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Introduction

PURPOSE OF THIS MANUAL

AUDIENCE

STRUCTURE

Dharma Inc.

This manual describes the Datal ink Software Development Kit (SDK). It describes
implementing ODBC access to proprietary data and considerations for creating a
release kit to distribute the completed implementation.

This manual complements the material in the DataLink ODBC and SQL Reference
manual which contains instruction and reference material for administrators and pro-
grammers that support a completed implementation of the Datalink SDK.

Thismanual isintended for avariety of audiences, including any reader who needs to
understand and assess the benefits of the Datalink SDK. In addition, thisdocument is
also intended for programmers implementing the storage interfaces to a proprietary
storage system

This manual contains the following chapters:

Chapter 1 Introduces the features of the Datal.ink SDK and
describes how it works.

Chapter 2 Describes installing the Datal.ink SDK development
components and setting up the supplied sample imple-
mentation of the storage interface routines.

Chapter 3 Discusses different approaches to mapping proprietary
to relational tables and details a series of stages for
implementing the storage interfaces.

Chapter 4 Lists the files that must be included on release kits for
distributing a completed Datalink SDK implementa-
tion to other systems.

Chapter 5 Provides detailed reference material on the storage
interfaces to proprietary storage systems.

Appendix A Contains reference information on utilities used to con-
figure the Datal ink Server.

Appendix B Details the structure of the system catal og tables.

Appendix C Describes storing and returning values using the inter-
nal Datalink SDK storage format for SQL NUMERIC
values.
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Appendix D Contains a glossary of terms you should know.
CONVENTIONS
The DataLink SDK supports both UNIX and Microsoft Windows environments.
Symbolsin the left margin indicate material that is applicable to a specific environ-
ment.
Unix Indicates steps specific to UNIX.
- Indicates steps specific to Windows NT.
WinNT

RELATED DOCUMENTATION

DatalLink ODBC and SQL Reference  Contains complementary instruction and reference
material for administrators and programmers that

support a completed implementation of the
Datalink SDK.

Microsoft ODBC Programmer’s Ref-  Describes the ODBC interface, its features, and
erence, Version 3.0 how applications useit.

Dharma Inc.
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1.2

Chapter 1

Introduction

OVERVIEW

The DataLink SDK (Software Development Kit) is the fastest and easiest route to pro-
viding industry-standard Open Database Connectivity (ODBC) access to any propri-
etary database. With the Datal.ink SDK, you're one step away from opening your data
to the following benefits:

e Plug-and-play interoperability with avast selection of Windows and Web tools
» Accessibility from any client platform to any server operating system

e Technology that reduces development and testing time, and minimizes deploy-
ment and support issues

The DataLink SDK gives you these benefits at afraction of the cost of implementing
ODBC support using other methods.

DESKTOP AND CLIENT/SERVER CONFIGURATIONS

Dharma offers the Datal ink SDK in Desktop and Client/Server configurations:

» TheDatalLink SDK Desktop configuration implements a "single-tier” ODBC
architecture where the ODBC tool, the Datal.ink SDK software, and the propri-
etary data all reside on the same Windows computer.

* TheDatalink SDK Client/Server configuration provides network access to your
proprietary data. The ODBC tool and the Datalink SDK ODBC Driver run on
Windows or UNIX clients, while the DataLink SDK Server library runs on the
UNIX or Windows NT server hosting the proprietary storage system.

In both configurations, Dharma's technology provides simplified development and
seamless access from ODBC and Web toolsto datain your proprietary storage system.

To help get you started, both configurations include a complete sample implementa-
tion, with source code, that you can adapt to your specific requirements.

1.2.1 Desktop Configuration

The DataLink SDK Desktop configuration is distributed as a ready-to-link ODBC
driver library. You link it with storage interfacesto your proprietary storage system to
provide access from Windows X P and Web tools directly to your data.

The following figure shows the components in the Datal ink SDK Desktop.

Dharma Inc.
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Figure 1-1: Components in the Desktop DataLink SDK
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1.2.2 Client/Server Configuration

The DataLink SDK Client/Server configuration is distributed as a client executable
and aready-to-link server library:

e TheDatalLink SDK ODBC Driver processes ODBC function calls from applica-
tions that request data from the proprietary storage system. The Datalink SDK
ODBC Driver connects to the Datalink Server, translates the standard SQL state-
ments into syntax the data source can process, and returns data to the application.
The DataLink SDK ODBC Driver runs on Windows clients.

e TheDatalink Server library runs on the server hosting the proprietary storage
system. You link it with storage interfaces to your proprietary storage system.

The following figure shows the components in the Datal ink SDK Client/Server.

1-2 Dharma Inc.
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PowerBuilder Visual Basic  Microsoft Query

Figure 1-2: Components in the Client/Server DataLink SDK
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1.3 PROFESSIONAL EDITION
The professional edition includes the features of sophisticated SQL support:
- Anextensive set of scalar functions
- Table and column privileges
- Queriesthat use outer joins and set operators
- SQL support for subqueries, derived tables, views, and case expressions
- Performance optimizations for access to very large databases.
14 BENEFITS
Tools I nteroper ability
The DataLink SDK ODBC Driver is compatible with Version 3.52 of the Microsoft
ODBC standard. It supportsall Coreand Level 1 API functions, and all Level 2 func-
tions required by Windows and Web tools.
Dharma extensively tests the DatalLink SDK to insure that it provides seamless com-
patibility with the latest versions of al popular Windows-based tools, including Pow-
erBuilder, Microsoft Access, Microsoft Visual Basic, and Crystal Reports. Leading
Web serversthat have been tested with the Datal ink SDK include Netscape Commu-
nication Server and Microsoft Internet Information Server.
In addition, Dharma maintains marketing relationships with key client/server vendors
and tests pre-release versions of their products to insure continued compatibility.
Fast Development
With Dharma's DataLink SDK, instead of months — or years — of development invest-
ment, you can implement robust ODBC access to proprietary storage systemsin
weeks. All without any changes to the underlying storage system.
Unlike other ODBC access solutions, which require that you provide 20 percent of the
coding effort, Dharma’s technology dramatically decreases the need for code devel op-
ment. Implementers are freed from issues such as:
Dharma Inc. 1-3
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» Accessing and managing of metadata

» Choosing the best method for retrieving user data

* Implementing additional sorting and buffering mechanisms
» Implementing update logic if only read accessis required

With the Dharma Datalink SDK, typical storage template implementations require
only 500 to 1,000 lines of C source code. Compared to other technologies, the mini-
mal coding required avoids extensive testing and support burdens.

15 IMPLEMENTING ACCESS TO PROPRIETARY DATA
Extending ODBC access to your proprietary datais a simple process:

1. Implement storage interface templates (also called stubsin this manual) to access
user datain the proprietary system

2. Link theimplemented storage interfaces with the DataLink SDK library to create
aDLL or executable

3. Enter metadata that describes the proprietary datalayout

To get started, read Chapter 2 to find out how to install Datal.ink SDK development
components and use the supplied sample implementation. Then, see Chapter 3 for
specifics on implementing storage interfaces to access your own proprietary storage
system.
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Getting Started

2.1 INTRODUCTION

This chapter describes how to get started using the Datal ink SDK. Thisincludes
installing the development component and setting up and accessing the supplied sam-
pleimplementation of the Datal ink SDK. The following sections describe these steps
for the Desktop and Client/Server configurations.

Other chapters describe how to proceed with your own implementation for your pro-
prietary storage system. For example,

Chapter 3 describes how to implement the storage interfaces. In particular, sec-
tion 3.4 describes how to build a Datal.ink Server executable image from your
implementation and set up accessto it.

Chapter 4 describes considerations for creating a release kit to install your com-
pleted implementation of the Datal ink Server on systems with the proprietary
storage system.

2.2 REQUIRED SOFTWARE

This section summarizes the following:

The operating systems that the Datalink SDK supports for developing ODBC
servers

How to install devel opment components from the CD-ROM
The compilers used to build completed implementations of the storage interfaces

On the Sun Solaris, HP and A1X UNIX platform, you may need the Merant Con-
nect ODBC™ ODBC driver manager, Version 3.5. An evaluation copy of this
software is available as part of the Connect ODBC driver pack at the following
address:

http://www.merant.com/datadi rect/downl oad/eval/index.asp

Install the Connect ODBC driver pack following the instructions provided in the
Merant Documentation.

On Linux, Usethe Linux ODBC Driver manager which isavailable for free
Download from the following URL http://www.unixodbc.org (unixODBC-
2.0.11.tar)

The following table summarizes the supported operating systems and compilers.

Dharma Inc.

2-1



SDK Guide

2.3

2.3.1

Table 2-1: Summary of Supported Operating Systems and Compilers

Operating System

To Install DataLink SDK Components
from CD-ROM

Compiler

Microsoft Windows
2000, Windows XP
(Desktop)

Run the setup program in the
DESK_PROS80 subdirectory appropri-
ate to your licens

Microsoft Visual C++ Version 6.0

Microsoft Windows
2000
(Client/Server)

Run the setup program in the
CS_PROB80 subdirectory appropriate to
your license

Microsoft Visual C++ Version 6.0

Sun Solaris
Version 8.0/9.0
(Client/Server only)

Untar the file in the _SOL subdirectory
appropriate to your license:

Professional: DHPRO8.SOL

Sun cc Workshop compilers 5.0

IBM AIX
Version 4.3.1
(Client/Server only)

Untar the file in the _AIX subdirectory
appropriate to your license:

Professional: DHPROS8.AIX

C compiler included with C Set++
for AIX Version 3.1.4. RTE level
3.6.4.

SCO OpenServer
Version 5.0.2
(Client/Server only)

Untar the file in the _SCO subdirectory
appropriate to your license:

Professional: DHPRO8.SCO

Optimizing C Compiler (from
OpenServer Development Sys-
tem Version 5.0.2).

HP-UX
Version 11.0
(Client/Server only)

Untar the file in the _HP subdirectory
appropriate to your license:

Professional: DHPRO8.HP

HP Native C Compiler.

Red Hat Linux
Version 7.2
(Client/Server only)

Untar the file in the _LIN subdirectory
appropriate to your license:

Professional: DHPROS.LIN

GNU Project C and C++ Com-
piler Version 2.91.66 (included
with Red Hat distribution)

DESKTOP

Asdescribed in section 1.2.1, the Desktop configuration combines the DatalLink SDK
ODBC Driver and the Datalink Server in asingle executable file that provides access
to aproprietary storage system on the same Windows system. The Datalink SDK

Desktop runs on Windows X P and Windows 2000.

Installing Development Components

The DataLink SDK Desktop configuration is distributed on CD-ROM. To install the
development components:

1. Insert the CD-ROM and execute the setup.exe program.

2. Answer the queries from setup, including where to create the directory for the
development components. Examplesin this section use the %TPEROOT% direc-

tory.

2-2
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Theinstallation creates the directory structure shown in the following figure. Table 2—
2 includes descriptions of the componentsin each directory.
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%tperoot%

Figure 2-1: DatalLink SDK Desktop Directories and Files

%windir% |

— osdkrmv.pdf
Docs
— osdkdgv.pdf
—— Readme
— dhdemo.dll
— dhstsetp.dll
bin
mdcreate.exe
isgl.exe
——dherrors
: libsrvst.lib
lib
—login.res
——wep.obj
def ———dhstodbc.def
——demo.c
——demo.h
sample demo.dsp
odbcsdk ——demo.mak
——md_template
[ dhcs.c
——dhcs.h
A Ssrc
dhdaemon.dsp
__dhdaemon.mak
dhstodbc.ini
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Table 2-2: Summary of DataLink SDK Desktop Development Components

File

Description

Docs/osdkdgv80.pdf

Dharma DataLink SDK Guide in .PDF format.

Docs/osdkrmv80.pdf

Dharma DataLink ODBC and SQL Reference in .PDF format.

Readme

Online version of installation instructions, including any additional
notes not included in the printed documentation

bin\dhdemao.dll

ODBC sample DLL, pre-built from files in sample directory (copy the
file to dhstodbc.dll to use the sample implementation)

bin\dhstsetp.dll

Setup DLL for adding ODBC data sources

bin\mdcreate.exe

Utility to create a data dictionary

bin\isgl.exe Utility for loading metadata and executing simple SQL queries

lib\dherrors Dharma error mapping file

lib\libsrvst.lib Dharma SQL engine library (links with implemented storage inter-
faces)

lib\login.res Object file to link with implemented storage interfaces

lib\wep.obj Object file to link with implemented storage interfaces

odbcsdk\def\dhstodbc.def

Definitions file of interfaces exported from the DLL

odbcsdk\sample\demo.c

Source file for sample implementation

odbcsdk\sample\demo.h

Header file for sample implementation

odbcsdk\sample\demo.dsp

Visual C++ project file for building the ODBC driver sample implemen-
tation

odbcsdk\sample\demo.mak

Makefile for building the ODBC driver from the sample implementa-
tion

odbcsdk\sample\md_template

Template script for loading metadata

odbcsdk\src\dhcs.c

Source file for stubs

odbcsdk\src\dhcs.h

Header file for stubs

odbcsdk\src\dhdaemon.dsp

Visual C++ project file for building the ODBC driver for the proprietary
storage system

odbcsdk\src\dhdaemon.mak

Makefile for building the ODBC driver for the proprietary storage sys-
tem

%windir%\dhstodbc.ini

Initialization file containing environment variables (placed in the direc-
tory specified by the windir environment variable)

2.3.2 Renaming the Desktop Sample Implementation

Theinstallation procedure creates an already-built version of the sample Datalink
SDK implementation in the file bin\dhdemo.dlI.

