guidelines
for Backward Compatibility” contained on the Microsoft Web site (ODBC Programmer’s Guide).

To use block cursors, the application sets the rowset size, binds the rowset buffers (as described in the
previous section), optionally setsthe SQL_ATTR_ROWS FETCHED_ PTR and
SQL_ATTR_ROW_STATUS PTR statement attributes, and calls SQL Fetch or SQL FetchScroll to fetch a
block of rows. Note that the application can change the rowset size and bind new rowset buffers (by calling
SQLBindCol or specifying a bind offset) even after rows have been fetched.

Rowset Size

Which rowset size to use depends on the application. Screen-based applications commonly follow one of
two strategies. Thefirst isto set the rowset size to the number of rows displayed on the screen; if the user
resizes the screen, the application changes the rowset size accordingly. The second is to set the rowset size
to alarger number, such as 100, which reduces the number of callsto the data source. The application
scrollslocally within the rowset when possible and fetches new rows only when it scrolls outside the
rowset.

Other applications, such as reports, tend to set the rowset size to the largest number of rows the application
can reasonably handle—with alarger rowset, the network overhead per row is sometimes reduced. Exactly
how large a rowset can be depends on the size of each row and the amount of memory available.

Rowset sizeis set by acall to SQL SetStmtAttr with an Attribute argument of
SQL_ATTR_ROW_ARRAY_SIZE. The application can change the rowset size, bind new rowset buffers
(by calling SQL BindCol or specifying a binding offset) even after rows have been fetched, or both. The
implications of changing the rowset size depend on the function:

*  SQLFetch and SQL FetchScroll use the rowset size at the time of the call to determine how many
rows to fetch. Note, however, that SQL FetchScroll with a FetchOrientation of
SQL_FETCH_NEXT increments the cursor based on the rowset of the previous fetch, and then
fetches a rowset based on the current rowset size.
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e SQL SetPos uses the rowset size that isin effect as of the preceding call to SQL Fetch or
SQL FetchScroll, because SQL SetPos operates on a rowset that has already been set. SQL SetPos
also will pick up the new rowset size if SQL BulkOper ations has been called after the rowset size
was changed.

*  SQLBulkOperations uses the rowset size in effect at the time of the call, because it performs
operations on atable independent of any fetched rowset.

Number of Rows Fetched and Status

If the SQL_ATTR_ROWS FETCHED_PTR statement attribute has been set, it specifies a buffer that
returns the number of rows fetched by the call to SQL Fetch or SQLFetchScroll, and error rows. (This
number is acount of all rows that do not have the status SQL_ROW_NO_ROWS.) After acall to
SQLBulkOperations or SQL SetPos, the buffer contains the number of rows that were affected by a bulk
operation performed by the function. If the SQL_ATTR_ROW_STATUS PTR statement attribute has
been set, SQL Fetch or SQLFetchScroll returns the row status array, which provides the status of each
returned row. Both of the buffers pointed to by these fields are allocated by the application and populated
by the driver. An application must make sure that these pointers remain valid until the cursor is closed.

Entriesin the row status array state whether each row was fetched successfully, whether it was updated,
added, or deleted since it was last fetched, and whether an error occurred while fetching the row. Note that
if SQLFetch or SQLFetchScroll encounters an error while retrieving one row of a multirow rowset, or if
SQL BulkOperations with an Operation argument of SQL_FETCH_BY_BOOKMARK encounters an error
while performing a bulk fetch, it sets the corresponding value in the row status array to
SQL_ROW_ERROR, continues fetching rows, and returns SQL_SUCCESS WITH_INFO. For more
information about error handling and the row status array, see the SQL Fetch and SQL FetchScroll function
descriptions.

SQL GetData and Block Cursors

SQL GetData operates on a single column of a single row and cannot fetch an array containing data from
multiple rows. The reason for thisis that the primary use of SQLGetDatais to fetch long datain parts, and
thereislittle or no reason to do this for more than one row at atime.

To use SQL GetData with a block cursor, an application first calls SQL SetPos to position the cursor on a
single row. It then calls SQLGetData for a column in that row. However, this behavior is optional. To
determine if adriver supports the use of SQLGetData with block cursors, an application calls SQL Getlnfo
with the SQL_GETDATA_EXTENSIONS option.

Row Status Array

In addition to data, SQL Fetch and SQL FetchScroll can return an array that gives the status of each row in
the rowset. This array is specified through the SQL_ATTR_ROW_STATUS PTR statement attribute. This
array is allocated by the application and must have as many elements as are specified by the
SQL_ATTR_ROW_ARRAY_SIZE statement attribute. The valuesin the array are set by
SQL BulkOperations, SQL Fetch, SQL FetchScroll, and SQL SetPos. The values describe the status of the
row and whether that status has changed since it was last fetched:

144



Row statusarray value Description

SQL_ROW_SUCCESS The row was successfully fetched and has not changed since it was
last fetched.

SQL_ROW _ The row was successfully fetched and has not changed since it was

SUCCESS WITH_INFO last fetched. However, awarning was returned about the row.

SQL_ROW_ERROR An error occurred while fetching the row.

SQL_ROW_UPDATED The row was successfully fetched and has been updated since it was

last fetched. If the row is fetched again, or refreshed by SQL SetPos,
its status is changed to the new status.

Some drivers cannot detect changes to data, and therefore cannot
return this value. To determine whether a driver can detect updates to
refetched rows, an application calls SQL Getlnfo with the
SQL_ROW_UPDATES option.

SQL_ROW DELETED The row has been deleted since it was last fetched.

SQL_ROW_ADDED The row was inserted by SQL BulkOperations. If the row is fetched
again, or isrefreshed by SQL SetPos, its statusis
SQL_ROW_SUCCESS.

Thisvalueis not set by SQL Fetch or SQL FetchScrall.

SQL_ROW_NOROW The rowset overlapped the end of the result set and no row was
returned that corresponded to this element of the row status array.

Scrollable Cursors

In modern screen-based applications, the user scrolls backward and forward through the data. For such
applications, returning to a previously fetched row is a problem. One possibility isto close and reopen the
cursor, then fetch rows until the cursor reaches the required row. Another possibility isto read the result
set, cache it locally, and implement scrolling in the application. Both possibilities work well only with
small result sets, and the latter possibility is difficult to implement. A better solution isto use ascrollable
cursor, which can move backward and forward in the result set.

A scrollable cursor is commonly used in modern screen-based applications in which the user scrolls back
and forth through the data. However, applications should use scrollable cursors only when forward-only
cursors will not do the job, as scrollable cursors are generally more expensive than forward-only cursors.

The ability to move backward rai ses a question not applicable to forward-only cursors: Should a scrollable
cursor detect changes made to rows previously fetched? That is, should it detect updated, deleted, and
newly inserted rows?

This question arises because the definition of aresult set—the set of rows that matches certain criteria—
does not state when rows are checked to see if they match that criteria, nor does it state whether rows must
contain the same data each time they are fetched. The former omission makes it possible for scrollable
cursors to detect whether rows have been inserted or deleted, while the latter makes it possible for them to
detect updated data.
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The ability to detect changes is sometimes useful, sometimes not. For example, an accounting application
needs a cursor that ignores all changes; balancing books isimpossible if the cursor shows the latest

changes. On the other hand, an airline reservation system needs a cursor that shows the latest changesto the
data; without such a cursor, it must continually requery the database to show the most up-to-date flight
availability.

To cover the needs of different applications, ODBC defines four different types of scrollable cursors. These
cursors vary both in expense and in their ability to detect changes to the result set. Note that if a scrollable
cursor can detect changes to rows, it can only detect them when it attempts to refetch those rows; thereis
no way for the data source to notify the cursor of changes to the currently fetched rows. Note also that
visibility of changesis also controlled by the transaction isolation level; for more information, see
“Transaction Isolation” in Chapter 14, “Transactions.”

Scrollable Cursor Types

The four types of scrollable cursors are: static, dynamic, keyset-driven, and mixed. Static cursors detect few
or no changes, but are relatively cheap to implement. Dynamic cursors detect all changes, but are expensive
to implement. Keyset-driven and mixed cursors lie in between, detecting most changes but at less expense
than dynamic cursors.

The following terms are used to define the characteristics of each type of scrollable cursor:

*  Own updates, deletes, and inserts. Updates, deletes, and inserts made through the cursor, either
with acall to SQL BulkOperations or SQL SetPos or with a positioned update or delete
statement.

*  Other updates, deletes, and inserts. Updates, deletes, and inserts not made by the cursor,
including those made by other operationsin the same transaction, those made through other
transactions, and those made by other applications.

*  Membership. The set of rowsin the result set.
e Order. The order in which rows are returned by the cursor.

e Values. Thevauesin each row in the result set.

For information about how to update, delete, and insert data, see “ Chapter 12: Overview of Updating
Data.”

Static Cursors

A static cursor is onein which the result set appears to be static. It does not usually detect changes made to
the membership, order, or values of the result set after the cursor is opened. For example, suppose a static
cursor fetches arow, and another application then updates that row. If the static cursor refetches the row,
the values it sees are unchanged, despite the changes made by the other application.

Static cursors may detect their own updates, deletes, and inserts, although they are not required to do so.
Whether a particular static cursor detects these changes is reported through the
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SQL_STATIC_SENSITIVITY option in SQLGetlnfo. Static cursors never detect other updates, deletes,
and inserts.

The row status array specified by the SQL_ATTR_ROW_STATUS PTR statement attribute can contain
SQL_ROW_SUCCESS, SQL_ROW_SUCCESS WITH_INFO, or SQL_ROW_ERROR for any row. It
returns SQL_ROW_UPDATED, SQL_ROW_DELETED, or SQL_ROW_ADDED for rows updated,
deleted, or inserted by the cursor, assuming that the cursor is capable of detecting such changes.

Static cursors are commonly implemented by locking the rows in the result set or making a copy, or
snapshot, of the result set. While locking rows isrelatively easy to do, it has the drawback of significantly
reducing concurrency. Making a copy allows greater concurrency and allows the cursor to keep track of its
own updates, deletes, and inserts by modifying the copy. However, a copy is more expensive to make and
can diverge from the underlying data as that data is changed by others.

Keyset-Driven Cursors

A keyset-driven cursor lies between a static and a dynamic cursor in its ability to detect changes. Like a
static cursor, it does not always detect changes to the membership and order of the result set. Like a
dynamic cursor, it does detect changes to the values of rows in the result set (subject to the isolation level
of the transaction, as set by the SQL_ATTR_TXN_ISOLATION connection attribute).

When a keyset-driven cursor is opened, it saves the keys for the entire result set; this fixes the apparent
membership and order of the result set. Asthe cursor scrolls through the result set, it uses the keysin this
keyset to retrieve the current data values for each row. For example, suppose a keyset-driven cursor fetches
arow, and another application then updates that row. If the cursor refetches the row, the valuesiit sees are
the new ones, because it refetched the row using its key. Because of this, the keyset-driven cursors always
detect changes made by themselves and others.

When the cursor attemptsto retrieve arow that has been deleted, this row appearsasa“hole’ in the result
set: The key for the row exists in the keyset but the row no longer existsin the result set. If the key values
in arow are updated, the row is considered to have been deleted and then inserted, so such rows also appear
as holesin the result set. While a keyset-driven cursor can always detect rows deleted by others, it can
optionally remove the keys for rows it deletes itself from the keyset. Keyset-driven cursors that do this
cannot detect their own deletes. Whether a particular keyset-driven cursor detects its own deletesis
reported through the SQL_STATIC_SENSITIVITY option in SQL Getl nfo.

Rows inserted by others are never visible to a keyset-driven cursor because no keys for these rows exist in
the keyset. However, a keyset-driven cursor can optionally add the keys for rows it inserts itself to the
keyset. Keyset-driven cursors that do this can detect their own inserts. Whether a particular keyset-driven
cursor detectsits own insertsis reported through the SQL_STATIC_SENSITIVITY optionin

SQL Getlnfo.

The row status array specified by the SQL_ATTR_ROW_STATUS PTR statement attribute can contain
SQL_ROW_SUCCESS, SQL_ROW_SUCCESS WITH_INFO, or SQL_ROW_ERROR for any row. It
returns SQL_ROW_UPDATED, SQL_ROW_DELETED, or SQL_ROW_ADDED for rows it detects as
updated, deleted, or inserted.

Keyset-driven cursors are commonly implemented by creating a temporary table that contains the keys for
each row in the result set. Because the cursor must also determine if rows have been updated, thistable also
commonly contains a column with row versioning information.
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To scroll over the original result set, the keyset-driven cursor opens a static cursor over the temporary table.
To retrieve arow in the original result set, the cursor first retrieves the appropriate key from the temporary
table, and then retrieves the current values for the row. If block cursors are used, the cursor must retrieve
multiple keys and rows.

Mixed Cursors

A mixed cursor is acombination of a keyset-driven cursor and adynamic cursor. It is used when the result
set istoo large to reasonably save keys for the entire result set. Mixed cursors are implemented by creating
akeyset that is smaller than the entire result set but larger than the rowset.

Aslong as the application scrolls within the keyset, the behavior is keyset-driven. When the application
scrolls outside the keyset, the behavior is dynamic: The cursor fetches the requested rows and creates a new
keyset. Note that after the new keyset is created, the behavior revertsto keyset-driven within that keyset.

For example, suppose aresult set has 1,000 rows and uses a mixed cursor with a keyset size of 100 and a
rowset size of 10. When the first rowset is fetched, the cursor creates a keyset consisting of the keys for the
first 100 rows. It then returns the first 10 rows, as requested.

Now suppose another application deletes rows 11 and 101. If the cursor attemptsto retrieve row 11, it will
encounter a hole because it has a key for this row but no row exists; thisis keyset-driven behavior. If the
cursor attemptsto retrieve row 101, the cursor will not detect that the row is missing because it does not
have a key for the row. Instead, it will retrieve what was previously row 102. Thisis dynamic cursor
behavior.

A mixed cursor is equivalent to a keyset-driven cursor when the keyset sizeis equal to the result set size. A
mixed cursor is equivalent to adynamic cursor when the keyset sizeisequal to 1.

Using Scrollable Cursors
Using a scrollable cursor requires these three steps:

1. Determine the cursor capabilities.
2. Set upthe cursor.

3. Scroll and fetch rows.
Deter mining Cursor Capabilities

The following four optionsin SQL Getlnfo describe what types of cursors are supported and what their
capabilities are:

e SQL_CURSOR_SENSITIVITY. Indicates whether a cursor is sensitive to changes made by
another cursor.

e SQL_SCROLL_OPTIONS. Liststhe supported cursor types (forward-only, static, keyset-driven,
dynamic, or mixed). All data sources must support forward-only cursors.
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*  SQL_DYNAMIC_CURSOR_ATTRIBUTES],
SQL_FORWARD_ONLY_CURSOR_ATTRIBUTESL,
SQL_KEYSET_CURSOR_ATTRIBUTESL, or SQL_STATIC_CURSOR_ATTRIBUTESL
(depending on the type of the cursor). Lists the fetch types supported by scrollable cursors. The
bitsin the return value correspond to the fetch typesin SQL FetchScrall.

* SQL_KEYSET_CURSOR_ATTRIBUTES2 or SQL_STATIC_CURSOR_ATTRIBUTES2
(depending on the type of the cursor). Lists whether static and keyset-driven cursors can detect
their own updates, deletes, and inserts.

An application can determine cursor capabilities at run time by calling SQL Getl nfo with these options.
Thisis commonly done by generic applications. Cursor capabilities also can be determined during
application development and their use hard-coded into the application. Thisis commonly done by vertical
and custom applications, but can also be done by generic applications that use a client-side cursor
implementation such as the ODBC cursor library.

Setting Up the Cursor

The application can specify the cursor type before executing a statement that creates aresult set. It does this
with the SQL_ATTR_CURSOR_TY PE statement attribute. If the application does not explicitly specify a
type, aforward-only cursor will be used. To get amixed cursor, an application specifies a keyset-driven
cursor but declares akeyset size less than the result set size.

For keyset-driven and mixed cursors, the application can aso specify the keyset size. It does this with the
SQL_ATTR _KEYSET_SIZE statement attribute. If the keyset sizeis set to 0—which is the default—the
keyset sizeis set to the result set size and a keyset-driven cursor is used. Note that the keyset size can be
changed after the cursor has been opened.

The application can also set the rowset size; for more information, see “Using Block Cursors,” earlier in
this chapter.

Cursor Characteristicsand Cursor Type

An application can specify the characteristics of a cursor rather than specifying the cursor type (forward-
only, static, keyset-driven, or dynamic). To do so, the application selects the cursor’ s scrollability (by
setting the SQL_ATTR_CURSOR_SCROLLABLE statement attribute) and sensitivity (by setting the
SQL_ATTR_CURSOR_SENSITIVITY statement attribute) before opening the cursor on the statement
handle. The driver then chooses the cursor type that most efficiently provides the characteristics that the
application requested.

Whenever an application sets any of the statement attributes SQL_ATTR_CONCURRENCY,
SQL_ATTR_CURSOR_SCROLLABLE, SQL_ATTR_CURSOR_SENSITIVITY, or
SQL_ATTR_CURSOR _TY PE, the driver makes any required change to the other statement attributesin
this set of four attributes, so that their values remain consistent. As aresult, when the application specifies a
cursor characteristic, the driver can change the attribute that indicates cursor type based on thisimplicit
selection; when the application specifies atype, the driver can change any of the other attributes to be
consistent with the characteristics of the selected type. For more information on these statement attributes,
see the SQL SetStmtAttr function description in the Part |11 PDF file, “ODBC API Reference” available on
the Solid Web site.
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An application that sets statement attributes to specify both a cursor type and cursor characteristics runsthe
risk of obtaining a cursor that is not the most efficient method available on that driver of meeting the

application’s requirements.

Theimplicit setting of statement attributes is driver-defined except that it must follow these rules:

e Forward-only cursors are never scrollable; see the definition of
SQL_ATTR_CURSOR_SCROLLABLE in SQL SetStmtAttr function description in the Part 11
PDF file, “ODBC API Reference” available on the Solid Web site.

» Insensitive cursors are never updatable (and thus their concurrency is read-only); thisis based on
their definition of insensitive cursorsin the ISO SQL standard.

Consequently, the implicit setting of statement attributes occurs in the following cases:

Application setsattributeto

Other attributes set implicitly

SQL_ATTR_CONCURRENCY to
SQL_CONCUR_READ_ONLY

SQL_ATTR_CURSOR_SENSITIVITY to
SQL_INSENSITIVE

SQL_ATTR_CONCURRENCY to
SQL_CONCUR_LOCK,
SQL_CONCUR_ROWVER, or
SQL_CONCUR_VALUES

SQL_ATTR_CURSOR_SENSITIVITY to
SQL_UNSPECIFIED or SQL_SENSITIVE, as
defined by the driver. It can never be set to
SQL_INSENSITIVE, because insensitive cursors
are always read-only.

SQL_ATTR_CURSOR_SCROLLABLE to
SQL_NONSCROLLABLE

SQL_ATTR_CURSOR_TYPE to
SQL_CURSOR_FORWARD_ONLY

SQL_ATTR_CURSOR_SCROLLABLE to
SQL_SCROLLABLE

SQL_ATTR_CURSOR_TYPE to either
SQL_CURSOR_STATIC,
SQL_CURSOR_KEYSET_DRIVEN, or
SQL_CURSOR_DYNAMIC, as specified by the
driver. It isnever set to
SQL_CURSOR_FORWARD_ONLY.

SQL_ATTR_CURSOR_SENSITIVITY to
SQL_INSENSITIVE

SQL_ATTR_CONCURRENCY to
SQL_CONCUR_READ_ONLY

SQL_ATTR_CURSOR_TYPE to
SQL_CURSOR_STATIC

SQL_ATTR_CURSOR_SENSITIVITY to
SQL_SENSITIVE

SQL_ATTR_CONCURRENCY to
SQL_CONCUR_LOCK,
SQL_CONCUR_ROWVER, or
SQL_CONCUR_VALUES, as specified by the
driver. It isnever set to
SQL_CONCUR_READ_ONLY

SQL_ATTR_CURSOR_TYPE to
SQL_CURSOR_FORWARD_ONLY,
SQL_CURSOR_STATIC,

SOL CURSOR KEYSET DRIVEN. or
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SQL_CURSOR_DYNAMIC, as specified by the
driver

SQL_ATTR_CURSOR_SENSITIVITY to
SQL_UNSPECIFIED

SQL_ATTR_CONCURRENCY to
SQL_CONCUR_READ_ONLY,
SQL_CONCUR_LOCK,
SQL_CONCUR_ROWVER, or
SQL_CONCUR_VALUES, as specified by the
driver

SQL_ATTR_CURSOR TYPEto
SQL_CURSOR_FORWARD_ONLY,
SQL_CURSOR_STATIC,
SQL_CURSOR_KEYSET DRIVEN, or
SQL_CURSOR_DYNAMIC, as specified by the
driver

SQL_ATTR_CURSOR_TYPE to
SQL_CURSOR_DYNAMIC

SQL_ATTR_SCROLLABLE to
SQL_SCROLLABLE

SQL_ATTR_CURSOR_SENSITIVITY to
SQL_SENSITIVE (but only if
SQL_ATTR_CONCURRENCY isnot equal to
SQL_CONCUR_READ_ONLY. Updatable
dynamic cursors are always sensitive to changes
made in their own transaction.)

SQL_ATTR_CURSOR_TYPE to
SQL_CURSOR_FORWARD_ONLY

SQL_ATTR_CURSOR_SCROLLABLE to
SOL_NONSCROLLABLE

SQL_ATTR_CURSOR_TYPE to
SQL_CURSOR_KEYSET_DRIVEN

SQL_ATTR_SCROLLABLE to
SQL_SCROLLABLE

SQL_ATTR_SENSITIVITY to
SQL_UNSPECIFIED or SQL_SENSITIVE
(according to driver-defined criteria, if
SQL_ATTR_CONCURRENCY isnot
SQL_CONCUR_READ_ONLY)

SQL_ATTR_CURSOR_TYPE to
SQL_CURSOR_STATIC

SQL_ATTR_SCROLLABLE to
SQL_SCROLLABLE

SQL_ATTR_SENSITIVITY to
SQL_INSENSITIVE (if
SQL_ATTR_CONCURRENCY is
SQL_CONCUR_READ_ONLY)

SQL_ATTR_SENSITIVITY to
SQL_UNSPECIFIED or SQL_SENSITIVE (if
SQL_ATTR_CONCURRENCY is not
SQL_CONCUR_READ_ONLY)
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Scrolling and Fetching Rows

When using a scrollable cursor, applications call SQL FetchScroll to position the cursor and fetch rows.
SQL FetchScroll supports relative scrolling (next, prior, and relative n rows), absolute scrolling (first, last,
and row n), and positioning by bookmark. The FetchOrientation and FetchOffset argumentsin

SQL FetchScroll specify which rowset to fetch, as shown in the following diagrams.

Fetching next, prior, first, and last rowsets

I {for SAL_FETCH_ABSOLUTE)

Rowsel redurned w/
Fefchrieniation =
SOL FETCH ABSOLUTE

T FalchOffsef
l (For SQL_FETCH_RELATIVE)

Rowset returned w/
FelfchOmenialion =
30L FETCH RELATIVE

| =—Bookmarked Row
:[ {tor SAL_FETCH_BOOKMARK])

Rowsetl relurned w/
FelfchOreniafion =
S0L_FETCH_BOOKMARK

Fetching absolute, relative, and bookmarked rowsets

SQL FetchScroll positions the cursor to the specified row and returns the rows in the rowset starting with
that row. If the specified rowset overlaps the end of the result set, a partial rowset is returned. If the
specified rowset overlaps the start of the result set, the first rowset in the result set is usualy returned; for
complete details, see the SQL FetchScroll function description in the Part |1 PDF file, “ODBC API
Reference,” available on the Solid Web site.

In some cases, the application may want to position the cursor without retrieving any data. For example, it
might want to test whether a row exists or just get the bookmark for the row without bringing other data
across the network. To do this, it setsthe SQL_ATTR_RETRIEVE _DATA statement attribute to
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SQL_RD_OFF. Note that the variable bound to the bookmark column (if any) is always updated, regardless
of the setting of this statement attribute.

After the rowset has been retrieved, the application can call SQL SetPosto position to a particular row in
the rowset or refresh rows in the rowset. For more information on using SQL SetPos, see “Updating Data
with SQL SetPos’ in Chapter 12, “Updating Data.”

Note Scrolling issupported in ODBC 2.x drivers by SQL ExtendedFetch. For more information, see
“Block Cursors, Scrollable Cursors, and Backward Compatibility” in Appendix G, “Driver Guidelines
for Backward Compatibility” contained on the Microsoft Web site (ODBC Programmer’ s Reference).

Relative and Absolute Scrolling

Most of the scrolling optionsin SQL FetchScroll position the cursor relative to the current position or to an
absolute position. SQL FetchScroll supports fetching the next, prior, first, and last rowsets, as well as
relative fetching (fetch the rowset n rows from the start of the current rowset) and absol ute fetching (fetch
the rowset starting at row n). If nis negative in an absolute fetch, rows are counted from the end of the
result set. Thus, an absolute fetch of row — 1 means to fetch the rowset that starts with the last row in the
result set.

Dynamic cursors detect rows inserted into and deleted from the result set, so there is no easy way for
dynamic cursors to retrieve the row at a particular number other than reading from the start of the result set,
which islikely to be slow. Furthermore, absolute fetching is not very useful in dynamic cursors because
row numbers change as rows are inserted and deleted; thus, successively fetching the same row number can
yield different rows.

Applications that use SQL FetchScroll only for its block cursor capabilities, such as reports, are likely to
pass through the result set a single time, using only the option to fetch the next rowset. Screen-based
applications, on the other hand, can take advantage of all the capabilities of SQL FetchScroll. If the
application sets the rowset size to the number of rows displayed on the screen and binds the screen buffers
to the result set, it can trandlate scroll bar operations directly to callsto SQL FetchScroll:

Scroll bar operation SQL FetchScroll scrolling option

Page up SQL_FETCH_PRIOR

Page down SQL_FETCH_NEXT

Line up SQL_FETCH_RELATIVE with FetchOffset equal to — 1
Line down SQL_FETCH_RELATIVE with FetchOffset equal to 1
Scroll box at top SQL_FETCH_FIRST

Scroll box at bottom SQL_FETCH_LAST

Random scroll box position SQL_FETCH_ABSOLUTE

Such applications also need to position the scroll box after a scrolling operation, which requires the current
row number and the number of rows. For the current row number, applications can either keep track of the
current row number or call SQL GetStmtAttr with the SQL_ ATTR_ROW_NUMBER attribute to retrieve
it.
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The number of rowsin the cursor, which is the size of the result set, is available asthe
SQL_DIAG_CURSOR_ROW_COUNT field of the diagnostic header. The value in thisfield is defined
only after SQL Execute, SQL ExecDirect, or SQL M oreResult has been called. This count can be either an
approximate count or an exact count, depending on the capabilities of the driver. The driver’s support can
be determined by calling SQL Getlnfo with the cursor attributes information types, and checking whether
the SQL_CA2 CRC_APPROXIMATE or SQL_CA2_CRC_EXACT bit isreturned for the type of cursor.

An exact row count is never supported for a dynamic cursor. For other types of cursors, the driver can
either support exact or approximate row counts, but not both. If the driver supports neither exact nor
approximate row counts for a specific cursor type, then the SQL_DIAG_CURSOR_ROW_COUNT field
contains the number of rows that have been fetched so far. Regardless of what the driver supports,

SQL FetchScroll with an Operation of SQL_FETCH_LAST will cause the
SQL_DIAG_CURSOR_ROW_COUNT field to contain the exact row count.

Bookmarks

A bookmark is avalue used to identify arow of data. The meaning of the bookmark value is known only to
the driver or data source. For example, it might be as simple as arow number or as complex as a disk
address. Bookmarksin ODBC are a bit different from bookmarksin real books. In areal book, the reader
places a bookmark at a specific page, then looks for that bookmark to return to the page. In ODBC, the
application requests a bookmark for a particular row, stores it, and passes it back to the cursor to return to
the row. Thus, bookmarksin ODBC are similar to a reader writing down a page number, remembering it,
and then looking up the page again.

To determine adriver’s support of bookmarks, an application calls SQL Getlnfo with the
SQL_BOOKMARK_PERSISTENCE option. The bitsin this value describe what operations bookmarks
survive, such as whether bookmarks are still valid after the cursor is closed.

Bookmark Types

All bookmarksin ODBC 3.x are variable-length bookmarks. This allows a primary key or a unique index
associated with atable to be used as a bookmark. The bookmark also can be a 32-bit value, as was used in
ODBC 2.x. To specify that a bookmark is used with a cursor, an ODBC 3.x application sets the
SQL_ATTR_USE BOOKMARK statement attribute to SQL_UB_VARIABLE. A variable-length
bookmark is automatically used.

An application can call SQLColAttribute with the Fieldldentifier argument set to

SQL_DESC OCTET_LENGTH to obtain the length of the bookmark. Because a variable-length bookmark
can be along value, an application should not bind to column O unlessiit will use the bookmark for many of
the rows in the rowset.

Fixed-length bookmarks are supported only for backward compatibility. If an ODBC 2.x application
working with an ODBC 3.x driver calls SQL SetStmtOption to set SQL_USE_BOOKMARKS to
SQL_UB_ON, it ismapped in the Driver Manager to SQL_UB_VARIABLE. A variable-length bookmark
isused, evenif only 32 bits of it are populated. If adriver supports fixed-length bookmarks, it will support
variable-length bookmarks. If an ODBC 3.x application working with an ODBC 2.x driver calls

SQL SetStmtAttr to set SQL_ATTR_USE_ BOOKMARKSto SQL_UB_VARIABLE, it is mapped in the
Driver Manager to SQL_UB_ON, and a 32-hit fixed-length bookmark is used. The
SQL_ATTR_FETCH_BOOKMARK_PTR statement attribute must then point to a 32-bit bookmark. If the
bookmarks used are longer than 32-bits, such as when primary keys are used as bookmarks, the cursor must
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map the actual valuesto 32-hit values. It could, for example, build a hash table of them. When an ODBC
3.x application working with an ODBC 2.x driver binds a bookmark, the buffer length must be 4.

Retrieving Bookmarks

If the application will use bookmarks, it must set the SQL_ATTR_USE BOOKMARKS statement attribute
to SQL_UB_VARIABLE before preparing or executing the statement. This is necessary because building
and maintaining bookmarks can be an expensive operation, so bookmarks should be enabled only when an
application can make good use of them.

Bookmarks are returned as column 0 of the result set. There are three ways an application can retrieve
them:

e Bind column O of the result set. SQL Fetch or SQL FetchScroall returns the bookmarks for each
row in the rowset along with the data for other bound columns.

e Call SQL SetPosto position to arow in the rowset, then call SQL GetData for column 0. Note that
if adriver supports bookmarks, it must always support the ability to call SQL GetData for column
0, evenif it does not allow applicationsto call SQL GetData for other columns before the last
bound column.

»  Cal SQLBulkOperations with the Operation argument set to SQL_ADD, and column O bound.
The cursor inserts the row and returns the bookmark for the row in the bound buffer.

Scrolling by Bookmark

When fetching rows with SQL FetchScroll, an application can use a bookmark as a basis for selecting the
starting row. Thisis aform of absolute addressing because it does not depend on the current cursor
position. To scroll to a bookmarked row, the application calls SQL FetchScroll with a FetchOrientation of
SQL_FETCH_BOOKMARK. This operation uses the bookmark pointed to by the
SQL_ATTR_FETCH_BOOKMARK_PTR statement attribute. It returns the rowset starting with the row
identified by that bookmark. An application can specify an offset for this operation in the FetchOffset
argument of the call to SQL FetchScroll. When an offset is specified, the first row of the returned rowset is
determined by adding the number in the FetchOffset argument to the number of the row identified by the
bookmark. This use of the FetchOffset argument is not supported when used with ODBC 2.x drivers; when
an application calls SQL FetchScroll in an ODBC 2.x driver with FetchOrientation set to
SQL_FETCH_BOOKMARK, the FetchOffset argument must be set to 0.