To use the sample implementation, you must copy or rename the file to dhstodbc.dll.

Dharma Inc.
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2.3.3

234

Note that if you rename thefile, it will be overwritten when you build the Datalink
SDK DLL from your implementation (see section 3.4.1.1). If that happens, and you
want to rebuild the sample implementation, execute the makefile odbcsdk\sam-
ple\demo.mak. Open and build the demo.mak filein Microsoft Visual C++ to create
the Datalink SDK DLL for the sample implementation.

Loading Metadata

M etadata defines SQL tables and indexes that map the structure of datain a propri-
etary storage system to standard relational forms. The Datalink SDK includes utili-
tiesto create a data dictionary for your proprietary storage system (the mdcreate
utility) and load metadatainto it (theisgl utility).

The executabl e ¢:\dharma\bin\imdcreate is a utility to create a data dictionary that
stores metadata. Invoke the mdcreate utility and supply a name that will be used for
the data dictionary and for access to the sample implementation. For example:

% PEROOT% bi n\ ndcr eat e deno_db
The mdcreate utility creates a subdirectory called doname.dbs under the

%TPEROOT% directory and populates the directory with the necessary files. For
instance, the preceding example creates the directory % TPEROOT%\demo_db.dbs.

The executable % TPEROOT%\bin\isgl is atool for loading metadata. 1t accepts a
script with special SQL CREATE TABLE and CREATE INDEX statements that
insert metadata for existing tables.

The sampleimplementation includes ascript that |oads the metadata for several tables.
(As part of the implementation process, you create such a script for existing tablesin
your proprietary storage system. See section 3.3.1.1).

To load the metadata for the sample, invoke isgl to execute the script file %TPE-
ROOT%\odbcsdk\sample\md_template. The following example shows invoking
md_template to create metadata for a database called demo_db:

i sql -s 9%PEROCOT% odbcsdk\ sanpl e\ nd_t enpl ate deno_db

Dhar e/ i sgl Version 08.00.0000
Dharma Systens | nc (O 1988-2002.
Dharma Conmputers Pvt Ltd (C) 1988-2002.

Password for dharma to access deno_db:

Theisgl command has other options for additional flexibility. Seetheisql reference
section in Appendix A for amore detailed description of the isgl command.

Adding Names of ODBC Data Sources

Use the Microsoft ODBC Administrator utility to add names of specific data sources
you want to access.

2-6
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Invoke the Microsoft ODBC Administrator from Windows (by default, from the
Control Panel program group). The Administrator's Data Sources dialog box

appears.
Click on the System DSN tab. A list of existing system data sources appears.

Click on the Add... button. The Create New Data Source dialog box appears.

In the list box, double-click on the Datal.ink SDK Desktop driver. The Dharma
ODBC Setup dialog box appears.

Enter information in the following text boxes:

- Data Source Name: — the name of the ODBC data source for usein ODBC
connect calls and by the ODBC Administrator.

- Description: — An optional descriptive string.

- Database: — The database name you specified when you invoked the mdcre-
ate utility to create the data dictionary (see section 2.3.3).

- User ID: — The user name for the process.
- Password: — The password for the process.

- DataDir: — Thelocation of the data dictionary directory. Leavethisfield
blank unless the mdcreate command used the -d argument (see Appendix A).
(If it did, specify the same value here as that used in the -d argument.)

You must supply the name of the data source. |f you omit the database name, user
name, or password, the driver promptsthe ODBC application user for that information
when it connects to the data source.

The ODBC Administrator utility updates the ODBC Driver Manager registry entry
with the information supplied in the dialog box.

2.4 CLIENT/SERVER

With Datalink SDK Client/Server, you need to compl ete steps on both the server sys-
tem and the client system. In addition, you need to execute makefiles to build a
DatalLink Server executable image for the supplied sample implementation.

The following sections describe these steps:

Installing the Datalink SDK development components

Setting the TPEROQOT variable to refer to the installation directory
Renaming the DatalL ink Server for the supplied sample implementation
Setting up ODBC access to the sample Datal ink Server:

- Configuring and starting the dhdaemon Datal ink Server process on the server
system

- Loading data definitions into the data dictionary on the server system

- Installing and configuring the ODBC Driver on client systems (required on all
systems that will access the server)

Dharma Inc.
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WinNT

24.1

WinNT

The steps to complete these tasks are similar for both UNIX and Windows 2000 plat-
forms. Iconsin the left margin indicate where there are differences.

Indicates steps specific to UNIX.

Indicates steps specific to Windows 2000.

Installing Development Components

For both UNIX and Windows 2000, the DatalLink SDK is distributed on CD-ROM.

For UNIX, the CD-ROM isformatted in 1SO 9660 format. To install the development
components on UNIX, follow these steps:

1. Loginasroot.
2. Create an account with the user name dharma and log in as dharma.

3. Mount the CD-ROM, specifying an appropriate mountpoint in the mount com-
mand (for instance, /cdrom). Here are mount commands for mounting the CD-
ROM on various UNIX platforms:

- Sun Solaris: Automatically mounted
- IBM AIX:mount -v'cdrfs' -r'' /dev/cdO /cdrom
- SCO OpenServer: mount -f 1S09660 -r /dev/cdO /cdrom

- HP-UX:ioscan -fnC disk # returns CD-ROM device nane
nmount -o cdcase -r /dev/dsk/cOt2d0 /cdrom

- Linux: mount /mt/ cdron%

4, Extract the contents of the distribution media with atar command. The name of
the tar file to extract depends on your operating system and license. See Figure 2-
1 for the correct file name.

Hereisatypical command that extracts files from the CD-ROM. Substitute the
appropriate mountpoint and tar file name for your environment:

$ cd /vol 6/ sdkdi r

$ tar -xvf /cdrom DHPRO. SOL

The tar command creates the directory structure and files shown in Figure 2-2. Table
2-3 gives brief descriptions of the files.

1. Runthe setup.exe file on the CD-ROM.

2. Answer the queries from setup, including where to create the directory for the
development components. Examplesin this section use the %TPEROOT% direc-
tory.
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Theinstallation creates a parallel directory structure and file namesto those on UNIX.
See Figure 2-2 and Table 2-3.

Dharma Inc.
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Figure 2-2: DataLink SDK Client/Server Directories and Files

osdkrmv.pdf

%tperoot

——demo.h

——demo.c

——demo.dsp*
——demo.mak*

——makefile**

Docs
L osdkdgv.pdf
__ Readme ——dhdemo
- L mdcreate
bin
—isql
L—pcntreg.exe*
—_libserver.a**
— libsrv.lib*
lib
——dherrors
L libdhodbcdm.so**
sample
—— odbcsdk
%windir% | ——dhsodbc.ini*
* = NT only
** = UNIXonly
**x = Solaris only
src

——md_template

——adhcs.h

—dhcs.c
dhdaemon.dsp*

——dhdaemon.mak*

L makefile**
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Table 2-3: Summary of Dharma DataLink SDK Client/Server Development Components

File

Description

Docs/osdkdgv80.pdf

Dharma DataLink SDK Guide in .PDF format.

Docs/osdkrmv80.pdf

Dharma DataLink ODBC and SQL Reference in .PDF
format.

Readme Online version of installation instructions, including any
additional notes not included in the printed documenta-
tion

bin/dhdemo ODBC sample executable, pre-built from files in the

sample directory (copy the file to dhdaemon to use the
sample implementation)

bin/mdcreate

Utility to create a data dictionary

bin/isql

Utility for loading metadata and executing simple SQL
queries on it

bin/pcntreg.exe

Utility to add and delete entries for the DataLink SDK in
the Windows 2000 registry

lib/libserver.a

Dharma SQL engine library (links with implemented

lib\libsrv.lib storage interfaces)

lib/libclient.a Dharma ODBC client library for UNIX (Professional edi-
tion only)

lib/dhodbc.so Dharma ODBC Client library for Sun Solaris (Profes-
sional edition only)

lib/dherrors Dharma error mapping file

odbcsdk/sample/demo.h

Header file for sample implementation

odbcsdk/sample/demo.c

Source file for sample implementation

odbcsdk/sample/demo.dsp

Visual C++ project file for building the ODBC driver
sample implementation on Windows 2000

odbcsdk/sample/demo.mak

Makefile for building the ODBC driver from the sample
implementation on Windows 2000

odbcsdk/sample/makefile

Makefile for building the DataLink Server from the sam-
ple implementation on UNIX

odbcsdk/sample/md_template

Template script for loading metadata

odbcsdk/src/dhcs.h

Header file for stubs

odbcsdk/src/dhcs.c

Source file for stubs

odbcsdk/src/dhdaemon.dsp

Visual C++ project file for building the ODBC driver for
the proprietary storage system on Windows 2000

odbcsdk/src/dhdaemon.mak

Makefile for building the ODBC driver for the proprietary
storage system on Windows 2000

Dharma Inc.
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Table 2-3: Summary of Dharma DataLink SDK Client/Server Development Components

File Description

odbcsdk/src/makefile Makefile for building the DataLink Server for the propri-
etary storage system on UNIX

%windir%\dhsodbc.ini Initialization file containing environment variables
(placed in the directory specified by the windir environ-
ment variable)

2.4.2 Setting the TPEROOT Variable on the Server System

WinNT

The TPEROOQOT environment variable specifies the main directory created during the
DataLink SDK ingtallation. TPEROOT must be set before you can run the Datalink
Server.

On UNIX, you must set TPEROOT interactively or in a script:
setenv TPEROOT /vol 6/ sdkdi r

On Windows 2000, when you ingtall the Datal.ink SDK devel opment components, the
installation creates an initidization file, %windir%\dhsodbc.ini, that sets TPEROOT
to the directory you specified during the installation. You should not have to change
thefile.

24.3 Renaming the Client/Server Sample Implementation

WinNT

Theinstallation procedure creates an already-built version of the sample Datal ink
Server implementation in the bin/dhdemo executable. You need to copy or renamethe
file to use the sample implementation.

On UNIX, copy or rename the dhdemo executable file to dhdaemon.

Note that if you rename thefile, it will be overwritten when you build the Datalink
Server DLL from your implementation (see section 3.4.2.2). If that happens, and you
want to use the sample implementation, execute the makefile odbcsdk/sample/make-
fileto rebuild the bin/dhdemo executable file. Refer to Table 2-1 to make sure you
have the compiler to build the sample implementation.

Example 2-1: Rebuilding the DatalLink Server for the Sample Implementation

$ cd $TPEROOT/ odbcsdk/ sanpl e
$ make

On Windows 2000, copy or rename the dhdemo.exe executable file to dhdaemon.exe.

Note that if you rename the file, it will be overwritten when you build the Datal.ink
Server DLL from your implementation (see section 3.4.2.2). If that happens, and you
want to use the sample implementation, execute the makefile odbcsdk\sam-
ple\demo.mak to rebuild the bin\dhdemo.exe executable file. Open and build the
demo.mak filein Microsoft Visual C++ to create the Datalink Server for the sample
implementation.

2-12
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2.4.4 Starting the dhdaemon DatalLink Server Process

The following sections describe the steps you need to compl ete to start the Datal ink
Server:

» Edit the network servicesfile to associate the sglnw service name with a port num-
ber

»  Start the dhdaemon Datal ink Server process

For clientsto access the proprietary storage system through the Datalink Server, they
need to install the DataLink SDK ODBC Driver and add a data source that corre-
spondsto the DatalLink Server. Section 2.3.4 describes those steps.

2.4.4.1 Edit the Services File to Add the sqlnw Service Name

WinNT

The network servicesfile (typically, the file /etc/services) must associate a service
name for the Dharma network with a port number. Log in as root to modify the ser-
vicesfile.

Use the service name sglnw for the Dharma network. Edit the network servicesfile
and add an entry similar to the one shown in the following example. Choose port
numbers that will not conflict with other network applications.

Example 2-2: Server-Side Services File Entry for sqlnw
sgl nw 1990/ tcp

Applications that connect to databases over the network must specify the same port
number for the service name used in starting the dhdaemon process. Since the
Datalink SDK ODBC Driver expects a port number of 1990 by default, use that num-
ber to avoid having to modify the servicesfile on clients.