Updating, Deleting, or Fetching by Bookmark

Bookmarks can be used to identify data to be updated in the result set, deleted from the result set, or
fetched from the result set to the rowset buffers. These operations are performed by a call to

SQL BulkOper ations with an Option argument of SQL_UPDATE_BY_BOOKMARK,

SQL_DELETE BY_BOOKMARK, or SQL_FETCH_BY_BOOKMARK. The bookmarks used in these
operations are stored in column O of the rowset buffers. When updating by bookmark, the data that result
set columns are updated to is retrieved from the rowset buffers. For more information, see “Updating Data
with SQL BulkOperations” in Chapter 12, “Updating Data.”
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Comparing Bookmarks

Because bookmarks are byte-comparable, they can be compared for equality or inequality. To do so, an
application treats each bookmark as an array of bytes, and compares two bookmarks byte-by-byte. Because
bookmarks are guaranteed to be distinct only within aresult set, it makes no sense to compare bookmarks
that were obtained from different result sets.

The ODBC Cursor Library

Block and scrollable cursors are very useful additions to many applications. However, not all drivers
support block and scrollable cursors. The sameistrue of positioned update and del ete statements and
SQL SetPos, which are discussed in “ Chapter 12: Overview of Updating Data.”

Because of this, the ODBC component of the Data Access SDK includes a cursor library. The cursor
library implements block, static cursors, positioned update and delete statements, and SQL SetPos for any
driver that meets the X/Open Standard CLI conformance level. The cursor library may be redistributed with
ODBC applications; see the licensing agreement in the SDK for details.

To use the cursor library, an application setsthe SQL_ATTR_ODBC_CURSORS connection attribute
before connecting to the data source. For more information about the cursor library, see “ODBC Cursor
Library” contained on the Microsoft Web site (ODBC Programmer’ s Reference).

Multiple Results

A result is something returned by the data source after a statement is executed. ODBC has two types of
results: result sets and row counts. Row counts are the number of rows affected by an update, delete, or
insert statement. Batches—described in “Batches of SQL Statements’ in Chapter 9, “Executing
Statements’—can generate multiple results.

The following table lists the SQL Getlnfo options an application uses to determine whether a data source
returns multiple results for each different type of batch. In particular, a data source can return a single row
count for the entire batch of statements or individual row counts for each statement in the batch. In the case
of aresult set — generating statement executed with an array of parameters, the data source can return a
single result set for all sets of parameters or individual result sets for each set of parameters.

Batch type Row counts Result sets

Explicit batch || SQL_BATCH_ROW_COUNT [4] --[b]

Procedure SQL_BATCH_ROW_COUNT [&] - [b]

Arrays of SQL_PARAM_ARRAYS ROW_COUNTS || SQL_PARAM_ARRAYS SELECTS
parameters

[a]Row count — generating statements in a batch may be supported, yet the return of the row counts not
supported. The SQL_BATCH_SUPPORT option in SQL Getl nfo indicates whether row count — generating
statements are allowed in batches; the SQL_BATCH_ROW_COUNTS option indicates whether these row
counts are returned to the application.

[b]Explicit batches and procedures always return multiple result sets when they include multiple result set —
generating statements.
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Note TheSQL_MULT_RESULT_SETSoption introduced in ODBC 1.0 provides only general
information about whether multiple result sets can be returned. In particular, itisset to “Y” if the
SQL_BS SELECT_EXPLICIT or SQL_BS SELECT PROC bits are returned for
SQL_BATCH_SUPPORT or if SQL_PAS BATCH isreturned for

SQL_PARAM_ARRAYS SELECT.

To process multiple results, an application calls SQL M or eResults. This function discards the current result
and makes the next result available. It returns SQL_NO_DATA when no more results are available. For
example, suppose the following statements are executed as a batch:

SELECT * FROM Parts WHERE Price > 100. 00;
UPDATE Parts SET Price = 0.9 * Price WHERE Price > 100.00

After these statements are executed, the application fetches rows from the result set created by the
SELECT statement. When it is done fetching rows, it calls SQL M or eResults to make available the
number of parts that were repriced. If necessary, SQL M or eResults discards unfetched rows and closes the
cursor. The application then calls SQL RowCount to determine how many parts were repriced by the
UPDATE statement.

It is driver-specific whether the entire batch statement is executed before any results are available. In some
implementations, thisisthe case; in others, calling SQL M or eResults triggers the execution of the next
statement in the batch.

If one of the statementsin a batch fails, SQL M or eResults will return either SQL_ERROR or
SQL_SUCCESS WITH_INFO. If the batch was aborted when the statement failed, or the failed statement
was the last statement in the batch, SQL M or eResults will return SQL_ERROR. If the batch was not
aborted when the statement failed, and the failed statement was not the last statement in the batch,

SQL M oreResults will return SQL_SUCCESS WITH_INFO. SQL_SUCCESS _WITH_INFO indicates
that at least one result set or count was generated, and that the batch was not aborted.
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Chapter 12: Overview of Updating Data

Applications can update data either by executing SQL statements or by calling SQL SetPos or

SQL BulkOperations. UPDATE, DELETE, and INSERT statements act directly on the data source and
are usually supported by drivers. Searched update and del ete statements contain a specification of the rows
to change. Positioned update and del ete statements and SQL SetPos act on the data source through a cursor
and are less widely supported.

Whether cursors can detect changes made to the result set with the methods described in this chapter
depends on the type of the cursor and how it isimplemented. Forward-only cursors do not revisit rows and
therefore will not detect any changes. For information about whether scrollable cursors can detect changes,
see “ Scrollable Cursors” in Chapter 11, “Retrieving Results (Advanced).”

UPDATE, DELETE, and INSERT Statements

SQL-based applications make changes to tables by executing the UPDATE, DELETE, and INSERT
statements. These statements are part of the Minimum SQL grammar conformance level and must be
supported by all drivers and data sources.

The syntax of these statementsis:

UPDATE table-name

SET column-identifier = { expression | NULL}
[, column-identifier = { expression | NULL}]...
[WHERE search-condition]

DELETE FROM table-name [WHERE search-condition]

INSERT INTO table-name [(column-identifier [, column-identifier]...)]
{ query-specification | VALUES (insert-value [, insert-value]...)}

Note that the query-specification element is valid only in the Core and Extended SQL grammars, and that
the expression and search-condition elements become more complex in the Core and Extended SQL
grammars.

Like other SQL statements, UPDATE, DELETE, and INSERT statements are often more efficient when
they use parameters. For example, the following statement can be prepared and repeatedly executed to
insert multiple rows in the Orders table:

INSERT INTO Orders (PartID, Description, Price) VALUES (?, ?, ?)

This efficiency can be increased by passing arrays of parameter values. For more information about
statement parameters and arrays of parameter values, see “ Statement Parameters’ in Chapter 9, “Executing
Statements.”

Positioned Update and Delete Statements

Applications can update or delete the current row in aresult set with a positioned update or delete
statement. Positioned update and del ete statements are supported by some data sources, but not all of them.
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To determine whether a data source supports positioned update and del ete statements, an application calls
SQL GetlInfo with the SQL_DYNAMIC_CURSOR_ATTRIBUTES],
SQL_FORWARD_ONLY_CURSOR_ATTRIBUTESL, SQL_KEYSET_CURSOR_ATTRIBUTES], or
SQL_STATIC_CURSOR_ATTRIBUTESLI InfoType (depending on the type of the cursor). Note that the
ODBC cursor library simulates positioned update and del ete statements.

To use a positioned update or del ete statement, the application must create aresult set withaSELECT
FOR UPDATE statement. The syntax of this statement is:

SELECT [ALL | DISTINCT] select-list
FROM table-reference-list
[WHERE search-condition]
FOR UPDATE OF [column-name [, column-name]...]

The application then positions the cursor on the row to be updated or deleted. It can do this by calling
SQL FetchScroall to retrieve arowset containing the required row and calling SQL SetPos to position the
rowset cursor on that row. The application then executes the positioned update or delete statement on a
different statement than the statement being used by the result set. The syntax of these statementsis:

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

Notice that these statements require a cursor name. The application either can specify a cursor name with
SQL SetCur sor Name before executing the statement that creates the result set or can let the data source
automatically generate a cursor name when the cursor is created. In the latter case, the application retrieves
this cursor name for use in positioned update and delete statements by calling SQL GetCur sor Name.

For example, the following code allows a user to scroll through the Customers table and del ete customer
records or update their addresses and phone numbers. It calls SQL SetCur sor Name to specify a cursor
name before it creates the result set of customers and uses three statement handles: hstmtCust for the result
set, hstmtUpdate for a positioned update statement, and hstmtDelete for a positioned delete statement.
Although the code could bind separate variables to the parameters in the positioned update statement, it
updates the rowset buffers and binds the elements of these buffers. This keeps the rowset buffers
synchronized with the updated data.

#def i ne POSI TI ONED_UPDATE 100
#def i ne PCSI TI ONED_DELETE 101

SQLU NTEGER  Cust | DArray[ 10] ;

SQLCHAR NarmeArray[ 10] [ 51], AddressArray[10][51],
PhoneArray[ 10] [ 11];
SQLI NTEGER Cust | DI ndArray[ 10], NameLenOr | ndArray[ 10],

Addr essLenOr I ndArray[ 10],

PhoneLenOr | ndArray[ 10] ;
SQLUSMALLI NT RowSt at usArray[ 10], Action, RowNum
SQLHSTMI hst nt Cust, hstnt Update, hstntDel ete;
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/1 Set the SQ._ATTR BIND _TYPE statenent attribute to use colum-wi se

/1 binding. Declare the rowset size with the SQL_ATTR_ROW ARRAY_SI ZE

/1 statement attribute. Set the SQ._ATTR _ROW STATUS PTR st at enent

// attribute to point to the row status array.

SQSet Stnt Attr (hstnt Cust, SQL_ATTR_ROWBIND TYPE, SQ._BIND BY_COLUW, O0);
SQ . Set St nt Attr (hstnt Cust, SQ._ATTR_ROW ARRAY_SI ZE, 10, 0);

SQLSet Stmt Attr (hstnt Cust, SQ._ATTR_ROW STATUS_PTR, RowStatusArray, 0);

/1 Bind arrays to the CustlD, Nane, Address, and Phone col ums.

SQLBi ndCol (hstmt Cust, 1, SQL_C ULONG, CustlDArray, 0, Custl DI ndArray);

SQLBi ndCol (hstnt Cust, 2, SQL_C CHAR, NaneArray, sizeof(NanmeArray[O0]),
NameLenOr | ndArray) ;

SQLBi ndCol (hstnt Cust, 3, SQL_C CHAR, AddressArray, sizeof (AddressArray[0]),

Addr essLenOr I ndArray) ;

SQLBi ndCol (hstnt Cust, 4, SQ._C CHAR, PhoneArray, sizeof(PhoneArray[0]),

PhoneLenOr | ndArr ay) ;

// Set the cursor nane to Cust.
SQLSet Cur sor Nanme( hst nt Cust, "Cust", SQL_NTS);

/1 Prepare positioned update and del ete statenents.

SQLPr epar e( hst nt Updat e,
"UPDATE Custoners SET Address = ?, Phone = ? WHERE CURRENT OF Cust",
SQ_NTS);

SQLPrepare(hstnt Del ete, "DELETE FROM Custoners WHERE CURRENT OF Cust", SQ._NTS);

// Execute a statenent to retrieve rows fromthe Custoners table.
SQLExecDi rect (hst nt Cust,

"SELECT Cust| D, Nanme, Address, Phone FROM Custoners FOR UPDATE OF Address,
Phone",

SQ._NTS);

/1 Fetch and display the first 10 rows.
SQLFet chScrol | (hstnt Cust, SQ._FETCH_NEXT, 0);
Di spl ayDat a( Cust | DArray, CustlDIndArray, NaneArray, NaneLenCOrlndArray,
Addr essArray,
Addr essLenOr I ndArray, PhoneArray, PhoneLenOrlndArray,
RowSt at usArray) ;

/1l Call GetAction to get an action and a row nunber fromthe user.
while (GetAction(&Action, &RowNun)) ({
switch (Action) {

case SQ._FETCH_NEXT:
case SQ._FETCH PRI OR
case SQ._FETCH_FI RST:
case SQ. _FETCH LAST:
case SQ._FETCH ABSOLUTE:
case SQ._FETCH RELATI VE:
/1 Fetch and display the requested data.
SQLFet chScrol | (hstnt Cust, Action, RowNun;
Di spl ayDat a(Cust | DArray, Custl Dl ndArray, NaneArray, NaneLenOr | ndArray,
Addr essArray, AddressLenOrlndArray, PhoneArray,
PhoneLenOr I ndArray, RowSt at usArray);
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br eak;

case PCSI TI ONED_UPDATE:
/1 Get the new data and place it in the rowset buffers.
Get NewDat a( Addr essArray[ RowNum - 1], &AddressLenOr | ndArray[ RowhNum - 1],
PhoneArray[ RowNum - 1], &PhoneLenOr | ndArray[ RowNum - 1]);

/1 Bind the elenents of the arrays at position RowNum 1 to the

/1 paraneters of the positioned update statenent.

SQLBi ndPar anet er (hst nt Update, 1, SQL_PARAM | NPUT, SQ._C CHAR, SQL_CHAR,
50, 0, AddressArray[ RowNum - 1],

si zeof (AddressArray[0]),

&Addr essLenOr | ndArray[ RowNum - 1]);

SQLBi ndPar anet er (hst nt Update, 2, SQL_PARAM | NPUT, SQ._C CHAR, SQL_CHAR,
10, 0, PhoneArray[ RowNum - 1], sizeof (PhoneArray[0]),
&PhoneLenOr | ndArray[ RowNum - 1]);

/]l Position the rowset cursor. The rowset is 1-based.
SQLSet Pos( hst nt Cust, RowNum SQL_POSI TI ON, SQL_LOCK _NO_CHANGE) ;

/1 Execute the positioned update statenent to update the row.
SQLExecut e( hst nt Updat e) ;
br eak;

case POSI TI ONED DELETE:
/1 Position the rowset cursor. The rowset is 1-based.
SQLSet Pos( hst nt Cust, RowNum SQL_POSI TI ON, SQL_LOCK_NO_CHANGE) ;

/1 Execute the positioned delete statement to delete the row.
SQLExecut e(hst nt Del ete);
br eak;

}

// Close the cursor.
SQLC oseCur sor (hstnt Cust) ;

Simulating Positioned Update and Delete Statements

If the data source does not support positioned update and del ete statements, the driver can simulate these.
For example, the ODBC cursor library simulates positioned update and delete statements. The general
strategy for simulating positioned update and del ete statements is to convert positioned statements to
searched ones. Thisis done by replacing the WHERE CURRENT OF clause with a searched WHERE
clause that identifies the current row.

For example, because the CustID column uniquely identifies each row in the Customers table, the
positioned delete statement:

DELETE FROM Cust omers WHERE CURRENT OF Cust Cursor
might be converted to:
DELETE FROM Custoners WHERE (CustID = ?)
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The driver may use one of the following row identifiersin the WHERE clause:
»  Columns whose values serve to identify uniquely every row in the table. For example, calling

SQL Special Columnswith SQL_BEST _ROWID returns the optimal column or set of columns
that serve this purpose.

»  Pseudo-columns, provided by some data sources, for the purpose of uniquely identifying every
row. These may also be retrievable by calling SQL Special Columns.

e Auniqueindex, if available.

All the columns in the result set.

Exactly which columns a driver should use in the WHERE clause it constructs depends on the driver. On
some data sources, determining arow identifier can be costly. However, it is faster to execute and
guarantees that a simulated statement updates or deletes at most one row. Depending on the capabilities of
the underlying DBMS, using arow identifier can be expensive to set up. However, it is faster to execute
and guarantees that a simulated statement will update or delete only one row. Using all the columnsin the
result set is usually much easier to set up. However, it is slower to execute and, if the columns do not
uniquely identify arow, can result in rows being unintentionally updated or deleted, especially when the
select list for the result set does not contain all the columns that exist in the underlying table.

Depending upon which of these strategies the driver supports, an application can choose which strategy it
wants the driver to use with the SQL_ATTR_SIMULATE_CURSOR statement attribute. Although it might
seem odd for an application to risk unintentionally updating or deleting a row, the application can remove
thisrisk by ensuring that the columns in the result set uniquely identify each row in the result set. This
saves the driver the effort of having to do this.

If the driver chooses to use arow identifier, it intercepts the SELECT FOR UPDATE statement that
creates the result set. If the columnsin the select list do not effectively identify arow, the driver adds the
necessary columnsto the end of the select list. Some data sources have a single column that always
uniquely identifies arow, such asthe ROWID column in Oracle; if so, the driver uses this. Otherwise, the
driver calls SQL Special Columns for each table in the FROM clause to retrieve alist of the columns that
uniquely identify each row. A common restriction that results from this technique is that cursor ssmulation
failsif there is more than one table in the FROM clause.

No matter how the driver identifies rows, it usually strips the FOR UPDATE OF clause off the SELECT
FOR UPDATE statement before sending it to the data source. The FOR UPDATE OF clauseis used only
with positioned update and delete statements. Data sources that do not support positioned update and delete
statements generally do not support it.

When the application submits a positioned update or delete statement for execution, the driver replaces the
WHERE CURRENT OF clause with aWHERE clause containing the row identifier. The values of these
columns are retrieved from a cache maintained by the driver for each column it usesin the WHERE
clause. After the driver has replaced the WHERE clause, it sends the statement to the data source for
execution.
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For example, suppose that the application submits the following statement to create aresult set:

SELECT Name, Address, Phone FROM Custoners FOR UPDATE OF Phone, Address

If the application hasset SQL_ATTR_SIMULATE_CURSOR to request a guarantee of uniqueness and if
the data source does not provide a pseudo-column that always uniquely identifies arow, the driver calls

SQL Special Columns for the Customers table, discoversthat CustID is the key to the Customers table and
adds this to the select list, and stripsthe FOR UPDATE OF clause:

SELECT Name, Address, Phone, CustlD FROM Custoners

If the application has not requested a guarantee of uniqueness, the driver strips only the FOR UPDATE
OF clause:

SELECT Name, Address, Phone FROM Custoners

Suppose the application scrolls through the result set and submits the following positioned update statement
for execution, where Cust is the name of the cursor over the result set:

UPDATE Custoners SET Address = ?, Phone = ? WHERE CURRENT OF Cust

If the application has not requested a guarantee of uniqueness, the driver replaces the WHERE clause and
binds the CustID parameter to the variable in its cache:

UPDATE Custoners SET Address = ?, Phone = ? WHERE (CustID = ?)

If the application has not requested a guarantee of uniqueness, the driver replaces the WHERE clause and
binds the Name, Address, and Phone parametersin this clause to the variablesin its cache:

UPDATE Custoners SET Address = ?, Phone = ?
WHERE (Nanme = ?) AND (Address = ?) AND (Phone = ?)

Deter mining the Number of Affected Rows

After an application updates, deletes, or inserts rows, it can call SQL RowCount to determine how many
rows were affected. SQL RowCount returns this value regardless of whether the rows were updated,
deleted, or inserted by executing an UPDATE, DELETE, or INSERT statement, by executing a
positioned update or delete statement, or by calling SQL SetPos.

If abatch of SQL statements is executed, the count of affected rows might be atotal count for all
statements in the batch or individual counts for each statement in the batch. For more information, see
“Batches of SQL Statements’ in Chapter 9, “ Executing Statements,” and “Multiple Results’ in Chapter 11,
“Retrieving Results (Advanced).”

The number of affected rowsis also returned in the SQL_DIAG_ROW_COUNT diagnostic header field in
the diagnostic area associated with the statement handle. However, the datain thisfield is reset after every
function call on the same statement handle, whereas the value returned by SQL RowCount remains the
same until a call to SQL BulkOper ations, SQL Execute, SQL ExecDirect, SQL Prepare, or SQL SetPos.

Updating Data with SQL SetPos

Applications can update or delete any row in the rowset with SQL SetPos. Calling SQL SetPosisa
convenient alternative to constructing and executing an SQL statement. It lets an ODBC driver support

163



positioned updates even when the data source does not support positioned SQL statements. It is part of the
paradigm of achieving complete database access by means of function calls.

SQL SetPos operates on the current rowset and can be used only after acall to SQL FetchScroll. The
application specifies the number of the row to update, delete, or insert, and the driver retrieves the new data
for that row from the rowset buffers. SQL SetPos can also be used to designate a specified row as the
current row, or to refresh a particular row in the rowset from the data source.

Rowset sizeis set by acall to SQL SetStmtAttr with an Attribute argument of
SQL_ATTR_ROW_ARRAY_SIZE. SQL SetPos uses a new rowset size, however, only after acall to

SQL Fetch or SQL FetchScroll. For example, if the rowset size is changed, then SQL SetPosis called, then
SQL Fetch or SQL FetchScroll is called, the call to SQL SetPos uses the old rowset size, but SQL Fetch or
SQL FetchScroll uses the new rowset size.

Thefirst row in the rowset is row number 1. The RowNumber argument in SQL SetPos must identify arow
in the rowset; that is, its value must be in the range between 1 and the number of rows that were most
recently fetched (which may be less than the rowset size). If RowNumber is 0, the operation appliesto
every row in the rowset.

Because most interaction with relational databases is done through SQL, SQL SetPos is not widely
supported. However, adriver can easily emulate it by constructing and executing an UPDATE or
DELETE statement.

To determine what operations SQL SetPos supports, an application calls SQL GetInfo with the
SQL_DYNAMIC_CURSOR_ATTRIBUTESL, SQL_FORWARD_ONLY_CURSOR_ATTRIBUTESLI,
SQL_KEYSET_CURSOR_ATTRIBUTESL, or SQL_STATIC_CURSOR_ATTRIBUTESL information
option (depending on the type of the cursor).

Updating Rowsin the Rowset with SQL SetPos

The update operation of SQL SetPos makes the data source update one or more selected rows of atable,
using datain the application buffers for each bound column (unless the value in the length/indicator buffer
isSQL_COLUMN_IGNORE). Columns that are not bound will not be updated.

To update rows with SQL SetPos, the application does the following:

1. Placesthe new data valuesin the rowset buffers. For information on how to send long data with
SQL SetPos, see “Long Data and SQL SetPos and SQLBulkOperations,” later in this chapter.

2. Setsthevaluein the length/indicator buffer of each column as necessary. Thisis the byte length of
the data or SQL_NTS for columns bound to string buffers, the byte length of the data for columns
bound to binary buffers, and SQL_NULL_DATA for any columnsto be set to NULL.

3. Setsthevaluein the length/indicator buffer of those columns which are not to be updated to
SQL_COLUMN_IGNORE. Although the application can skip this step and resend existing data,
thisisinefficient and risks sending values to the data source that were truncated when they were
read.
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4. Calls SQL SetPos with Operation set to SQL_UPDATE and RowNumber set to the number of the
row to update. If RowNumber is 0, all rows in the rowset are updated.

After SQL SetPos returns, the current row is set to the updated row.

When updating all rows of the rowset (RowNumber is equal to 0), an application can disable the update of
certain rows by setting the corresponding elements of the row operation array (pointed to by the
SQL_ATTR_ROW_OPERATION_PTR statement attribute) to SQL_ROW_IGNORE. The row operation
array corresponds in size and number of elements to the row status array (pointed to by the
SQL_ATTR_ROW_STATUS PTR statement attribute). To update only those rows in the result set that
were successfully fetched and have not been deleted from the rowset, the application uses the row status
array from the function that fetched the rowset as the row operation array to SQL SetPos.

For every row that is sent to the data source as an update, the application buffers should have valid row
data. If the application buffers were filled by fetching and if arow status array has been maintained, its
values at each of these row positions should not be SQL_ROW_DELETED, SQL_ROW_ERROR, or
SQL_ROW_NOROW.

For example, the following code allows a user to scroll through the Customers table and update, delete, or
add new rows. It places the new data in the rowset buffers before calling SQL SetPos to update or add new
rows. An extrarow is alocated at the end of the rowset buffers to hold new rows; this prevents existing
data from being overwritten when data for a new row is placed in the buffers.

#def i ne UPDATE_ROW 100
#def i ne DELETE_ROW 101
#defi ne ADD_ROWN 102

SQLUI NTEGER Cust | DArray[ 11];

SQLCHAR NaneArray[11][51], AddressArray[11][51], PhoneArray[11][11];

SQLI NTEGER Cust | DI ndArray[11], NanmeLenOrlndArray[11], AddressLenOrlndArray[11],
PhoneLenOr | ndArray[ 11] ;

SQLUSMALLI NT RowSt at usArray[ 10], Action, RowNum

SQLRETURN rc;

SQLHSTMI  hstnt;

/1 Set the SQL_ATTR_ROWDBI ND_TYPE statenent attribute to use colum-wi se

bi ndi ng.

/1l Declare the rowset size with the SQ._ATTR ROW ARRAY_SI| ZE statenent attribute.
/1 Set the SQ._ATTR_ROW STATUS PTR statenent attribute to point to the row

st at us

Il array.

SQLSet Stnt Attr(hstmt, SQL_ATTR CURSOR TYPE, SQL_CURSOR KEYSET DRI VEN, 0);
SQLSet Stmt Attr(hstnmt, SQL_ATTR ROW BI ND_TYPE, SQL_BI ND_BY_COLUWN, 0);

SQLSet StntAttr(hstmt, SQL_ATTR RON ARRAY_SI ZE, 10, 0);

SQLSet Stmt Attr(hstnt, SQ._ATTR_ROW STATUS_PTR, RowStatusArray, 0);

/1 Bind arrays to the CustlD, Nane, Address, and Phone col ums.

SQLBi ndCol (hstnt, 1, SQL_C ULONG, CustlDArray, 0, Custl Dl ndArray);

SQLBi ndCol (hstnt, 2, SQ._C CHAR, NaneArray, sizeof (NaneArray[0]),

NameLenOr | ndArray) ;

SQLBi ndCol (hstnt, 3, SQ_C CHAR, AddressArray, sizeof (AddressArray[0]),
Addr essLenOr I ndArray) ;
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SQLBi ndCol (hstnt, 4, SQ._C CHAR, PhoneArray, sizeof(PhoneArray[0]),
PhoneLenOr | ndArr ay) ;

// Execute a statenent to retrieve rows fromthe Custoners table.
SQLExecDirect (hstnt, "SELECT CustlD, Name, Address, Phone FROM Custoners",
SQ_NTS);

/1 Fetch and display the first 10 rows.
rc = SQLFetchScrol | (hstnt, SQ._FETCH NEXT, 0);
Di spl ayDat a( Cust | DArray, CustlDIndArray, NaneArray, NaneLenOrlndArray,
Addr essArray,
Addr essLenOr I ndArray, PhoneArray, PhoneLenOrlndArray, RowStatusArray);

// Call GetAction to get an action and a row nunber fromthe user.
while (GetAction(&Action, &RowNum)) ({
switch (Action) {

case SQ._FETCH NEXT:
case SQ._FETCH PRI OR:
case SQ._FETCH FI RST:
case SQ._FETCH _LAST:
case SQ._FETCH ABSOLUTE:
case SQ._FETCH RELATI VE:
/1 Fetch and display the requested data.
SQLFet chScrol | (hstnt, Action, RowNunj;
Di spl ayDat a( Cust | DArray, Custl| Dl ndArray,
NameArray, NanmeLenOr | ndArray,
Addr essArray, AddressLenOrlndArray,
PhoneArray, PhoneLenCOrlndArray, RowStatusArray);
br eak;

case UPDATE_ROW

/1 Place the new data in the rowset buffers and update the specified row

Get NewDat a( &Cust | DArray[ RowNum - 1], &Cust| Dl ndArray[ RowNum - 1],
NameAr r ay[ RowNum - 1], &NanmeLenOr | ndArray[ RowNum - 1],
Addr essArray[ RowNum - 1], &AddressLenOr | ndArray[ RowNum - 1],
PhoneArray[ RowNum - 1], &PhoneLenOr | ndArray[ RowNum - 1]);

SQLSet Pos(hstnt, RowNum SQL_UPDATE, SQ._LOCK NO CHANGE);

br eak;

case DELETE ROW

/1 Delete the specified row

SQ.Set Pos(hstnt, RowNum SQL_DELETE, SQ._LOCK NO CHANGE);
br eak;

case ADD_ROW
/'l Place the new data in the rowset buffers at index 10. This is an extra
/] element for new rows so rowset data is not overwitten. Insert the new
/1 row. Row 11 corresponds to index 10.
Get NewDat a( &Cust | DArray[ 10], &Cust | Dl ndArray[ 10],

NameArray[ 10], &NaneLenOr | ndArray[ 10],

Addr essArray[ 10], &AddressLenOr |l ndArray[ 10],

PhoneArray[ 10], &PhoneLenOr | ndArray[ 10]);
SQ Set Pos(hstnt, 11, SQ._ADD, SQ._LOCK NO CHANGE);
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br eak;

}
}

/1 Cdose the cursor.
SQLC oseCursor (hstnt);

Deleting Rowsin the Rowset with SQL SetPos

The delete operation of SQL SetPos makes the data source delete one or more selected rows of atable. To
delete rows with SQL SetPos, the application calls SQL SetPos with Operation set to SQL_DELETE and
RowNumber set to the number of the row to delete. If RowNumber is 0, al rowsin the rowset are deleted.

After SQL SetPos returns, the deleted row is the current row, and its statusis SQL_ROW_DELETED. The
row cannot be used in any further positioned operations, such as callsto SQL GetData or SQL SetPos.

When deleting all rows of the rowset (RowNumber is equal to 0), the application can prevent the driver
from deleting certain rows by using the row operation array, in the same way as for the update operation of
SQL SetPos (see “Updating Rows in the Rowset with SQL SetPos” earlier in this chapter).

Every row that is deleted should be arow that existsin the result set. If the application buffers were filled
by fetching and if arow status array has been maintained, its values at each of these row positions should
not be SQL_ROW_DELETED, SQL_ROW_ERROR, or SQL_ROW_NOROW.

Updating Data with SQL BulkOper ations

Applications can perform bulk update, delete, fetch, or insertion operations on the underlying table at the
data source with a call to SQL BulkOperations. Calling SQL BulkOper ationsis aconvenient alternative
to constructing and executing an SQL statement. It lets an ODBC driver support positioned updates even

when the data source does not support positioned SQL statements. It is part of the paradigm of achieving

compl ete database access by means of function calls.

SQL BulkOper ations operates on the current rowset and can be used only after a call to SQL Fetch or
SQL FetchScroll. The application specifies the rows to update, delete, or refresh by caching their
bookmarks. The driver retrieves the new data for rows to be updated, or the new data to be inserted into the
underlying table, from the rowset buffers.

The rowset size to be used by SQL BulkOperationsis set by acall to SQL SetStmtAttr with an Attribute
argument of SQL_ATTR_ROW_ARRAY_SIZE. Unlike SQL SetPos, which uses a new rowset size only
after acall to SQL Fetch or SQL FetchScroll, SQL BulkOper ations uses the new rowset size after the call
to SQL SetStmtAfttr.

Because most interaction with relational databases is done through SQL, SQL BulkOperationsis not
widely supported. However, a driver can easily emulate it by constructing and executing an UPDATE,
DELETE, or INSERT statement.

To determine what operations SQL BulkOper ation supports, an application calls SQL Getl nfo with the

SQL_DYNAMIC_CURSOR_ATTRIBUTESL, SQL_FORWARD_ONLY_CURSOR_ATTRIBUTESLI,
SQL_KEYSET_CURSOR_ATTRIBUTESL, or SQL_STATIC_CURSOR_ATTRIBUTESL information
option (depending on the type of the cursor).
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Updating Rows by Bookmar k with SQL BulkOper ations

When updating arow by bookmark, SQL BulkOper ations makes the data source update one or more rows
of the table. The rows are identified by the bookmark in a bound bookmark column. The row is updated
using data in the application buffers for each bound column (except when the value in the length/indicator
buffer for acolumn is SQL_COLUMN_IGNORE). Unbound columns will not be updated.