The details of adding the service name are the same for Windows 2000. However, the
path for the servicesfileislikely to be different. A typical path for the servicesfile on
Windows 2000 is:

%ni ndi r % syst enB2\ dri ver s\ et c\ SERVI CES

2.4.4.2 UNIX Server Systems: Start the Dhdaemon Process

The Datalink Server process dhdaemon must be running for ODBC clientsto access
the proprietary storage system. Issue the dhdaemon start command as shown in the
following example to start the process:

Example 2-3: Starting the dhdaemon Process for the Sample Implementation

$ dhdaenon start

Dhar ma/ dhdaenon Ver si on 08. 00. 0000
Dhar ma Systens | nc (C) 1988-2002.
Dhar ma Conputers Pvt Ltd (O 1988-2002.
Daenpn started: PID 25457

The dhdaemon command has other options for additional flexibility. See the dhdae-
mon reference section in Appendix A for more details.

Dharma Inc.
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2.4.

4.3 Windows 2000 Server Systems: Start the Dhdaemon Service

WinNT

2.4,

2.4.

In Windows 2000, the dhdaemon executable runs as a listener process. Theinstalla
tion automatically registers the dndaemon image as the Dhdaemon 8.00.00 servicein
the Windows registry. (You can use the pecntreg utility to remove or re-register the
dhdaemon executable as a service. See the pentreg reference section in Appendix A
for more details.)

Follow these stepsto start the Dhdaemon service:

1. Invoke the Windows Control Panel and select Services. Inthe list that appears,
select the entry for Dhdaemon.

2. Click the Start button.

Note: The dhdaemon command has the options that can be entered in the Star-
tup Parameteres: edit box. See the dhdaemon section in Appendix A for
more details.

5 Loading Metadata

M etadata defines SQL tables and indexes that map the structure of datain a propri-
etary storage system to standard relational forms. The Datalink SDK includes utili-
tiesto create a data dictionary for your proprietary storage system (the mdcreate
utility) and load metadatainto it (theisgl utility).

5.1 Creating the Data Dictionary with mdcreate

WinNT

The executable $TPEROOT/bin/mdcreate is a utility to create a data dictionary that
accepts metadata.

Log in as dharma before creating the data dictionary. Invoke the mdcreate utility and
supply aname that will be used for the data dictionary and for access to the propri-
etary storage system. Example 2—4 showsinvoking mdcreate to create a database
called demo_db for use with the sample implementation:

Example 2-4: Using mdcreate to Create the demo_db Sample Database
$ $TPEROOT/ bi n/ micreat e deno_db
Dhar ma/ ndcr eat e Versi on 08. 00. 0000
Dharma Systemns | nc (C) 1988-2002.
Dharma Conmputers Pvt Ltd (C) 1988-2002.
$

The mdcreate utility creates a subdirectory called dbname.dbs under the $STPEROOT
directory and populates the directory with the necessary files. For instance, the previ-
ous example creates the directory $TPEROOT/demo_db.dbs.

On Windows 2000, the executable for mdcreate is in the bin subdirectory under the
directory specified during installation. The mdcreate utility creates a subdirectory
called dbname.dbs under the installation directory and populates the directory with the
necessary files.

2-14
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2.4.5.2 Loading Metadata With isql

WinNT

The executable $TPEROOT/bin/isgl is atool for loading metadata. It accepts a script
with special SQL CREATE TABLE and CREATE INDEX statements that insert
metadata for existing tables.

The sampleimplementation includes a script that |oads the metadata for several tables
in the sample. (As part of the implementation process, you create such a script for
existing tablesin your proprietary storage system. See section 3.3.1.1.)

To load the metadata for the sample, invokeisqgl to execute the script file STPEROOT/
odbcsdk/sample/md_template. Invokeisgl on the server after the dhdaemon serviceis
started. Log in as dharma before invoking isgl.

The following example shows how to invoke md_template to create metadata for a
database called demo_db.

Example 2-5: Using isql to Load Metadata
$ isgl -s $TPEROCOTI/ odbcsdk/ sanpl e/ nd_t enpl at e deno_db

Dharma/i sgl Version 08.00.0000
Dharma Systens Inc (O 1988-2002.
Dharma Conputers Pvt Ltd (O 1988-2002.

/ vol 6/ sdkdi r/ bi n/ dhdaenon. exe <SQ. SERVER 24211> -d deno_db -h
23907608 sqgl nw

-- Tenpl ate file for | oading netadata for tables that already
-- exi st in the underlying storage system

CREATE TABLE test1(
i nt_col | NTECGER,
char _col CHAR(32),
dat e_col DATE

)
STORAGE_ATTRI BUTES ' METADATA_ONLY'

Theisgl command has other options for additional flexibility. Seetheisql reference
section in Appendix A for amore detailed description of theisgl command.

On Windows 2000, the executable for isql isin the bin subdirectory under the direc-
tory specified during installation.

Dharma Inc.
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2.4.6 Installing and Configuring the DataLink SDK ODBC Driver

Client systems that access the Datalink Server must first install the Datalink SDK
ODBC Driver and configure their systems. This section describes:

e Installing the DatalLink SDK ODBC Driver
» Editing network configuration files
* Adding an ODBC data source so applications can connect to the Datal ink Server

The DataLink SDK ODBC Driver runs on Microsoft Windows (Windows XP or Win-
dows 2000).

2.4.6.1 Installing the DataLink SDK ODBC Driver
To install the Datal.ink SDK ODBC Driver, follow these steps.
1. Runthesetup filein the ODBC_driver directory of the CD-ROM

WinNT

2. Answer the queries from setup.

The Professional Edition includes an object library, STPEROOT/lib/libodbcdm.so,
Unix that allows you to link and run an ODBC application on UNIX using the ODBC
Driver Manager.

2.4.6.2 Editing Network Configuration Files

Once the Datalink SDK ODBC Driver isinstalled on a client system, you need to
supply information about what systems the driver will connect to. To do this, you may
need to edit two network configuration files, the services and hosts files.

* Thisstepisonly necessary if the server-side services file specified a port number
other than 1990. Edit the servicesfile (typically called services.txt and located in
the main directory for your TCP package). Add an entry identical to that added in
the server-side servicesfile, as shown in the following example.

Example 2-6: Client-Side Services File Entry for sqinw
sgl nw 1990/ tcp

Be sure to use the same port number as that specified in the server-side servicesfile
(see section 2.4.4.1).

» Edit the hostsfile (typically called hosts.txt and located in the main directory for
your TCP package). Add the addresses and names of any hosts you wish to access
with ODBC.

2.4.6.3 Adding the ODBC Data Sources for the Dharma DataLink Server

The install ation automatically installs the Microsoft ODBC Administrator utility if it
WinNT isnot already present. Usethe ODBC Administrator utility to add the names of any
Datal ink Server data sources the Datalink SDK ODBC Driver will connect to:

1. Invokethe Microsoft ODBC Administrator from Windows (by default, from the
Control Panel program group). The Administrator's Data Sources dialog box

appears.
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2. Click onthe System DSN tab. A list of existing system data sources appears.
3. Click onthe Add... button. The Create New Data Source dialog box appears.

4. Inthelnstalled ODBC Driverslist box, double-click on the DatalLink SDK driver.
The Dharma ODBC Setup dialog box appears.

5. Enter information in the following text boxes:-

- Data Source Name: — A local name for the Datalink Server data source for
use in ODBC connect calls and by the ODBC Administrator.

- Description: — An optional descriptive string.

- Host: — The name of the system where the Datal.ink Server data source
resides:

- Database: — The database for the process to connect to on the host system.
Use the same name you specified when you invoked the mdcreate utility to
create the data dictionary (see section 2.4.5.1).

- User ID: — The user name for the process:
- Password: — The password for the process:

- Service — The service name used by the server. Leavethisfield blank
unless the dhdaemon server process was started using the command line and
the command specified the -s argument (see Appendix A). (If it did, specify
the same value here as that used in the -s argument.)

You must supply the name of the data source. If you omit the host name, database
name, user name, or password, the driver prompts the ODBC application user for that
information when it connects to the data source.

The ODBC Administrator utility updates the ODBC Driver manager registry entry
with the information supplied in the dialog box.

The Professional Edition includes an object library, STPEROOT/lib/libodbcdm.so,
that allows you to link and run an ODBC application on UNIX. Use the Connect
ODBC™ ODBC Driver Manager from Merant Solutions, Inc. (formerly INTER-
SOLV) on Solaris, HP and AIX. On Linux, Usethe Linux ODBC Driver manager
which isavailable for free Download from the following URL http://www.unix-
odbc.org (unixODBC-2.0.11.tar)

To add data sources, edit aninitialization file. The ODBC Driver Manager installa-
tion creates an initialization file called odbc.ini that resides in the top-level directory.
You can use any text editor to edit thisfile. However, you can also use any initializa-
tion file as defined by the ODBCINI environment variable.

1. Addthefollowing entry in the [ODBC Data Sources] section.

Denmo_db=Dhar na Dat aLi nk SDK CODBC Dri ver

2. Create anew section named for the DSN name you create, and enter information
in the following text boxes:

e Driver: Absolute path to the DharmaDatalink SDK ODBC Driver, The Dharma
DataLink SDK ODBC Driver residesin the\lib directory of the installation root.

Dharma Inc.
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2.5

e Description: Anoptiona descriptive string
* Host: The name of the system where the Datalink Server data source resides

» Database: Thedatabase for the processto connect to on the host system. Usethe
same name you specified when you invoked the mdcreate utility to create the data
dictionary (see section 2.3.3).

e User ID: The user name for the process:
o Password: The password for the process:

* Service: The service name used by the server. Leavethisfield blank unlessthe
dhdaemon server process was started using the command line and the command
specified the -s argument (see Appendix A). If the -s argument was used, specify
the same value here as that used in the -s argument.)

The following example shows how an initialization file might look after creating data
sources for the demo_db database associated with the DataLink SDK ODBC Driver:

Host=isis
Database=demo_db
User ID=dharma
Password=dummy

Service=sglnw

[ODBC]

Trace=0
TraceFile=/space/dhsdk8/odbc_trace.out
TraceDl|=/opt/odbc/lib/odbctrac.so
Install Dir=/opt/odbc

ACCESSING THE SAMPLE IMPLEMENTATION

Once you create an ODBC data source name that specifies the sample implementa-
tion, you can use any ODBC-compliant tool to issue queries that accessiit.

2-18
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Chapter 3

Implementation Strategy

3.1 INTRODUCTION

This chapter describes the overall strategy you use to implement the Datal ink SDK
storageinterfaces. Because of the large variationsin how different proprietary storage
systems store and access data, this section does not focus on any particular implemen-
tation.

The DataLink SDK includes a complete sample implementation in the STPEROOT/
odbcsdk/sample directory. You can adapt the sample files as appropriate for imple-
menting the interfaces.

This chapter describes:

Some approaches for mapping proprietary data and proprietary access methods to
relational data and relational indexes

» A suggested series of incremental development stages to implement the storage
interfaces

»  For each of the stages, details on the interfaces you need to implement
* Building an ODBC executable after each devel opment stage
e Setting runtime variables that specify attributes of Datalink SDK behavior

3.2 PHILOSOPHY

Note If datain your proprietary storage system is already in relational format,
you can skip this section.

Proprietary storage systemstypically store datain aform that does not match standard
relational format. Relational format requiresthat data be laid out in tabular format,
with a clean separation between data and indexes. Proprietary storage systems, on the
other hand, probably use a more complex format to store data. Also, proprietary stor-
age systems often intersperse data and access methods.

Deciding on a philosophy for mapping proprietary data and access methodsto SQL
tables and indexes is an important part of the implementation of the Datal ink SDK.
This section discusses different approaches you can consider. Before you implement
the storage interfaces, settle on a particular approach and use it as a guide during
development.

Therest of this section discusses how you can map two common proprietary formats
of datato the relational model.

Dharma Inc.



SDK Guide

3.21

3.2.2

Two Common Proprietary Formats

One common format for proprietary datais records with repeating fields. In such a
record, there can be one or more occurrences of valuesin the repeating fields for each
value of anon-repeating field. The following example shows the structure of arecord
with repeating fields. Init, the cust_id and cust_name fields are not repeating. The
order_numand order_date fields form a compound repeating field, where thereisa
corresponding order_date value for each value in order_num. The compound repeat-
ing field holds information about all of a customer'sorders. In addition, thereis a sep-
arate repeating field, contacts, that contains the names of multiple contacts at the
customer.

Example 3-1: Proprietary Data: Records With Repeating Fields

cust id

cust_name

order_num

order_date

contact

1

a

ol

dl

cl

c2

2

b

03

d3

o2

d4

c3

Mapping

Another common format for proprietary datais records that include navigational ele-
ments as part of records. In such ahierarchical record, part of the data contained in
the record is a pointer to multiple occurrences of one or more fields. The following
example shows a hierarchical record representing the repeating fields shown in Exam-
ple 3-1.

Example 3-2: Proprietary Data: Hierarchical Records

I
| order_date "'J

——

| » | order_num

[ contact |

L

| cust_id | cust_name | orders |

Proprietary Data to a Relational View

One way to map proprietary datawith repeating fields or built-in navigational ele-
ments to standard relational tablesisto split data into separate tables.

In this approach, split the data so that the repeating fields (or pointersin ahierarchical
record) appear to reside in their own, separate tables. Thereisa"parent” table that
contains only non-repeating data. Thereisalso a"child" tablefor each repeating field
or pointer in a hierarchical record.

Note Splitting datain this manner does not mean that the actual datain the pro-
prietary storage system is restructured. It provides alogical relational
view of the data so ODBC applications can issue standard relational que-

ries againgt it.

The parent table contains akey field (or set of fields) that uniquely identifiesarow in
the table. The child table includes this key field to identify a set of child records that
corresponds to the parent record. The following example shows how the relational
tables might appear using this approach.
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Example 3-3: Splitting Proprietary Data Records Into Separate Tables

cust_contact Table

key
cust id contact
< 1 cl
cust_base Table 1 c2
key 2 c3
cust id cust name
1 a cust_order Table
5 b key
cust id order num order date

1

ol

dl

03

d3

{E

04

d4

Once you identify key columns, you need to create indexes for them.

3.2.3 Mapping Proprietary Access Methods to Relational Indexes

Typically, a proprietary storage system has built-in mechanisms to quickly access the
key fields of arecord. You can easily map these access methods to relational indexes
on the parent tables.

In addition, you will likely need to define additional indexes on child tables. These
indexes may be "virtua" indexes that do not physically exist or indexes that corre-
spond to existing navigational elements.

For instance, the repeating-field example in Example 3-1 was split into a parent table
and two child tables, as shown in Example 3-3. If thereis an existing mechanism to
access the cust_id field in the proprietary data, you can create virtual indexes on the
cust_id column in the child tables. Thisis because the child rows are physically part
of the parent row and accessing the parent row through itsindex effectively accesses
the child rows as well.

Even though the datais presented relationally asresiding in separate tables, they are
part of the same record in the proprietary dataformat. This meansrelational joins
between the parent and child table can use virtual indexes on the child tablesto give
"pre-joined" performance. Your implementation of the index storage interfaces must
recognize that the virtual indexes indicate that accessto a child tableis available
through the existing access mechanism on the parent table.

The hierarchical-record example in Example 3-2 also split into the parent and child
records shown in Example 3-3. Inthiscase, too, you can create indexes on the cust_id
column in the child tables, sincethere are existing navigational elements (the pointers)
to the child tables from the parent table. The navigational elements, in combination
with the physical index, effectively provide indexed access to the child tables.

3.24 Developing an Algorithm for Accessing Data

Whatever relational view you ultimately choose to represent datain your proprietary
storage system, you need to implement storage interfaces that take standard relational
constructs and use them to retrieve the correct data.

The implementation must translate references to simple relationa tables to the corre-
sponding fields in the proprietary storage system data. 1n addition, the stub imple-
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mentation must have a mechanism for detecting which of those fields are repeating (or
pointersin ahierarchical record).

3.3 STAGES OF IMPLEMENTATION

You can simplify implementation of the DataLink SDK storage interfaces by dividing
development into stages. Each implementation stage provides an increasing level of
access or functionality to the proprietary storage system.

By building the ODBC executable for your implementation at each stage, you can ver-
ify incremental completion of the functionality for that stage.

The following table describes the implementation stages and lists which storage inter-
faces you need to implement for each stage. For read access, only stages 1 through 3
arerequired.

Table 3-1: Implementation Stages for Developing the ODBC Executable

Stage 1 Metadata Access

Stage 1 maps data in the proprietary storage system to standard relational tables and loads
the resulting table definitions into the ODBC system catalog. Stage 1 also verifies your soft-
ware build environment by linking your storage system code with the storage interfaces and
DataLink SDK library to create an ODBC executable for the first time. After stage 1 imple-
mentation, you can issue queries on system tables to retrieve data on tables in the propri-
etary storage system.

Storage Interfaces to Implement for Stage 1

dhcs_rss_init Initializes a connection to the proprietary storage sys-
tem and performs any required user authentication.

dhcs_add_table For stage 1 implementation, generates a table identifier
that corresponds to an existing table name. Additional

implementation required for stage 5 support.

dhcs_rss_cleanup Closes the proprietary storage system and performs any

required cleanup.

Stage 2 Read Access

Stage 2 provides read access to data in the proprietary storage system but does not take
advantage of indexes or other performance-enhancing access methods that may be avail-
able in the proprietary storage system.

Storage Interfaces to Implement for Stage 2

dhcs_alloc_tid

Allocates memory to store a tuple identifier and initial-
izes the tuple identifier.

dhcs_free_tid

Frees memory from a tuple identifier.

dhcs_assign_tid

Copies the value for a tuple identifier.

dhcs_compare_tid

Compares two tuple identifiers and returns a value indi-
cating equality or relative size.

dhcs_char_to_tid

Converts a character string to a tuple identifier.

dhcs_tid_to_char

Converts a tuple identifier to a character string.

3-4
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Table 3-1: Implementation Stages for Developing the ODBC Executable

dhcs_tpl_scan_open

Opens a table for scanning when no indexes are avail-
able.

dhcs_tpl_scan_fetch

Fetches the next record from a table.

dhcs_tpl_scan_close

Closes a table that was opened for scanning.

dhcs_get_error_mesg

Returns the error message for any error code generated
by the storage manager. As provided, the interface
generates the Not yetimplemented message whenever
it is called. Subsequent stages require continued imple-
mentation as the storage manager generates additional
error codes.

dhcs_tpl_open

Opens a table by allocating memory for a table handle.

dhcs_tpl_close

Closes a table by deallocating the table handle.

Stage 3

Indexed Access

tional indexes

Stage 3 implements complete read access to data in the proprietary storage system. This
stage requires mapping existing indexes and proprietary access methods to standard rela-

For environments that do not require write access or access to long data types, stage 3 is the
final implementation stage.

Storage Interfaces to Implement for Stage 3

dhcs_rss_get_info

In stage 3, returns details on how a storage manager
supports indexed access. In stage 4, indicates how the
storage manager processes updates to indexes.

dhcs_create_index

For stage 3 implementation, only generates an index
identifier that corresponds to an existing index name.
Additional implementation required for stage 5 support.

dhcs_ix_scan_open

Opens an index for scanning.

dhcs_ix_scan_fetch

Fetches the next record in an index scan.

dhcs_ix_scan_close

Closes an index which was opened for scanning.

dhcs_tpl_fetch

Fetches a specific record from a table.

dhcs_get_error_mesg

Continued implementation: Returns the error message
for error codes generated by the storage manager.

Stage 4

Write Access

Stage 4 provides the ability to insert, update, and delete data in the proprietary storage sys-
tem. Stage 4 implementation is optional.

Storage Interfaces to Implement for Stage 4

dhcs_rss_get_info

(Initial implementation in stage 3.) In stage 4, indicates
how the storage manager processes updates to
indexes.

dhcs_tpl_insert

Inserts a record into a table.

dhcs_tpl_delete

Deletes a record from a table.

Dharma Inc.
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Table 3-1: Implementation Stages for Developing the ODBC Executable

dhcs_tpl_update

Updates values in an existing table record.

dhcs_ix_open

Opens an index for updating.

dhcs_ix_close

Closes an index after updating.

dhcs_ix_insert

Inserts a record into an index.

dhcs_ix_delete

Deletes a record from an index.

dhcs_begin_trans

Starts a transaction.

dhcs_commit_trans

Commits a transaction.

dhcs_abort_trans

Aborts, or rolls back, a transaction.

dhcs_get_error_mesg

Continued implementation: Returns the error message
for error codes generated by the storage manager.

Stage 5

Data Definition

Stage 5 implements the ability to create new tables and indexes in the proprietary storage
system. Stage 5 implementation is optional.

Storage Interfaces to Implement for Stage 5

dhcs_add_table

(Initial implementation in stage 1.) For stage 5 imple-
mentation, creates a new table in the proprietary stor-
age system.

dhcs_drop_table

Deletes a table from the proprietary storage system.

dhcs_create_index

(Initial implementation in stage 3.) For stage 5 imple-
mentation, creates a new index in the proprietary stor-
age system.

dhcs_drop_index

Deletes an index from the proprietary storage system.

dhcs_get_error_mesg

Continued implementation: Returns the error message
for error codes generated by the storage manager.

Stage 6

Long Data Type Support

Stage 6 provides access to unstructured character and binary data in columns defined as
LONG VARCHAR or LONG VARBINARY. The characteristics of such long data-type data (or
simply "long data") are completely dependent on the implementation. Stage 6 implementa-
tion can be limited to long data access, or include the ability to insert and delete long data in
the proprietary storage system. Stage 6 implementation is optional.

Storage Interfaces to Implement for Stage 6

dhcs_get_data

Retrieves a segment of a long field value.

dhcs_put_data

Stores a segment of a long field value.

dhcs_put_hdl

Copies data from one long-field handle to another.

dhcs_get_error_mesg

Continued implementation: Returns the error message
for error codes generated by the storage manager.

Stage 7

Dynamic Metadata Support
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Table 3-1: Implementation Stages for Developing the ODBC Executable

Stage 7 allows implementations to dynamically provide details about tables and indexes that
reside in the proprietary storage system. Stage 7 implementation is optional.

Storage Interfaces to Implement for Stage 7

dhcs_get_metainfo Returns the number of tables that the user can access,
and whether subsequent calls to dhcs_get_tblinfo will
return detail on those tables sorted by table name.

dhcs_get_tblinfo Returns detail on a table.

dhcs_get_idxinfo Returns detail on an index.

dhcs_get_colinfo Returns detail on columns in a table.
dhcs_get_error_mesg Continued implementation: Returns the error message

for error codes generated by the storage manager.

3.3.1 Stage 1. Metadata Access

Stage 1 loads and accesses metadata.

Asmentioned in Chapter 2, metadata are definitions for SQL tables and indexes that
map the structure of datain the proprietary storage system to standard relational
forms.

Thefirst stepin stage 1 isto write an SQL script that expresses the mapping of propri-
etary datato relational tables. Theisgl utility uses this script to actually create the
tables and indexes that correspond to the structure of data in the proprietary storage
system. Asyou implement the storage interfaces, the script provides a detailed
description of the relational tables that ODBC applications will access.

Stage 1 implements the following functionality:

» Connection to the proprietary storage system and optional security authentication
(dhcs rss init)

»  Generation of table identifiers that correspond to names of existing tablesin the
proprietary storage system (dhcs_add_table) to support metadata loading

» Disconnection from the proprietary storage system (dhcs_rss_cleanup)

3.3.1.1 Creating md_script, the SQL Script to Load Metadata

The script you write to load metadata serves two purposes:

* Youuseit during development to create the metadata against which you imple-
ment storage interfaces

» It becomes part of the release kit installed on other systems with the proprietary
storage system

The DataLink SDK development components include a sample script you can adapt to
create your own script that loads metadata for the proprietary storage system. The
template isin the file STPEROOT/odbcsdk/sample/md_template.

Dharma Inc.
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3.3.1.2

Create your script in afile called md_script in the dharma/odbcsdk directory. (The
file name isimportant only because the instructions for creating arelease kit in Chap-
ter 4 specify that file name.)

The script contains CREATE TABLE and INDEX statements with the
STORAGE_ATTRIBUTES'METADATA_ONLY' clause. This clause directs the
SQL engine to insert metadata into the data dictionary without requiring the propri-
etary storage system to create an empty table or index. The table or index name used
in the CREATE statement must be the same as an existing table or index in the propri-
etary storage system.

The following example shows an excerpt from the sample script that illustrates the
CREATE TABLE and CREATE INDEX syntax.

Example 3-4: Script Template for Loading Metadata
$ nmore odbcsdk/ sanpl e/ nd_t enpl at e

-- Tenmpl ate file for | oading netadata for tables that already
-- exi st in the underlying storage system

CREATE TABLE test1(
col 1 integer,
col 2 char(32),
col 3 date

)
STORAGE_ATTRI BUTES ' METADATA_ONLY' ;

CREATE | NDEX testl idx ON testl(col1)
STORAGE_ATTRI BUTES ' METADATA ONLY' ;

Initializing Connections to the Proprietary Storage System

Thedhcs rss init interfaceis called only when the SQL engine starts, and it isthe
only function called when it starts. The specific processing done by the routine
depends on the requirements of the proprietary storage system. In general, the routine
must:

» Initialize a connection to the proprietary storage system. This may include open-
ing files, loading data structures, or other steps specific to the particular propri-
etary storage system.

e Perform any desired authentication based on the user name and password argu-
ments the SQL engine passesto it. The SQL engine does no authentication of its
own.
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3.3.1.3 Partially Implementing dhcs_add_table to Return Table Identifiers

Asdiscussed previously, you need to choose an approach for representing the datain
the proprietary storage system as a series of relational tables. Once you do that, you
use theisgl utility to load metadata in the system tables.