To update rows by bookmark with SQL BulkOper ations, the application:

1. Retrievesand caches the bookmarks of all rows to be updated. If there is more than one bookmark
and column-wise binding is used, the bookmarks are stored in an array; if there is more than one
bookmark and row-wise binding is used, the bookmarks are stored in an array of row structures.

2. Setsthe SQL_ATTR_ROW_ARRAY_SIZE statement attribute to the number of bookmarks, and
binds the buffer containing the bookmark value, or the array of bookmarks, to column O.

3. Placesthe new datavaluesin the rowset buffers. For information on how to send long data with
SQL BulkOperations, see “Long Data and SQL SetPos and SQL BulkOperations” later in this
chapter.

4. Setsthe valuein the length/indicator buffer of each column as necessary. Thisis the byte length of
the data or SQL_NTS for columns bound to string buffers, the byte length of the data for columns
bound to binary buffers, and SQL_NULL_DATA for any columnsto be set to NULL.

5. Setsthevaluein the length/indicator buffer of those columns that are not to be updated to
SQL_COLUMN_IGNORE. Although the application can skip this step and resend existing data,
thisisinefficient and risks sending values to the data source that were truncated when they were
read.

6. CalsSQLBulkOperations with the Operation argument set to
SQL_UPDATE_BY_BOOKMARK.

For every row that is sent to the data source as an update, the application buffers should have valid row
data. If the application buffers were filled by fetching, arow status array has been maintained, and the
status value for arow is SQL_ROW_DELETED, SQL_ROW_ERROR, or SQL_ROW_NOROW, invalid
data could inadvertently be sent to the data source.

Deleting Rows by Bookmar k with SQL BulkOper ations

When deleting a row by bookmark, SQL BulkOper ations makes the data source delete one or more
selected rows of the table. The rows are identified by the bookmark in a bound bookmark column.

To delete rows by bookmark with SQL BulkOper ations, the application:
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1. Retrieves and caches the bookmarks of all rowsto be deleted. If there is more than one bookmark
and column-wise binding is used, the bookmarks are stored in an array; if there is more than one
bookmark and row-wise binding is used, the bookmarks are stored in an array of row structures.

2. Setsthe SQL_ATTR_ROW_ARRAY_SIZE statement attribute to the number of bookmarks, and
binds the buffer containing the bookmark value, or the array of bookmarks, to column O.

3. Cdls SQLBulkOperationswith Operation set to SQL_DELETE BY_BOOKMARK.

| nserting Rows with SQL BulkOper ations

Inserting data with SQL BulkOperationsis similar to updating data with SQL BulkOper ations because it
uses data from the bound application buffers.

So that each column in the new row has avalue, al bound columns with alength/indicator value of
SQL_COLUMN_IGNORE and all unbound columns must either accept NULL values or have a defaullt.

To insert rows with SQL BulkOper ations, the application:

1. SetstheSQL_ATTR _ROW_ARRAY_SIZE statement attribute to the number of rows to insert,
and places the new data values in the bound application buffers. For information on how to send
long data with SQL BulkOper ations, see “Long Data and SQL SetPos and SQL BulkOperations’
later in this chapter.

2. Setsthevauein the length/indicator buffer of each column as necessary. Thisis the byte length of
the data or SQL_NTS for columns bound to string buffers, the byte length of the data for columns
bound to binary buffers, and SQL_NULL_DATA for any columnsto be set to NULL. The
application sets the value in the length/indicator buffer of those columns which are to be set to
their default (if one exists) or NULL (if one does not) to SQL_COLUMN_IGNORE.

3. CalsSQLBulkOperations with the Operation argument set to SQL_ADD.

After SQL BulkOper ations returns, the current row is unchanged. If the bookmark column (column 0) is
bound, SQL BulkOper ations returns the bookmarks of the inserted rows in the rowset buffer bound to that
column.

Fetching Rows with SQL BulkOper ations

Data can be refetched into a rowset using bookmarks by a call to SQL BulkOperations. The rows to be
fetched are identified by the bookmarksin a bound bookmark column. Columns with a value of
SQL_COLUMN_IGNORE are not fetched.

To perform bulk fetches with SQL BulkOper ations, the application:
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1. Retrievesand caches the bookmarks of all rows to be updated. If there is more than one bookmark
and column-wise binding is used, the bookmarks are stored in an array; if there is more than one
bookmark and row-wise binding is used, the bookmarks are stored in an array of row structures.

2. Setsthe SQL_ATTR_ROW_ARRAY_SIZE statement attribute to the number of rows to fetch,
and binds the buffer containing the bookmark value, or the array of bookmarks, to column O.

3. Setsthevaluein the length/indicator buffer of each column as necessary. Thisis the byte length of
the data or SQL_NTS for columns bound to string buffers, the byte length of the data for columns
bound to binary buffers, and SQL_NULL_DATA for any columnsto be set to NULL. The
application sets the value in the length/indicator buffer of those columns which are to be set to
their default (if one exists) or NULL (if one does not) to SQL_COLUMN_IGNORE.

4. Cadlls SQL BulkOperations with the Operation argument set to
SQL_FETCH_BY_BOOKMARK.

There is no need for the application to use the row operation array to prevent the operation to be performed
on certain columns. The application selects the rows it wants to fetch by copying only the bookmarks for
those rows into the bound bookmark array.

L ong Data and SQL SetPos and SQL BulkOper ations

Asisthe case with parametersin SQL statements, long data can be sent when updating rows with

SQL BulkOperations or SQL SetPos or inserting rows with SQL BulkOper ations. The dataiis sent in parts
with multiple callsto SQL PutData. Columns for which datais sent at execution time are known as data-
at-execution columns.

Note An application actually can send any type of data at execution time with SQL PutData,
although only character and binary data can be sent in parts. However, if the datais small enough to fit
in asingle buffer, there is generally no reason to use SQL PutData. It is much easier to bind the buffer
and let the driver retrieve the data from the buffer.

Because long data columns typically are not bound, the application must bind the column before calling
SQL BulkOperations or SQL SetPos, and unbind it after calling SQL BulkOperations or SQL SetPos. The
column must be bound because SQL BulkOper ations or SQL SetPos operates only on bound columns, and
must be unbound so SQL GetData can be used to retrieve data from the column.

To send data at execution time, the application:

1. Placesa32-bit valuein the rowset buffer instead of adatavalue. Thisvaue will be returned to the
application later, so the application should set it to a meaningful value, such as the number of the
column or the handle of afile containing data.

2. Setsthevaluein the length/indicator buffer to the result of the
SQL_LEN_DATA_AT_EXEC(length) macro. This value indicatesto the driver that the data for
the parameter will be sent with SQL PutData. The length value is used when sending long data to
a data source that needs to know how many bytes of long data will be sent so that it can
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preallocate space. To determine if a data source requires this value, the application calls
SQL GetInfo withthe SQL_NEED_LONG_DATA_LEN option. All drivers must support this
macro; if the data source does not require the byte length, the driver can ignore it.

3. CalsSQLBulkOperationsor SQL SetPos. The driver discovers that alength/indicator buffer
contains the result of the SQL_LEN_DATA_AT_EXEC(length) macro and returns
SQL_NEED_ DATA asthereturn value of the function.

4. CalsSQLParamData in responseto the SQL_NEED DATA return value. If long data needsto
be sent, SQL ParamData returns SQL_NEED_DATA. In the buffer pointed to by the ValuePtrPtr
argument, the driver returns the unique value that the application placed in the rowset buffer. I
there is more than one data-at-execution column, the application uses this value to determine
which column to send data for; the driver is not required to request data for data-at-execution
columnsin any particular order.

5. Cdls SQL PutData to send the column data to the driver. If the column data does not fit in a
single buffer, asis often the case with long data, the application calls SQL PutData repeatedly to
send the datain parts; it is up to the driver and data source to reassemble the data. If the
application passes null-terminated string data, the driver or data source must remove the null-
termination character as part of the reassembly process.

6. CadlsSQL ParamData again to indicate that it has sent all of the data for the column. If there are
any data-at-execution columns for which data has not been sent, the driver returns
SQL_NEED_DATA and the unique value for the next data-at-execution column; the application
returnsto Step 5. If data has been sent for all data-at-execution columns, the data for the row is
sent to the data source. SQL ParamData then returns SQL_SUCCESS or
SQL_SUCCESS WITH_INFO, and can return any SQLSTATE that SQL BulkOperations or
SQL SetPos can return.

After SQL BulkOperations or SQL SetPos returns SQL_NEED_DATA and before data has been
completely sent for the last data-at-execution column, the statement isin a Need Data state. In this state, the
application can call only SQL PutData, SQL ParamData, SQL Cancel, SQL GetDiagField, or

SQL GetDiagRec; all other functions return SQLSTATE HY 010 (Function sequence error). Calling

SQL Cancel cancels execution of the statement and returnsiit to its previous state. For more information,
see Appendix B, “ODBC State Transition Tables” contained on the Microsoft Web site (ODBC
Programmer’ s Reference).
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Chapter 13: Overview of Descriptors

A descriptor handle refers to a data structure that holds information about either columns or dynamic
parameters.

ODBC functions that operate on column and parameter dataimplicitly set and retrieve descriptor fields. For
instance, when SQL BindCaol is called to bind column data, it sets descriptor fields that completely describe
the binding. When SQL ColAttributeis called to describe column data, it returns data stored in descriptor
fields.

An application calling ODBC functions need not concern itself with descriptors. No database operation
requires that the application gain direct access to descriptors. However, for some applications, gaining
direct access to descriptors streamlines many operations. For example, direct access to descriptors provides
away to rebind column data that may be more efficient than calling SQL BindCol again.

Note The physical representation of the descriptor is not defined. Applications gain direct accessto a
descriptor only by manipulating its fields by calling ODBC functions with the descriptor handle.

Typesof Descriptors

A descriptor is used to describe one of the following:
e A set of zero or more parameters. A parameter descriptor can be used to describe:

» Theapplication parameter buffer, which contains either the input dynamic arguments as
set by the application or the output dynamic arguments following the execution of a
CALL statement of SQL.

e Theimplementation parameter buffer. For input dynamic arguments, this contains the
same arguments as the application parameter buffer, after any data conversion the
application may specify. For output dynamic arguments, this contains the returned
arguments, before any data conversion that the application may specify.

For input dynamic arguments, the application must operate on an application parameter descriptor
before executing any SQL statement that contains dynamic parameter markers. For both input and
output dynamic arguments, the application may specify different data types from those in the
implementation parameter descriptor to achieve data conversion.

e Asinglerow of database data. A row descriptor can be used to describe;

»  Theimplementation row buffer, which contains the row from the database. (These buffers
conceptually contain data as written to, or read from, the database. However, the stored
form of database datais not specified. A database could perform additional conversion on
the data from its form in the implementation buffer.)

e Theapplication row buffer, which contains the row of data as presented to the
application, following any data conversion that the application may specify.
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The application operates on the application row descriptor in any case where column data from the
database must appear in application variables. The application may specify different data types
from those in the implementation row descriptor to achieve data conversion of column data.

The descriptor types are summarized in the following table:

Rows Dynamic parameters
Application buffer Application row descriptor Application parameter descriptor
(ARD) (APD)
Implementation buffer I mplementation row descriptor Implementation parameter
(IRD) descriptor (1PD)

For either the parameter or row buffers, if the application specifies different data types in corresponding
records of the implementation and application descriptor, the driver performs data conversion when it uses
the descriptors. For example, it may convert numeric and datetime values to character-string format. (For
valid conversions, see Appendix D, “Data Types’ in the SOLID Programmer Guide.)

A descriptor may perform different roles. Different statements can share any descriptor that the application
explicitly alocates. A row descriptor in one statement can serve as a parameter descriptor in another
statement.

It is always known whether a given descriptor is an application descriptor or an implementation descriptor,
even if the descriptor has not yet been used in a database operation. For the descriptors that the
implementation implicitly allocates, the implementation records the predefined row relative to the
statement handle. Any descriptor that the application allocates by calling SQL AllocHandleis an
application descriptor.

Descriptor Fields
Descriptors contain header and record fields that completely describe columns or parameters.

A descriptor contains asingle copy of the following header fields. Changing a header field affects all
columns or parameters.

SQL_DESC ALLOC TYPE SQL_DESC _BIND_TYPE

SQL_DESC _ARRAY_SIZE SQL_DESC_COUNT
SQL_DESC_ARRAY_STATUS PTR SQL_DESC_ROWS PROCESSED PTR
'SQL_DESC_BIND_OFFSET_PTR - - -

A descriptor contains zero or more descriptor records. Each record describes a column or parameter,
depending on the type of descriptor. When a new column or parameter is bound, a new record is added to
the descriptor. When a column or parameter is unbound, arecord is removed from the descriptor. Each
record contains a single copy of the following fields:
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SQL_DESC_AUTO_UNIQUE_VALUE

SQL DESC_LOCAL TYPE NAME

SQL_DESC BASE_COLUMN_NAME

SQL DESC NAME

SQL_DESC | BASE TABLE | NAME

SQL_DESC NULLABLE

SQL DESC _ CASE SENSITIVE

SQL_DESC_OCTET_LENGTH

SQL DESC CATALOG NAME

SQL_DESC_OCTET_LENGTH PTR

SQL DESC _ CONCISE TYPE

SQL DESC PARAMETER TYPE

SQL DESC DATA_ PTR

SQL_| DESC PRECISION

SQL_DESC_DATETIME_INTERVAL_

CODE

SQL_DESC_SCALE

SQL_DESC_DATETIME_INTERVAL_

PRECISION

SQL_DESC_SCHEMA_NAME

SQL_DESC DISPLAY_SIZE

SQL_DESC_SEARCHABLE

SQL_DESC_FIXED_PREC_SCALE

SQL_DESC_TABLE_NAME

SQL_DESC_INDICATOR_PTR

SQL_DESC _TYPE

SQL_DESC_LABEL

SQL_DESC_TYPE NAME

SQL DESC_LENGTH

SQL_DESC_UNNAMED

SQL DESC LITERAL_PREFIX

SQL_DESC_UNSIGNED

SQL_DESC_LITERAL_SUFFIX

SQL_DESC_UPDATABLE

Many statement attributes correspond to the header field of a descriptor. Setting these attributes through a
call to SQL SetStmtAttr and setting the corresponding descriptor header field by calling

SQL SetDescField have the same effect. The same istrue for SQL GetStmtAttr and SQL GetDescField,
both of which retrieve the same information. Calling the statement functions instead of the descriptor
functions has the advantage that a descriptor handle does not have to be retrieved.

The following header fields can be set by setting statement attributes:

SQL_DESC ARRAY_SIZE

SOL_DESC BIND_TYPE

SQL_DESC ARRAY_STATUS PTR

SQL_DESC_ROWS_PROCESSED_PTR

SQL_DESC_BIND_OFFSET_PTR

Record Count

The SQL_DESC_COUNT header field of a descriptor is the one-based index of the highest-numbered
record that contains data. Thisfield isnot a count of all columns or parameters that are bound. When a
descriptor is allocated, theinitial value of SQL_DESC _COUNT isO.

The driver takes any action necessary to allocate and maintain whatever storage it requires to hold

descriptor information. The application does not explicitly specify the size of a descriptor nor allocate new
records. When the application provides information for a descriptor record whose number is higher than the
value of SQL_DESC_COUNT, the driver automatically increases SQL_DESC_COUNT. When the
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application unbinds the highest-numbered descriptor record, the driver automatically decreases
SQL_DESC _COUNT to contain the number of the highest remaining bound record.

Bound Descriptor Records

When the application setsthe SQL_DESC DATA_PTR field of adescriptor record so that it no longer
contains a null value, the record is said to be bound.

If the descriptor is an APD, then each bound record constitutes a bound parameter. For input parameters,
the application must bind a parameter for each dynamic parameter marker in the SQL statement before
executing the statement. For output parameters, the application need not bind the parameter.

If the descriptor is an ARD, which describes a row of database data, then each bound record constitutes a
bound column.

Deferred Fields

The values of deferred fields are not used when they are set, but the driver saves the addresses of the
variables for a deferred effect. For an application parameter descriptor, the driver uses the contents of the
variables at the time of the call to SQL ExecDirect or SQL Execute. For an application row descriptor, the
driver uses the contents of the variables at the time of the fetch.

The following are deferred fields:

e TheSQL_DESC DATA_PTRand SQL_DESC_ INDICATOR_PTR fields of a descriptor record.
e TheSQL_DESC OCTET_LENGTH_PTR field of an application descriptor record.

* Inthe case of amultirow fetch, the SQL_DESC_ARRAY_STATUS PTR and
SQL_DESC ROWS PROCESSED_PTR fields of a descriptor header.

When a descriptor is alocated, the deferred fields of each descriptor record initially have anull value. The
meaning of the null value is as follows:

e |fSQL_DESC ARRAY_STATUS PTR hasanull value, amultirow fetch fails to return this
component of the per-row diagnostic information.

 If SQL_DESC DATA PTR hasanull value, the record is unbound.

 IftheSQL_DESC OCTET_LENGTH_PTR field of an ARD has a null value, the driver does not
return length information for that column.

e |ftheSQL_DESC OCTET_LENGTH_PTR field of an APD has a null value, and the parameter is
a character string, the driver assumes that string is null-terminated. For output dynamic
parameters, anull valuein thisfield prevents the driver from returning length information. (If the
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SQL_DESC _TYPE field does not indicate a character-string parameter, the
SQL_DESC _OCTET_LENGTH_PTR field isignored.)

The application must not deall ocate or discard variables used for deferred fields between the time it
associates them with the fields and the time the driver reads or writes them.

Consistency Check

A consistency check is performed by the driver automatically whenever an application sets the

SQL_DESC DATA_PTRfield of the APD, ARD, or IPD. Whenever thisfield is set, the driver checks that
the value of the SQL_DESC_TY PE field and the values applicable to the SQL_DESC TYPE field in the
same record are valid and consistent.

The SQL_DESC DATA_PTR field of an IPD is not normally set; however, an application can do so to
force a consistency check of IPD fields. The value that the SQL_DESC DATA_PTR field of the IPD is set
to is not actually stored, and cannot be retrieved by acall to SQL GetDescField or SQL GetDescRec; the
setting is made only to force the consistency check. A consistency check cannot be performed on an IRD.

For more information on the consistency check, see SQL SetDescRec in the Part 1| PDF file, “ODBC API
Reference” available on the Solid Web site.

Allocating and Freeing Descriptors
Descriptors are either implicitly or explicitly allocated, as described in the following sections.
Implicitly Allocated Descriptors

When a statement handle is alocated, the application implicitly allocates one set of four descriptors. The
application can obtain the handles of these implicitly allocated descriptors as attributes of the statement
handle. When the application frees the statement handle, the driver frees all implicitly allocated descriptors
on that handle.

Explicitly Allocated Descriptors

An application can explicitly allocate an application descriptor on a connection at any time it is connected
to the database. By specifying that descriptor handle as an attribute of a statement handle using

SQL SetStmtAttr, the application directs the driver to use that descriptor in place of the corresponding
implicitly allocated application descriptors. The application cannot specify alternate implementation
descriptors.

An application can associate an explicitly allocated descriptor with more than one statement. Only when an
application is actually connected to the database can a descriptor be an explicitly allocated descriptor. The
application can free such a descriptor explicitly, or implicitly by freeing its connection.

| nitialization of Descriptor Fields

When an application row descriptor is allocated, its fields receive initial values as indicated
SQL SetDescRec inthe Part |11 PDF file, “ODBC API Reference” avaialabe on the Solid Web site. The
initial value of the SQL_DESC_TY PE field is SQL_DEFAULT. This provides for a standard treatment of
database data for presentation to the application. The application may specify different treatment of the data
by setting fields of the descriptor record.
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Theinitial value of SQL_DESC ARRAY _SIZE in the descriptor header is 1. The application can modify
thisfield to enable multirow fetch.

The concept of adefault value is not valid for the fields of an IRD. An application can gain access to the
fields of an IRD only when there is a prepared or executed statement associated with it.

Certain fields of an IPD are defined only after the IPD has been automatically populated by the driver. If
not, they are undefined. These fieldsare SQL_DESC CASE_SENSITIVE,

SQL_DESC _FIXED_PREC_SCALE, SQL_DESC_TYPE_NAME, SQL_DESC_UNSIGNED, and
SQL_DESC LOCAL_TYPE_NAME.

Automatic Population of the IPD

Some drivers are capable of setting the fields of the IPD after a parameterized query has been prepared. The
descriptor fields are automatically populated with information about the parameter, including the data type,
precision, scale, and other characteristics. Thisis equivalent to supporting SQL DescribeParam. This
information can be particularly valuable to an application when it has no other way to discover it, such as
when an ad-hoc query is performed with parameters that the application does not know about.

An application determines whether the driver supports automatic population by calling

SQL GetConnectAttr with an Attribute of SQL_ATTR_AUTO_IPD. If SQL_TRUE isreturned, the driver
supports it, and the application can enable it by setting the SQL_ATTR_ENABLE_AUTO_IPD statement
attribute to SQL_TRUE.

When automatic population is supported and enabled, the driver populates the fields of the IPD after an
SQL statement containing parameter markers has been prepared by a call to SQL Prepare. An application
can retrieve thisinformation by calling SQL GetDescField or SQL GetDescRec, or SQL DescribeParam.
The application can use the information to bind the most appropriate application buffer for a parameter, or
to specify adata conversion for it.

Automatic population of the IPD may produce a performance penalty. An application can turn it off by
resetting the SQL_ATTR_ENABLE_AUTO_IPD statement attribute to SQL_FALSE (which is the default
value).

Freeing Descriptors

Explicitly allocated descriptors can be freed either explicitly, by calling SQL FreeHandle with HandleType
of SQL_HANDLE_DESC, or implicitly, when the connection handle is freed. When an explicitly allocated
descriptor isfreed, al statement handles to which the freed descriptor applied automatically revert to the
descriptorsimplicitly allocated for them.

Implicitly allocated descriptors can be freed only by calling SQL Disconnect, which drops any statements
or descriptors open on the connection, or by calling SQL FreeHandle with a HandleType of
SQL_HANDLE_STMT to free a statement handle and all the implicitly allocated descriptors associated
with the statement. An implicitly allocated descriptor cannot be freed by calling SQL FreeHandle with a
HandleType of SQL_HANDLE_DESC.

Even when freed, an implicitly allocated descriptor remains valid, and SQL GetDescField can be called on
itsfields.
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Getting and Setting Descriptor Fields

The following sections describe the methods an application can use to retrieve or set the valuesin
descriptor fields.

Obtaining Descriptor Handles

An application obtains the handle of any explicitly allocated descriptor as an output argument of the call to
SQL AllocHandle. The handle of an implicitly allocated descriptor is obtained by calling
SQL GetStmtAttr.

Retrieving the Valuesin Descriptor Fields

An application can call SQL GetDescField to obtain asingle field of a descriptor record.
SQL GetDescField gives the application access to all the descriptor fields defined in ODBC, and to driver-
defined fields as well.

SQL GetDescRec can be called to retrieve the settings of multiple descriptor fields that affect the data type
and storage of column or parameter data.

Setting Descriptor Fields

To modify the fields of a descriptor, an application can call SQL SetDescField. Some fields are read-only
and cannot be set (see the SQL SetDescField function description in the Part |11 PDF file, “ODBC API
Reference” available on the Solid Web site).

Descriptor record fields are set with arecord number (RecNumber) of 1 or higher, while descriptor header
fields are set with arecord number of 0. A record number of 0 is aso used to set bookmark fields, in
accordance with the convention that bookmarks are contained in column 0. This may leave the impression
that bookmark fields are contained within the descriptor header, but thisis not the case. Bookmark fields
are distinct from header fields.

When setting fields individually, the application should follow the sequence defined in SQL SetDescField
inthe Part 11 PDF file, “ODBC API Reference” avaialabe on the Solid Web site. Setting some fields causes
the driver to set other fields. This ensures that the descriptor is aways ready to use once the application has
specified a data type. When the application setsthe SQL_DESC_TY PE field, the driver checks that other
fields that specify the type are valid and consistent.

If afunction call that would set a descriptor field fails, the contents of the descriptor field are undefined
after the failed function call.

Copying Descriptors

The SQL CopyDesc function is called to copy the fields of one descriptor to another descriptor. Fields can
only be copied to an application descriptor or an IPD, but not to an IRD. Fields can be copied from any
type of descriptor. Only those fields that are defined for both the source and target descriptors are copied.
SQL CopyDesc does not copy the SQL_DESC_ALLOC_TY PE field, because a descriptor’s allocation type
cannot be changed. Copied fields overwrite the existing fields.
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An ARD on one statement handle can serve as the APD on another statement handle. This allows an
application to copy rows between tables without copying data at the application level. To do this, arow
descriptor that describes a fetched row of atableis reused as a parameter descriptor for a parameter in an
INSERT statement. The SQL_MAX_CONCURRENT_ACTIVITIES information type must be greater
than 1 for this operation to succeed.

Using Concise Functions

Some ODBC functions gain implicit access to descriptors. Application writers may find them more
convenient than calling SQL SetDescField or SQL GetDescField. These functions are called concise
functions because they perform a number of functions, including setting or getting descriptor fields. Some
concise functions let an application set or retrieve several related descriptor fieldsin asingle function call.

Concise functions can be called without first retrieving a descriptor handle for use as an argument. These
functions work with the descriptor fields associated with the statement handle that they are called on.

The concise functions SQL BindCol and SQL BindParameter bind a column or parameter by setting the
descriptor fields that correspond to their arguments. Each of these functions performs more tasks than
simply setting descriptors. SQL BindCol and SQL BindParameter provide a complete specification of the
binding of a data column or dynamic parameter. An application can, however, change individual details of
abinding by calling SQL SetDescField or SQL SetDescRec, and can compl etely bind a column or
parameter by making a series of suitable calls to these functions.

The concise functions SQL Col Attribute, SQL DescribeCol, SQL DescribeParam, SQLNumParams, and
SQLNumResultCols retrieve values in descriptor fields.

SQL SetDescRec and SQL GetDescRec are concise functions that, with one call, set or get multiple
descriptor fields that affect the data type and storage of column or parameter data. SQL SetDescRec isan
effective way to change the binding of column or parameter datain one step.

SQL SetStmtAttr and SQL GetStmtAttr serve as concise functions in some cases (see “ Descriptor Fields’
earlier in this chapter).
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Chapter 14: Overview of Transactions

A transaction isa unit of work that is done as a single, atomic operation; that is, the operation succeeds or
fails asawhole. For example, consider transferring money from one bank account to another. Thisinvolves
two steps: withdrawing the money from the first account and depositing it in the second. It isimportant that
both steps succeed; it is not acceptable for one step to succeed and the other to fail. A database that
supports transactions is able to guarantee this.

Transactions can be completed by either being committed or being rolled back. When atransaction is
committed, the changes made in that transaction are made permanent. When a transaction is rolled back,
the affected rows are returned to the state they were in before the transaction was started. To extend the
account transfer example, an application executes one SQL statement to debit the first account and a
different SQL statement to credit the second account. If both statements succeed, the application then
commits the transaction. But if either statement fails for any reason, the application rolls back the
transaction. In either case, the application guarantees a consistent state at the end of the transaction.

A single transaction can encompass multiple database operations that occur at different times. If other
transactions had complete access to the intermediate results, the transactions might interfere with one
another. For example, suppose one transaction inserts a row, a second transaction reads that row, and the
first transaction is rolled back. The second transaction now has data for a row that does not exist.

To solve this problem, there are various schemes to isolate transactions from each other. Transaction
isolation is generally implemented by locking rows, which precludes more than one transaction from using
the same row at the same time. In some databases, locking a row may also lock other rows.

With increased transaction isolation comes reduced concurrency, or the ability of two transactionsto use
the same data at the same time. For more information, see “ Setting the Transaction Isolation Level" later in
this chapter.

A full discussion of transactionsiswell beyond the scope of this book.

Transactionsin ODBC

Transactions in ODBC are completed at the connection level; that is, when an application completes a
transaction, it commits or rolls back all work done through all statement handles on that connection.

Transaction Support

The degree of support for transactions is driver-defined. ODBC is designed to be implemented on asingle-
user or desktop database that has no need to manage multiple updates to its data. Moreover, some databases
that support transactions do so only for the Data Manipulation Language (DML) statements of SQL ; there
arerestrictions or special transaction semantics regarding the use of Data Definition Language (DDL) when
atransaction is active. That is, there may be transaction support for multiple simultaneous updates to tables,
but not for changing the number and definition of tables during a transaction.

An application determines whether transactions are supported, whether DDL can be included in a
transaction, and any specia effects of including DDL in atransaction, by calling SQL Getlnfo with the
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SQL_TXN_CAPABLE option. For more information, see the SQL Getlnfo function description contained
on the Microsoft Web site (ODBC Programmer’s Reference).

If the driver does not support transactions, but the application has the ability (using an API other than
ODBC) to lock and unlock data, applications can achieve transaction support by locking and unlocking
records and tables as needed. To implement the account-transfer example, the application would lock the
records for both accounts, copy the current values, debit the first account, credit the second account, and
unlock the records. If any steps failed, the application would reset the accounts using the copies.

Even data sources that support transactions might not be able to support more than one transaction at atime
within a particular environment. Applications call SQL Getlnfo with the

SQL_MULTIPLE_ACTIVE_TXN option to determine whether a data source can support simultaneous
active transactions on more than one connection in the same environment. Because there is one transaction
per connection, thisis only interesting to applications that have multiple connections to the same data
source.

Commit Mode

Transactions in ODBC can be in one of two modes:. auto-commit mode or manual-commit mode, as
described in the following sections.

Auto-Commit Mode

In auto-commit mode, every database operation is a transaction that is committed when performed. This
mode is suitable for many real-world transactions that consist of asingle SQL statement. It is unnecessary
to delimit or specify completion of these transactions. In databases without transaction support, auto-
commit mode is the only supported mode. In such databases, statements are committed when they are
executed and there is no way to roll them back; they are therefore always in auto-commit mode.

If the underlying DBM S does not support auto-commit mode transactions, the driver can emulate them by
manually committing each SQL statement asiit is executed.

If abatch of SQL statementsis executed in auto-commit mode, it is data source — specific when the
statements in the batch are committed. They can be committed as they are executed or as awhole after the
entire batch has been executed. Some data sources may support both of these behaviors and may provide a
way of selecting one or the others. In particular, if an error occurs in the middle of the batch, it is data
source — specific whether the already-executed statements are committed or rolled back. Thus,
interoperable applications that use batches and require them to be committed or rolled back as awhole
should only execute batches in manual-commit mode.

Manual-Commit Mode

In manual-commit mode, applications must explicitly complete transactions by calling SQLEndTran to
commit them or roll them back. Thisis the normal transaction mode for most relational databases.

Transactionsin ODBC do not have to be explicitly initiated. Instead, a transaction beginsimplicitly
whenever the application starts operating on the database. If the data source requires explicit transaction
initiation, the driver must provide it whenever the application executes a statement requiring a transaction
and there is no current transaction.
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Setting the Commit Mode

Applications specify the transaction mode with the SQL_ATTR_AUTOCOMMIT connection attribute. By
default, ODBC transactions are in auto-commit mode (unless SQL SetConnectAttr and

SQL SetConnectOption are not supported, which is unlikely). Switching from manual-commit mode to
auto-commit mode automatically commits any open transaction on the connection.

Committing and Rolling Back Transactions

To commit or roll back atransaction in manual-commit mode, an application calls SQLEndTran. Drivers
for DBM Ss that support transactions typically implement this function by executinga COMMIT or
ROLLBACK statement. The Driver Manager does not call SQL EndTran when the connection isin auto-
commit mode; it simply returns SQL_SUCCESS, even if the application attemptsto roll back the
transaction. Because drivers for DBM Ss that do not support transactions are always in auto-commit mode,
they can either implement SQL EndTran to return SQL_SUCCESS without doing anything or not
implement it at all.