Theisgl utility processes the SQL script file. To support processing this script
through isgl, you partially implement the dncs_add_table interface. (If you choose to
implement stage 5, you then provide complete support for dhcs_add_table.)

When the SQL engine callsdhcs add_tableto load metadata, it setsthe metadata-only
flag to TRUE and provides the name of an existing table in the proprietary storage
system. Theimplementation must generate a unique table identifier that the SQL
engine associates with the table name. The value of the identifier must be from 1000
to 32767.

The implementation must also keep track of table identifiers and their corresponding
table names. The SQL engine passes only the identifier, not the name, in subsequent
calls. Itistheimplementation's responsibility to associate the identifier with the cor-
rect table.

See section 5.2.1 for details on the dhcs_add table interface.

3.3.1.4 Closing Connections With dhcs_rss_cleanup

The SQL engine callsthe dhcs_rss_cleanup interface when an application issues the
SQLDisconnect ODBC call. The specific steps associated with this call depend on
your proprietary storage system, but could include deallocating memory and closing
files.

3.3.1.5 Testing Stage 1 Implementation

To test stage 1 implementation, you need to first do the following:

» Link your storage system code with the storage interfaces and Datalink SDK
library to create an ODBC executable for the first time.

»  Execute the SQL script using isgl (see Appendix A).

Once you do that, you can issue queries against the system tables (see Appendix B for
details of the system tables). Example 3-2 showsinvoking isgl to do a simple query
on one of the system tables to confirm completion of stage 1 implementation. The
guery accesses the systables system table to retrieve some details on any tables that
are not system tables (WHERE TBLTY PE <>'S). The results show that metadata on
asingletable, testl, was loaded into the Datalink SDK.

Example 3-5: Stage 1 Completion: Confirming Access to Metadata
$ isql proprietary_db
Dharma/i sgl Version 08.00.0000
Dharma Systenms Inc (C) 1988-2002.
Dharma Conputers Pvt Ltd (O 1988-2002.
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/ dhar ma/ bi n/ dhdaenon. exe <SQ. SERVER 28999> -d proprietary_db -
h 415136 sql nw ks

> SELECT TBL, ID, CREATOR, OMER, TBLTYPE
FROM DHARMA. SYSTABLES WHERE TBLTYPE <> 'S';
t bl id creat or owner t bl type

test1l, 1000, dharma, dharma, T

Tupl e selected =1

>
3.3.2 Stage 2: Read Access

Stage 2 provides simple read access to datain the proprietary storage system. Stage 2

implements the following additional functionality:

»  Generation and manipulation of tuple identifiersthat point to specific rows of data
in the proprietary storage system (dhcs _alloc tid, dhcs assign_tid,
dhcs_compare_tid, dhecs _free tid, dhes tid to_char and dhcs_char_to tid)

»  Sequential scan of rowsin tablesin the proprietary storage system
(dhcs _tpl_scan_open, dhcs_tpl_scan_fetch, and dhes tpl_scan close)

e Generation of implementation-specific error messages (dhcs_get_error_mesg)

*  Opening and closing tables (dhcs_tpl_open and dhcs_tpl_close)

The following sections provide some more detail on how you approach implementing

these routines. Figure 3-1and Figure 3-2 show how the SQL engine makes a series of

calls to these routines for two types of SQL SELECT statements:

* A smple statement that refersto one table

* A more complex statement that joins data from two tables
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Figure 3-1: Calls to Retrieve Data in Stage 2: Simple SELECT

SELECT C1 FROM T1 WHERE C1 >= 100

dhcs_tpl_scan_open

dhcs_tpl_scan_fetch

dhcs_tpl_scan_close
dhcs_rss_cleanup

Figure 3-2: Calls to Retrieve Data in Stage 2: Two-Table Join

SELECT T1.Cl1, T1.C2, T2.Cl, T2.C2
FROM T1, T2 WHERE T1.Cl = T2.Cl

dhcs_tpl_scan_open on T1

dhcs_tpl_scan_open on T2

dhcs_tpl_scan_fetch on T1 dhcs_tpl_scan_fetch on T2

dhcs_tpl_scan_close on T1

dhcs_tpl_scan_close on T2

dhcs_rss_cleanup

3.3.2.1 Implementing the Tuple Identifier Interfaces

A tupleidentifier, or tid, uniquely identifiesarecord in the proprietary storage system.
The implementation must return a tuple identifier when it retrieves data from the pro-
prietary storage system.

Chapter 5 describes the tuple identifier interfaces. These interfaces are utility func-
tions that the implementation itself as well asthe SQL engine call routinely.
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The format of atuple identifier is specific to the proprietary storage system. In gen-
eral, the implementation must provide the following functionality through the inter-
faces:

» Allocate and free memory to store tid values (dhcs_alloc_tid and dhcs _free tid)
» Copy (dhcs assign_tid) and compare (dhcs_compare tid) tid values

e Convert tid valuesto (dhcs tid to _char) and from (dhcs _char_to_tid) character
strings (the maximum allowabl e length of the character-string version of tidsis
255)

The sample illustrates implementation of these interfaces with atid of type char.

3.3.2.2 Retrieving Data Through Table Scans

To retrieve records when no indexes are avail able, the SQL engine calls three inter-
faces: dhcs_tpl_scan _open, dhcs tpl_scan fetch, and dhes_tpl_scan close. It
retrieves each record and compares it with any conditions specified in the SQL state-
ment until the proprietary storage system indicates no more datais available.

When it calls dhcs_tpl_scan_open, the SQL engine passes the table identifier for the
table of interest. The implementation needs to open files or load the required data
structures that correspond to the table. The routine must return a handle for the table
scan and point to the first record in the table.

The SQL engine passes this scan handle on each call to dhcs_tpl_scan_fetch (see
Chapter 5). In addition, it may pass a pointer to alist of field values, a pointer to a
tupleidentifier, or both. The elements of the list indicate which table columns are of
interest.

To process dhes tpl_scan_fetch, implementations should:
» |If thereare no more recordsin the table, return SQL_NOT_FOUND.

e Check whether the pointer to the list of field valuesis null. If the pointer is not
null, supply the field values for the table columns specified in thelist. Before
writing data to the passed field-values structures, the implementation must con-
vert values to host format. The header file STPEROOT/odbcsdk/src/dhcs.h speci-
fies the host format for al the SQL datatypes.

e Check whether the pointer to the tid isnull. If it is not, supply thetid for the cur-
rent record.

e Advance the scan to the next record.

When the SQL engine callsdhcs tpl_scan_close, it passes the scan handle to indicate
which scan the implementation should close. The implementation frees the scan han-
dle and performs any other operations appropriate to the proprietary storage system.

3.3.2.3 Returning Implementation-Specific Error Messages

The storage interface routine dhcs_get_error_mesg provides a mechanism for imple-
mentations to generate error messages specific to the proprietary storage system.
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The SQL engine calls dhcs get_error_mesg when it receives an error code generated
by the storage manager. The storage manager can return such error codes during exe-
cution of any routine, through dhcs_status t. See Chapter 5 for details.

3.3.2.4 Opening and Closing Tables

The SQL engine uses table handles for internal operations. To compl ete stage 2,
implement two storage interfaces, dnhcs_tpl_open and dhes _tpl_close, that allocate and
free table handles:

When it calls dhcs_tpl_open, the SQL engine passes the table identifier generated
by dhcs_tpl_add_table. Theroutine must identify and initialize the corresponding
table in the proprietary storage system and return a handle for the table.

Whenit callsdhcs _tpl_close, the SQL engine passes the table handle generated by
the corresponding call to dhcs_tpl_open. The routine frees the handle.

3.3.2.5 Testing Stage 2 Implementation

To test stage 2 implementation, you can use the isgl utility. Issue queries such asthe
following on tables in the proprietary database:

SELECT * FROM T1; This statement initiates a table scan on T1.

SELECT COUNT(*) FROM T1; This statement checks implementation of the tuple

identifier interfaces.

3.3.3 Stage 3: Indexed Access

Stage 3 implementsindexed access to datain the proprietary storage system.

This stage requires mapping existing indexes and proprietary access methods to stan-
dard relational indexes.

Implementations provide details on the properties of their index support through the
dhcs rss get_info routine. Among other characteristics, responses to
dhcs_rss_get_info indicate which comparison operations (such as equal or greater
than) the proprietary storage system can support through indexed retrieval.

In addition to responsesto dhcs rss get_info, stage 3 implements the following addi-
tional functionality:

Generation of index identifiers that correspond to names of existing indexesin the
proprietary storage system (dhcs_create_index)

Use of index scans instead of table scans (dhcs_ix_scan_open,

dhcs ix_scan fetch, and dhcs ix_scan close). Index scansretrieve the tids for
rowsthat satisfy query criteria. 1f anindex for atable exists, aSELECT statement
that specifies any of the supported comparison operators resultsin calls to index
scan interfaces instead of the table scan interfaces.

Support for non-scan table retrieval (dhcs _tpl_open, dhes tpl_fetch, and

dhcs tpl_close). Instead of time-consuming table scans, the SQL engine passes
the tids obtained from the index scan to these interfaces, which directly retrieve
the rows.

Dharma Inc.
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The following sections provide some more detail on how you approach implementing
these routines. If you do not require write access to your proprietary storage system,
stage 3 isthe final implementation stage.

The following figure shows how the SQL engine makes a series of calls after indexed
access has been implemented.

Figure 3-3: Calls to Retrieve Data in Stage 3

| dhcs_rss_init |

SELECT C1 FROM T1 WHERE C1 >= 100;

| dhcs_ix_scan_open on T1 |
[

| dhcs_tpl_open on T1 |
[

dhcs_ix_scan_fetch on T1 |

[
dhcs_tpl_fetch on T1 |

No

| dhcs_ix_scan_close on T1 |

I
| dhcs_tpl_close on T1 |

!

| dhcs_rss_cleanup |

3.3.3.1 Responding to Calls to dhcs_rss_get_info

The SQL engine callsdhcs rss get_info to obtain details on the properties of an
implementation's index support. It callsdhcs rss_get_info repeatedly with different
info type arguments. Most info types require a Boolean response (true or false); the
DHCS IX_PUSH_DOWN_RESTRICTS info type lists supported comparison opera-
tors.

Thefollowing table summarizesthe info types. Seethe Info Type Valuesdiscussionin
section 5.8.3 for details.
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Table 3-2: Info Type Properties Describing Index Support

Info Type Argument Meaning

DHCS_IX_ALL_COMPONENTS | Specific to multi-component indexes: When performing
an index scan, whether search values must be provided
for all components.

DHCS_IX_COMPUTE_AGGR Whether the storage manager supports the SQL MIN
and MAX aggregate functions.

DHCS_IX_FETCH_ALL_FIELDS | Whether the storage system is able to return all of the
fields of the record, and not just the index component
fields, in response to a call to dhcs_ix_scan_fetch. The
SQL engine takes advantage of this property to avoid
tpl_fetch calls. See the discussion starting on page 5-1
for details.

DHCS_IX_PUSH_DOWN_REST | Comparison operators which the storage manager can
RICTS process through index scans (as opposed to being pro-
cessed internally by the SQL engine). Table 5-2 on
page 5-1 lists the operators.

DHCS_IX_SCAN_ALLOWED Whether indexes of the specified type support index
scans.

DHCS_IX_SORT_ORDER Whether a scan on the index returns records in the
order of the index key.

DHCS_IX_TID_SORTED Whether the index returns records sorted by tuple iden-
tifier.

DHCS_IX_UPD_REQUIRED (Not applicable to stage 3.) Whether the SQL engine

must update indexes (through separate calls to
dhcs_ix_insert, or dhcs_ix_delete) after an insert,
update, or delete operation on a table.

3.3.3.2 Partially Implementing dhcs_create_index to Return Index Identifiers

The process for implementing an abbreviated version of the dhcs_create_index rou-
tineis parallel to implementing support for loading table metadata through
dhcs add table, as described in Chapter 5:

* Changethemd_script to add CREATE INDEX statementsthat will load metadata
for SQL indexes that correspond to the structure of indexes or other navigational
elementsin the proprietary storage system (see Chapter 5).

e Partially implement the dhcs_create index routineto returnindex identifiers. The
dhcs create index routine needs to generate an index identifier with avalue from
1000 to 32767. Aswith tableidentifiers, theimplementation must also keep track
of index identifiers and their corresponding index names.

See Chapter 5 for details on the dhcs_create index interface.