Note Applications should not commit or roll back transactions by executing COMMIT or
ROLLBACK statements with SQL Execute or SQL ExecDirect. The effects of doing this are
undefined. Possible problems include the driver no longer knowing when atransaction is active and
these statements failing against data sources that do not support transactions. These applications should
cal SQLEndTran instead.

If an application passes the environment handle to SQL EndTran but does not pass a connection handle,
the Driver Manager conceptually calls SQL EndTran with the environment handle for each driver that has
one or more active connections in the environment. The driver then commits the transactions on each
connection in the environment. However, it isimportant to realize that neither the driver nor the Driver
Manager performs a two-phase commit on the connections in the environment; thisis merely a
programming convenience to simultaneoudly call SQLEndTran for al connectionsin the environment.

(A two-phase commit is generally used to commit transactions that are spread across multiple data sources.
Initsfirst phase, the data sources are polled as to whether they can commit their part of the transaction. In

the second phase, the transaction is actually committed on all data sources. If any data sources reply in the
first phase that they cannot commit the transaction, the second phase does not occur.)

Effect of Transactionson Cursorsand Prepared Statements

Committing or rolling back atransaction has the following effect on cursors and access plans:

» All cursors are closed and access plans for prepared statements on that connection are del eted.
e All cursors are closed and access plans for prepared statements on that connection remain intact.

» All cursors remain open and access plans for prepared statements on that connection remain intact.

For example, suppose a data source exhibits the first behavior in thislist, the most restrictive of these
behaviors. Now suppose an application does the following:

1. Setsthe commit mode to manual commit.
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2. Createsaresult set of salesorders on statement 1.
3. Createsaresult set of the linesin a sales order on statement 2 when the user highlights that order.

4. Calls SQL Execute to execute a positioned update statement that has been prepared on statement 3
when the user updates aline.

5. CalsSQLENndTran to commit the positioned update statement.

Because of the data source’s behavior, the call to SQLEndTran in step 5 causesit to close the cursors on
statements 1 and 2 and to delete the access plan on all statements. The application must reexecute
statements 1 and 2 to re-create the result sets and reprepare the statement on statement 3.

In auto-commit mode, functions other than SQL EndTran commit transactions:

e SQLExecute or SQL ExecDirect. In the previous example, the call to SQL Executein step 4
commits a transaction. This causes the data source to close the cursors on statements 1 and 2 and
delete the access plan on al statements on that connection.

*  SQLBulkOperations or SQL SetPos. In the previous example, suppose that in step 4 the
application calls SQL SetPos with the SQL_UPDATE option on statement 2 instead of executing a
positioned update statement on statement 3. This commits a transaction and causes the data source
to close the cursors on statements 1 and 2, and discards all access plans on that connection.

e SQLCloseCursor. In the previous example, suppose that, when the user highlights a different
sales order, the application calls SQL CloseCur sor on statement 2 before creating aresult of the
lines for the new sales order. The call to SQL CloseCursor commitsthe SELECT statement that
created the result set of lines and causes the data source to close the cursor on statement 1, and
then discards all access plans on that connection.

Applications, especially screen-based applications in which the user scrolls around the result set and
updates or deletes rows, must be careful to code around this behavior.

To determine how a data source behaves when a transaction is committed or rolled back, an application
calls SQL Getlnfo with the SQL_CURSOR_COMMIT_BEHAVIOR and
SQL_CURSOR_ROLLBACK_BEHAVIOR options.

Transaction | solation

Transaction isolation refers to the degree of interaction between multiple concurrent transactions. To see
why thisisimportant, you'll need to first ook at the idea of serializability.

Serializability
Ideally, transactions should be serializable. Transactions are said to be serializable if the results of running

transactions simultaneously are the same as the results of running them serially, that is, one after the other.
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It is not important which transaction executes first, only that the result does not reflect any mixing of the
transactions.

For example, suppose transaction A multiplies data values by 2 and transaction B adds 1 to data values.
Now suppose that there are two data values: 0 and 10. If these transactions are run one after another, the
new values will be 1 and 21 if transaction A isrun first, or 2 and 22 if transaction B isrun first. But what if
the order in which the two transactions are run is different for each value? If transaction A isrun first on the
first value and transaction B isrun first on the second value, the new values will be 1 and 22. If thisorder is
reversed, the new values are 2 and 21. The transactions are serializableif 1, 21 and 2, 22 are the only
possible results. The transactions are not seriaizableif 1, 22 or 2, 21 isapossible result.

So why is serializability desirable? In other words, why isit important that it appears that one transaction
finishes before the next transaction starts? Consider the following problem. A salesman is entering orders at
the same time a clerk is sending out bills. Suppose the salesman enters an order from Company X but does
not commit it; the salesman is still talking to the representative from Company X. The clerk requests alist
of all open orders and discovers the order for Company X and sends them a bill. Now the representative
from Company X decides they want to change their order, so the salesman changes it before committing
the transaction. Company X gets an incorrect bill.

If the salesman’s and clerk’ s transactions were serializable, this problem would never have occurred. Either
the salesman’ s transaction would have finished before the clerk’ s transaction started, in which case the
clerk would have sent out the correct bill, or the clerk’ s transaction would have finished before the
salesman’ s transaction started, in which case the clerk would not have sent a bill to Company X at al.

Transaction | solation Levels

Transaction isolation levels are a measure of the extent to which transaction isolation succeeds. In
particular, transaction isolation levels are defined by the presence or absence of the following phenomena:

» Dirty Reads. A dirty read occurs when a transaction reads data that has not yet been committed.
For example, suppose transaction 1 updates arow. Transaction 2 reads the updated row before
transaction 1 commits the update. If transaction 1 rolls back the change, transaction 2 will have
read data that is considered never to have existed.

* Nonrepeatable Reads. A nonrepeatable read occurs when atransaction reads the same row twice
but gets different data each time. For example, suppose transaction 1 reads a row. Transaction 2
updates or deletes that row and commits the update or delete. If transaction 1 rereads the row, it
retrieves different row values or discovers that the row has been deleted.

e Phantoms. A phantomisarow that matches the search criteriabut is not initially seen. For
example, suppose transaction 1 reads a set of rows that satisfy some search criteria. Transaction 2
generates a new row (through either an update or an insert) that matches the search criteriafor
transaction 1. If transaction 1 reexecutes the statement that reads the rows, it gets a different set of
rows.

The four transaction isolation levels (as defined by SQL-92) are defined in terms of these phenomena. In
the following table, an " X" marks each phenomenon that can occur.

184



Transaction isolation level || Dirty reads || Nonrepeatablereads || Phantoms

Read uncommitted X X X
Read committed -- X X
Repeatable read -- -- X
Serializable -- -- --

The following table describes simple ways that a DBMS might implement the transaction isolation levels.

Important Most DBM Ss use more complex schemes than these to increase concurrency. These
examples are provided for illustration purposes only. In particular, ODBC does not prescribe how
particular DBM Ssisolate transactions from each other.

Transaction isolation

Possible implementation

Read uncommitted

Transactions are not isolated from each other. If the DBM S supports other
transaction isolation levels, it ignores whatever mechanism it uses to implement
those levels. So that they do not adversely affect other transactions, transactions
running at the Read Uncommitted level are usually read-only.

Read committed

The transaction waits until rows write-locked by other transactions are unlocked;
this preventsit from reading any "dirty" data.

The transaction holds aread lock (if it only reads the row) or write lock (if it
updates or deletes the row) on the current row to prevent other transactions from
updating or deleting it. The transaction releases read locks when it moves off the
current row. It holds write locks until it is committed or rolled back.

Repeatable read

The transaction waits until rows write-locked by other transactions are unlocked;
this preventsit from reading any "dirty" data.

The transaction holds read locks on all rows it returns to the application and
write locks on all rowsit inserts, updates, or deletes. For example, if the
transaction includes the SQL statement SELECT * FROM Orders, the
transaction read-locks rows as the application fetches them. If the transaction
includes the SQL statement DELETE FROM OrdersWHERE Status =
'CLOSED', the transaction write-locks rows as it deletes them.

Because other transactions cannot update or delete these rows, the current
transaction avoids any nonrepeatable reads. The transaction releasesits locks
when it is committed or rolled back.

Seridizable

The transaction waits until rows write-locked by other transactions are unlocked;
this preventsit from reading any "dirty" data.

Thetransaction holds aread lock (if it only reads rows) or write lock (if it can
update or delete rows) on the range of rows it affects. For example, if the
transaction includes the SQL statement SELECT * FROM Orders, therangeis
the entire Orders table; the transaction read-locks the table and does not allow
any new rows to be inserted into it. If the transaction includes the SQL statement
DFI FTF FROM OrdersWHFRF Satuis="Cl OSFD'. theranaeis all rows
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with a Status of "CLOSED"; the transaction write-locks all rowsin the Orders
table with a Status of "CLOSED" and does not allow any rows to be inserted or
updated such that the resulting row has a Status of "CLOSED".

Because other transactions cannot update or delete the rows in the range, the
current transaction avoids any nonrepeatabl e reads. Because other transactions
cannot insert any rows in the range, the current transaction avoids any phantoms.
The transaction releases its lock when it is committed or rolled back.

It isimportant to note that the transaction isolation level does not affect a transaction's ability to seeits own
changes; transactions can always see any changes they make. For example, a transaction might consist of
two UPDATE statements, the first of which raises the pay of all employees by 10 percent and the second
of which sets the pay of any employees over some maximum amount to that amount. This succeeds as a
single transaction only because the second UPDATE statement can see the results of the first.

Setting the Transaction | solation Level

To set the transaction isolation level, an application usesthe SQL_ATTR_TXN_ISOLATION connection
attribute. If the data source does not support the requested isolation level, the driver or data source can set a
higher level. To determine what transaction isolation levels a data source supports and what the default
isolation level is, an application calls SQL Getlnfo with the SQL_TXN_ISOLATION_OPTION and
SQL_DEFAULT_TXN_ISOLATION options, respectively.

Higher levels of transaction isolation offer the most protection for the integrity of database data.
Serializable transactions are guaranteed to be unaffected by other transactions and therefore guaranteed to
maintain database integrity.

However, a higher level of transaction isolation can cause slower performance because it increases the
chances that the application will have to wait for locks on data to be released. An application may specify a
lower level of isolation to increase performance in the following cases:

*  When it can be guaranteed that no other transactions exist that might interfere with an
application’ s transactions. This situation occurs only in limited circumstances, such as when one
person in asmall company maintains dBASE files containing personnel data on one computer and
does not share these files.

*  When speed is more critical than accuracy and any errors are likely to be small. For example,
suppose that a company makes many small sales and that large sales are rare. A transaction that
estimates the total value of all open sales might safely use the Read Uncommitted isolation level.
Although the transaction would include orders in the process of being opened or closed that are
subsequently rolled back, these would tend to cancel each other out and the transaction would be
much faster because it is not blocked each time it encounters such an order.

For more information, see the “ Optimistic Concurrency” section later in this chapter.

Scrollable Cursors and Transaction | solation
The following table lists the factors governing the visibility of changes.
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Changes made by:

Visibility depends on:

Cursor

Cursor type, cursor implementation

Other statements in same transaction

Cursor type

Statements in other transactions

Cursor type, transaction isolation level

These factors are illustrated here.

.Cursor's Transaction
Visibility of changes
made hereis governed -
by the cursor type.

Cursor
Visibility of changes
made hereis governed
by the cursor type and
the implementation of
the cursor.

Visibility of changes

Other Transactions
Visibility of changes
made hereis govemed
by the cursor type and
the transaction
isolation level.

* Transaction
isolation works at
this boundary.

The following table summarizes the ability of each cursor type to detect changes made by itself, by other
operations in its own transaction, and by other transactions. The visibility of the latter changes depends on
the cursor type and the isolation level of the transaction containing the cursor.

Othr Othr Othr Othr
Own Txn Txn Txn Txn
Self Txn (RU [a]) (RC [a]) (RR[a]) (S[a])

Static

Insert Maybe [b] No No No No No
Update Maybe [b] No No No No No
Delete Maybe [b] No No No No No
Keyset

-driven

Insert Maybe [b] No No No No No
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Update Yes Yes Yes Yes No No
Delete Maybe [b] Yes Yes Yes No No
Dynamic

Insert Yes Yes Yes Yes Yes No
Update Yes Yes Yes Yes No No
Delete Yes Yes Yes Yes No No

[a] Thelettersin parenthesesindicate theisolation level of the transaction containing the cursor; the
isolation level of the other transaction (in which the change was made) isirrelevant.

RU: Read uncommitted
RC: Read committed
RR: Repeatable read

S: Serializable

[b] Depends on how the cursor isimplemented. Whether the cursor can detect such changesis reported
through the SQL_STATIC_SENSITIVITY option in SQL GetInfo.

Concurrency Control

With increased transaction isolation usually comes reduced concurrency, or the ability of two transactions
to use the same data at the same time. The reason for thisisthat transaction isolation is usually
implemented by locking rows and, as more rows are locked, fewer transactions can be compl eted without
being blocked at least temporarily by alocked row. While reduced concurrency is generally accepted asa
trade-off for the higher transaction isolation levels necessary to maintain database integrity, it can become a
problem in interactive applications with high read/write activity that use cursors.

For example, suppose an application executes the SQL statement SELECT * FROM Orders. It calls
SQL FetchScroll to scroll around the result set and allows the user to update, delete, or insert orders. After
the user updates, deletes, or inserts an order, the application commits the transaction.

If theisolation level is Repeatable Read, the transaction might—depending on how it is implemented—Iock
each row returned by SQL FetchScroall. If theisolation level is Serializable, the transaction might lock the
entire Orderstable. In either case, the transaction releases its locks only when it is committed or rolled
back. Thus, if the user spends alot of time reading orders and very little time updating, deleting, or
inserting them, the transaction could easily lock alarge number of rows, making them unavailable to other
users.

Note that thisis a problem even if the cursor is read-only and the application only allows the user to read
existing orders. In this case, the application commits the transaction—and rel eases |locks—when it calls
SQL CloseCursor (in auto-commit mode) or SQL EndTran (in manual-commit mode).

Concurrency Types

To solve the problem of reduced concurrency in cursors, ODBC exposes four different types of cursor
concurrency:
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* Read-only. The cursor can read data but cannot update or delete data. Thisisthe default
concurrency type. Although the DBMS might lock rows to enforce the Repeatable Read and
Serializable isolation levels, it can use read locks instead of write locks. Thisresultsin higher
concurrency because other transactions can at |east read the data.

* Locking. The cursor uses the lowest level of locking necessary to make sure it can update or
delete rows in the result set. This usually resultsin very low concurrency levels, especialy at the
Repeatable Read and Serializable transaction isolation levels.

*  Optimistic concurrency using row versions and optimistic concurrency using values. The
Cursor uses optimistic concurrency: It updates or deletes rows only if they have not changed since
they were last read. To detect changes, it compares row versions or values. There is no guarantee
that the cursor will be able to update or delete arow, but concurrency is much higher than when
locking is used. For more information, see the following section, “Optimistic Concurrency.”

An application specifies what type of concurrency it wants the cursor to use with the
SQL_ATTR_CONCURRENCY statement attribute. To determine what types are supported, it calls
SQL Getlnfo with the SQL_SCROLL_CONCURRENCY option.

Optimistic Concurrency

Optimistic concurrency derives its name from the optimistic assumption that collisions between
transactions will rarely occur; a collision is said to have occurred when another transaction updates or
deletes arow of data between the timeit is read by the current transaction and it is updated or deleted. It is
the opposite of pessimistic concurrency, or locking, in which the application developer believes that such
collisions are commonplace.

In optimistic concurrency, arow isleft unlocked until the time comesto update or deleteit. At that point,
the row isreread and checked to seeiif it has been changed since it was last read. If the row has changed,
the update or delete fails and must be tried again.

To determine whether arow has been changed, its new version is checked against a cached version of the
row. This checking can be based on the row version, such as the timestamp column in SQL Server or the
ROWID columnin Oracle, or the values of each column in the row. Note that many DBM Ss do not support
row versions.

Optimistic concurrency can be implemented by the data source or the application. In either case, the
application should use alow transaction isolation level such as Read Committed; using a higher level
negates the increased concurrency gained by using optimistic concurrency.

If optimistic concurrency isimplemented by the data source, the application sets the
SQL_ATTR_CONCURRENCY statement attribute to SQL_CONCUR_ROWVER or
SQL_CONCUR_VALUES. To update or delete arow, it executes a positioned update or delete statement
or calls SQL SetPos just as it would with pessimistic concurrency; the driver or data source returns
SQLSTATE 01001 (Cursor operation conflict) if the update or delete fails due to a collision.

If the application implements optimistic concurrency itself, then it setsthe SQL_ ATTR_CONCURRENCY
statement attribute to SQL_CONCUR_READ_ONLY to read arow. If it will compare row versions and
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does not know the row version column, it calls SQL Special Columns with the SQL_ROWVER option to
determine the name of this column.

The application updates or deletes the row by increasing the concurrency to SQL_CONCUR_LOCK (to
gain write access to the row) and executing an UPDATE or DEL ETE statement with a WHERE clause
that specifies the version or values the row had when the application read it. If the row has changed since
then, the statement will fail. If the WHERE clause does not uniquely identify the row, the statement might
also update or delete other rows; row versions always uniquely identify rows, but row values uniquely
identify rows only if they include the primary key.
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Chapter 15: Overview of Diagnostics

Functionsin ODBC return diagnostic information in two ways. The return code indicates the overall
success or failure of the function, while diagnostic records provide detailed information about the function.
At least one diagnostic record — the header record — is returned even if the function succeeds.

Diagnostic information is used at development time to catch programming errors such asinvalid handles
and syntax errorsin hard-coded SQL statements. It is used at run time to catch run-time errors and
warnings such as data truncation, access violations, and syntax errorsin SQL statements entered by the
user.

Return Codes

Each function in ODBC returns a code, known as its return code, which indicates the overall success or
failure of the function. Program logic is generally based on return codes.

For example, the following code calls SQL Fetch to retrieve the rows in aresult set. It checks the return
code of the function to determine if the end of the result set was reached (SQL_NO_DATA), if any
warning information was returned (SQL_SUCCESS WITH_INFO), or if an error occurred
(SQL_ERROR).

SQ.RETURN rc;
SQLHSTMI'  hstnt;

while ((rc=SQ.Fetch(hstnt)) != SQ._NO DATA) {
if (rc == SQL_SUCCESS W TH_I NFO) {
/1 Call function to display warning information.
} elseif (rc == SQL_ERROR) {
/1 Call function to display error information.
br eak;

/] Process row.

}

The return code SQL_INVALID_HANDLE aways indicates a programming error and should never be
encountered at run time. All other return codes provide run-time information, although SQL_ERROR may
indicate a programming error.

The following table defines the return codes.

Return code Description

SQL_SUCCESS Function completed successfully. The application calls
SQL GetDiagField to retrieve additional information from the
header record.

SQL_SUCCESS WITH_INFO Function completed successfully, possibly with a nonfatal error

(warning). The application calls SQL GetDiagRec or
SQL GetDiagField to retrieve additional information.

SQL_ERROR Function failed. The application calls SQL GetDiagRec or
SOl GetDiaaFidd to retrieve additional information. The
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contents of any output arguments to the function are undefined.

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

SQL GetDiagRec or SQL GetDiagField. This code isreturned
only when the handle is a null pointer or is the wrong type,
such as when a statement handle is passed for an argument that
reguires a connection handle.

SQL_NO_DATA No more data was available. The application cals

SQL GetDiagRec or SQL GetDiagField to retrieve additional
information. One or more driver-defined status records in class
02xxx may be returned.

Note In ODBC 2.x, this return code was named
SQL_NO _DATA_FOUND.

SQL_NEED_DATA More data is needed, such as when parameter datais sent at
execution time or additional connection information is required.
The application calls SQL GetDiagRec or SQL GetDiagField
to retrieve additional information, if any.

SQL_STILL_EXECUTING A function that was started asynchronoudly is till executing.
The application calls SQL GetDiagRec or SQL GetDiagField
to retrieve additional information, if any.

Diagnostic Records

Associated with each environment, connection, statement, and descriptor handle are diagnostic records.
These records contain diagnostic information about the last function called that used a particular handle.
The records are replaced only when another function is called using that handle. There is no limit to the
number of diagnostic records that can be stored at any one time.

There are two types of diagnostic records: a header record and zero or more status records. The header
record isrecord O; the status records are records 1 and above. Diagnostic records are composed of a number
of separate fields, which are different for the header record and the status records. In addition, ODBC
components can define their own diagnostic record fields.

Although diagnostic records can be thought of as structures, there is no requirement for them to actually be
structures; how a driver stores the diagnostic information is driver-specific.

Fieldsin diagnostic records are retrieved with SQL GetDiagField. The SQLSTATE, native error number,
and diagnostic message fields of status records can be retrieved in asingle call with SQL GetDiagRec.

192




Header Record

Thefieldsin the header record contain general information about a function’s execution, including the
return code, row count, number of status records, and type of statement executed. The header record is
always created unless the function returns SQL_INVALID_HANDLE. For acomplete list of fieldsin the
header record, see the SQLGetDiagField in the Part || PDF file, “ODBC APl Reference” available on the
Solid Web site.

Status Records

Thefieldsin the status records contain information about specific errors or warnings returned by the Driver
Manager, driver, or data source, including the SQLSTATE, native error number, diagnostic message,
column number, and row number. Status records can be created only if the function returns SQL_ERROR,
SQL_SUCCESS WITH_INFO, SQL_NO_DATA, SQL_NEED_DATA, or SQL_STILL_EXECUTING.
For acomplete list of fields in the status records, see the SQL GetDiagField in the Part || PDF file, “ODBC
APl Reference” available on the Solid Web site

Sequence of Status Records

If two or more status records are returned, the Driver Manager and driver rank them according to the
following rules. The record with the highest rank is the first record. The source of arecord (Driver
Manager, driver, gateway, and so on) is not considered when ranking records.

» Errors. Status records that describe errors have the highest rank. Among error records, records
that indicate a transaction failure or possible transaction failure outrank all other records. If two or
more records describe the same error condition, then SQLSTATEs defined by the X/Open CLI
specification (classes 03 through HZ) outrank ODBC- and driver-defined SQLSTATES.

* Implementation-defined No Data values. Status records that describe driver-defined No Data
values (class 02) have the second highest rank.

*  Warnings. Status records that describe warnings (class 01) have the lowest rank. If two or more
records describe the same warning condition, then warning SQLSTATEs defined by the X/Open
CLI specification outrank ODBC- and driver-defined SQLSTATES.

If there are two or more records with the highest rank, it is undefined which record is the first record. The
order of al other recordsis undefined. In particular, because warnings may appear before errors,
applications should check all status records when a function returns a value other than SQL_SUCCESS.

SQLSTATES

SQLSTATES provide detailed information about the cause of awarning or error. The SQLSTATEs in this
manual are based on those found in the | SO/IEF CLI specification, although those SQLSTATES that start
with IM are specific to ODBC.
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Unlike return codes, the SQLSTATES in this manual are guidelines, and drivers are not required to return
them. Thus, while drivers should return the proper SQLSTATE for any error or warning they are capable of
detecting, applications should not count on this always occurring. The reasons for this situation are two-
fold:

* Incompleteness. Although this manual lists alarge number of errors and warnings and possible
causes for those errors and warnings, it is not complete and probably never will be; driver
implementations simply vary too much. Any given driver probably will not return all of the
SQLSTATEs isted in this manual and might return SQLSTATESs not listed in this manual.

»  Complexity. Some database engines — particularly relational database engines — return literally
thousands of errors and warnings. The drivers for such engines are unlikely to map all of these
errors and warnings to SQL STATES because of the effort involved, the inexactness of the
mappings, the large size of the resulting code, and the low value of the resulting code, which often
returns programming errors that should never be encountered at run time. Thus, drivers should
map as many errors and warnings as seems reasonable and be sure to map those errors and
warnings on which application logic might be based, such as SQLSTATE 01004 (Data truncated).

Because SQLSTATES are not returned reliably, most applications just display them to the user along with
their associated diagnostic message, which is often tailored to the specific error or warning that occurred,
and native error code. Thereisrarely any loss of functionality in doing this, because applications cannot
base programming logic on most SQLSTATESs anyway. For example, suppose SQL ExecDir ect returns
SQLSTATE 42000 (Syntax error or access violation). If the SQL statement that caused this error is hard-
coded or built by the application, thisis a programming error and the code needs to be fixed. If the SQL
statement is entered by the user, thisis auser error and the application has done all that is possible by
informing the user of the problem.

When applications do base programming logic on SQLSTATES, they should be prepared for the
SQLSTATE not to be returned or for adifferent SQLSTATE to be returned. Exactly which SQLSTATES
arereturned reliably can be based only on experience with numerous drivers. However, a general guideline
isthat SQLSTATEsfor errorsthat occur in the driver or Driver Manager, as opposed to the data source, are
more likely to be returned reliably. For example, most drivers probably return SQLSTATE HY C00
(Optional feature not implemented) while fewer drivers probably return SQLSTATE 42021 (Column
already exists).

The following SQLSTATEs indicate run-time errors or warnings and are good candidates on which to base
programming logic. However, there is no guarantee that al drivers return them.

* 01004 (Data truncated)
e 01S02 (Option value changed)
e HYO008 (Operation canceled)

* HYCOO (Optional feature not implemented)
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e HYTOO (Timeout expired)

SQLSTATE HY C00 (Optional feature not implemented) is particularly significant, because it is the only
way in which an application can determine whether a driver supports a particular statement or connection
attribute.

For acomplete list of SQLSTATEs and what functions return them, see Appendix B, “Error Codes’in the
SOLID Programmer Guide. For a detailed explanation of the conditions under which each function might
return a particular SQLSTATE, see that function.

Diagnostic M essages

A diagnostic message is returned with each SQLSTATE. The same SQLSTATE is often returned with a
number of different messages. For example, SQLSTATE 42000 (Syntax error or access violation) is
returned for most errorsin SQL syntax. However, each syntax error islikely to be described by a different

message.

Sample diagnostic messages are listed in the Error column in the table of SQLSTATESin Appendix B,
“Error Codes’ of the SOLID Programmer Guide and in each function. Although drivers can return these
messages, they are more likely to return whatever message is passed to them by the data source.

Applications generally display diagnostic messages to the user, along with the SQLSTATE and native error
code. This helpsthe user and support personnel determine the cause of any problems. The component
information embedded in the message is particularly helpful in doing this.

Diagnostic messages come from data sources and components in an ODBC connection, such as drivers,
gateways, and the Driver Manager. Typically, data sources do not directly support ODBC. Consequently, if
acomponent in an ODBC connection receives a message from a data source, it must identify the data
source as the source of the message. It must also identify itself as the component that received the message.

If the source of an error or warning is a component itself, the diagnostic message must explain this.
Therefore, the text of messages has two different formats. For errors and warnings that do not occur in a
data source, the diagnostic message must use this format:

[vendor-identifier][ ODBC-component-identifier] component-supplied-text
For errors and warnings that occur in a data source, the diagnostic message must use this format:
[vendor-identifier][ ODBC-component-identifier] [ data-source-identifi er] data-source-supplied-text

The following table shows the meaning of each element.

Element M eaning

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

ODBC-component- I dentifies the component in which the error or warning occurred or

identifier that received the error or warning directly from the data source.

data-source-identifier Identifies the data source. For file-hased drivers thisistvnicallv a
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file format, such as Xbase. [1] For DBM S-based drivers, thisisthe

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

text

[1] Inthiscase, the driver is acting as both the driver and the data source.

Brackets ([ ]) must be included in the message and do not indicate optiona items.

Using SQL GetDiagRec and SQL GetDiagField

Applications call SQL GetDiagRec or SQL GetDiagField to retrieve diagnostic information. These
functions accept an environment, connection, statement, or descriptor handle and return diagnostics from
the function that last used that handle. The diagnostics logged on a particular handle are discarded when a
new function is called using that handle. If the function returned multiple diagnostic records, the
application calls these functions multiple times; the total number of status recordsis retrieved by calling
SQL GetDiagField for the header record (record 0) with the SQL_DIAG_NUMBER option.

Applications retrieve individual diagnostic fields by calling SQL GetDiagField and specifying the field to
retrieve. Certain diagnostic fields do not have any meaning for certain types of handles. For alist of
diagnostic fields and their meanings, see the SQLGetDiagField in the Part 1| PDF file, “ODBC API
Reference” available on the Solid Web site.

Applications retrieve the SQLSTATE, native error code, and diagnostic message in asingle call by calling
SQL GetDiagRec; SQL GetDiagRec cannot be used to retrieve information from the header record.

For exampl e, the following code prompts the user for an SQL statement and executesiit. If any diagnostic
information was returned, it calls SQL GetDiagField to get the number of status records and
SQL GetDiagRec to get the SQLSTATE, native error code, and diagnostic message from those records.

SQLCHAR Sql State[ 6], SQStnt[100], Msg[ SQL_MAX_MESSAGE_LENGTH];
SQLI NTEGER Nat i veError;

SQLSMALLI NT i, MsglLen;

SQLRETURN rcl, rc2;

SQLHSTMI hst nt ;

/1 Pronpt the user for an SQL statenent.
Get SQLSt nt (SQLSt nt ) ;

/1 Execute the SQ. statement and return any errors or warnings.
rcl = SQLExecDirect (hstmt, SQStnt, SQL_NTS);
if ((rcl == SQL_SUCCESS WTH_ INFO || (rcl == SQL_ERROR)) {

/1 CGet the status records.

i = 1;

while ((rc2 = SQ.Cet Di agRec( SQL_HANDLE _STMI, hstnt, i, Sqgl State, &NativeError,

Msg, sizeof (Msg), &MsglLen)) != SQL_NO DATA) {

Di spl ayError (Sql State, NativeError, Msg, MsgLen) ;

i ++;

}

196




}

if ((rcl == SQL_SUCCESS) || (rcl == SQ._SUCCESS WTH_INFO) {
/1 Process statement results, if any.

}
| mplementing SQL GetDiagRec and SQL GetDiagField

SQL GetDiagRec and SQL GetDiagField are implemented by the Driver Manager and each driver. The
Driver Manager and each driver maintain diagnostic records for each environment, connection, statement,
and descriptor handle, and free those records only when another function is called with that handle or the
handleis freed.

Although both the Driver Manager and each driver must determine the first status record according to the
rankings in “ Sequence of Status Records,” earlier in this chapter, the Driver Manager determines the final
sequence of records.

SQL GetDiagRec and SQL GetDiagField do not post diagnostic records about themselves.

Diagnostic Handling Rules
The following rules govern diagnostic handling in SQL GetDiagRec and SQL GetDiagField.

All ODBC components:
e Must not replace, alter, or mask errors or warnings received from another ODBC component.

* May add an additional status record when they receive a diagnostic message from another ODBC
component. The added record must add real information value to the original message.

The ODBC component that directly interfaces a data source:

» Must prefix its vendor identifier, its component identifier, and the data source’ s identifier to the
diagnostic message it receives from the data source.

e Must preserve the data source’ s native error code.
*  Must preserve the data source’s diagnostic message.
Any ODBC component that generates an error or warning independent of the data source:
e Must supply the correct SQLSTATE for the error or warning.
*  Must generate the text of the diagnostic message.
e Must prefix its vendor identifier and its component identifier to the diagnostic message.
e Must return a native error code, if oneis available and meaningful.
e The ODBC component that interfaces with the Driver Manager:

* Mustinitialize the output arguments of SQL GetDiagRec and SQL GetDiagField.
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*  Must format and return the diagnostic information as output arguments of SQL GetDiagRec and
SQL GetDiagField when that function is called.

One ODBC component other than the Driver Manager:

Must set the SQLSTATE based on the native error. For file-based drivers and DBM S-based drivers that do
not use a gateway, the driver must set the SQLSTATE. For DBM S-based drivers that use a gateway, either
the driver or a gateway that supports ODBC may set the SQLSTATE.

Role of the Driver

The driver checksfor all errors and warnings not checked by the Driver Manager and orders status records
that it generates. (An ODBC 2.x driver does not order status records.) Thisincludes errors and warningsin
data truncation, data conversion, syntax, and some state transitions. The driver might also check errors and
warnings partially checked by the Driver Manager. For example, although the Driver Manager checks
whether the value of Operation in SQL SetPosis lega, the driver must check whether it is supported.

The driver also maps native errors, or errors returned by the data source, to SQLSTATEs. For example, the
driver might map a number of different native errorsfor illegal SQL syntax to SQLSTATE 42000 (Syntax
error or access violation). The driver returns the native error number inthe SQL_DIAG_NATIVE field of
the status record. Driver documentation should show how errors and warnings are mapped from the data
source to arguments in SQL GetDiagRec and SQL GetDiagField.

Argument Value Checks

The Driver Manager checks the following types of arguments. Unless otherwise noted, the Driver Manager
returns SQL_ERROR for errorsin argument values.

«  Environment, connection, and statement handles usually cannot be null pointers. The Driver
Manager returns SQL_INVALID_HANDLE when it finds anull handle.

*  Required pointer arguments, such as OutputHandlePtr in SQL AllocHandle and CursorName in
SQL SetCursorName, cannot be null pointers.

«  Option flags that do not support driver-specific values must be alegal value. For example,
Operation in SQL SetPos must be SQL_POSITION, SQL_REFRESH, SQL_UPDATE,
SQL_DELETE, or SQL_ADD.

»  Option flags must be supported in the version of ODBC supported by the driver. For example,
InfoTypein SQL Getlnfo cannot be SQL_ASYNC_MODE (introduced in ODBC 3.0) when
calling an ODBC 2.0 driver.

e Column and parameter numbers must be greater than O 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.

» Length/indicator arguments and data buffer length arguments must contain appropriate values. For
example, the argument that specifies the length of atable name in SQL Columns (NameLength3)
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must be SQL_NTS or avalue greater than O; BufferLength in SQL DescribeCol must be greater
than or equal to 0. The driver might also need to check these arguments. For example, it might
check that NamelLength3 is less than or equal to the maximum length of atable name in the data
source.

State Transition Checks

The Driver Manager checks that the state of the environment, connection, or statement is appropriate for
the function being called. For example, a connection must be in an allocated state when SQL Connect is
called; a statement must be in a prepared state when SQL Executeis called. The Driver Manager returns
SQL_ERROR for state transition errors.

General Error Checks

The Driver Manager checks one general error. It always returns SQL_ERROR when it encounters this
error:

The function must be supported by the driver.

Driver Manager Error and Warning Checks

The Driver Manager completely or partially implements a number of functions and therefore checks for all
or some of the errors and warnings in those functions.

e The Driver Manager implements SQL DataSour ces and SQL Drivers, and checksfor all errors
and warnings in these functions.

e The Driver Manager checks whether a driver implements SQL GetFunctions. If the driver does
not implement SQL GetFunctions, the Driver Manager implements and checks for all errors and
warningsinit.

*  The Driver Manager partially implements SQL AllocHandle, SQL Connect, SQL Driver Connect,
SQL BrowseConnect, SQL FreeHandle, SQL GetDiagRec, and SQL GetDiagField and checks
for some errors in these functions. It may return the same errors as the driver for some of these
functions because both perform similar operations. For example, the Driver Manager or driver
may return SQLSTATE IM008 (Dialog failed) if either oneis unable to display alogin dialog box
for SQL Driver Connect.

Diagnostic Handling Examples

The following examples show how various componentsin an ODBC connection might generate diagnostic
messages and how various drivers might return diagnostics to the application with SQL GetDiagRec.

File-Based Driver Diagnostic Example

A file-based driver acts both as an ODBC driver and as a data source. It can therefore generate errors and
warnings both as a component in an ODBC connection and as a data source. Because it dlso isthe
component that interfaces with the Driver Manager, it formats and returns arguments for SQL GetDiagRec.
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For example, if aMicrosoft driver for dBASE could not allocate sufficient memory, it might return the
following values from SQL GetDiagRec:

SQLSTATE: " HY001"

Native Error: 42052

Di agnostic Msg: "[M crosoft] [ ODBC dBASE Driver] Unable to allocate sufficient
nenory. "

Because this error was not related to the data source, the driver only added prefixes to the diagnostic
message for the vendor ([Microsoft]) and the driver ((ODBC dBASE Driver]).

If the driver could not find the file EMPLOY EE.DBF, it might return the following values from
SQL GetDiagRec:
SQLSTATE: "42S02"

Native Error: -1305
Di agnostic Msg: "[M crosoft] [ ODBC dBASE Driver] [ dBASE] No such table or object”

Because this error was related to the data source, the driver added the file format of the data source
([dBASE]) as a prefix to the diagnostic message. Because the driver was also the component that interfaced
with the data source, it added prefixes for the vendor ([Microsoft]) and the driver ((ODBC dBASE
Driver]).

DBM S-Based Driver Diagnostic Example

A DBMS-based driver sends requests to a DBM S and returns information to the application through the
Driver Manager. Because the driver is the component that interfaces with the Driver Manager, it formats
and returns arguments for SQL GetDiagRec.

For example, if a Microsoft driver for DEC’s Rdb using SQL/Services encountered an invalid cursor name,
it might return the following values from SQL GetDiagRec:

SQLSTATE: " 34000"

Native Error: O

Di agnostic Msg: "[Mcrosoft][ODBC Rdb Driver]lnvalid cursor nane:
EMPLOYEE_CURSCR. "

Because the error occurred in the driver, it added prefixes to the diagnostic message for the vendor
([Microsoft]) and the driver ((ODBC Rdb Driver]).

If the DBMS could not find the table EMPLOY EE, the driver might format and return the following values
from SQL GetDiagRec:

SQLSTATE: "42S02"
Native Error: -1
Di agnostic Msg: "[Mcrosoft] [ ODBC Rdb Driver][Rdb] %SQ.- F- RELNOTDEF, Tabl e
EMPLOYEE "
"is not defined in schema."

Because the error occurred in the data source, the driver added a prefix for the data source identifier ([Rdb])
to the diagnostic message. Because the driver was the component that interfaced with the data source, it
added prefixesfor its vendor ([Microsoft]) and identifier ((ODBC Rdb Driver]) to the diagnostic message.
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Gateways Diagnostic Example

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 SQL GetDiagRec.

For example, if DEC based a gateway to Rdb on Microsoft Open Data Services, and Rdb could not find the
table EMPLOY EE, the gateway might generate this diagnostic message:

"[42S02] [- 1] [ DEC] [ ODS Gat eway] [ Rdb] %8Q.- F- RELNOTDEF, Tabl e EMPLOYEE i s 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 diagnostic message. 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 diagnostic message.
Note that it also added the SQLSTATE value and the Rdb error code to the beginning of the diagnostic
message. This permitted it to preserve the semantics of its own message structure and still supply the
ODBC diagnostic information to the driver. The driver parses the error information attached to the error
statement by the gateway.

Because the gateway driver isthe component that interfaces with the Driver Manager, it would use the
preceding diagnostic message to format and return the following values from SQL GetDiagRec:
SQLSTATE: "42S02"

Native Error: -1

Di agnostic Msg: "[DEC] [ ODS Gat eway] [ Rdb] %8QL- F- RELNOTDEF, Tabl e EMPLOYEE i s not
defined in schema."”

Driver Manager Diagnostic Example

The Driver Manager can aso generate diagnostic messages. For example, if an application passed an
invalid direction option to SQL DataSour ces, the Driver Manager might format and return the following
values from SQL GetDiagRec:

SQLSTATE: "HY103"

Native Error: O
Di agnostic Msg: "[Mcrosoft] [ ODBC Driver Manager]Direction option out of range"

Because the error occurred in the Driver Manager, it added prefixes to the diagnostic message for its
vendor ([Microsoft]) and itsidentifier ((ODBC Driver Manager]).
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Chapter 16: Overview of | nteroperability

Interoperability is the ability of a single application to operate with many different DBMSs. The need to
write generic, interoperable applications was one of the major factors leading to the development of ODBC.
However, interoperability is not a simple path followed from “not interoperable” to “completely
interoperable.” The path has many branches and each requires tradeoffs among features, speed, code
complexity, and development time.

The process of writing an interoperable application follows several steps:

1. Deciding whether the application will use ODBC.
2. Choosing alevel of interoperability and deciding which tradeoffs are necessary to reach that level.

3. Writing interoperable code and testing it as fully as possible.

Before continuing, it should be noted that interoperability is primarily the domain of the application writer.
Drivers are designed to work with asingle DBMS and, by definition, are not interoperable. They play arole
in interoperability by correctly implementing and exposing ODBC over asingle DBMS.

|sODBC the Answer?

Before delving into the question of interoperability, consider the following question: Should the application
use ODBC at all? This might seem a strange question to ask in aguide to ODBC, but it is, in fact, a
legitimate one. ODBC was not designed to completely replace native database APIs, nor wasit designed to
provide database access in all circumstances. It was designed to provide a common interface to databases
and was intended to free application programmers from having to learn about and maintain links to
multiple databases.

Custom applications are prime candidates for native database APIs. The main reason is that custom
applications often work with a single DBM S and have no need to be interoperable. Native database APIs
might do a better job than ODBC of exposing the capabilities of a particular DBMS and might expose
capabilities not exposed by ODBC. Furthermore, because the developers of custom applications are usually
familiar with the native database API for their DBMS, thereislittle reason to learn ODBC. However, itis
interesting to note that for some DBMSs, ODBC is the native database API.

So which applications are candidates for ODBC? The best candidates are applications that work with more
than one DBMS. Thisincludes virtually all generic and vertical applications. It also includes a number of
custom applications. For example, custom applications that use several different DBMSs are much easier
and cleaner to write with ODBC than with multiple native APIs. And custom applications written with
ODBC are much easier to migrate as a company moves from one DBMS to another or deploys the same
application against different DBMSs.

Choosing a L evel of Interoperability

Assuming the application will use ODBC, the next step isto determine what level of interoperability is
required. The basic level of interoperability is generally a function of the application type: Custom
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applications tend not to be interoperable, vertical applications tend to be interoperable among alimited
number of DBM Ss, and generic applications tend to be interoperable among all DBMSs.

Custom Applications

Custom applications typically perform a specific task for afew DBM Ss. For example, an application might
retrieve data from asingle DBMS and generate areport, or it might transfer data among several DBM Ss.
What these applications have in common is that these DBM Ss are known before the application is written
and are unlikely to change over the life of the application.

The custom application thus requires little or no interoperability. The application developer can choose a
single driver for each DBMS and code directly to those drivers. The application can safely contain driver-
specific code to exploit the capabilities of those drivers and might even make calls to the native database
API to use functionality not supported by ODBC.

The magjor interoperability concern of most custom applications is whether the target DBM Ss will change
in the future. If so, this process can be simplified by writing more interoperable code to start with.
However, such changing of DBMSsisrare and generally entails alarge amount of work. Because of this,
developers of custom applications rarely choose to increase interoperability at the expense of functionality,
because they can recode that functionality when they change DBM Ss.

Vertical Applications

Vertical applications typically perform awell-defined task against a single DBMS. For example, an order
entry application tracks the orders in a company. What these types of applications have in common is that
the database schema is usually designed by the application developer and, while the application might work
with anumber of different DBMSs, it works with asingle DBMS for a single customer.

Because vertical applications usually require certain functionality, such as scrollable cursors or
transactions, they rarely support all DBM Ss. Instead, they tend to be highly interoperable among a limited
set of DBMSs. Typically, vertical application developers choose to support those DBM Ss that represent a
large fraction of the market and ignore the rest. They might even choose to support specific drivers for
those DBM Ss to reduce their testing and product support costs.

Because vertical applications can support a known set of DBMSs, they sometimes contain driver- or
DBM S-specific code. However, such code is best kept to a minimum, because it requires extratime to
maintain.

Generic Applications

Generic applications sometimes perform a hard-coded task, such as a spreadsheet retrieving datafrom a
database. They might also perform avariety of user-defined tasks, such as a generic query application
allowing the user to enter and execute an SQL statement. What generic applications have in common is that
they must work with a variety of different DBM Ss and that the devel oper does not know beforehand what
these DBM Ss will be.

Therefore, generic applications need to be highly interoperable. The developer must make many choices,
trading off interoperability for features, and must write code that expects drivers to support a wide range of
functionality. While generic applications might be tuned to work with popular DBMSs, they rarely contain
driver- or DBM S-specific code.
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Determining the Target DBM Ssand Drivers

The next question to consider is, what are the target DBM Ssfor the application, and what drivers are
available that support those DBM Ss? Because generic applications tend to be highly interoperable, the
guestion of target DBM Ss is most applicable to custom and vertical applications. However, the question of
target drivers applies to all applications, because drivers vary widely in speed, quality, feature support, and
availability. Also, if drivers are to be redistributed with the application, the cost and availahility of licensing
plans needs to be considered.

For many custom applications, the target DBM Ss are obvious: They are existing DBM Ss that the
application is designed to access. DBM Ss to which future migration is planned should also be considered.
However, the major question for these applications is which driver or driversto use with them. For other
custom applications — those which are not designed to access an existing DBMS — the target DBM Ss can
be chosen based on feature support, concurrent user support, driver availability, and affordability.

For vertical applications, the target DBMSs are usually chosen based on feature support, driver availability,
and market. For example, a vertical application designed for small businesses must target DBM Ss that are
affordable to those businesses; a vertical application designed as an add-on to existing DBM Ss must target
widely used DBM Ss.

When choosing target DBM Ss, the differences between desktop and server databases should be considered.
Desktop databases such as dBASE, Paradox, and Btrieve are less powerful than server databases. Because
they are generally accessed through the less-powerful SQL engines found in most file-based drivers, they
often lack full transaction support, support fewer concurrent users, and have limited SQL . However, they
are inexpensive and have alarge installed base.

Server databases such as Oracle, DB2, and SQL Server provide full transaction support, support many
concurrent users, and have rich SQL. They are much more expensive and have a smaller installed base. On
the other hand, software prices tend to be higher, somewhat offsetting a smaller potential market.

Thus, target DBM Ss sometimes can be chosen based on the features required by the application and the
application’ s target market. For example, an order entry system for large corporations might not target
desktop databases, because these lack adequate transaction support. A similar system designed for small
businesses might exclude most server databases on the basis of cost. And developers of generic
applications might target both, but avoid using the advanced features found in server databases.

Considering Database Featuresto Use

After the basic level of interoperability is known, the database features used by the application must be
considered. For example, what SQL statements will the application execute? Will the application use
scrollable cursors? Transactions? Procedures? Long data? For ideas about what features might not be
supported by all DBM Ss, see the SQL Getlnfo, SQL SetConnectAttr, and SQL SetStmtAttr function
descriptionsin the Part |1 PDF file, “ODBC API Reference” available on the Solid Web site, and Appendix
C, “SQL Minimum Grammar” in the SOL 1D Programmer Guide. The features required by an application
might eliminate some DBMSs from the list of target DBM Ss. They might also show that the application
can easily target many DBM Ss.

For example, if the required features are simple, they can usually be implemented with a high degree of
interoperability. An application that executes asimple SELECT statement and retrieves results with a
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forward-only cursor is likely to be highly interoperable by virtue of its smplicity: Almost all drivers and
DBM Ss support the functionality it needs.

On the other hand, if the required features are more complex, such as scrollable cursors, positioned update
and delete statements, and procedures, tradeoffs must often be made. There are several possibilities:

* Lower interoperability, more features. The application includes the features, but works only
with DBM Ss that support them.

* Higher interoperability, fewer features. The application drops the features, but works with more
DBMSs.

* Higher interoperability, optional features. The application includes the features, but makes
them available only with those DBM Ss that support them.

* Higher interoperability, more features. The application uses the features with DBM Ss that
support them and emulates them for DBM Ss that do not.

Thefirst two cases are relatively simple to implement, because the features are used either with all
supported DBM Ss or with none. The latter two cases, on the other hand, are more complex. It is hecessary
in both cases to check whether the DBM S supports the features, and in the last case to write a potentially
large amount of code to emulate these features. Thus, these schemes are likely to require more development
time and may be slower at run time.

Consider a generic query application that can connect to a single data source. The application accepts a
guery from the user and displays the results in a window. Now suppose this application has one feature that
allows usersto display the results of multiple queries simultaneoudly; that is, they can execute a query and
look at some of the results, execute a different query and look at some of its results, and then return to the
first query. This presents an interoperability problem because some drivers support only a single active
statement.

The application has a number of choices, based on what the driver returns for the
SQL_MAX_CONCURRENT_ACTIVITIES option in SQL Getlnfo:

* Alwayssupport multiple queries. After connecting to a driver, the application checks the
number of active statements. If the driver supports only one active statement, the application
closes the connection and informs the user that the driver does not support required functionality.
The application is easy to implement and has full functionality, but has lower interoperability.

* Never support multiple queries. The application drops the feature altogether. It is easy to
implement and has high interoperability, but has less functionality.

*  Support multiple queriesonly if the driver does. After connecting to a driver, the application
checks the number of active statements. The application allows the user to start a new statement
when oneis aready active only if the driver supports multiple active statements. The application
has higher functionality and interoperability, but is harder to implement.

205



» Alwayssupport multiple queries and emulate them when necessary. After connecting to a
driver, the application checks the number of active statements. The application always allows the
user to start a new statement when oneis already active; if the driver supports only one active
statement, the application opens an additional connection to that driver and executes the new
statement on that connection. The application has full functionality and high interoperability, but
is harder to implement.

L ength of the Product Cycle

The final question about interoperability istime. Developing an interoperable application usually takes
longer than devel oping a noninteroperable one. The reason is that the application must check DBMS
capabilities, perform the same tasks differently for different DBMSs, work around functionality supported
by some DBM Ss but not others, and so on.

In addition to development time, product lifetime must be considered. If the application is designed to be
used once, such as an application that transfers data when migrating from one DBMS to another, there is no
point in making it interoperable. The application will be used once and discarded.

On the other hand, if the application will exist for along time, it might be easier to maintain as an
interoperable application. Thisistrue even for custom applications that have asingle DBMS as a target.
The reason isthat interoperable code uses a limited subset of database features. The driver isrequired to
keep those features available, even in the face of changes to the underlying DBMS. Thus, interoperable
code can shift the burden of coping with changes to the DBM S from the application devel oper to the driver
developer.

Writing an I nter operable Application

Whenever an application uses the same code against more than one driver, that code must be interoperable
among those drivers. In most cases, thisis an easy task. For example, the code to fetch rows with a
forward-only cursor isthe same for al drivers. In some cases, this can be more difficult. For example, the
code to construct identifiers for use in SQL statements needs to consider identifier case, quoting, and one-,
two-, and three-part naming conventions.

In general, interoperable code must cope with problems of feature support and feature variability. Feature
support refers to whether or not a particular feature is supported. For example, not all DBM Ss support
transactions, and interoperable code must work correctly regardless of transaction support. Feature
variability refers to variation in the manner in which a particular feature is supported. For example, catalog
names are placed at the start of identifiersin some DBM Ss and at the end of identifiersin others.

Applications can deal with feature support and feature variability at design time or at run time. To deal with
feature support and variability at design time, a developer looks at the target DBM Ss and drivers and makes
sure that the same code will be interoperable among them. Thisis generally the way in which applications
with low or limited interoperability deal with these problems.

For example, if the developer guarantees that a vertical application will work only with four particular
DBMSs, and each of those DBM Ss supports transactions, the application does not need code to check for
transaction support at run time. It can always assume transactions are available because of the design-time
decision to use only four DBMSs, each of which supports transactions.
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To deal with feature support and variability at run time, the application must test for different capabilities at
run time and act accordingly. Thisis generally the way in which highly interoperable applications deal with
these problems. For feature support problems, this means writing code that makes the feature optional or
writing code that emulates the feature when it is not available. For feature variability problems, this means
writing code that supports all possible variations.

Checking Feature Support and Variability

To check feature support and variability, applications generally call SQL Getlnfo, SQL GetFunctions, and
SQL GetTypel nfo. A good starting place is the driver’s APl and SQL grammar conformance levels. These
describe broad levels of feature support. The application can then call SQL Getlnfo with other optionsto
determine the support or variability of features it needs, SQL GetFunctions to determine whether functions
it needs beyond the returned conformance level are supported, and SQL GetTypel nfo to determine what
SQL data types are supported.

An application can determine whether a statement or connection attribute is supported by calling

SQL SetStmtAttr or SQL SetConnectAttr with that attribute. If the function returns SQL_SUCCESS or
SQL_SUCCESS WITH_INFO, the attribute is supported; if it returns SQL_ERROR and SQLSTATE
HY C00 (Optional feature not implemented), the attribute is not supported.

Applications can a so determine alimited amount of information before connecting to the driver by calling
SQLDrivers.

Featuresto Watch For

This section describes a number of features that application devel opers often take for granted. In fact, these
features vary widely in support and manner of support among DBMSs; failure to code for themislikely to
cause problems in interoperable applications.

This section does not list all features that application developers need to consider. For that information, see
the SQL GetInfo, SQL SetStmtAttr, and SQL SetConnectAttr in the Part |1 PDF file, “ODBC API

Reference” available on the Solid Web site, and Appendix C, “SQL Minimum Grammar” in the SOLI1D
Programmer Guide and the sections of this manual that discuss each feature.

Version Number

There are several versions of ODBC, each with different features. An application determines which ODBC
version the Driver Manager and a particular driver support by calling SQL Getlnfo with the
SQL_ODBC_VER and SQL_DRIVER_ODBC_VER options.

Multiple Active Statements and Connections

Some drivers and DBMSs limit the number of statements and connections that can be active at one time.
These numbers can be as small as one. For more information, see the
SQL_MAX_CONCURRENT_ACTIVITIESand SQL_MAX_DRIVER_CONNECTIONS optionsin the
SQLGetlnfo in the Part |1 PDF file, “ODBC API Reference” available on the Solid Web site, and

“ Statement Handles” and “ Connection Handles’ in Chapter 4, “ODBC Fundamentals.”

Transaction Support in DBMSs

Some databases, especially desktop databases such as dBASE, Paradox, and Btrieve, do not support
transactions. Even among databases that support transactions, there is variation in what kinds of SQL
statements can be in atransaction. For more information, see the SQL_TXN_CAPABLE option in the
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SQL GetInfo in the Part |1 PDF file, “ODBC API Reference’ available on the Solid Web site function
description.

Commit and Rollback Behavior

A common behavior among server DBMSsis to close cursors and discard prepared statements when a
statement is committed or rolled back. Desktop databases are more likely to keep cursors open and keep
prepared statements. For more information, see the SQL_ CURSOR_COMMIT_BEHAVIOR and
SQL_CURSOR_ROLLBACK_BEHAVIOR optionsin the SQL GetInfo in the Part || PDF file, “ODBC
API Reference” available on the Solid Web site “ Effect of Transactions on Cursors and Prepared
Statements” in Chapter 14, “ Transactions.”

NOT NULL in CREATE TABLE Statements

Some databases, and especially desktop databases, do not support the NOT NULL column constraint in
CREATE TABLE statements. For more information, see the SQL_NON_NULLABLE_COLUMNS
option in the SQL Getlnfo function description.

Supported Data Types

The data types supported by DBM Ss vary considerably. An application can determine the names and
characteristics of supported data types by calling SQL GetTypel nfo. Because of wide variation in data type
names, the application must use the data type names returned by SQL GetTypelnfoin CREATE TABLE
statements. For more information, see “Data Typesin ODBC” in Chapter 4, “ODBC Fundamentals.”

ODBC SQL Grammar

Interoperable applications should always use the ODBC SQL grammar in SQL statements. However,
considerable variation is possible even within this grammar. For more information, see “Interoperability of
SQL Statements’ in Chapter 8, “SQL Statements.”

Batch Processing

Support for batches of SQL statements is not widespread, so interoperable applications should use them
conditionally, or not at all. For more information, see “Executing Batches’ in Chapter 9, “Executing
Statements.”

Testing Interoperable Applications

Testing interoperable applicationsis at best a time-consuming business, and at worst impossible because
new drivers continually appear on the market. However, a reasonable degree of testing is possible.
Applications with limited or low interoperability need only be tested against those driversthey are
guaranteed to support. However, they must be fully tested against these drivers.

Highly interoperable applications cannot be tested practically against al drivers. The best that most
application developers can do is to test them fully against a small number of drivers and cursorily against
several more. Tested drivers should include the most popular drivers for the most popular DBMSsin the
application’s market; if the market covers all DBMSs, then drivers for both desktop and server DBM Ss
should be tested.

One of the problemsin testing ODBC applicationsis the number of components involved: the application
itself, the Driver Manager, the driver, the DBMS, and possibly network software or gateways. Applications
can make it easier to track errors by posting the error messages returned by ODBC functions through
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SQL GetDiagField and SQL GetDiagRec. These messages identify the manufacturer and component in
which errors occur. For more information, see “ Chapter 15: Overview of Diagnostics.”
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Chapter 17: Overview of Programming Consider ations

This chapter briefly discusses a number of topics related to writing ODBC applications and drivers.

Multithreading

On multithread operating systems, drivers must be thread safe. That is, it must be possible for applications
to use the same handle on more than one thread. How thisis achieved is driver-specific, and it islikely that
driverswill serialize any attempts to concurrently use the same handle on two different threads.

Applications commonly use multiple threads instead of asynchronous processing. The application creates a
separate thread and calls an ODBC function on it, and then continues processing on the main thread. Rather
than having to continually poll the asynchronous function, asis the case when the
SQL_ATTR_ASYNC_ENABLE statement attribute is used, the application can simply let the newly
created thread finish.

Functions that accept a statement handle and are running on one thread can be canceled by calling

SQL Cancel with the same statement handle from another thread. Although drivers should not serialize the
use of SQL Cancel in this manner, there is no guarantee that calling SQL Cancel will actually cancel the
function running on the other thread.

Alignment

The alignment issues in an ODBC application are generally no different than they are in any other
application. That is, most ODBC applications have few or no problems with alignment. The penalties for
not aligning addresses vary with the hardware and operating system, and may be as minor asaslight
performance penalty or as mgjor as afatal run-time error. Thus, ODBC applications — and portable ODBC
applications in particular — should be careful to align data properly.

One place where ODBC applications encounter alignment issues is when they allocate a large block of
memory and bind different parts of that memory to the columnsin aresult set. Thisis most likely to occur
when a generic application must determine the shape of aresult set at run time and allocate and bind
memory accordingly.

For example, suppose an application executesa SELECT statement entered by the user and fetches the
results from this statement. Because the shape of this result set is not known when the program is written,
the application must determine the type of each column after the result set is created and bind memory
accordingly. The easiest way to do thisisto allocate a large block of memory and bind different addresses
in that block to each column. To access the data in a column, the application casts the memory bound to
that column.

The following diagram shows a sample result set and how a block of memory might be bound to it using
the default C data type for each SQL datatype. Each " X" represents a single byte of memory. Note that this
example only shows the data buffers that are bound to the columns. Thisis done for simplicity. In actual
cade, the length/indicator buffers must also be aligned.

Assuming the bound addresses are stored in the Address array, the application uses the following
expressions to access the memory bound to each column:
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(SQLCHAR *)  Address[ 0]
( SQLSMALLI NT *)  Address[ 1]
(SQLI NTEGER *) Address][ 2]

Notice that the addresses bound to the second and third columns start on odd-numbered bytes and that the
address bound to the third column is not divisible by four, which is the size of an SDWORD. On some
machines, thiswill not be a problem, on others, it will cause a dlight performance penalty, on still others, it
will cause afatal run-time error. A better solution would be to align each bound address on its natural
alignment boundary. Assuming thisis 1 for aUCHAR, 2 for an SWORD, and 4 for an SDWORD, this
would give the following, where an " X" represents a byte of memory that is used and an "O" represents a
byte of memory that is unused:

While this solution does not use all of the application's memory, it does not encounter any alignment
problems. Unfortunately, it takes a fair amount of code to implement this solution, as each column must be
aligned individually according to itstype. A simpler solutionisto aign all columns on the size of the
largest alignment boundary, which is 4 in this case:

Although this solution leaves larger holes, the code to implement it is relatively simple and fast. In most
cases, this offsets the penalty paid in unused memory. For an example that uses this method, see "Using
SQLBindCal" in Chapter 10, "Retrieving Results (Basic)."

Unicode

Unicode is amethod of software character encoding that treats all characters as having afixed width of two
bytes. This method is used as an aternative to Windows ANSI character encoding, which because it
represents charactersin one byte, islimited to 256 characters. Because Unicode can represent over 65,000
characters, it accommodates many languages whose characters are not represented in ANSI encoding.

Unicode does not require the use of codepages, which ANSI uses to accommodate alimited set of
languages. Unicode is an improvement upon the Double-Byte Character Set (DBCS), which uses a mixture
of 8-bit and 16-bit characters and still requires codepages. For more information about the Unicode
standard, see http://www.cam.spyglass.com/unicode.html.

The ODBC 3.5 (or higher) Driver Manager is Unicode-enabled. This affects two major areas: function calls
and string data types. The Driver Manager maps function string arguments and string data as required by
the application and driver, both of which can be either Unicode-enabled or ANSI-enabled. These two areas
are discussed in detail in the sections, "Unicode Function Arguments* and "Unicode Data."

The ODBC 3.5 (or higher) Driver Manager supports the use of a Unicode driver with both a Unicode
application and an ANSI application. It also supports the use of an ANSI driver with an ANSI application.
The Driver Manager provides limited Unicode-to-ANSI mapping for a Unicode application working with
an ANSI driver.

Unicode Function Arguments

The ODBC 3.5 (or higher) Driver Manager supports both ANSI and Unicode versions of all functions that
accept pointersto character strings or SQLPOINTER in their arguments. The Unicode functions are
implemented as functions (with a suffix of "W"), not as macros. The ANSI functions (which can be called
with or without a suffix of "A") areidentical to the current ODBC API functions.
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Unicode functions that always return or take strings or length arguments are passed as count-of-characters.
For functions that return length information for server data, the display size and precision are described in
number of characters. When alength (transfer size of the data) could refer to string or non-string data, the
length is described in octet lengths. For example, SQL GetlnfowW will still take the length as count-of-
bytes, but SQL ExecDirectW will use count-of-characters.

Thefollowing isalist of the ODBC API functions that support both Unicode (W) and ANSI (A) versions.

SQL BrowseConnect SQL GetDiagField

SOL ColAttribute SQL GetDiagRec

SQL ColAttributes SQLGetInfo-

SQL ColumnPrivileges SQL GetStmtAttr

SOLColumns SOL NativeSQL

SQL Connect SQL Prepare

SQL DataSour ces SQLPrimaryKeys

SQL DescribeCol SQL ProcedureColumns

SQL Driver Connect SQL Procedures

SQLDrivers SQL SetConnectAttr

SQLError SQL SetConnectOption

SQL ExecDirect SQL SetCur sorName

SQL ForeignK eys SQL SetDescField

SQL GetConnectAttr SQL SetStmtAttr

SQL GetConnectOption SQL SpecialColumns

SQL GetCur sorName SQL Statistics

SQL GetDescField SQL TablePrivileges
SOL GetDescRec SQLTables

Thefollowing is alist of the ODBC Installer and ODBC Translator functions that require both Unicode

(W) and ANSI (A) versions.

SQL ConfigDataSour ce

SQL InstallDriver

SQL CreateDataSour ce

SQL InstallDriver M anager

SQL DataSour ceToDriver

SQL InstallODBC

SQL Driver ToDataSour ce

SQL RemoveDSNFromi NI

SQL GetAvailableDrivers

SQL ValidDSN

SQL GetlInstalledDrivers

SQLWriteDSNTOINI

SQL GetTrandator

Note Deprecated functions have Unicode-to-ANSI mapping support, because the ODBC 3.x Driver
Manager supports recompiling ODBC 2.x application with the UNICODE #define.

212




Unicode Applications

Y ou can recompile an application as a Unicode application in one of two ways:

* Include the Unicode #define contained in the SQLUCODE.H header file in the application.

e Compile the application with the compiler's Unicode option (note that this option will be different
for different compilers).

To convert an ANSI application to a Unicode application, write the application to store and pass Unicode
data. In addition, calls to functions that support SQLPOINTER arguments must be converted to use count
of bytes.