3.3.3.3 Retrieving Data Through Index Scans

When it processes a SELECT statement that specifies any of the supported compari-
son operators, the SQL engine checks the sysindexes catalog table to seeif there are
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indexesfor the table. If thereisan index, the engine callsthe index interface
dhcs_ix_scan_open.

Implementation of dhcs_ix_scan_openis parallel to dhcs_tpl_scan_open in the fol-
lowing ways.

* The SQL engine passes the index identifier for theindex of interest (aswell asthe
table identifier).

» Theimplementation needs to open files or load the required data structures that
correspond to the index.

e Theimplementation generates a handle for the index scan.

However, in dhcs_ix_scan_open, the SQL engine also passes an operator argument
and any comparison values that the implementation must process. This operator/com-
parison-value combination corresponds to an SQL predicate and indicates a condition
that is true or false about a row or group of rows (such as WHERE C1 >= 100).

I mplementations indi cate which comparison operators they support through the
DHCS IX_PUSH_DOWN_RESTRICTS info type argument of dhcs_rss get_info.
Table 5-2 on page 5-1 lists the operators. Implementations must at least support the
DHCS _IXOP_FIRST operator. After executing dhcs_ix_scan_open, the implementa-
tion must position the scan to the first record in the index that satisfies the operator
argument based on the supplied comparison val ues.

If the query requires field values that are not available through the index, the SQL
engine opens the table by calling dhcs_tpl_open. When it calls dhcs_tpl_open, the
SQL engine passes the table identifier generated by dhcs tpl_add table. Theroutine
must identify and initialize the corresponding table in the proprietary storage system
and return ahandle for the table. The SQL engine passes the table handle to calls dur-
ing subsequent fetch operations.

When it calls dhcs_ix_scan_fetch, the SQL engine supplies the same operator and
comparison valuesasit did toitscall to dhcs_ix_scan_open. Theimplementation fills
in non-null members of the field values list, supplies the tid for the record if itsinput
value is non-null, and advances the scan to the next index record that satisfies the
predicate criteria. If no more records meet the criteria, the implementation returns
SQL_NOT_FOUND.

Before calling dhcs_ix_scan_fetch again, the SQL engine may call dhes _tpl_fetch if it
needs column val ues not available through theindex. Routines such asdhcs tpl_fetch
implement a non-scan operation, meaning they operate on a single row of atable (or
index, for other routines) that is specified through atid obtained through an index scan
and passed to the routine by the SQL engine. For dhcs tpl_fetch, the implementation
retrieves the appropriate row from the table, based on the supplied tid, and fillsin the
regquested val ues.

Parallel to dhes tpl_scan_close, the SQL engine calls dhcs_ix_scan_close and
dhcs_tpl_close when the query returns no more data.
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3.3.34

3.34

Testing Stage 3 Implementation

To test stage 3 implementation, you can use the isgl utility. Issue queries such asthe
following on tables in the proprietary database:

SELECT * FROM T1 Presuming there is an index on the ¢1 column and that

WHERE C1 = 'whatever’; the proprietary storage system supports the = compatri-
son operator, this statement initiates an index scan on
the index and a non-scan fetch on T1.

SELECT T1.C1, T1.C2, Presuming there are indexes on the tl1.c1 and t2.c1 col-

T2.C1, T2.C2 umns, and that the proprietary storage system supports
FROM T1, T2 the = comparison operator, this statement initiates
WHERE T1.C1 =T2.C1; scans on virtual indexes.

Stage 4: Write Access

Stage 4 provides the ability to insert, update, and delete data in the proprietary storage
system. Stage 4 implementation is optional, and adds the following functionality:

e Theability to add new records (dhcs tpl_insert and dhcs_ix_insert), delete
records (dhcs_tpl_delete and dhes _ix_delete), and modify existing records
(dhcs_tpl_update, dhes_ix_insert, and dhcs_ix_delete)

e Transaction management (dhcs_begin_trans, dhcs_commit_trans, and
dhcs_abort_trans)

The specific routines the SQL engine calls during update operations depends on
whether the proprietary storage system requires the SQL engine to manage updates to
indexes when corresponding table rows are updated. Implementations indicate this
regquirement by returning TRUE when the SQL engine callsdhcs rss_get_info with
the DHCS IX_UPD_REQUIRED info type argument.

If implementations return TRUE, the SQL engine explicitly calls separate routines
(dhcs_ix_open, dhcs_ix_delete, dhes ix_insert, and dhes_ix_close) to update the
appropriateindex row when atablerow isupdated. If implementationsreturn FALSE,
the SQL engine never calls those routines and presumes the proprietary storage sys-
tem updates indexes.

The next two figures show the series of calls the SQL engine makes to process two
typical update situations:

e A simple INSERT statement that specifies values directly

* AnINSERT statement that retrieves values from another table (where both tables
have indexes)

Dharma Inc.
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Figure 3-4: Calls to Store Data in Stage 4: Simple INSERT Statement

dhcs_rss_init

INSERT INTO T1 (C1)VALUES ('a');

dhcs_tpl_open on T1

dhcs_tpl_insert on T1
dhcs_tpl_close on T1

7
%,

Figure 3-5: Calls to Store Data in Stage 4: Inserting Records from Another Table

dhcs_rss_init

INSERT INTO T1 (C1)
SELECT Cl1 FROM T2 WHERE C1l >= 100;

dhcs_ix_scan_open on T2

dhcs_tpl_open on T2 > 7

dhcs_tpl_close on T1

dhcs_ix_scan_fetch on T2

dhcs_tpl_fetch on T2
dhcs_ix_scan_close on T2

dhcs_tpl_open on T1
dhcs_tpl_close on T2

dhcs_tpl_insert on T1

SQL_NOT_FOUND?

dhcs_rss_cleanup

3.3.4.1 Adding, Modifying, and Deleting Records

Asshown in Figure 3-4, the SQL engine inserts records through a call to
dhcs _tpl_insert. It passes the table handle and alist of values. The implementation
stores the record in the table and generates atid.

If the implementation set DHCS IX_UPD_REQUIRED, the SQL engine next calls
dhcs _ix_insert and passes the tid just generated and values for the index components.
The implementation stores the values as a new index record.
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The SQL engine follows a similar process for UPDATE statements to modify values
in an existing record. It callsdhcs_tpl_update and passes the tid for the existing
record, along with the values to be modified. Thereis no corresponding update rou-
tine for indexes, however. Instead, if the implementation set

DHCS IX_UPD_REQUIRED, the SQL engine makes two calls, to dhcs ix_insert
and dhcs _ix_delete.

For deleting records, the SQL engine calls dhcs tpl_delete. It passesthe table handle
and the tid for an existing record. If theimplementation set
DHCS IX_UPD_REQUIRED, the SQL engine calls dhcs_ix_delete.

3.3.4.2 Managing Transactions

A transaction is a group of operations whose changes can be made permanent or
undone only asaunit. Once you implement the ability to change datain the propri-
etary storage system, you may also need to implement transaction management to pro-
tect against data corruption.

Note Based on the requirements of your proprietary storage system, you may
decide you do not need to implement transaction management. If so, you
can skip this section. (As supplied in $STPEROOT/odbcsdk/sample/
dhcs.c, the transaction storage interfaces print a warning message and
return a success status code.)

The SQL engine does not manage transactions, but only calls the appropriate storage
interface when directed to do so by an ODBC application. For instance, the SQL
engine does not guarantee that one user's changes will not conflict with another user's.
It is up to the implementation to enforce whatever concurrency control and consis-
tency level it requires, given the capabilities of the underlying proprietary storage sys-
tem.

Applicationsissue ODBC callsthat result in the SQL engine calling one of the follow-
ing storage interfaces:

» dhcs_begin_trans signals the beginning of a series of operations that must be
managed as a single transaction

» dhcs_commit_trans ends atransaction and specifies that results of the operations
within it be made permanent

» dhcs_abort_trans ends atransaction and specifies that results of the operations
within it be undone

These routines do not include an identifier to distinguish between different users
transactions. However, each connection to the database generates a new process,
which implementations can map to their mechanism for managing transactions.
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3.3.4.3 Testing Stage 4 Implementation

To test stage 4 implementation, you can use the isgl utility. Issue queries such asthe
following on tables in the proprietary database:

INSERT INTO T1 (C1) Checks insert execution. If there is an index on c1 and

VALUES (‘whatever"); the implementation set
DHCS_IX_UPDATE_REQUIRED, also initiates an
insert operation on the index.

DELETE FROM T1 Checks delete execution. If there is an index on c1 and

WHERE C1 = 'whatever’; the implementation set
DHCS_IX_UPDATE_REQUIRED, also initiates a delete
operation on the index.

UPDATE T1 Checks update execution. If there is an index on c1 and

SET C1 ="'new value’; the implementation set
DHCS_IX_UPDATE_REQUIRED, also initiates a delete
and insert operation on the index.

3.3.5 Stage 5. Data Definition

Stage 5 implements the ability to create new tables and indexes, and delete existing
tables and indexes in the proprietary storage system. Stage 5 implementation is
optiona and requires that your proprietary storage system has a mechanism for creat-
ing new database objects.

Stage 5 involves full implementation of dhcs add_table and dhcs _create index. As
implemented in stages 2 and 3, those routines return a table or index identifier that
corresponds to an existing object in the proprietary storage system. For stage 5,
implementations must extract the metadata the SQL engine passes to the routines:

» Fordhcs add table, apointer tothedhcs fld list_t data structure, which contains
details of the table column definitions

» For dhcs _create index, a pointer to the dhcs_keydesc t data structure, which con-
tains details of the index keys and the sort order for the index
3.3.5.1 Testing Stage 5 Implementation
To test stage 5 implementation, you can use the isgl utility. Issue queries such asthe
following on tables in the proprietary database:
CREATE TABLE NEW Checks table creation.
(C1INT, C2 CHAR(10));
CREATE INDEX NEW_IX Checks index creation.
ON NEW (C1 ASC);
3.3.6 Stage 6: Long Data Type Support

Stage 6 provides access to unstructured character and binary datain columns defined
with the SQL LONG VARCHAR or LONG VARBINARY datatype.
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Datain such columns can be of any length and of any format. For instance, long data-
type columns can store large amounts of text, long strings of binary data (such as exe-
cutable images or input from data-collection devices), or graphics files.

Because of the arbitrary length and structure of such long data-type data (or simply
"long data'), the DataLink SDK provides storage interfaces to retrieve or storeit in
segments. These interfaces are modeled after the Microsoft ODBC SQLGetData and
QL PutData functions. An ODBC application calls these ODBC functions, and the
SQL engineinturns calls dhcs_get_data or dhcs_put_data:

» Toretrieve long data, it loops through callsto dhcs_get_data. Each call to
dhcs get data retrieves a segment of along field value.

» Tostore long data, it loops through callsto dhcs put_data. Each call to
dhcs_put_data stores a segment of along field value.

» To copy datafrom one long data-type column to another, it calls dhcs_put_hdl.

For all these interfaces, the SQL engine passes afield handle. Field handles are char-
acter strings that identify storage for datain long data-type columns. The structure
and contents of field handles are up to the implementation.

Implementations create field handles when the SQL engine calls the dhcs_tpl_insert
routine. (Thisisin contrast to conventional data-type columns, for which the SQL
engine passes actual valuesto the insert routine.) Similarly, for fetch routines, imple-
mentations return field handles instead of the actual long data values. The SQL
engine then passes the field handle to the appropriate long-data storage interface,
looping until the fetch or insert is complete.

The following sections describe this process in more detail .

3.3.6.1 Retrieving Long Data

To retrieve atable row that includes long data, the SQL engine calls
dhcs_tpl_scan_fetch or dhes_ix_scan_fetch, the same asit does for conventional date-
type columns.

However, instead of returning the actual datafor along column, the implementation
returns afield handle that identifies storage for the datain the field. When the SQL
engine callsdhcs_get_data it passesthisfield handle. Theimplementation retrievesa
segment of the field value and storesit in a buffer. It also indicates the length of the
dataremaining to be retrieved.

If the ODBC application calls SQLGetData multiple times, the SQL engine calls
dhcs_get_data multiple timesaswell. Chapter 5 describes the arguments to
dhcs get_data and how they interact.

The following figure shows the series of callsthe SQL engine makes to retrieve long
data.

Dharma Inc.
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Figure 3-6: Calls to Retrieve Data in Stage 6

| dhcs_rss_init |

SELECT LONG_COL FROM T1;

| dhcs_tpl_scan_open |

—>| dhcs_tpl_scan_fetch |
v

L Datatype?
LoD

Yes

| dhcs_get_data |<—

ield?
End of Field? No

Yes

T'S"QL_NOT_FOUND?|

| Yes

| dhcs_tpl_scan_close |

!

| dhcs_rss_cleanup |

3.3.6.2 Storing Long Data
The process for storing long datais similar to retrieving long data values:
* The SQL engine callsdhcs_tpl_insert.