Once an application is compiled as a Unicode application, if the application calls an ODBC API function
(without a suffix), the Driver Manager recognizes the application as a Unicode application and converts the
function call to a Unicode function (with the "W" suffix) if the underlying driver supports Unicode. When
an ANSI application makes a function call without a suffix, the Driver Manager convertsit to ANSI if the
underlying driver supports ANSI. If both the application and the driver support the same character
encoding, the driver manager passes the calls through to the driver (with certain exceptionsfor ANSI
applications.)

An application can call both Unicode functions (with the "W" suffix) and ANSI functions (with or without
the "A" suffix). Unicode and ANSI function calls can be mixed. If the cursor library is to be used, however,
Unicode and ANSI function calls cannot be mixed. The cursor library is either Unicode or ANSI, not a
mixture.

An application can be written such that it can be compiled as either a Unicode application or an ANS
application. In this case, character data types can be declared as SQL_C TCHAR. Thisis amacro that
inserts SQL_C WCHAR if the application is compiled as a Unicode application or SQL_C CHAR ifitis
compiled as an ANSI application. The application programmer must be careful of functions that take
SQLPOINTER as their argument, since the size of the length argument will change (for string data types)
depending upon whether the application is ANSI or Unicode.

A function can be called in one of three ways: as a Unicode-only function call (with the "W" suffix), as an
ANSI-only function call (with the"A" suffix), or asthe ODBC function call with no suffix. The arguments
to the three forms of afunction areidentical. Only those functions with SQLCHAR * arguments or
SQLPOINTER arguments that point to strings require Unicode and ANSI forms. For functions that have
arguments that can be declared as a character type, such as SQL BindCol or SQL GetData (which do not
have Unicode and ANSI forms), the argument can be declared as the Unicode type, the ANSI type, or in
the case of a C type argument, the SQL_C TCHAR macro. For more information, see "Unicode Data."

An application can be written as a Unicode application even if no Unicode drivers are available for it to
work with. The Driver Manager will map Unicode functions and data types to ANSI. Note that there are
some restrictions to the Unicode to ANSI mappings that can be performed. The existence of a Unicode
driver for the Unicode application to work with will result in better performance and will remove the
restrictions inherent in the Unicode to ANSI mappings.
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Unicode Drivers

Whether adriver should be a Unicode driver or an ANSI driver depends entirely on the nature of the data
source. If the data source supports Unicode data, the driver should be a Unicode driver. If the data source
only supports ANSI data, the driver should remain an ANSI driver.

A Unicode driver must export SQL ConnectW in order to be recognized as a Unicode driver by the Driver
Manager.

A Unicode driver must accept Unicode functions (with a suffix of "W") and store Unicode data. It can also
accept ANSI functions, but is not required to. (The Driver Manager does not pass an ANSI function call
with the "A" suffix to the driver, but convertsit to an ANSI function call without the suffix, then passes it
to thedriver.)

A Unicode driver must be able to return result setsin either Unicode or ANSI, depending on the
application's binding. If an application bindsto SQL_C_CHAR, then the Unicode driver must convert
SQL_WCHAR datato SQL_CHAR. Note that the driver manager will map SQL_C WCHAR to
SQL_C CHAR for ANSI drivers, but does no mapping for Unicode drivers.

Function Mappingin the Driver M anager

The driver manager supports two entry points for functions that take string arguments. The undecorated
function (SQL Driver Connect) isthe ANSI form of the function. The Unicode form is decorated with a
"W" (SQLDriver ConnectW.)

The ODBC header file also supports functions decorated with an "A" (SQL Driver ConnectA) for the
convenience of mixed ANSI/Unicode applications. Calls made to the " A" functions are actually callsinto
the undecorated entry point (SQL Driver Connect.)

If the application is compiled with the _UNICODE #define, then the ODBC header file will map
undecorated function calls (SQL Driver Connect) to the Unicode version (SQL Driver ConnectW.)

The Driver Manager recognizes adriver as a Unicode driver if SQL ConnectW is supported by the driver.
If the driver isa Unicode driver, the Driver Manager makes function calls as follows:

e Passes afunction without string arguments or parameters directly through to the driver.
e Passes Unicode functions (with the "W" suffix) directly through to the driver.

»  Convertsan ANSI function (with the "A" suffix) to a Unicode function (with the "W" suffix) by
converting the string arguments into Unicode characters, and passes the Unicode function to the
driver.

If thedriver isan ANSI driver, the Driver Manager makes function calls as follows:

»  Passes functions without string arguments or parameters directly through to the driver.
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e Converts Unicode functions (with the "W" suffix) to an ANSI function call and passesit to the
driver.

e Passesan ANSI function directly to the driver.

The Driver Manager is Unicode-enabled internally. As aresult, the optimum performance is obtained by a
Unicode application working with a Unicode driver, because the Driver Manager ssmply passes Unicode
functions through to the driver. When an ANSI application isworking with an ANS| driver, the Driver
Manager must convert strings from ANSI to Unicode when processing some functions, such as

SQL Driver Connect. After processing the function, the Driver Manager must then convert the Unicode
string back to ANSI before sending the function to the ANSI driver.

An application should not modify or read its bound parameter buffers when the driver returns
SQL_STILL_EXECUTING or SQL_NEED_DATA. The Driver Manager leaves the buffers bound to
ANSI until the driver returns SQL_SUCCESS, SQL_SUCCESS WITH_INFO, or SQL_ERROR. A
multithreaded application should not gain access to any bound parameter values that another thread is
executing an SQL statement on. The Driver Manager converts the data from Unicode to ANSI "in place”,
and the other thread may see ANSI data in these buffers while the driver is still processing the SQL
statement. Applications that bind Unicode datato an ANSI driver must not bind two different columns to
the same address.

Unicode Data

SQL Unicode data types are provided to describe data that resides in Unicode natively on the DBMS. A C
Unicode data type is provided to allow an application to bind data to a Unicode buffer. The Driver Manager
can convert data from a Unicode C type (SQL_C_WCHAR) to make it function with an ANSI driver.

An ODBC 3.0, or 2.x application will always bind to the ANSI data types. For optimum performance, an
ODBC 3.5 (or higher) application should bind to the ANSI data C type if the SQL column typeis ANSI,
and should bind to the Unicode C data type if the SQL column type is Unicode.

The SQL Unicode type indicators are SQL_ WCHAR, SQL_ WVARCHAR, and
SQL_WLONGVARCHAR. SQL_WCHAR data has a fixed string length, while SQL_WVARCHAR has a
variable length with a declared maximum and SQL_WLONGVARCHAR has a variable length with a
maximum that depends on the data source.

The C Unicode type indicator is SQL_C WCHAR. Thisisthe default for each of the SQL Unicode type
indicators. All of the SQL types can be converted to SQL_C WCHAR, and SQL_C_WCHAR can be
converted to al of the SQL types. An application can retrieve data in one of three ways:

* Retrievethedataas SQL_C CHAR.
* Retrievethedataas SQL_C WCHAR.

e Declarethedataas SQL_C TCHAR. Thisisamacro that inserts SQL_C WCHAR if the
application is compiled as a Unicode application or SQL_C CHARif it iscompiled asan ANS
application.
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SQL_C TCHAR isdeclared in afunction as follows:

SQLBi ndPar anet er ( St at ement Handl e, 1, SQ._PARAM | NPUT, SQ._C TCHAR, SQL_WCHAR,
NarmeLen, 0, Nane, 0, &Nane)

When the application is compiled as a Unicode application, the ValueType argument would be changed
from SQL_C_TCHARto SQL_C_WCHAR. When the application is compiled as an ANSI application, the
ValueType argument would be changed to SQL_C_CHAR.

Unicode drivers must still support ANSI data types, including SQL_CHAR. If an application working with
anon-Unicode driver binds to SQL_WCHAR, the Driver Manager will map the SQL_ WCHAR datato
SQL_CHAR. If, on the other hand, an application working with a Unicode driver bindsto SQL_CHAR, the
Driver Manager will not map the SQL_CHAR datato SQL_WCHAR. The Unicode driver must accept the
SQL_CHAR data.

The Driver Manager stores driver and DSN names in Unicode, and maps them to ANSI as needed. If a
Unicode character cannot be mapped to an ANSI character (as can occur if characters from a codepage that
is not the native codepage of the computer are used in driver and DSN names), the characters that could not
be converted are represented by a default character supplied by the system.

Trandation DLLs

The application and data source often store datain different character sets. ODBC provides a generic
mechanism that allows the driver to trandate data from one character set to another. It consists of a DLL
that implements the trandlation functions SQL Driver ToDataSour ce and SQL DataSour ceToDr iver
which is called by the driver to translate all data flowing between the data source and driver. ThisDLL can
be written by the application developer, the driver developer, or athird party.

Thetrandation DLL for a particular data source can be specified in the system information for that data
source; for more information, see “ Data Source Specification Key” in Chapter 20, " Configuring Data
Sources' inthe Part |11 PDF file, “Configuring and Installing ODBC software,” available on the Solid Web
site. It can also be set at runtime with the SQL_ATTR_TRANSLATE DLL and
SQL_ATTR_TRANSLATE_OPTION connection attributes.

The tranglation option is avalue that can be interpreted only by a particular translation DLL. For example,
if the trandlation DLL translates between different code pages, the option might give the numbers of the
code pages used by the application and the data source. There is no requirement for atranslation DLL to
use atrandation option.

After atrandation DLL has been specified, the driver loads it and callsit to translate all data flowing
between the application and data source. Thisincludes all SQL statements and character parameters being
sent to the data source and al character results, character metadata such as column names, and error
messages retrieved from the data source. Note that connection data is not trandated, as the trandation DLL
is not loaded until after the application has connected to the data source.

Tracing

The ODBC Driver Manager has a trace facility that allows the sequence of function calls made by an
ODBC application to be recorded and transcribed into alog file. Tracing is performed by atrace DLL that
captures calls between the application and the Driver Manager, and the Driver Manager and the driver. This
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method of tracing replaces the tracing performed by the ODBC 2.x Driver Manager and the tracing
performed in ODBC 2.x by ODBC Spy.

Trace DLL

The DLL that performstracing is one of the ODBC core components. The trace DLL is provided as a
sample DLL in the ODBC component of the Microsoft Data Access SDK, so the registry entry, interface,
and source code for the trace DLL are available. This DLL can be replaced by atrace DLL produced by
either an ODBC user or athird-party vendor. A custom trace DLL should be given a different name than
the original sample trace DLL. Trace DLLs must be installed in the system directory, or they will fail to
load. The connection strings will not be passed to the trace DLL by the Driver Manager.

Thetrace DLL tracesinput arguments, output arguments, deferred arguments, return codes, and
SQLSTATESs. When tracing is enabled, the Driver Manager calls the trace DLL at two points: once upon
function entry (before argument validation) and again just before the function returns.

When an application calls a function, the Driver Manager calls atrace function in the trace DLL before
calling the function in the driver or processing the call itself. Each ODBC function has a corresponding
trace function (prefixed with "TRACE") that isidentical to the ODBC function with the exception of the
name. When the trace function is called, the trace DLL captures the input arguments and returns a return
code. Because the trace DLL is called before the Driver Manager validates arguments, invalid function
calls are traced, so state transition errors and invalid arguments are logged.

After calling the trace function in the trace DLL, the Driver Manager calls the ODBC function in the driver.
It then calls TraceReturn in the trace DLL. This function takes two arguments: the value returned by the
trace DLL for the trace function, and the return code returned by the driver to the Driver Manager for the
ODBC function (or the value returned by the Driver Manager itself if it processed the function). The
function uses the value returned for the trace function to manipulate captured input argument values. It
writes the code returned for the ODBC function to the log file (or displaysit dynamically, if that is
enabled). It dereferences the output argument pointers, and |ogs the output argument values.

TraceFile

An application specifies the trace file either by setting the TraceFile keyword in the ODBC.INI registry
entry, or by calling SQL SetConnectAttr with the SQL_ATTR_TRACEFILE connection attribute. If the
file does not exist when tracing is enabled, the Driver Manager will create the file. Each application should
have its own dedicated trace file to avoid contention. An application can use more than one trace file; an
application's setup program can provide the user with a choice of trace files. If tracing is enabled
dynamically, an application can also display trace results, rather than logging to the tracefile.

The trace file provides alog of each ODBC function call with the data types and values of all arguments. It
logs all input functions, and all returned functions with return codes and error states.

In ODBC 3.x, parameters to connection functions are not provided to the trace DLL.
Enabling Tracing
Tracing can be enabled in the following three ways:

e Setthe Trace and TraceFile keywords in the ODBC.INI registry entry. This enables or disables
tracing when SQLAllocHandle with a HandleType of SQL_ HANDLE_ENV iscalled. These
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options are set in the Tracing tab of the ODBC Data Source Administrator dialog box displayed
during data source setup. For more information, see "Registry Entries for Data Sources' in
Chapter 20, “Configuring Data Sources’ in the Part |11 PDF file, “Configuring and Installing
ODBC Software,” available on the Solid Web site.

e Call SQLSetConnectAttr to set the SQL_ATTR_TRACE connection attribute to
SQL_OPT_TRACE_ON. This enables or disables tracing for the duration of the connection. For
more information, see the SQL SetConnectAttr function description.

» Use ODBCSharedTraceFlag to turn tracing on or off dynamically. (For more information, see the
next section, “Dynamic Tracing.”

Dynamic Tracing

Tracing can be enabled or disabled at any point in an application run. This allows an application to trace
any number of function calls.

The variable ODBCSharedTraceFlag is set to enable tracing dynamically. This variable is shared among
all running copies of the Driver Manager. If any application sets this variable, tracing is enabled for all
ODBC applications currently running. To turn tracing off when dynamic tracing is enabled, an application
calls SQL SetConnectAttr to set SQL_ATTR_TRACE to SQL_TRACE_OFF. This call will turn tracing
off for that application only. Applications that are linked with ODBC32.LIB can modify use of this
variable. Trace data can be displayed in a real-time window, instead of the trace file, which must be opened
after the ODBC session. Controls can be added to an application's screen to turn tracing on or off at will.

Thetrace DLL shipped with the ODBC 3.x SDK is not thread-safe. It is not guaranteed that the log file is
written correctly if global tracing is enabled (the variable ODBCSharedTraceFlag is set) and more than
one application writes to the trace file at the same time. This condition does not return an error.

Driver-Specific Data Types, Descriptor Types, Information Types,
Diagnostic Types, and Attributes

Drivers can allocate driver-specific values for the following:
* SQL datatypeindicators. These are used in Parameter Type in SQL BindPar ameter and
DataType in SQL GetTypel nfo and returned by SQL ColAttribute, SQL Columns,

SQL DescribeCol, SQL GetTypel nfo, SQL DescribeParam, SQL Procedur eColumns, and
SQL SpecialColumns.

» Descriptor fields. These are used in Fieldldentifier in SQL ColAttribute, SQL GetDescField, and
SQL SetDescField.

» Diagnostic fields. These are used in Diagldentifier in SQL GetDiagField and SQL GetDiagRec.

* Information types. These are used in InfoType in SQL Getlnfo.
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e Connection and statement attributes. These are used in Attribute in SQL GetConnectAttr,
SQL GetStmtAttr, SQL SetConnectAttr, and SQL SetStmtAttr.

For each of these items, there are two sets of values: values reserved for use by ODBC, and val ues reserved
for use by drivers. Before implementing driver-specific values, a driver writer must request a value for each
driver-specific type, field, or attribute from X/Open. Driver-specific data types, descriptor fields, diagnostic
fields, information types, statement attributes, and connection attributes must be described in the driver
documentation.

When any of these valuesis passed to an ODBC function, the driver must check whether the value is valid.
Note that drivers return SQLSTATE HY C00 (Optional feature not implemented) for driver-specific values
that apply to other drivers.

Backward Compatibility and Standards Compliance

Backward compatibility is the ability of newer ODBC components to work with old ODBC components.
The following sections discuss how these components are affected by the changesin ODBC 3.x. The
information contained in them primarily addresses the writing of an ODBC 3.x application and how
backward compatibility issues are handled by ODBC drivers. For specific guidelines about how backward
compatibility issues affect the writing of an ODBC 3.x driver, see Appendix G, “Driver Guidelines for
Backward Compatibility” contained in the Microsoft Web site (ODBC Programmer’s Guide).

Affected ODBC Components

Backward compatibility describes how applications, the Driver Manager, and drivers are affected by the
introduction of a new version of the Driver Manager. This affects applications and driver when either or
both of them remain in the old version. There are, therefore, three types of backward compatibility to
consider:

Type Version of DM Version of application || Version of driver
Backward Compatibility || 3.x 2.X 2.X

of Driver Manager

Backward Compatibility || 3.x 2.X 3.X

of Driver [1]

Backward Compatibility || 3.x 3.X 2.X

of Application

[1] The backward compatibility of driversis primarily discussed Appendix G, “Driver Guidelines for
Backward Compatibility” contained on the Microsoft Web site (ODBC Programmer’ s Reference.

Note A standards-compliant application, for example, an application that has been written in
accordance with the X/Open or SO CLI standards, is guaranteed to work with an ODBC 3.x driver
through the ODBC 3.x Driver Manager. It is assumed that the functionality that the application is using
isavailableinthe driver. It is aso assumed that the standards-compliant application has been compiled
with the ODBC 3.x header files.
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Types of Changes

Three types of changes are made in ODBC 3.x (and any version of ODBC). Each of these affects backward
compatibility differently and is handled in a different way. These changes are as follows:

Type of change Description

New features These are features that are new to ODBC 3.x, such as out-of-line
binding or descriptors. These are only implemented when the
application and driver, aswell as the Driver Manager, are of version
3.x, so there is no attempt to make these backward compatible.

Duplicated features These are features that exist in both ODBC 2.x and ODBC 3., but
are implemented in different ways in both. The functions

SQL AllocHandle and SQL AllocStmt are an example. Backward
compatibility issues for these and other duplicated features are
mostly handled by mappings in the Driver Manager.

Behavioral changes These are features that are handled differently in ODBC 2.x and
ODBC 3.x. A datetime #define is an example. These features are
handled by the ODBC 3.x driver based on an environment attribute
setting (see the "Behavioral Changes' section later in this chapter).

Application/Driver Compatibility
ODBC applications and driver fall into a number of categoriesin addition to their version. Some of these

applications are incompatible with some drivers; in other cases, the type of the application or driver may
have a bearing on the backward compatibility issues between them.

Types of Applications

ODBC applications can be classified as follows:
* PureODBC 2.x application. A 32-bit application that:

e Cdlsonly ODBC 2.x functions (including the ODBC 1.0 function SQL SetParam).
These include ODBC 1.x applications that have been ported to 32-hit.

»  Expects ODBC 2.x behavior for features that have had behavioral changes (see
"Behavioral Changes' later in this chapter).

*  Hasnot been recompiled with ODBC 3.5 headers.

» Pure ODBC 2.x Recompiled application. A pure ODBC 2.x application that has been
recompiled using the ODBC 3.5 header files, by setting ODBCV ER=0x0250.

* PureODBC 2.x Unicode application. A pure ODBC 2.x recompiled application that is Unicode-
compliant and uses the SQL_WCHAR data type.
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*  PureX/Open and | SO — compliant ODBC application. A 32-bit application that:

e Cdlsfunctions defined in the X/Open or ISO CLI standards. (These functions may
include deprecated 3.0 functions.)

»  Does not use the Unicode data types.

»  Expects ODBC 3.0 behavior for features that have had.
* PureODBC 3.0 application. A 32-bit application that:

* Iscompiled with 3.0 headers.
e Cdlsany ODBC 3.0 function, possibly including those that are deprecated.

»  Expects ODBC 3.0 behavior for features that have had behavioral changes.
* PureODBC 3.5 (or higher) application. A 32-bit application that:

*  May use Unicode data types.
e Cdlsany ODBC 3.5 function, possibly including those that are deprecated.

»  Expects ODBC 3.5 behavior for features that have had behavioral changes.
* Replaced application. A 32-bit application that:

* Implements ODBC 3.x behavior for duplicated functionality.
e Usesany new featuresin ODBC 3.x only within conditional code.

» Haslimited conditional code to handle behavioral changes or has registered itself to be an
ODBC 2.x application.

Typesof Drivers

ODBC drivers can be classified as follows:
e 32-bit ODBC 2.x driver. A 32-bit driver that:

e Exportsonly ODBC 2.x functions.
e Exhibits ODBC 2.x behavior for behavioral changes.
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* IS0 and X/Open —compliant driver. A 32-bit driver that:

» Exports all functions that are documented in the X/Open or 1SO CLI documents. This
will include some of functions that are deprecated in ODBC.

»  Exhibits ODBC 3.0 behavior for behavioral changes.

»  Does not necessarily go through the ODBC 3.0 Driver Manager.
e ODBC 3.0driver. A 32-bit driver that:

»  Exports only functions that arein ODBC 3.0 minus deprecated functions.

* |scapable of exhibiting ODBC 2.x behavior or ODBC 3.0 behavior with respect to
behavioral changes, based on the SQL_ATTR_APP_ODBC_VERSION environment
attribute.

* ODBC 3.5 (or higher) ANSI driver. A 32-bit driver that:

»  Exportsonly functions that are in ODBC 3.5 minus deprecated functions.

* Iscapable of exhibiting ODBC 2.x behavior or ODBC 3.0 behavior, or ODBC 3.5
behavior with respect to behavioral changes, based on the
SQL_ATTR_APP_ODBC _VERSION environment attribute.

* ODBC 3.5 (or higher) Unicodedriver. A 32-bit driver that:

»  Supports al the features of an ODBC 3.5 ANSI driver.
»  Exports Unicode versions of all ODBC string APIs.

e Can store and process Unicode data on the data source.

Note 16-bit ODBC driverswill not work directly with the ODBC 3.x Driver Manager. However, it is
possible for 16-bit driversto work with the 2.0 ODBC Driver Manager, which subsequently thunks up
to the 3.x Driver Manager.

Compatibility Matrix

The following table describes the compatibility of the types of applications and drivers defined previously
in this chapter.

Application type 32-bit ODBC 2.x ODBC 3.x | SO and X/Open—
and version driver driver compliant driver
16-bit application, any version || Compatible Compatible Compatible
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Pure 2.x application Compatible Compatible Not compatible[3]
Pure 2.x recompiled application || Compatible Compatible[1] Not compatible[3]
Pure 2.x Unicode application Compatible Compatible[1] Not Compatible[3]
Pure X/Open and 1SO — Not compatible Compatible[2] Compatible[2]
compliant application

Pure 3.0 application Not compatible Compatible Not compatible[4]
Pure 3.5 (or higher) application || Not compatible Compatible Not compatible[4]
Replaced application Compatible Compatible Not compatible[3]

[1] The application must recompile using ODBC 3.5 (or higher) headers with the UNICODE option (if itis
a Unicode application) and must set ODBCVER to 0x0250.

[2] The application must compile using ODBC 3.5 (or higher) headers, and link with the ODBC Driver
Manager. It must also set the header flag ODBC_STD.

[3] This configuration can potentially fail to work because there are featuresin ODBC 2.x that are not in
the standards, such as bookmarks.

[4] This configuration can potentially fail to work because there are featuresin ODBC 3.x that are ot in
the standards, such as bookmarks.

New Features

The following new functionality has been introduced in ODBC 3.x. An ODBC 3.x application working
with an ODBC 2.x driver will not be able to use this functionality. The ODBC 3.x Driver Manager does not
map these features when working with an ODBC 2.x driver.

»  Functions that take a descriptor handle as an argument: SQL SetDescField, SQL GetDescField,
SQL SetDescRec, SQL GetDescRec, and SQL CopyDesc.

e Thefunctions SQL SetEnvAttr and SQL GetEnvALttr.

*  Theuseof SQLAIllocHandle to alocate a descriptor handle. (The use of SQL AllocHandle to
allocate environment, connection, and statement handles is duplicated, not new, functionality.)

*  Theuse of SQL GetConnectAttr to get the SQL_ATTR_AUTO_IPD connection attributes. (The
use of SQL SetConnectAttr to set, and SQL GetConnectAttr to get, other connection attributesis
duplicated, not new, functionality.)

*  Theuse of SQL SetStmtAttr to set, and SQL GetStmtAttr to get, the following statement
attributes. (The use of SQL SetStmtAttr to set, and SQL GetStmtAttr to get, other statement
attributes is duplicated, not new, functionality.):
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SQL_ATTR_APP_ROW_DESC
SQL_ATTR_APP_PARAM_DESC
SQL_ATTR_ENABLE_AUTO_IPD
SQL_ATTR_FETCH_BOOKMARK_PTR
SQL_ATTR_BIND_OFFSET
SQL_ATTR_METADATA_ID
SQL_ATTR_PARAM_BIND_OFFSET_PTR
SQL_ATTR_PARAM_BIND_TYPE
SQL_ATTR_PARAM_OPERATION_PTR
SQL_DESC_PARAM_STATUS PTR
SQOL_ATTR_PARAMS PROCESSED PTR
SOL_ATTR_PARAMSET_SIZE
SQL_ATTR_ROW_BIND_OFFSET_PTR
SQL_ATTR_ROW_OPERATION_PTR
SQL_ATTR_ROW_ARRAY_SIZE

The use of SQL GetStmtAttr to get the following statement attributes. (The use of
SQL GetStmtAttr to get other statement attributes is duplicated functionality, not new
functionality.):

SQL_ATTR_IMP_ROW_DESC
SQL_ATTR_IMP_PARAM_DESC

Use of the interval C datatype, the interval SQL datatypes, the BIGINT C data types, and the
SQL_C NUMERIC data structure.

Row-wise binding of parameters.

Offset-based bookmark fetches, such as calling SQL FetchScroll with an FetchOrientation of
SQL_FETCH_BOOKMARK, and specifying an offset other than O.

SQL Fetch returning the row status array, number of rows fetched, fetching multiple rows,
intermixing calls with SQL FetchScroll, and intermixing calls with SQL BulkOper ations or
SQL SetPos. For more information, see the next section, "Block Cursors, Scrollable Cursors, and
Backward Compatibility for ODBC 3.x Applications."

Named parameters.

Any of the ODBC 3.x—specific SQL Getlnfo options. (If an ODBC 3.x application working with
an ODBC 2.x driver callsthe SQL_XXX_CURSOR_ATTRIBUTESL information types, which
have replaced several ODBC 2.x information types, some of the information may be reliable, but
some may be unreliable. For more information, see SQL GetInfo in the Part |1 PDF file, “ODBC
API Reference” available on the Solid Web site)

Bind offsets.
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»  Updating, refreshing, and deleting by bookmarks (through a call to SQL BulkOper ations).
» Cadling SQLBulkOperations or SQL SetPosin the S5 state.

« The ROW_NUMBER and COLUMN_NUMBER fieldsin the diagnostic record (which have to be
retrieved by the replacement functions SQL GetDiagField or SQL GetDiagRec).

e Approximate row counts.

e Warning information (SQL_ROW_SUCCESS WITH_INFO from SQL FetchScrall).
e Variable-length bookmarks.

» Extended error information for arrays of parameters.

e All of the new columnsin the result sets returned by the catalog functions.

e Useof SQL DescribeCol and SQL ColAttribute on column O.

* Useof any ODBC 3.x—specific column attributesin acall to SQL ColAttribute.

*  Use of multiple environment handles.

Block Cursors, Scrollable Cursors, and Backward Compatibility for
ODBC 3.x Applications

The existence of both SQL FetchScroll and SQL ExtendedFetch represents the first clear splitin ODBC
between the Application Programming Interface (API), which is the set of functions the application calls,
and the Service Provider Interface (SPI), which is the set of functions the driver implements. This splitis
required to balance the requirement in ODBC 3.x to align with the standards, which uses SQL FetchScrall,
and be compatible with ODBC 2.x, which uses SQL ExtendedFetch.

The ODBC 3.x API, which is the set of functions the application calls, includes SQL FetchScroll and
related statement attributes. The ODBC 3.xSPI, which is the set of functions the driver implements,
includes SQL FetchScroll, SQL ExtendedFetch, and related statement attributes. Note that because ODBC
does not formally enforce this split between the API and the SPI, it is possible for ODBC 3.x applications
to call SQL ExtendedFetch and related statement attributes. However, there is no reason for ODBC 3.x
application to do this. For more information about APIs and SPIs, see the introduction to " Chapter 3:
ODBC Architecture."
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For information about how the ODBC 3.x Driver Manager maps callsto ODBC 2.x and ODBC 3.x drivers,
and what functions and statement attributes an ODBC 3.x driver should implement for block and scrollable
cursors, see “What the Driver Manager Does’ in Appendix G, “Driver Guidelines for Backward
Compatibility” contained on the Microsoft Web site (ODBC Programmer’ s Guide).

The following table summarizes what functions and statement attributes an ODBC 3.x application should
use with block and scrollable cursors. It aso lists changes between ODBC 2.x and ODBC 3.xin this area
that ODBC 3.x applications should be aware of to be compatible with ODBC 2.x drivers.

Function or
statement attribute

Comments

SQL_ATTR_FETCH
_BOOKMARK_PTR

Points to the bookmark to use with SQL FetchScroll. The following are
implementation details:

*  When an application sets thisin an ODBC 2.x driver, this must
point to a fixed-length bookmark.

SQL_ATTR_ROW_
STATUS PTR

Points to the row status array filled by SQL Fetch, SQL FetchScroll,
SQL BulkOperations, and SQL SetPos. The following are
implementation details:

» |If an application setsthisin an ODBC 2.x driver and calls
SQL BulkOperation with an Operation of SQL_ADD before
calling SQL FetchScroll, SQL Fetch, or SQL ExtendedFetch,
SQLSTATE HYO011 (Attribute cannot be set now) is returned.

Note that when an application calls SQL Fetch in an ODBC 2.x driver,
SQL Fetch is mapped to SQL ExtendedFetch, so returns valuesin this

array.

SQL_ATTR_ROWS._

Points to the buffer in which SQL Fetch and SQL FetchScrall return the

FETCHED_PTR number of rows fetched.
Note that when an application calls SQL Fetch in an ODBC 2.x driver,
SQL Fetch is mapped to SQL ExtendedFetch, so returnsavauein this
buffer.

SQL ATTR_ Sets the rowset size.

ROW_ARRAY_SIZE

If an application calls SQL BulkOper ations with an Operation of
SQL_ADD inan ODBC 2.x driver, SQL_ROWSET_SIZE will be used
for the cal, not SQL_ATTR_ROW_ARRAY_SIZE, becausethe cal is
mapped to SQL SetPos with an Operation of SQL_ADD, which uses
SQL_ROWSET_SIZE.

Calling SQL SetPos with an Operation of SQL_ADD or
SQL ExtendedFetch in an ODBC 2.x driver uses SQL_ ROWSET_SIZE.

Calling SQL Fetch or SQL FetchScroll in an ODBC 2.x driver uses
SQL_ATTR_ROW_ARRAY_SIZE.

SQL BulkOperations

Performs insart and hookmark onerations. When SOI BulkOner ations
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with an Operation of SQL_ADD iscaled in an ODBC 2.x driver, it is
mapped to SQL SetPos with an Operation of SQL_ADD. The following
are implementation details:

e When working with an ODBC 2.x driver, an application must
use only the implicitly allocated ARD associated with the
SatementHandle; it cannot allocate another ARD for adding
rows, because explicit descriptor operations are not supported in
an ODBC 2.x driver. An application must use SQL BindCol to
bind to the ARD, not SQL SetDescField or SQL SetDescRec.

*  When calling an ODBC 3.x driver, an application can call
SQL BulkOperations with an Operation of SQL_ADD before
calling SQL Fetch or SQL FetchScroll. When calling an ODBC
2.x driver, an application must call SQL FetchScroll before
calling SQL BulkOperations with an Operation of SQL_ADD.