» Instead of passing data values for long columns, the SQL engine expects
dhcs _tpl_insert to return afield handle identifying storage to receive the long
data. (The implementation should initialize this storage, since there is no guaran-
tee that the ODBC application will actually request the SQL engineto call
dhcs put_data.)

e The SQL engine passesthe field handlein acall to dhcs put_data, along with a
segment of the datafor the field. The implementation stores the segment.

» If the ODBC application requests, the SQL engine callsdhcs_put_data again until
the entirefield value is stored.

There is no mechanism for updating long data. The SQL engine generates an error if
it encounters an SQL UPDATE statement that specifiesa LONG VARCHAR or
LONG VARBINARY column.

The SQL engine uses a different process for INSERT ... SELECT statements that
copy data from one long column to another. Instead of looping through callsto
dhcs get data to retrieve the data, and then looping through callsto dhcs put_datato
storeit, the SQL engine usesthe dhcs put_hdl routine to simply copy the field handle
for the data. See Chapter 5 for details.
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3.3.6.3

Creating Indexes on Long Data-Type Columns

Indexes on long columns are a special case. The only index operator allowed on a
long column is CONTAINS. When an index is created on along field, the SQL
engine checksthat CONTAINS isthe only operator supported by that index type, and
generates an error if that is not the case. See the CONTAINS notes on page 5-1 for
more detail.

3.3.6.4 Testing Stage 6 Implementation

To test stage 6 implementation, you need an ODBC application that supports|long data
types. (Specifically, you need to use an ODBC tool that issues SQLGetData and
QLPutData calls) The ODBC Test application supplied as part of Microsoft's
ODBC SDK isoneway to issue SQLGetData and SQL PutData calls. The following
figure shows the dialog box from the ODBC Test application for issuing the SQL Get-
Data call.

Figure 3-7: Testing Long Data Type Support

= SQLGetData

I | 0K H Cancel H Help |

ch¥alueMax: |300

™ pchValue: VALID

3.3.7 Stage 7: Dynamic Metadata Support

Stage 7 allows implementations to dynamically provide details about tables and
indexes that reside in the proprietary storage system. Stage 7 implementation is
optional.

By default, implementations use SQL scripts and the isgl utility to load definitions of
metadata into the DataLink SDK data dictionary. The DataLink SDK then maintains
the metadata internally, separate from the proprietary storage system. This default is
appropriate for environments where details about application tables are known ahead
of time.

However, in some environments, applications frequently add or change tables and
indexes by means other than SQL and the DataLink SDK. In such an environment,
the default approach of loading metadata through a static SQL script makesit difficult
to keep the Datalink SDK metadata synchronized with the dynamically-created
tables.

To accommodate these dynamic environments, the Datalink SDK includes routines
for implementations to provide detail on user tables and indexes that reside in the pro-
prietary storage system. If an implementation indicates support for dynamic meta-
data, the SQL engine calls the routines each time a user connects to the storage
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3.3.7.1

3.3.7.2

system. Theimplementation responds to the calls by returning metadata for tables
that the user is allowed to access.

Note A consequence of supporting dynamic metadata is that implementations
should ignore callsto data definition routines-dhcs add table,
dhcs _create _index, dhcs_drop_table, and dhes_drop_index-that set the
meta_data_only argument to TRUE.

The SQL engine stores the detail provided through these routines in memory-resident
versions of the systables, sysindexes, syscolumns, and systabauth data dictionary
tables. Once the memory-resident tables contain the necessary metadata information,
the SQL engine processes queries as usual.

For instance, if auser creates atable, the SQL engine still callsthe dhes_add_table
routine and updates the memory-resident metadata information to reflect the new table
or index. When the connection is closed, however, the datais gone and subsequent
connections will show the new table only if the information about it is returned by the
dynamic metadata routines called at connection time.

Indicating Support for Dynamic Metadata

Storage managers indicate support for dynamic metadata through the
DH_DYNAMIC_METADATA variable. If thisruntime variableissetto Y, the SQL
engine relies on the storage manager to provide details on user tables and indexes.

To set DH_DYNAMIC_METADATA:

e On Windows XP and Windows 2000, change the %windir%/dh* odbc.ini initial-
ization file and add the variable.

*«  OnUNIX, set the environment variable for the user dharma.

In client/server configurations, set the DH_DYNAMIC_METADATA environment
variable on the server system before starting the server process.

Providing Detail on User Tables and Indexes

To support dynamic metadata, storage managers implement routines that the SQL
engine callsto obtain details of user tables and indexes in the storage system.

When a user first connects to the storage system, before the first transaction begins,
the SQL engine calls routines to get information about tables that the user can access:

» dhcs_get_metainfo returns the number of tables that the user can access, and
whether subsequent callsto dhcs_get_tblinfo will return detail on those tables
sorted by table name. The SQL engine callsdhcs get_metainfo once for each
user connection. Implementation of dhcs get_metainfo is optional. See Chapter
5 for details.

» dhcs_get_thblinfo returns detail on asingle table. This routine passes the structure
dhcs_tblinfo_t, which the implementation fills in with the name, owner, and iden-
tifier for the table. The SQL engine calls dhcs_get_tblinfo repeatedly until the
implementation returns SQL_NOT_FOUND to indicate there are no more tables
accessible by the user. The SQL engine uses the information supplied through
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callsto dhcs_get_tblinfo to load a memory-resident version of the systables sys-
tem catalog table. See Chapter 5 for details.

Note that it is the responsibility of the implementation to determine which tables are
accessible by the user connected to the storage system, and to return metadata for
those tables only.

To improve performance, the SQL engine limits the information it retrieves when a
user first connects to the storage system. It postpones retrieving detail about the col-
umnsin atable and any indexes associated with the table until an SQL statement first
refersto that table. At that point, the SQL engine callsthe following routines to get
full detail about the columns and indexes:

e dhecs_get_colinfo returns detail on all the columnsinthetable. The routine passes
arguments that identify the table of interest, and an array of structures which the
implementation fillsin with details of the table's columns. The SQL engine loads
the column information into a memory-resident version of the syscolumns system
catalog table.

e dhcs_get_idxinfo returns detail on asingleindex. The routine passes arguments
that identify the table of interest, and the structure dhcs_idxinfo_t, which the
implementation fillsin with details on asingleindex. The SQL engine calls
dhcs_get_idxinfo repeatedly until the implementation returns
SQL_NOT_FOUND to indicate there are no more indexes for the table. The SQL
engine loads the index information into a memory-resident version of the sysin-
dexes system catal og table.

The dynamic metadata routines only support metadata for tables, columns, and
indexes. It isnot possible for implementations to provide metadata about other
objects, such as constraints on user tables.

3.3.7.3 Testing Stage 7 Implementation

To test stage 7 implementation, you can use the isgl utility. Issue queries on system
catalog tables to confirm that the metadata was correctly returned by the dynamic
metadata routines:

SELECT TBL FROM SYSTABLES Checks that the dhcs_get_tblinfo rou-

WHERE TBLTYPE="T'; tine supplied metadata for all user
tables.

SELECT DISTINCT IDXNAME Checks that the dhcs_get_idxinfo rou-

FROM SYSINDEXES |, SYSTABLES T tine supplied metadata for all user

WHERE I.TBL = T.TBL AND T.TBLTYPE="T'; indexes.

SELECT SC.TBL, SC.COL, Checks that the dhcs_get_colinfo rou-

FROM SYSCOLUMNS SC, SYSTABLES ST tine supplied metadata for all the col-

WHERE SC.TBL = ST.TBL AND ST.TBLTYPE='T'; umns in user tables.

3.4 BUILDING AND CONFIGURING THE DATALINK SERVER

Asyou progress in your implementation, you will routinely want to build the
Datalink Server executable that uses your proprietary storage system.
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3.4.1

3.4.1.1

3.4.1.2

Desktop

The steps to do this parallel those described in Chapter 2 for building the Datalink
Server for the sample implementation. The steps are different for the Datalink SDK
Desktop and DataLink SDK Client/Server configurations.

This section describes building the Datal ink Server for the Desktop and Client/Server
configurations of the Datal.ink SDK.

Before you build the Datal ink Server, first install the development components as
described in Chapter 2.

Once you do that, compl ete the following steps:
* Build the Desktop DataLink SDK DLL.
» Create and load the data dictionary (only required once).

Building the Desktop DataLink SDK DLL

Build the DataLink SDK DLL by executing the dhdaemon.mak makefilein

% TPEROOT%\odbcsdk\src. You may need to modify the makefile to link with addi-
tional libraries and object modules specific to your implementation. As provided, the
dhdaemon.mak file in %TPEROOT%\odbcsdk\src generates an executable named
dhstodbc.dll in the % TPEROOT%\bin directory.

Open and build the dhdaemon.mak file in Microsoft Visual C++ to create the Desktop
DatalLink SDK DLL.

Creating and Loading the Data Dictionary

The executable % TPEROOT%\bin\mdcreate is a utility to create a data dictionary that
accepts metadata. 1nvoke the mdcreate utility and supply a name that will be used for
the data dictionary and for access to the sample implementation. For example:

% PEROOT% bi n\ ndcreate proprietary_db
The mdcreate utility creates a subdirectory called dbname.dbs under the

%TPEROOT% directory and populates the directory with the necessary files. For
instance, the preceding example creates the directory

%TPEROOT%\proprietary_db.dbs.

The executable % TPEROOT%\bin\isgl is atool for loading metadata. 1t acceptsa
script with special SQL CREATE TABLE and CREATE INDEX statements that
insert metadata for existing tables.

Note If your implementation supports dynamic metadata, you do not need to
load metadata using isgl. Instead, the SQL engine loads metadata auto-
matically each time an application connects to the database. See section
3.3.7 for details on dynamic metadata support.

Thefile %TPEROOT%\odbcsdk\md_script isthe SQL script file with CREATE
TABLE and INDEX statements specific to your database. To load the metadata for
your proprietary storage system, invoke isgl to execute the script file. The following
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example shows invoking md_script to create metadata for a database called

proprietary_db.

i sgl -s %TPEROOT%\ odbcsdk\ nd_script proprietary_db

Dhar e/ i sgl Version 08.00.0000

Dharma Systemns | nc

(C) 1988- 2002.

Dharma Conputers Pvt Ltd (O 1988-2002.

Password for dharma to access proprietary_db:

Theisgl command has other options for additional flexibility. Seetheisql reference

section in Appendix A for amore detailed description of the isgl command.

3.4.2 Client/Server

Before you build the Datalink Server, first install the development components and
the Datal.ink SDK ODBC Driver as described in Chapter 2.

Once you do that, compl ete the following steps:

e Stop the dhdaemon DatalLink

Server processif it isrunning.

« Build anew version of the dhdaemon DatalLink Server executable.

* Restart the dhdaemon server to use the new executable.

e Create and load the data dictionary (only required once).

The following sections describe these steps in more detail.

3.4.2.1 Stopping the dhdaemon Process

On UNIX, use the dhdaemon stop command, as shown in the following example, to

stop the server.

Example 3-8: Stopping the dhdaemon DatalLink Server Process

$ dhdaenon stop

Dhar ma/ dhdaenon Ver si on 08. 00. 0000
Dhar ma Systens | nc (O 1988-2002.
Dharma Conputers Pvt Ltd (C) 1988-2002.

Daenon ver si on:
Runni ng si nce:
Wor ki ng directory:
SQL- Server version:
Nr of servers started:
runni ng:
crashed:

Feb 10 2002 17:02: 43

02/ 11/ 2002 17:43:25 on bhim
/ vol 6/ sdkdi r

/ vol 6/ sdkdi r/ bi n/ dhdaenon

0

0

0
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3-27




SDK

Guide

WinNT

3.4.2.2

WinNT

dhdaenon stopped: PID 11292

If the Datalink Server is already stopped, the dhdaemon stop command generates a
Connection refused message:

$ dhdaenmon -s sqgl nw_ks stop

Dhar ma/ dhdaenon Ver si on 08. 00. 0000
Dharma Systens | nc (O 1988-2002.
Dharma Conmputers Pvt Ltd (C) 1988-2002.

Daenon: connect fail ed: Connection refused
Daenon: connect fail ed: Connection refused

On Windows 2000, stop the dhdaemon service through the Windows Control Panel:

* |nvoke the Windows Control Panel and select Services. Inthelist of services that
appears, locate the entry for the Dhdaemon service.

» If the entry for Dhdaemon indicates the service is running, select it and click the
Stop button.

Building the Client/Server DataLink Server Executable

On UNIX, build the DataLink Server by executing the makefile $STPEROOT/odbcsdk/
src/makefile. You may need to modify the makefile to link with additional libraries
and object modul es specific to your implementation. The makefile in STPEROQOT/
odbcsdk/src generates the dhdaemon Datalink Server in the $STPEROOT/bin direc-
tory.