SQL Fetch Returns the next rowset. The following are implementation details:
e When an application calls SQL Fetch in an ODBC 2.x driver, it
is mapped to SQL ExtendedFetch.
e When an application calls SQL Fetch in an ODBC 3.x driver, it
returns the number of rows specified with the
SQL_ATTR_ROW_ARRAY_SIZE statement attribute.
SQL Fetchscrall Returns the specified rowset. The following are implementation details:

*  When an application calls SQL FetchScroll in an ODBC 2.x
driver, it returns SQLSTATE 01S01 (Error in row) before each
error that appliesto a single row. It does this only because the
ODBC 3.x Driver Manager maps thisto SQL ExtendedFetch
and SQL ExtendedFetch returns this SQLSTATE. When an
application calls SQL FetchScroll in an ODBC 3.x driver, it
never returns SQLSTATE 01S01 (Error in row).

e When an application calls SQL FetchScroll in an ODBC 2.x
driver with FetchOrientation set to
SQL_FETCH_BOOKMARK, the FetchOffset argument must
be set to 0. SQLSTATE HY C00 (Optional feature not
implemented) isreturned if offset-based bookmark fetching is
attempted with an ODBC 2.x driver.

Note ODBC 3.x applications should not use SQL ExtendedFetch or the SQL_ROWSET_SIZE
statement attribute. Instead, they should use SQL FetchScroll and the
SQL_ATTR_ROW_ARRAY_SIZE statement attribute. ODBC 3.x applications should not use
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SQL SetPos with an Operation of SQL_ADD, but should use SQL BulkOper ations with an Operation

of SQL_ADD.

Duplicated Features

The following ODBC 2.x functions have been duplicated by ODBC 3.x functions. As aresult, the ODBC
2.x functions are deprecated in ODBC 3.x. The ODBC 3.x functions are referred to as replacement

functions.

When an application uses a deprecated ODBC 2.x function, and the underlying driver isan ODBC 3.x
driver, the Driver Manager maps the function call to the corresponding replacement function. The only
exception to thisrule is SQL ExtendedFetch (see footnote in the following table). For more information on
these mappings, see Appendix G, “Driver Guidelines for Backward Compatibility” contained on the

Microsoft Web site (ODBC Programmer’ s Reference).

When an application uses a replacement function, and the underlying driver isan ODBC 2.x driver, the
Driver Manager maps the function call to the corresponding deprecated function.

ODBC 2.x function

ODBC 3.x function

SQL AllocConnect

SQL AllocHandle

SQL AllocEnv SQL AllocHandle
SQL AllocStmt SQL AllocHandle
SQL ColAttributes SQL ColAttribute
SQLError SQL GetDiagRec
SQL ExtendedFetch [1] SQL FetchScroll
SQL FreeConnect SQL FreeHandle
SQL FreeEnv SQL FreeHandle
SQL GetConnectOption SQL GetConnectAttr
SQL GetStmtOption SQL GetStmtAttr
SQL ParamOptions SQL SetStmtAttr, SQL GetStmtAttr
SQL SetConnectOption SQL SetConnectAttr
SQL SetParam SQL BindParameter
SQL SetStmtOption SQL SetStmtAttr
SQL Transact SQLENdTran

[1] The function SQL ExtendedFetch is duplicated functionality; SQL FetchScroll provides the same
functionality in ODBC 3.x. However, the Driver Manager does not map SQL ExtendedFetch to

SQL FetchScroll when going against an ODBC 3.x driver. For more details, see “What the Driver Manager
Does’ in the Part | PDF file, “Introducing ODBC” available on the Solid Web site and Appendix G,
“Driver Guidelines for Backward Compatibility” contained on the Microsoft Web site (ODBC
Programmer’s Guide). The Driver Manager maps SQL FetchScroll to SQL ExtendedFetch when going

against an ODBC 2.x driver.
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Note The function SQL BindParam isa special case. SQL BindParam is duplicated functionality.
Thisisnot an ODBC 2.x function, but a function that is present in the X/Open and | SO standards. The
functionality provided by this function is completely subsumed by that of SQL BindParameter. Asa
result, the Driver Manager maps a call to SQL BindParam to SQL BindPar ameter when the
underlying driver isan ODBC 3.x driver. When the underlying driver isan ODBC 2.x driver, however,
the Driver Manager does not perform this mapping.

Behavioral Changes

Behavioral changes are those changes for which the syntax of the interface remains the same, but the
semantics have changed. For these changes, functionality used in ODBC 2.x behaves differently than the
same functionality in ODBC 3.x.

Whether an application exhibits ODBC 2.x behavior or ODBC 3.x behavior is determined by the
SQL_ATTR_ODBC_VERSION environment attribute. This 32-bit value is set to SQL_OV_ODBC2 to
exhibit ODBC 2.x behavior, and SQL_OV_ODBC3 to exhibit ODBC 3.x behavior.

The SQL_ATTR_ODBC_VERSION environment attribute is set by a call to SQL SetEnvAttr. When an
application calls SQL AllocHandle to allocate an environment handle, then it must call SQL SetEnvAttr
immediately to set the behavior it exhibits. (As aresult, there is a new environment state to describe the
environment handle in an allocated, but versionless state.) For more information, see “ODBC Transition
State Tables’ contained in the Part || Microsoft SDK PDF file available on the Solid Web site.

An application states what behavior it exhibits with the SQL_ATTR_ODBC_VERSION environment
attribute, but the attribute has no effect on the application's connection with an ODBC 2.x or ODBC 3.x
driver. An ODBC 3.x application will be able to connect to either an ODBC 2.x or 3.x driver, no matter
what the setting of the environment attribute.

ODBC 3.x applications should never call SQL AllocEnv. Asaresult, if the Driver Manager receives a call
to SQL AllocEnv, it recognizes the application as an ODBC 2.x application.

The SQL_ATTR_ODBC_VERSION attribute affects three different aspects of an ODBC 3.x driver's
behavior:

 SQLSTATEs
» Datatypesfor date, time, and timestamp

*  The CatalogName argument in SQL Tables accepts search patternsin ODBC 3.x, but not in
ODBC 2.x

The setting of the SQL_ATTR_ODBC_VERSION environment attribute does not affect SQL SetParam or
SQLBindParam. SQL Col Attribute is also not affected by this bit. Although SQL Col Attribute returns
attributes that are affected by the version of ODBC (date type, precision, scale and length), the intended
behavior is determined by the value of the Fieldldentifier argument. When Fieldldentifier is equal to
SQL_DESC_TYPE, SQLColAttribute returns the ODBC 3.x codes for date, time, and timestamp; when
Fieldidentifier isequal to SQL_COLUMN_TY PE, SQL ColAttribute returns the ODBC 2.x codes for date,
time, and timestamp.
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SQLSTATE Mappings

In ODBC 3.x, HY xxx SQLSTATEs are returned instead of S1xxx, and 42Sxx SQLSTATEs are returned
instead of SO0OX X. Thiswas done to align with X/Open and | SO standards. In many cases, the mapping is
not one-to-one because the standards have redefined the interpretation of several SQLSTATEs.

When an ODBC 2.x application is upgraded to an ODBC 3.x application, the application hasto be changed
to expect ODBC 3.x SQLSTATEsinstead of ODBC 2.x SQLSTATEs. The following table lists the ODBC
3. X SQLSTATEsthat each ODBC 2.x SQLSTATE is mapped to.

When the SQL_ATTR_ODBC_VERSION environment attribute is set to SQL_OV_ODBC2, the driver
posts ODBC 2.x SQLSTATEs instead of ODBC 3.x SQLSTATEs when SQL GetDiagField or

SQL GetDiagRec iscalled. A specific mapping can be determined by noting the ODBC 2.x SQLSTATE in
column 1 of the following table that corresponds to the ODBC 3.x SQLSTATE in column 2.

ODBC 2.Xx SQLSTATE ODBC 3.x SQLSTATE Comments

01S03 01001

0104 01001

22003 HYO019

22008 22007

22005 22018

24000 07005

37000 42000

70100 HYO018

S0001 42501

S0002 42502

S0011 42511

S0012 42512

S0021 42521

S0022 42522

S0023 42523

S1000 HY 000

S1001 HY001

S1002 07009 ODBC 2.x SQLSTATE S1002 is
mapped to ODBC 3.x SQLSTATE
07009 if the underlying functionis
SQL BindCol, SQL ColAttribute,
SQL ExtendedFetch, SQL Fetch,
SQL FetchScrall, or
SQL GetData.

S1003 HY 003

S1004 HY 004

S1008 HY 008
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S1009 HY 009 Returned for an invalid use of a
null pointer.

S1009 HY 024 Returned for aninvalid attribute
value,

S1009 HY 092 Returned for updating or deleting
data by acall to SQL SetPos, or
adding, updating, or deleting data
by acall to SQL BulkOperations,
when the concurrency is read-only.

S1010 HY 007 SQLSTATE S1010 is mapped to

HYO010 SQLSTATE HY 007 when
SQL DescribeCol iscalled prior to
caling SQL Prepare,
SQL ExecDirect, or acatalog
function for the SatementHandle.
Otherwise, SQLSTATE S1010is
mapped to SQLSTATE HY010.

S1011 HYO011

S1012 HYO012

S1090 HY 090

S1091 HY 091

S1092 HY 092

S1093 07009 ODBC 3.x SQLSTATE 07009 is
mapped to ODBC 2.x SQLSTATE
S1093 if the underlying functionis
SQL BindPar ameter or
SQL DescribeParam.

S1096 HY 096

S1097 HY 097

S1098 HY 098

S1099 HY 099

S1100 HY 100

S1101 HY 101

S1103 HY 103

S1104 HY 104

S1105 HY 105

S1106 HY 106

S1107 HY 107

S1108 HY 108

S1109 HY 109

S1110 HY 110
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S1111 HY111
S1C00 HYCO00
S1T00 HYTOO0

Note ODBC 3.x SQLSTATE 07008 is mapped to ODBC 2.x SQLSTATE S1000.

Datetime Data Type Changes

In ODBC 3.x, the identifiers for date, time, and timestamp SQL data types have changed from SQL_DATE,

SQL_TIME, and SQL_TIMESTAMP (with instances of #define in the header file of 9, 10, and 11) to

SQL_TYPE_DATE, SQL_TYPE_TIME, and SQL_TYPE_TIMESTAMP (with instances of #define in the

header file of 91, 92, and 93), respectively. The corresponding C type identifiers have changed from
SQL_C DATE, SQL_C TIME, and SQL_C TIMESTAMPto SQL_C TYPE DATE,
SQL_C TYPE_TIME, and SQL_C _TYPE_TIMESTAMP, respectively.

The column size and decimal digits returned for the SQL datetime data typesin ODBC 3.x are the same as
the precision and scale returned for them in ODBC 2.x. These values are different than the valuesin the
SQL_DESC PRECISION and SQL_DESC_SCALE descriptor fields. (For more information, see

Appendix D, “Data Types’ in the SOLID Programmer Guide.

These changes affect SQL DescribeCol, SQL DescribeParam, and SQL Col Attribute; SQLBindCol,
SQLBindParameter, and SQL GetData; and SQL Columns, SQL GetTypelnfo, SQL ProcedureColumns,
SQL Statistics, and SQL Special Columns.,

The following table shows how the ODBC 3.x Driver Manager performs mapping of the date, time, and
timestamp C data types entered in the TargetType arguments of SQL BindCol and SQL GetData or the
ValueType argument of SQL BindParameter.

Data type code 2X app to 2Xappto 3.xappto 3.xappto

entered 2.x driver 3.xdriver 2x driver 3.xdriver

SQL_C DATE(9) | Nomapping ||SQL_C_ No mapping[1] SQL C_
TYPE_DATE (91) TYPE_DATE (91)

SQL_C_ Error (from Error (from DM) SQL_C_DATE (9) || No mapping[2]

TYPE_DATE (91) (|DM)

SQL_C TIME (10) | Nomapping ||SQL_C_ No mapping[1] SQL C_
TYPE_TIME (92) TYPE_TIME (92)

SQL C Error (from Error (from DM) SQL_C TIME (10) || No mapping[2]

TYPE_TIME (92) ||DM)

SQL_C_ No mapping [|SQL_C_ No mapping[1] SQL_C_

TIMESTAMP (11) TYPE_ TYPE_
TIMESTAMP (93) TIMESTAMP (93)

SQL_C_ Error (from Error (from DM) SQL_C_ No mapping[2]

TYPE_ DM) TIMESTAMP (12)

TIMESTAMP (93)
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[1] Asaresult of this, an ODBC 3.x application working with an ODBC 2.x driver can use the date, time,
or timestamp codes returned in the result sets that are returned by the catal og functions.

[2] Asaresult of this, an ODBC 3.x application working with an ODBC 3.x driver can use the date, time,
or timestamp codes returned in the result sets that are returned by the catal og functions.

The following table shows how the ODBC 3.x Driver Manager performs mapping of the date, time, and
timestamp SQL data types entered in the Parameter Type argument of SQL BindParameter or the
DataType argument of SQL GetTypel nfo.

Datatype 2X appto 2xappto 3xappto 3xappto
code entered 2.x driver 3x driver 2x driver 3.x driver
SQL_DATE (9) No mapping SQL_TYPE_ No mapping[1] SQL_TYPE_
DATE (91) DATE (91)
SQL_TYPE_ Error (from DM) | Error (from DM) SQL_DATE (9) No mapping [2]
DATE (91)
SQL_TIME (10) No mapping SQL_TYPE_ No mapping[1] SQL_TYPE_
TIME (92) TIME (92)
SQL_TYPE_ Error (from DM) | Error (from DM) SQL_TIME (10) No mapping [2]
TIME (92)
SQL No mapping SQL_TYPE_ No mapping[1] SQL_TYPE_
TIMESTAMP (11) TIMESTAMP (93) TIMESTAMP (93)
SQL_TYPE_ Error (from DM) | Error (from DM) SQL No mapping[2]
TIMESTAMP (93) TIMESTAMP (11)

'As aresult of this, an ODBC 3.x application working with an ODBC 2.x driver can used the date, time, or
timestamp codes returned in the result sets that are returned by the catalog functions.

2Asaresult of this, an ODBC 3.x application working with an ODBC 3.x driver can used the date, time, or
timestamp codes returned in the result sets that are returned by the catalog functions.

Writing ODBC 3.x Applications

When an ODBC 2.x application is upgraded to ODBC 3.x, it should be written such that it works with both
ODBC 2.x and 3.x drivers. The application should incorporate conditional code to take full advantage of the
ODBC 3.x features.

The SQL_ATTR_ODBC_VERSION environment attribute should be set to SQL_OV_ODBC2. Thiswill
ensure that the driver behaves like an ODBC 2.x driver with respect to the changes described in the
"Behavioral Changes' section earlier in this chapter are concerned.

If the application will use any of the features described in the “New Features’ section earlier in this chapter,
conditional code should be used to determine whether the driver isan ODBC 3.x or ODBC 2.x driver. The
application uses SQL GetDiagField and SQL GetDiagRec to obtain ODBC 3.x SQLSTATEs while doing
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error processing on these conditional code fragments. The following points about the new functionality
should be considered:

» Anapplication affected by the change in rowset size behavior should be careful not to call
SQL Fetch when the array size is greater than 1. These applications should replace callsto
SQL ExtendedFetch with callsto SQL SetStmtAttr to set the
SQL_ATTR_ARRAY_STATUS PTR statement attribute and SQL FetchScroll, so they have
common code that works with both ODBC 3.x and ODBC 2.x drivers. Because SQL SetStmtAfttr
with SQL_ATTR_ROW_ARRAY _SIZE will be mapped to SQL SetStmtAttr with
SQL_ROWSET_SIZE for ODBC 2.x drivers, applications can just set
SQL_ATTR_ROW_ARRAY _SIZE for their multirow fetch operations.

» Most applications that are upgrading are not actually affected by changesin SQLSTATE codes.
For those applications that are affected, they can do a mechanical search and replace in most cases
using the error conversion table in the "SQLSTATE Mapping" section to convert ODBC 3.x error
codes to ODBC 2.x codes. Since the ODBC 3.x Driver Manager will perform mapping from
ODBC 2.x SQLSTATESsto ODBC 3.x SQLSTATEs, these application writers need only check for
the ODBC 3.x SQLSTATES and not worry about including ODBC 2.x SQLSTATESs in conditional
code.

» |f an application makes great use of date, time, and timestamp data types, the application can
declareitself to be an ODBC 2.x application and use its existing code, instead of using
conditioning code.

The upgrade should also include the following steps:

e Cdl SQL SetEnvAttr before allocating a connection to set the SQL_ATTR_ODBC_VERSION
environment attribute to SQL_OV_0ODBC2.

* Replace all callsto SQL AllocEnv, SQL AllocConnect, or SQL AllocStmt with callsto
SQL AllocHandle with the appropriate HandleType argument of SQL_HANDLE_ENYV,
SQL_HANDLE DBC, or SQL_HANDLE_STMT.

» Replace all callsto SQLFreeEnv or SQL FreeConnect with calls to SQL FreeHandle with the
appropriate HandleType argument of SQL_ HANDLE_DBC or SQL_ HANDLE_STMT.

* Replace dl callsto SQL SetConnectOption with calls to SQL SetConnectAttr. If setting an
attribute whose value is a string, set the StringLength argument appropriately. Change Attribute
argument from SQL_XXXX to SQL_ATTR_XXXX.

* Replacedl callsto SQL GetConnectOption with callsto SQL GetConnectAttr. If getting a
string or binary attribute, set Buffer Length to the appropriate value and passin a SringLength
argument. Change Attribute argument from SQL_XXXX to SQL_ATTR_XXXX.
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Replace al callsto SQL SetStmtOption with calls to SQL SetStmtAttr. If setting an attribute
whose valueis a string, set the SringLength argument appropriately. Change Attribute argument
from SQL_XXXX to SQL_ATTR_XXXX.

Replace all callsto SQL GetStmtOption with calls to SQL GetStmtAttr. If getting a string or
binary attribute, set BufferLength to the appropriate value and pass in a SringLength argument.
Change Attribute argument from SQL_XXXX to SQL_ATTR_XXXX.

Replace all callsto SQL Transact with callsto SQLEndTran. If the rightmost valid handlein the
SQL Transact cal is an environment handle, then a HandleType argument of
SQL_HANDLE_ENV should be used in the SQL EndTran call with the appropriate Handle
argument. If the rightmost valid handle in your SQL Transact call is aconnection handle, then a
HandleType argument of SQL_ HANDLE_DBC should be used in the SQL EndTran call with the
appropriate Handle argument.

Replace all callsto SQL ColAttributes with callsto SQL ColAttribute. If the Fieldldentifier
argument is either SQL_COLUMN_PRECISION, SQL_COLUMN_SCALE, or
SQL_COLUMN_LENGTH, then do not change anything other than the name of the function. If
not, change Fieldldentifier from SQL_COLUMN_XXXX to SQL_DESC XXXX. If
Fieldidentifier is SQL_DESC _CONCISE_TY PE and the data type is a datetime data type, change
to the corresponding ODBC 3.x data type.

If using block cursors, scrollable cursors, or both then the application:

»  Setsthe rowset size, cursor type, and cursor concurrency using SQL SetStmtAttr.

e CdlsSQLSetStmtAttr toset SQL_ ATTR_ROW_STATUS PTR to point to an array of
status records.

e CdlsSQLSetStmtAttr toset SQL_ATTR_ROWS FETCHED_PTR to point to an
SQLINTEGER.

»  Performsthe required bindings and executes the SQL statement.

e CdlsSQLFetchScroll inaloop to fetch rows and move around in the result set.

e |If it wantsto fetch by bookmark, then the application calls SQL SetStmtAttr to set
SQL_ATTR_FETCH_BOOKMARK _PTR to avariable that will contain the bookmark
for the row that it wants to fetch, and calls SQL FetchScroll with a FetchOrientation
argument of SQL_FETCH_BOOKMARK.

If using arrays of parameters, then the application:
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e CdlsSQL SetStmtAttr to set the SQL_ATTR _PARAMSET_SIZE attribute to the size

of the parameter array.

e CdlsSQL SetStmtAttr to set SQL_ATTR_ROWS PROCESSED_PTR to point to an

internal UDWORD variable.

»  Performs prepare, bind, and execute operations as appropriate.

e |f execution halts for some reason (such as SQL_NEED_DATA), it can find the "current"
row of parameters by inspecting the location pointed to by
SQL_ATTR_ROWS_PROCESSED_PTR.

M apping Replacement Functionsfor Backward Compatibility of

Applications

An ODBC 3.x application working through the ODBC 3.x Driver Manager will work against an ODBC 2.x
driver aslong as no new features are used. Both duplicated functionality and behavioral changes do,
however, affect the way that the ODBC 3.x application works on an ODBC 2.x driver. When working with
an ODBC 2.x driver, the Driver Manager maps the following ODBC 3.x functions, which have replaced
one or more ODBC 2.x functions, into the corresponding ODBC 2.x functions.

ODBC 3.x function

ODBC 2.x function

SQLAllocHandle SQLAllocEnv,
SQL AllocConnect, or
SQL AllocStmt
SQL BulkOperations SQL SetPos
SQL ColAttribute SQL ColAttributes
SQLENndTran SQL Transact
SQL Fetch SQL ExtendedFetch
SQL FetchScrall SQL ExtendedFetch
SQLFreeHandle SQLFreeEnv,
SQL FreeConnect, or
SQL FreeStmt
SQL GetConnectAttr SQL GetConnectOption
SQL GetDiagRec SQLError
SQL GetStmtAttr SQL GetStmtOption [1]
SQL SetConnectAttr SQL SetConnectOption
SQL SetStmtAttr SQL SetStmtOption [1]

[1] Other actions might also be taken, depending on the attribute being requested.
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SQLAIllocHandle

The Driver Manager maps this to SQL AllocEnv, SQL AllocConnect, or SQL AllocStmt, as appropriate.
Thefollowing call to SQLAllocHandle:

SQLAI | ocHandl e( Handl eType, | nput Handl e, CQut put Handl ePtr);
will result in the Driver Manager performing the following (conceptual, no error checking) mapping:

swi tch (Handl eType) {
case SQ_HANDLE ENV: return (SQLAl | ocEnv(Qut put Handl ePtr));
case SQ._HANDLE DBC: return (SQLAl |l ocConnect (I nputHandl e, QutputHandl ePtr));
case SQ_HANDLE _STMI: return (SQAlIlocStm (InputHandl e, CQutputHandlePtr));
default: // return SQ._ERROR, SQ.STATE HY092 ("Invalid attribute/option
identifier")
}
SQL BulkOperations

The Driver Manager maps this to SQL SetPos. The following call to SQL BulkOper ations:
SQLBulkOperations(hstmt, Operation);
will result in the following sequence of steps:

1. If the Operation argument is SQL_ADD, the Driver Manager calls SQL SetPos as follows:
SQL SetPos (hstmt, 0, SQL_ADD, SQL_LOCK_NO_CHANGE);

3. If the Operation argument is not SQL_ADD, the driver returns SQLSTATE HY 092 (Invalid
attribute/option identifier).

4. If the application attempts to change the SQL_ATTR_ROW_STATUS PTR between callsto
SQL Fetch or SQL FetchScroll and SQL BulkOper ations, the Driver Manager will return
SQLSTATE HY011 (Attribute cannot be set now).

5. If the Operation argument is SQL_ADD, the application must call SQL BindCoal to bind the data
to be inserted. It cannot call SQL SetDescField or SQL SetDescRec to bind the data to be inserted.

6. If the Operation argument is SQL_ADD, and the number of rows to be inserted is not the same as
the current rowset size, then SQL SetStmtAttr must be called to set the
SQL_ATTR_ROW_ARRAY_SIZE statement attribute to the number of rows to be inserted
before calling SQL BulkOperations. To revert back to the previous rowset size, the application
must set the SQL_ATTR_ROW_ARRAY _SIZE statement attribute before SQL Fetch,

SQL FetchScroll, or SQL SetPosis called.

SQL ColAttribute

The Driver Manager maps this to SQL ColAttributes. The following call to SQL ColAttribute:

SQL Col Attribute(StatementHandle, ColumnNumber, Fieldldentifier, CharacterAttributePtr, BufferLength,
StringLengthPtr, NumericAttributePtr);
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will result in the following sequence of steps:
1. If Fieldidentifier is one of the following:

SQL_DESC_PRECISION, SQL_DESC_SCALE, SQL_DESC_LENGTH,
SOL_DESC_OCTET_LENGTH, SQL_DESC_UNNAMED,

SQL_DESC_BASE_COLUMN_NAME, SQL_DESC_LITERAL_PREFIX,
SQL_DESC_LITERAL_SUFFIX, or SQL_DESC_LOCAL_TYPE_NAME

then the Driver Manager returns SQL_ERROR with SQLSTATE HY 091 (Invalid descriptor field
identifier). No further rules of this section apply.

2. The Driver Manager maps SQL_COLUMN_COUNT, SQL_COLUMN_NAME, or
SQL_COLUMN_NULLABLE to SQL_DESC_COUNT, SQL_DESC_NAME, or
SQL_DESC NULLABLE, respectively. (An ODBC 2.x driver need only support
SQL_COLUMN_COUNT, SQL_COLUMN_NAME, and SQL_COLUMN_NULLABLE, not
SQL_DESC _COUNT, SQL_DESC _NAME, and SQL_DESC NULLABLE.) Thecal to
SQL ColAttribute is mapped to:

3. SQLColAttributes(StatementHandle, ColumnNumber, Fieldldentifier, CharacterAttributePtr, BufferLength,
StringLengthPtr, NumericAttributePtr);

4. All other Fieldldentifier values are passed through to the driver, with SQL Col Attribute mapped
to SQL ColAttributes as shown previously.

5. If BufferLength isless than O, then the Driver Manager returns SQL_ERROR with SQLSTATE
HY 090 (Invalid string or buffer length). No further rules of this section apply.

6. If Fieldldentifier isSQL_DESC_CONCISE_TYPE, and the returned type is a concise datetime
data type, the Driver Manager maps the return values for date, time, and timestamp codes.

7. The Driver Manager performs necessary checksto seeif SQLSTATE HY 010 (Function sequence
error) needs to be raised. If so, the Driver Manager returns SQL_ERROR and SQLSTATE HY 010
(Function sequence error). No further rules of this section apply.

SQLENdTran

The Driver Manager maps thisto SQL Transact. The following call to SQLEndTran:
SQLEndTr an( Handl eType, Handl e, Conpl eti onType);

will result in the Driver Manager performing the following (conceptual, no error checking) mapping:

swi tch (Handl eType) {
case SQ _HANDLE ENV: return(SQ.Transact (Handl e, SQ._NULL_HDBC,
Conpl eti onType));
case SQ._HANDLE DBC: return(SQ.Transact (SQL_NULL_HENV, Handl e,
Conpl eti onType) ;
default: // return SQ_ERROR SQ.STATE HY092 ("Invalid attribute/option
identifier")

}
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SQL Fetch

The Driver Manager maps this to SQL ExtendedFetch with a FetchOrientation of SQL_FETCH_NEXT.
The following call to SQL Fetch:

SQLFet ch (St at erment Handl e) ;
will result in the Driver Manager calling SQL ExtendedFetch, as follows:

rc = SQLExt endedFet ch( St at ement Handl e, FetchOrientation, FetchOffset, &RowCount,
RowSt at usArray) ;

In this call, the pcRow argument is set to the value that the application sets the
SQL_ATTR_ROWS FETCHED_PTR statement attribute to through a call to SQL SetStmtAttr.

Recall that when the application calls SQL SetStmtAttr to set SQL_ATTR_ROW_STATUS PTR to point
to a status array, the Driver Manager caches the pointer. RowStatusArray can be equal to a null pointer.

If the driver does not support SQL ExtendedFetch and the cursor library isloaded, then the Driver
Manager uses the cursor library's SQL ExtendedFetch to map SQL Fetch to SQL ExtendedFetch. If the
driver does not support SQL ExtendedFetch and the cursor library is not loaded, the Driver Manager
passes the call to SQL Fetch through to the driver. If the application calls SQL SetStmtAttr to set
SQL_ATTR_ROW_STATUS PTR, then the Driver Manager ensures that the array is populated. If the
application calls SQL SetStmtAttr to set SQL_ATTR_ROWS FETCHED_PTR, then the Driver Manager
setsthisfield to 1.

SQL FetchScrall

The Driver Manager maps this to SQL ExtendedFetch. The following call to SQL FetchScrall:
SQLFet chScrol | (St at enent Handl e, FetchOrientation, FetchOifset);

will result in the following sequence of steps:

1. Recall that when the application calls SQL SetStmtAttr to set SQL_ATTR_ROW_STATUS PTR
(which setsthe SQL_DESC _ARRAY_STATUS PTRfield inthe IRD) to point to a status array,
the Driver Manager caches this pointer. Let this pointer be RowStatusArray; otherwise, let
RowStatusArray be equal to anull pointer. If the RowStatusArray argumentsis set to a nulll
pointer, the Driver Manager generates a row-status array.

2. If FetchOrientationisnot one of SQL_FETCH_NEXT, SQL_FETCH_PRIOR,
SQL_FETCH_ABSOLUTE, SQL_FETCH_RELATIVE, SQL_FETCH_FIRST,
SQL_FETCH_LAST, or SQL_FETCH_BOOKMARK, then the Driver Manager returns with
SQL_ERROR and SQLSTATE HY 106 (Fetch type out of range). No further rules of this section

apply.

3. Case

* |If FetchOrientation is equal to SQL_FETCH_BOOKMARK, then:
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e |f SQL SetStmtAttr was caled earlier to set the value of
SQL_ATTR_FETCH_BOOKMARK_PTR, then let Bmk be the value obtained by
dereferencing the pointer SQL_DESC FETCH_BOOKMARK_PTR.

*  Otherwise, return SQL_ERROR with SQLSTATE HY 111 (Invalid bookmark value). No
further rules of this section apply.

The Driver Manager now calls SQL ExtendedFetch, as follows:
rc = SQLExtendedFetch(StatementHandl e, FetchOrientation, Bmk, pcRow, RowStatusArray);

e Otherwise, the Driver Manager calls SQL ExtendedFetch, as follows:
o rc = SQLExtendedFetch(StatementHandl e, FetchOrientation, FetchOffset, pcRow, RowStatusArray);

In these calls, the pcRow argument is set to the value that the application sets the
SQL_ATTR_ROWS FETCHED_PTR statement attribute to through a call to SQL SetStmtAttr.

4. SQL_ATTR_ROW_ARRAY_SIZE is mapped to SQL_ROWSET_SIZE.

5. Ifrcisequal to SQL_SUCCESS or SQL_SUCCESS WITH_INFO, and if FetchOrientation is
equal to SQL_FETCH_BOOKMARK and FetchOffset is not equal to O, then the Driver Manager
posts awarning, SQLSTATE 01S10 (Attempt to fetch by a bookmark offset, offset value ignored),
and returns SQL_SUCCESS WITH_INFO.

SQLFreeHandle

The Driver Manager maps this to SQL FreeEnv, SQL FreeConnect, or SQL FreeStmt as appropriate. The
following call to SQL FreeHandle:

SQLFr eeHandl e( Handl eType, Handl e);
will result in the Driver Manager performing the following (conceptual, no error checking) mapping:

swi tch (Handl eType) {
case SQ._HANDLE ENV: return (SQLFreeEnv(Handle));
case SQ._HANDLE DBC:. return (SQLFreeConnect(Handle));
case SQ_HANDLE _STMI: return (SQ.FreeStnt (Handl e, SQ._DROP));
default: // return SQ._ERROR, SQ.STATE HY092 ("Invalid attribute/option
identifier")
}
SQL GetConnectAttr

The Driver Manager maps this to SQL GetConnectOption. The following call to SQL GetConnectAttr:

SQLGet Connect Attr (Connecti onHandl e, Attribute, ValuePtr, BufferLength,
StringLengthPtr);

will result in the following sequence of steps:

1. If Attribute is not a driver-defined connection or statement attribute, and is not an attribute defined
in ODBC 2.x, then the Driver Manager returns SQL_ERROR with SQLSTATE HY 092 (Invalid
attribute/option identifier). No further rules in this section apply.
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2. If Attributeisequal to SQL_ATTR_AUTO_IPD or SQL_ATTR_METADATA_ID, then the
Driver Manager returns SQL_ERROR with SQLSTATE HY 092 (Invalid attribute/option
identifier).

3. The Driver Manager performs necessary checksto seeif SQLSTATE 08003 (Connection not
open) or SQLSTATE HY 010 (Function sequence error) needs to be raised. If so, the Driver
Manager returns SQL_ERROR and posts the appropriate error message. No further rules of this
section apply.

4. The Driver Manager calls SQL GetConnectOption as follows:
5. SQLGetConnectOption (ConnectionHandle, Attribute, ValuePtr);
Note that the BufferLength and StringLengthPtr are ignored.

SQL GetData

When an ODBC 3.x application working with an ODBC 2.x driver calls SQL GetData with the
ColumnNumber argument equal to 0, the ODBC 3.x Driver Manager mapsthisto acall to
SQL GetStmtOption with the Option attribute set to SQL_GET_BOOKMARK.

SQL GetStmtAttr

The Driver Manager maps this to SQL GetStmtOption. The following call to SQL GetStmtAttr:

SQLGet Stmt Attr (St at enent Handl e, Attribute, ValuePtr, BufferLength,
StringLengthPtr);

will result in the following sequence of steps:

1. If Attribute is not a driver-defined connection or statement attribute, and is not an attribute defined
in ODBC 2.x, then the Driver Manager returns SQL_ERROR with SQLSTATE HY 092 (Invalid
attribute/option identifier). No further rules in this section apply.

2. If Attribute is one of the following:

SQL_ATTR_APP_ROW_DESC, SQL_ATTR_APP_PARAM_DESC, SQL_ATTR_AUTO_IPD,
SQL_ATTR_ROW BIND_TYPE. SQL_ATTR_IMP_ROW_DESC,
SQL_ATTR_IMP_PARAM_DESC, SQL_ATTR_METADATA_ID,
SOL_ATTR_PARAM_BIND_TYPE, SQL_ATTR_PREDICATE_PTR,
SQL_ATTR_PREDICATE_OCTET_LENGTH_PTR,
SQL_ATTR_PARAM_BIND_OFFSET_PTR, SQL_ATTR_ROW_BIND_OFFSET_PTR,
SQL_ATTR_ROW_OPERATION_PTR, SQL_ATTR_PARAM_OPERATION_PTR

Then the Driver Manager returns SQL_ERROR with SQLSTATE HY 092 (Invalid attribute/option
identifier). No further rules of this section apply.

3. The Driver Manager performs necessary checksto seeif SQLSTATE HY 010 (Function sequence
error) needs to be raised. If so, the Driver Manager returns SQL_ERROR and SQLSTATE HY 010
(Function sequence error). No further rules of this section apply.

241



4. |If Attributeisequal to SQL_ATTR_ROWS FETCHED_PTR, the Driver Manager returns a
pointer to the internal Driver Manager variable cRow, which it has used or will usein acall to
SQL ExtendedFetch. No further rules of this section apply.

5. If Attributeis equal to SQL_DESC FETCH_BOOKMARK_PTR, the Driver Manager returns the
appropriate pointer that it had cached during acall to SQL SetStmtAttr.

6. |If Attributeisequal to SQL_ATTR_ROW_STATUS PTR, the Driver Manager returns the
appropriate pointer that it had cached during acall to SQL SetStmtAttr.

The Driver Manager calls SQL GetStmtOption as follows:
SQL GetStmtOption (hstmt, fOption, pvParam);
where hstmt, fOption, and pvParam will be set to the values of StatementHandle, Attribute, and
ValuePtr, respectively. Note that the BufferLength and StringLengthPtr are ignored.
SQL SetConnectAttr

The Driver Manager maps this to SQL SetConnectOption. The following call to SQL SetConnectAttr:
SQLSet Connect Attr (Connecti onHandl e, Attribute, ValuePtr, StringlLength);

will result in the following sequence of steps:

1.

If Attribute is not a driver-defined connection or statement attribute, and is not an attribute defined
in ODBC 2.x, then the Driver Manager returns SQL_ERROR with SQLSTATE HY 092 (Invalid
attribute/option identifier). No further rulesin this section apply.

If Attributeisequal to SQL_ATTR_AUTO_IPD, then the Driver Manager returns SQL_ ERROR
with SQLSTATE HY 092 (Invalid attribute/option identifier).

The Driver Manager performs necessary checksto seeif SQLSTATE 08003 (Connection not
open) or SQLSTATE HY 010 (Function sequence error) need to be raised. If one of these errors
needs to be raised, the Driver Manager returns SQL_ERROR and posts the appropriate error
message. No further rules of this section apply.

The Driver Manager calls SQL SetConnectOption as follows:
SQL SetConnectOption (hdbc, fOption, vParam);

where hdbc, fOption, and vParam will be set to the values of ConnectionHandle, Attribute, and
ValuePtr, respectively. Note that StringLengthPtr isignored.

Note The ability to set statement attributes on the connection level has been deprecated. Statement
attributes should never be set on the connection level by an ODBC 3.x application.

SQL SetStmtAttr
The Driver Manager maps this to SQL SetStmtOption. The following call to SQL SetStmtAttr:
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SQLSet Stmt Attr (StatenentHandl e, Attribute, ValuePtr, StringlLength);

will result in the following sequence of steps:

1.

If Attribute is not a driver-defined connection or statement attribute, and is not an attribute defined
in ODBC 2.x, then the Driver Manager returns SQL_ERROR with SQLSTATE HY 092 (Invalid
attribute/option identifier). No further rulesin this section apply.

If Attribute is one of the following:

SQL_ATTR_APP_ROW_DESC, SQL_ATTR_APP_PARAM_DESC, SQL_ATTR_AUTO_IPD,
SQL_ATTR_ROW BIND_TYPE. SQL_ATTR_IMP_ROW_DESC,
SQL_ATTR_IMP_PARAM_DESC, SQL_ATTR_METADATA_ID,
SQOL_ATTR_PARAM_BIND_TYPE, SQL_ATTR_PREDICATE_PTR,
SQL_ATTR_PREDICATE_OCTET_LENGTH_PTR,
SQL_ATTR_PARAM_BIND_OFFSET_PTR, SQL_ATTR_ROW_BIND_OFFSET_PTR,
SQL_ATTR_ROW_OPERATION_PTR, SQL_ATTR_PARAM_OPERATION_PTR.

Then the Driver Manager returns SQL_ERROR with SQLSTATE HY 092 (Invalid attribute/option
identifier). No further rules of this section apply.

The Driver Manager performs the necessary checksto see if SQLSTATE HY 010 (Function
seguence error) need to be raised. If so, the Driver Manager returns SQL_ERROR and
SQLSTATE HY 010 (Function sequence error). No further rules of this section apply.

If Attributeisegual to SQL_ATTR_PARAMSET_SIZE or
SQL_ATTR_PARAMS PROCESSED_PTR, then see the section "Mappings for Handling
Parameter Arrays' later in thistopic. No further rules of this section apply.

If Attributeisequal to SQL_ATTR_ROWS FETCHED_PTR, then the Driver Manager caches the
pointer value, for later use with SQL FetchScroll.

If Attributeisegual to SQL_ATTR_ROW_STATUS PTR, then the Driver Manager caches the
pointer value, for later use with SQL FetchScroll or SQL SetPos. No further rules of this section

apply.

If Attributeisequal to SQL_ATTR_FETCH_BOOKMARK_PTR, the Driver Manager caches
ValuePtr and it will use the cached value later in acall to SQL FetchScroll. No further rules of
this section apply.

The Driver Manager calls SQL SetStmtOption as follows:
SQL SetStmtOption (hstmt, fOption, vParam);

where hstmt, fOption, and vParam will be set to the values of SatementHandle, Attribute, and
ValuePtr, respectively. Note that the SringLength argument isignored.
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If an ODBC 2.x driver supports character-string, driver-specific statement options, an ODBC 3.x
application should call SQL SetStmtOption to set those options.

Mappings For Handling Parameter Arrays

When the application calls:
SQLSet Stmt Attr (Statenment Handl e, SQ._ATTR _PARAMSET_SI ZE, Size, StringlLength);

the Driver Manager calls:
SQLPar anOpt i ons ( St at enent Handl e, Si ze, &RowCount);

The Driver Manager later returns a pointer to this variable when the application calls SQL GetStmtAttr to
retrieve SQL_ATTR_PARAMS PROCESSED_PTR. Note that the Driver Manager cannot change this
internal variable until the statement handle is returned to the prepared or allocated state.

An ODBC 3.x application can call SQL GetStmtAttr to obtain the value of

SQL_ATTR_PARAMS PROCESSED_PTR even though it has not explicitly set the
SQL_DESC_ARRAY_SIZE field in the APD. This situation could arise, for example, if the application has
ageneric routine that checks for the current "row" of parameters being processed when SQL Execute
returns SQL_NEED_DATA. Thisroutine isinvoked regardless of whether the

SQL_DESC ARRAY_SIZE is1 orisgreater than 1. To account for this, the Driver Manager will need to
define thisinternal variable regardless of whether or not the application has called SQL SetStmtAttr to set
the SQL_DESC_ARRAY_SIZE field in APD. If SQL_DESC_ARRAY_SIZE has not been set, the Driver
Manager has to make sure that this variable contains the value 1 prior to returning from SQL ExecDir ect or
SQL Execute.

Error Handling

In ODBC 3.x, calling SQL Fetch or SQL FetchScroll populatesthe SQL_DESC ARRAY_STATUS PTR
inthe IRD, and the SQL_DIAG_ROW_NUMBER field of a given diagnostic record contains the number
of the row in the rowset that this record pertains to. Using this, the application can correlate an error
message with a given row position.

An ODBC 2.x driver will be unable to provide this functionality. However, it will provide error
demarcation with SQLSTATE 01S01 (Error in row). An ODBC 3.x application that is using SQL Fetch or
SQL FetchScroll while going against an ODBC 2.x driver needs to be aware of this fact. Note also that
such an application will be unable to call SQL GetDiagField to actually get the
SQL_DIAG_ROW_NUMBER field anyway. An ODBC 3.x application working with an ODBC 2.x driver
will only be able to call SQL GetDiagField with a Diagldentifier argument of
SQL_DIAG_MESSAGE_TEXT, SQL_DIAG_NATIVE, SQL_DIAG_RETURNCODE, or
SQL_DIAG_SQLSTATE. The ODBC 3.x Driver Manager maintains the diagnostic data structure when
working with an ODBC 2.x driver, but the ODBC 2.x driver only returns these four fields.

When an ODBC 2.x application is working with an ODBC 2.x driver, if an operation can cause multiple
errors to be returned by the Driver Manager, different errors may be returned by the ODBC 3.x Driver
Manager than by the ODBC 2.x Driver Manager.

Mappings For Bookmark Operations

The ODBC 3.x Driver Manager performs the following mappings when an ODBC 3.x application working
with an ODBC 2.x driver performs bookmark operations.
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SQLBindCol

When an ODBC 3.x application working with an ODBC 2.x driver calls SQL BindCol to bind to column O
with fCType equal to SQL_C VARBOOKMARK, the ODBC 3.x Driver Manager checks to see whether

the BufferLength argument islessthan 4, or greater than 4, and if so, returns SQLSTATE HY 090 (Invalid
string or buffer length). If the BufferLength argument is equal to 4, the Driver Manager calls SQLBindCol

in the driver, after replacing fCType with SQL_C BOOKMARK.

SQL ColAttribute

When an ODBC 3.x application working with an ODBC 2.x driver calls SQL ColAttribute with the
ColumnNumber argument set to O, the Driver Manager returns the following Fieldldentifier values:

Fieldl dentifier Value
SQL_DESC_AUTO_UNIQUE_VALUE SQL_FALSE
|SQL_DESC_CASE_SENSITIVE SQL_FALSE
SQL_DESC_CATALOG_NAME " (empty string)
'SQL_DESC_CONCISE_TYPE SQL_BINARY
SQL_DESC COUNT a The same val ue returned by
SQLNumResultCols
'SQL_DESC_DATETIME_INTERVAL_CODE 0
'SQL_DESC _DISPLAY_SIZE 8
' SQL_DESC_FIXED_PREC_SCALE SQL_FALSE
'SQL_DESC LABEL " (empty string)
SQL_DESC_LENGTH 0 B

SQL_DESC_LITERAL_PREFIX

""" (empty string)

SQL_DESC_LITERAL_SUFFIX

" (empty string)

SQL_DESC_LOCAL_TYPE_NAME

""" (empty string)

SQL_DESC_NAME

" (empty string)

SQL_DESC NULLABLE

SQL_NO _NULLS

SQL DESC_OCTET_LENGTH 4
SQL DESC PRECISION 4
0

SQL_DESC_SCALE

SQL_DESC_SCHEMA_NAME

" (empty string)

SQL DESC . SEARCHABLE

SQL_PRED_NONE

SQL DESC TABLE NAME

" (empty string)

SQL DESC TYPE

SQL_BINARY

SQL DESC_TYPE_NAME

(er_npty string)

SQL DESC UNNAMED

SQL_UNNAMED

SQL_DESC_UNSIGNED

SQL_FALSE

SQL_DESC_UPDATEABLE

SQL_ATTR_READ ONLY
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SQLDescribeCol

When an ODBC 3.x application working with an ODBC 2.x driver calls SQL DescribeCol with the
ColumnNumber argument set to 0, the Driver Manager returns the following values:

Buffer Value
ColumnName "" (empty string)
*Namel engthPtr 0

*Datal ypePtr SQL_BINARY
*ColumnSi zePtr 4

*Decimal DigitsPtr 0

*NullablePtr SQL_NO_NULLS
SQLGetData

When an ODBC 3.x application working with an ODBC 2.x driver makes the following call to
SQL GetData to retrieve a bookmark:

SQLGet Dat a( St at enent Handl e, 0, SQ._C VARBOOKMARK, Target Val uePtr, BufferlLength,
StrLen_or_I ndPtr)

the call is mapped to SQL GetStmtOption with an fOption of SQL_GET_BOOKMARK, asfollows:
SQLGet St mt Opti on(hstnt, SQ._GET_BOOKMARK, Target Val uePtr)

where hstmt and pvParam are set to the values in SatementHandle and TargetValuePtr, respectively. The
bookmark is returned in the buffer pointed to by the pvParam (TargetValuePtr) argument. The value in the
buffer pointed to by the StrLen_or_IndPtr argument in the call to SQL GetData is set to 4.

This mapping is necessary to account for the case in which SQL Fetch was called prior to the call to
SQL GetData, and the ODBC 2.x driver did not support SQL ExtendedFetch. In this case, SQL Fetch
would be passed through to the ODBC 2.x driver, in which case bookmark retrieval is not supported.

SQL GetData cannot be called multiple timesin an ODBC 2.x driver to retrieve a bookmark in parts, so
calling SQL GetData with the BufferLength argument set to a value less than 4 and the ColumnNumber
argument set to O will return SQLSTATE HY 090 (Invalid string or buffer length). SQL GetData can,
however, be called multiple times to retrieve the same bookmark.

SQL SetStmitALttr

When an ODBC 3.x application working with an ODBC 2.x driver calls SQL SetStmtAttr to set the
SQL_ATTR_USE_BOOKMARKS attribute to SQL_UB_VARIABLE, the Driver Manager setsthe
attribute to SQL_UB_ON in the underlying ODBC 2.x driver

Calling SQL CloseCur sor

Because SQL CloseCur sor is amost the same as SQL FreeStmt with SQL_CLOSE, the Driver Manager
does not map this function. Replacement functions are mapped so that existing ODBC 2.x applications can
easily move to ODBC 3.x by using the new functions. Such a move makesit easier for such applicationsto
begin using new ODBC 3.x functionality inside of conditional code in amodular fashion.
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SQL CloseCursor does not represent any new functionality. An application does not gain any advantage by
moving to SQL CloseCur sor from SQL FreeStmt with SQL_CLOSE.

Calling SQL GetDiagField

When an ODBC 3.x application calls SQL GetDiagField in an ODBC 2.x driver, the driver will return
SQL_SUCCESS and the appropriate information in * DiaglnfoPtr if the Diagldentifier argument is
SQL_DIAG_CLASS ORIGIN, SQL_DIAG_CLASS SUBCLASS ORIGIN,
SQL_DIAG_CONNECTION_NAME, SQL_DIAG_MESSAGE_TEXT, SQL_DIAG_NATIVE,
SQL_DIAG_NUMBER, SQL_DIAG_RETURNCODE, SQL_DIAG_SERVER_NAME, or
SQL_DIAG_SQLSTATE. All other diagnostic fields will return SQL_ERROR.

Calling SQL SetPos

In ODBC 2.x, the pointer to the row status array was an argument to SQL ExtendedFetch. The row status
array was later updated by a call to SQL SetPos. Some drivers have relied on the fact that this array does
not change between SQL ExtendedFetch and SQL SetPos. In ODBC 3.x, the pointer to the status array isa
descriptor field and so the application can easily change it to point to a different array. This can bea
problem when an ODBC 3.x application is working with an ODBC 2.x driver, but is calling

SQL SetStmtAttr to set the array status pointer and is calling SQL FetchScroll to fetch data. The Driver
Manager mapsit as a sequence of callsto SQL ExtendedFetch. In the following code, an error would
normally be raised when the Driver Manager maps the second SQL SetStmtAttr call when working with
an ODBC 2.x driver:

SQLSet Stmt Attr(hstnt, SQ._ATTR_ROW STATUS PTR, rgf RowStatus, 0);
SQLFetchScrol | (hstnt, fFetchType, iRow);

SQLSet Stmt Attr(hstnt, SQ._ATTR_ROW STATUS PTR, rgfRowStat1, 0);
SQLSet Pos(hstnt, i Row, fOption, fLock);

The error would be raised if there were no way to change the row status pointer in ODBC 2.x between calls
to SQL ExtendedFetch. Instead, the Driver Manager performs the following steps when working with an
ODBC 2.x driver:

1. Initializesaninterna Driver Manager flag fSetPosError to TRUE.
2. When an application calls SQL FetchScroll, the Driver Manager sets fSetPosError to FALSE.

3. When the application calls SQL SetStmtAttr to set SQL_ATTR_ROW_STATUS PTR, the
Driver Manager sets fSetPosError equal to TRUE.

4. When the application calls SQL SetPos, with fSetPosError equal to TRUE, the Driver Manager
raises SQL_ERROR with SQLSTATE HY 011 (Attribute cannot be set now) to indicate that the
application attempted to call SQL SetPos after changing the row status pointer, but prior to calling
SQL FetchScrall.

Cursor Library Operations

If an application working with an ODBC 2.x driver makes calls to the ODBC 3.x cursor library, the
application may be able to use ODBC 3.x features that are not supported by the ODBC 2.x driver. An
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application writer should be careful how these features are used, however. Use of the ODBC 3.x cursor

library does not make an ODBC 2.x driver into an ODBC 3.x driver.

Mapping the Cursor Attributesl Information Types

When an ODBC 3.x application calls SQL Getlnfo in an ODBC 2.x driver with the
SQL_XXXX_CURSOR_ATTRIBUTESL information type (for dynamic, forward-only, keyset-driver, or
static cursors), the setting of the bits returned by Driver Manager depends upon what the ODBC 2.x driver
returns for the corresponding ODBC 2.x information types. The bits are set as follows:

Bit in SQL_XXXX_
CURSOR_
ATTRIBUTESL

Cursor type

ODBC 2.x information type

SQL_CA1 _NEXT

All

SQL_FETCH_
DIRECTION

SQL_CA1_
ABSOLUTE
SQL_CA1_
RELATIVE
SQL_CA1_
BOOKMARK

Dynamic, keyset-driver, static

SQL_FETCH_
DIRECTION

SQL_CA1 LOCK_
NO_CHANGE
SQL_CA1 LOCK_
UNLOCK
SQL_CAL LOCK_
EXCLUSIVE

Dynamic, keyset-driver, static

SQL_LOCK_TYPES

SQL_CA1_
POSITIONED_
UPDATE
SQL_CA1_
POSITIONED_
DELETE
SQL_CA1_SELECT_
FOR_UPDATE

All

SQL_POSITIONED_STATEMENTS

SQL_CA1 _POS_
POSITION
SQL_CA1_POS
DELETE
SQL_CA1_POS
REFRESH
SQL_CA1_POS
BULK_ADD

Dynamic, keyset-driver, static

SQL_POS
OPERATIONS
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SQL_NO_DATA

When an ODBC 3.x application calls SQL ExecDirect, SQL Execute, or SQL ParamData in an ODBC 2.x
driver to execute a searched update or delete statement that does not affect any rows at the data source, the

driver should return SQL_SUCCESS, not SQL_NO_DATA. When an ODBC 2.x or ODBC 3.x application
working with an ODBC 3.x driver calls SQL ExecDirect, SQL Execute, or SQL ParamData with the same
result, the ODBC 3.x driver should return SQL_NO_DATA.

Writing ODBC 3.x Drivers

The following table shows function support in an ODBC 3.x driver and an ODBC application, and the
mapping performed by the Driver Manager when the functions are called against an ODBC 3.x driver.

Supported Supported M apped/supported
by an by an by the ODBC 3.x
ODBC 3.x ODBC 3.x Driver Manager to

Function driver? application? an ODBC 3.x driver?

SQL AllocConnect No No[1] Yes

SQLAIllocEnv No No[1] Yes

SQL AllocHandle Yes Yes No

SQL AllocStmt No No[1] Yes

SQL BindCol Yes Yes No

SQL BindParam No Yes[2] Yes

SQL BindParameter Yes Yes No

SQL BrowseConnect Yes Yes No

SQL Cancel Yes Yes No

SQL CloseCur sor Yes Yes No

SQL ColAttribute Yes Yes No

SQL ColAttributes No[3] No Yes

SQL ColumnPrivileges Yes Yes No

SQL Columns ) Yes Yes No

SQL Connect Yes Yes No

SQL CopyDesc Yes Yes Yes[4]

SQL DataSour ces No Yes Yes

SQL DescribeCol Yes Yes No

SQL DescribeParam Yes Yes No

SQL Disconnect Yes Yes No

SQL Driver Connect Yes Yes No

SQLDrivers No Yes Yes

SQLENdTran Yes Yes No

SQLError No No[1] Yes

SQL ExecDirect Yes Yes No
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SQL Execute Yes Yes No
SQL ExtendedFetch Yes No No
SQL Fetch Yes Yes No
SQL FetchScroll Yes Yes No
SQL ForeignKeys Yes Yes No
SQL FreeConnect No Yes[1] Yes
SQL FreeEnv No Yes[1] Yes
SQL FreeHandle Yes Yes No
SQL FreeStmt Yes Yes No
SQL GetConnectAttr Yes Yes No
SQL GetConnectOption No[5] No[1] Yes
SQL GetCur sor Name Yes Yes No
SQL GetData Yes Yes No
SQL GetDescField Yes Yes No
SQL GetDescRec Yes Yes No
SQL GetDiagField Yes Yes No
SQL GetDiagRec Yes Yes No
SQL GetEnvAttr Yes Yes No
SQL GetFunctions No[6] Yes Yes
SQL GetInfo Yes Yes No
SQL GetStmtALttr Yes Yes No
SQL GetStmtOption No[5] No[1] Yes
SQL GetTypel nfo Yes Yes No
SQLMoreResults Yes Yes No
SQL NativeSql Yes Yes No
SQL NumParams Yes Yes No
SQLNumResultCols Yes Yes No
SQL ParambData Yes Yes No
SQL ParamOptions No No Yes
SQLPrepare Yes Yes No
SQL PrimaryKeys Yes Yes No
SQL ProcedureColumns Yes Yes No
SQL Procedures Yes Yes No
SQL PutData Yes Yes No
SQL RowCount Yes Yes No
SQL SetConnectAttr Yes Yes No
SQL SetConnectOption No[5] No[1] Yes
SQL SetCur sorName Yes Yes No
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SQL SetDescField Yes Yes No
SQL SetDescRec Yes Yes No
SQL SetEnvAttr Yes Yes No
SQL SetPos Yes Yes No
SQL SetParam No No Yes
SQL SetScrollOption Yes Yes No
SQL SetStmtAttr Yes Yes No
SQL SetStmtOption No[5] No[1] Yes
SQL Special Columns Yes Yes No
SQL Statistics Yes Yes No
SQL TablePrivileges Yes Yes No
SOLTables Yes Yes No
SQL Transact No No[1] Yes

[1] Thisfunction is deprecated in ODBC 3.x. ODBC 3.x applications should not use this function.
However, an X/Open or SO CLI — compliant application can call this function.

[2] ODBC 3.x applications should use SQL BindParameter instead of SQL BindParam. However, an
X/Open or SO CLI — compliant application can call this function.

[3] Driver writers note that the ODBC 2.x column attributes SQL_COLUMN_PRECISION,
SQL_COLUMN_SCALE, and SQL_COLUMN_LENGTH must be supported with SQL ColAttribute.

[4] Note that SQL CopyDesc is partialy implemented by the Driver Manager when a descriptor is being
copied across connections that belong to different drivers. Drivers are required to support SQL CopyDesc
across two of their own connections. Functions such as SQL Drivers, which are implemented solely by the
Driver Manager, do not show up on thislist.

[5] Under certain circumstances, drivers may need to support this function. See the reference manual page
for this function for more information.

[6] Thedriver may choose to support SQL GetFunctions if the functions that it supports varies from
connection to connection.

ODBC in Windows
The following items apply only to ODBC running in Windows NT and Windows 95 operating systems.
Standards-Compliant Applicationsand Drivers

A standards-compliant application or driver is one that conforms to the X/Open CAE Specification "Data
Management: SQL Call-Level Interface (CLI)," and the ISO/IEC 9075-3:1995 (E) Call-Level Interface
(SQL/CLI).

ODBC 3.x guarantees that:
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« An application written to the X/Open and 1SO CLI specifications will work with an ODBC 3.x
driver or a standards-compliant driver when it is compiled with the ODBC 3.x header files and
linked with ODBC 3.x libraries, and when it gains access to the driver through the ODBC 3.x
Driver Manager.

e A driver written to the X/Open and 1SO CLI specifications will work with an ODBC 3.x
application or a standards-compliant application when it is compiled with the ODBC 3.x header
filesand linked with ODBC 3.x libraries, and when the application gains access to the driver
through the ODBC 3.x Driver Manager.

e Standards-compliant applications and drivers are compiled with the ODBC_STD compile flag.
»  Standards-compliant applications exhibit the following behavior:

e |f astandards-compliant application calls SQL AllocEnv (which may occur because
SQLAllocEnv isavalid function in the X/Open and ISO CLI), the call is mapped to
SQL AllocHandleStd at compile time. Asaresult, at run time, the application calls
SQL AllocHandleStd. During the course of processing this call, the Driver Manager sets the
SQL_ATTR_ODBC_VERSION environment attribute to SQL_OV_ODBC3. A call to
SQL AllocHandleStd is equivalent to acall to SQL AllocHandle with a HandleType of
SQL_HANDLE_ENV and acall to SQL SetEnvAttr to set SQL_ATTR_ODBC_VERSION to
SQL_OV_ODBC3.

e |f astandards-compliant application calls SQL BindPar am (which may occur because
SQLBindParam isavalid function in the X/Open and 1SO CL1), the ODBC 3.x Driver Manager
maps the call to the equivalent call in SQL BindPar ameter (see “SQLBindParamMappings’ in
Appendix G, "Driver Guidelines for Backward Compatibility" contained on the Microsoft Web
site (ODBC Programmer’s Guide).

* Toalignwith the SO CLI, the ODBC 3.x header files contain aliases for information types used
in callsto SQL Getlnfo. A standards-compliant application can used these aliases instead of the
ODBC 3.x information types. For more information, see the next section, “Header Files.”

e A standards-compliant application must verify that all featuresit supports are supported in the
driver it will work with. Setting the SQL_ATTR_CURSOR_SCROLLABLE statement attribute to
SQL_SCROLLABLE, and setting the SQL_ATTR_CURSOR_SENSITIVITY statement attribute
to SQL_INSENSITIVE or SQL_SENSITIVE are capabilities that are available as optional
features in the standards, but are not included in the ODBC 3.x Core level, so may not be
supported by all ODBC 3.x drivers. If a standards-compliant application uses these capabilities, it
should verify that the driver that it will work with supports them.

Header Files

The Sqgl.h header file contains prototypes for the functions and features in the Core ODBC Interface
conformance level. The Sglext.h header file contains prototypes for the functions and featuresin the Level
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1 and Level 2 API conformance levels. The Sgltypes.h header file contains type definitions and indicators
for the SQL data types.

The header files all contain a#define, ODBCVER, that an application or driver can set to be compiled for
different versions of ODBC.

To align with the ISO CLI and X/Open CLI, the header files contain aliases for the information types used
in callsto SQL Getlnfo. In the following table, the column "ODBC name" indicates the ODBC name for
the information type in the Part || PDF file, “ODBC API Reference” available on the Solid Web site. The
column "Aliasin header file" indicates the name that is used in the ISO CLI and the X/Open CLI. The
actual numeric value of these manifest namesis the samein both ODBC and the standard CLIs. These
aliases enable a standards-compliant application or driver to compile with the ODBC 3.x header files.

These aliases include expansions of abbreviationsin the ODBC names so that the names are more
understandable. "MAX" is expanded to "MAXIMUM", "LEN" to "LENGTH", "MULT" to "MULTIPLE",

"0OJ' to"OUTER_JOIN", and "TXN" to "TRANSACTION."

ODBC name

Aliasin header file

SQL MAX CATALOG NAME_LEN

SQL_MAXIMUM_CATALOG_NAME_LENGTH

SQL MAX COLUMN NAME LEN

SQL_MAXIMUM_COLUMN_NAME_LENGTH

SQL MAX COLUMNS IN GROUP BY

SQL_MAXIMUM_COLUMNS IN_GROUP_BY

SQL MAX COLUMNS IN ORDER BY

SQL “MAXIMUM COLUMNS IN ORDER BY

SQL MAX COLUMNS IN SELECT

SQL “MAXIMUM COLUMNS IN SELECT

SQL MAX COLUMNS IN_TABLE

SQL_MAXIMUM_COLUMNS_IN_TABLE

SQL MAX CONCURRENT _ACTIVITIES

SQL_MAXIMUM_CONCURRENT ACTIVITIES

SQL MAX CURSOR NAME LEN

SQL_MAXIMUM_CURSOR_NAME_LENGTH

SQL MAX DRIVER “CONNECTIONS

SQL_MAXIMUM_DRIVER_CONNECTIONS

SQL MAX IDENTIFIER LEN

SQL_MAXIMUM_IDENTIFIER_LENGTH

SQL MAX SCHEMA NAME LEN

SQL_MAXIMUM_SCHEMA_NAME_LENGTH

SQL MAX STATEMENT LEN

SQL_MAXIMUM_STATEMENT _LENGTH

SQL MAX TABLE NAME LEN

SQL_MAXIMUM_TABLE_NAME_LENGTH

SQL MAX TABLES IN SELECT

SQL_MAXIMUM_TABLES IN_SELECT

SQL MAX USER NAME LEN

SQL_MAXIMUM_USER_NAME_LENGTH

SQL MULT RESULT SETS

SQL_MULTIPLE RESULT SETS

SQL 0J ¢ CAPABILITIES

SQL_OUTER_JOIN_CAPABILITIES

SQL TXN CAPABLE

SQL_TRANSACTION_CAPABLE

SQL TXN ISOLATION OPTION

SQL_TRANSACTION_ISOLATION_OPTION
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CString Class

Becauise objects of the CString classin Microsoft® Visual C++® are signed and string argumentsin ODBC
functions are unsigned, applications that pass CString objects to ODBC functions without casting them will
receive compiler warnings.

Creating and Terminating Threads

Multithread applications that use ODBC should call the Microsoft Visual C++ Run-Time Library functions
_beginthread and _endthread (or _beginthreadex and _endthreadex) to create and terminate threads that
call the ODBC Driver Manager. If applications call the Windows NT® functions CreateT hread and
EndThread instead, memory leaks will occur because the Driver Manager and some ODBC driverscall C
run-time functions that will not work on athread created by calling CreateT hread. For more information,
see the Microsoft Windows documentation.
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