Log in as dharma before building the Datal ink Server. The following example shows
building the dhdaemon executable from completed routine templates.

Example 3-9: Building the dhdaemon DataLink Server for a Proprietary Storage System

$ cd $TPEROCOT/ odbcsdk/ src
$ nmake

On Windows 2000, build the Datalink Server by executing the dhdaemon.mak make-
filein %TPEROOT%\odbcsdK\src. You may need to modify the makefile to link with
additional libraries and object modules specific to your implementation. The dhdae-
mon.mak file in % TPEROOT%\odbcsdk\src generates the dhdaemon Datalink Server
in the % TPEROOT%\bin directory.

Open and build the dhdaemon.mak file in Microsoft Visual C++ to create the dhdae-
mon DataLink Server.
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3.4.2.3 Restarting the dhdaemon Service

WinNT

On UNIX, use the dhdaemon start command, as shown in the following example, to
start the server.

Example 3-10: Restarting the dhdaemon Process for the Proprietary Storage System
$ dhdaenon start
Dhar ma/ dhdaenon Ver si on 08. 00. 0000
Dharma Systemns | nc (C) 1988-2002.
Dhar ma Conputers Pvt Ltd (O 1988-2002.
Daenpn started: PID 2669
On Windows 2000:

* Invoke the Windows Control Panel and select Services. In thelist that appears,
select the entry for the Dhdaemon service.

e Click the Start button.

3.4.2.4 Creating the Data Dictionary

The executable $TPEROOT/bin/mdcreate is a utility to create a data dictionary that
accepts metadata.

Log in as dharma before creating the data dictionary. Invoke the mdcreate utility and
supply aname that will be used for the data dictionary and for access to the propri-
etary storage system.

The mdcreate utility creates a subdirectory called dbname.dbs under the STPEROOT
directory and popul ates the directory with the necessary files. Thefollowing example
shows invoking mdcreate to create a database called proprietary_db, resulting in the
directory $TPEROOT/proprietary_db.dbs.

Example 3-11: Using mdcreate to Create a Database

$ dharna/ bi n/ mdcreate proprietary_db

Dhar ma/ ndcr eat e Versi on 08. 00. 0000
Dharma Systens |nc (O 1988-2002.
Dharma Computers Pvt Ltd (C) 1988-2002.
$

3.4.2.5 Loading Metadata for the Proprietary Storage System

The executable $TPEROOT/bin/isgl is atool for loading metadata. It accepts a script
with special SQL CREATE TABLE and CREATE INDEX statements that insert meta-
datafor existing tables.

Note If your implementation supports dynamic metadata, you do not need to
load metadata using isgl. Instead, the SQL engine loads metadata auto-
matically each time an application connectsto the database. See section
3.3.7 O for detail s on dynamic metadata support.

Dharma Inc.
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WinNT

3.5

You invoke isgl on the server after the dhdaemon service is started. Log in as dharma
before invoking isgl.

The file STPEROOT/odbcsdk/md_script is the SQL script file with CREATE TABLE
and INDEX statements specific to your database.

The following example shows invoking md_script to create metadata for a database
called proprietary_db.

Example 3-12: Using isql to Load Metadata

$ isql -s $TPEROOT/ odbcsdk/ md_script proprietary_db

Dhar e/ i sgl Version 08.00.0000
Dharma Systemns | nc (C) 1988-2002.
Dharma Conmputers Pvt Ltd (C) 1988-2002.

/ vol 6/ sdkdi r/ bi n/ dhdaenon. exe <SQL SERVER 26517> -d
proprietary_db -h 415136 sql nw

> > > Server 26517 done: Thu Nov 19 14:55:34 1998

Theisgl command has other options for additional flexibility. Seetheisql reference
section in Appendix A for amore detailed description of the isgl command.

This step isthe same in Windows 2000. Substitute NT path names for the UNIX path
names shown in the previous example.

SETTING DATALINK SDK RUNTIME VARIABLES

WinNT

This section describes runtime variables that specify various characteristics of
Datalink SDK behavior. How you set the variables varies between Windows 2000
and UNIX.

On Windows, initialization files set the variables. Edit one of the following filesto
change the default settings:

»  Desktop: %windir%/dhstodbc.ini
e Client/server: %windir%/dhsodbc.ini

Add alineto theinitialization file to set the desired environment variable. For
instance:

TPE_DATADI R=E: \ dat a\

On UNIX, set an environment variable for the user dharma at the command line or
embed it in ascript. For instance:

$ setenv TPE_DATADI R /usr/data/
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3.5.1

Specifying the Main DataLink SDK Directory with TPEROOT

The TPEROOT variable specifies the main directory for the Datalink SDK installa-
tion.

TPEROOT must be set to build or run the DataLink Server. Thereisno default for
TPEROOT. When you install the Datalink SDK development components on Win-
dows, the installation creates the appropriate initialization file for your configuration
and sets TPEROQOT to the directory you specified during the installation. On UNIX,
you must set TPEROOT interactively or in a script.

Similarly, when you create arelease kit to install your implementation of the Datalink
Server executable, the installation should make sure TPEROOT specifiesthe main
directory for the installation.

TPEROOT does not have to be set on client systems.

The TPEROOT variable can hold the path in UNC notation. The UNC path notation

WinNT will bein the following form:

3.5.2

3.5.3

3.54

- \\<machine-name\<share-point>\<path>

- TPEROOT=\\SmartStation\SmartC-Share\dharma

Specifying Location of the Data Dictionary with TPE_DATADIR
The TPE_DATADIR variable specifies the location for the data dictionary:

e The mdcreate utility creates a subdirectory to contain data dictionary filesin the
directory path specified by TPE_DATADIR.

* TheDataLink SDK executable uses the path specified by TPE_DATADIR to
access the data dictionary.

In the Desktop configuration, the -d argument to the mdcreate and isgql commands
overrides the value of TPE_DATADIR. If TPE_DATADIR is not set and mdcreate
does not specify -d, the default is the path specified by TPEROOT.

Indicating Support for Dynamic Metadata with DH_DYNAMIC_METADATA

Storage managers indicate support for dynamic metadata through the
DH_DYNAMIC_METADATA variable. If thisenvironment variableissetto Y, the
SQL engine relies on the storage manager to provide details on user tables and
indexes.

Thread Safety of DataLink SDK ODBC Driver

By default, the DataLink SDK ODBC Driver is THREAD SAFE. However, this may
not always be desired as it involves overhead on the performance of the system. Sin-
gle-threaded ODBC applications do not require Thread Safety as only one thread is
involved.

To disable the Thread Safety feature, the following runtime flag is used:
DH_DI SABLE_ODBC THREAD_SAFETY
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3.5.5

This flag must be set in dhs* odbc.ini on Windows 2000. In UNIX, it should set in
environment for user dharma.

The default is Thread Safety enabled. To disable the Thread Safety feature, set this
variable to the following:

DH_DI SABLE_CDBC_THREAD_SAFETY = Y

Controlling Log File Output with TPESQLDBG

The DatalLink Server creates alog file called sgl_server.log in the directory that con-
tains the data dictionary (the directory is the dbname.dbs directory under the

$TPEROOT directory).

The TPESQLDBG variable controls what logging information the SQL engine writes
to sgl_server.log. It hasthe format:

TPESQLDBG=XXXXXXXXXX

Specify Y or N for each occurrence of x to enable (Y) or disable (N) each of several
categories of logging. For example, TPESQLDBG=YNNY NNNNNN enables the
first and fourth categories of logging. The following table shows the logging category
that each position in the TPESQLDBG variable enables:
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Table 3-3: TPESQLDBG Logging Values

Position Logging Category and Recommended Value

1 SQL: setto Y to log details of how the SQL engine processes SQL statements
passed to it by applications. Details include:

- Original SQL statement passed by the application
- Decomposition of the statement by the engine parser
- Optimization strategy chosen by the engine optimizer

2 Cache: logs the size of the hinary trees created during processing. Generally,
leave set to N (disabled).

3 Data dictionary manager: logs internal details of the internal logic used during
processing. Generally, leave set to N (disabled).

4 Execution manager: setto Y to log details of runtime operations performed by
the SQL engine execution manager.

5 Optimizer: setto Y to log details of runtime operations performed by the SQL
engine optimizer.

6 Remote operations: setto Y to log details of remote operations.

7 Display cost: setto Y to log cost assessments calculated for each node in the
SQL tree.

8 Heap manager handles: Setto Y to log summary information about the heap

and parameter handles maintained by the heap manager.

9 Heap manager items: setto Y to log details of parameter and heap handle
items.
10 Primitive heap manager: setto Y to log debug information about the primitive

heap manager.

Generally, the only categories you ever need to enable are 1 and 4. TPESQLDBG
provides useful information for debugging problems. For best performance, however,
and to limit the size of the log file, do not set TPESQLDBG, or disable all
TPESQLDBG logging categories:

TPESQL DBG=NNNNNNNNNN

3.5.6 Setting Default Date Format With TPE_DFLT_DATE

The TPE_DFLT_DATE variable allows users to change the default date format used
by SQL. Changing the default date format affects:

e Thedefault output format of date values.
e How SQL interprets date literalsin queries and INSERT statements.

Set the TPE_DFLT_DATE variable to one of the following values to change the
default date format:

« US DFLT DATE
« UK_DFLT_DATE
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« 1SO_DFLT DATE

Changing the value of TPE_DFLT_DATE changes how SQL interprets character
strings inserted as DATE values or compared to DATE columns. For example, setting
TPE_DFLT_DATE to UK_DFLT_DATE allows usersto supply date literalsin British
format (dd/mm/yyyy). Thevaue of TPE_DFLT_DATE also determines the default
output format of date data.

The following table details the different formats each value of TPE_DFLT_DATE
supports. The boldface entries indicate the default output format for each setting.

Table 3-4: Date Formats Supported for Different Values of TPE_DFLT_DATE

US_DFLT_DATE UK_DFLT_DATE ISO_DFLT_DATE
dd-mm-yyyy
dd/mm/lyyyy
dd-mm-yy
dd/mm/lyy
mm-dd-yyyy mm-dd-yyyy
mm/dd/yyyy mm/dd/yyyy
mm-dd-yy
mm/dd/yy
yyyy-mm-dd yyyy-mm-dd yyyy-mm-dd
yyyy/mm/dd yyyy/mm/dd yyyy/mm/dd
dd-mon-yyyy dd-mon-yyyy dd-mon-yyyy
dd/monlyyyy dd/monlyyyy dd/monlyyyy
dd-mon-yy dd-mon-yy
dd/monlyy dd/monlyy
Note You must change the value of the TPE_DFLT_DATE variable before

starting the dhdaemon process. Once dhdaemon starts, changing

TPE_DFLT_DATE will not affect the default date format.

The following example shows an interactive session on UNIX that uses the default
input format through isgl, changes the format to UK, then uses that input format.

Example 3-13: Using Different Date Input Formats
$ printenv TPE _DFLT_DATE

$ dhdaenon start -q
dhdaenon started: PID 17294
$ isqgl newff

> -- Insert with default

i nput format:

> insert into dtest values ('5/7/1956');
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1 record inserted.

> select to_char(cl, 'Month ddth') from dtest;
TO_CHAR( C1, MONTH DDTH)

May 7th

1 record selected

> quit

$ dhdaenon stop

dhdaenon st opped: PID 17294

$ setenv TPE_DFLT_DATE uk_dflt_date
$ printenv TPE_DFLT_DATE

uk _dflt_date

$ dhdaenon start -q

dhdaenmon started: PID 17305

$ ndgl newff

> -- Insert using UK-style date format:

> insert into dtest values ('5/7/1956');

1 record inserted.

> select to_char(cl, 'Month, ddth') fromdtest;
TO_CHAR( C1, MONTH, DDTH)

May , fth

July , b5th

2 records sel ected

>

3.5.7 Controlling Interpretation of Years in Date Literals With DH_Y2K_CUTOFF

By default, SQL generates an invalid date string error if the year component of date
literalsis specified as anything but 4 digits. The DH_Y 2K _CUTOFF runtime variable
changes this default behavior to allow 1- and 2-digit year specifications and control
how SQL interprets them. (3-digit year specifications always generate an error.)

Thefollowing table lists the different valuesfor DH_Y 2K _CUTOFF and how SQL
interprets them.

Table 3-5: Values of DH_Y2K_CUTOFF Runtime Variable

Value Interpretation of 1- or 2-Digit Year in Date Literals

Not set

Set to no value

Less than zero Greater than 100 | 1- or 2-digit years not allowed
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Table 3-5: Values of DH_Y2K_CUTOFF Runtime Variable

Value Interpretation of 1- or 2-Digit Year in Date Literals

0 20th century: Adds 1900 to value (for instance, 99
denotes 1999).

100 21st century: Adds 2000 to value (for instance, 99
denotes 2099).

Greater that zero and less than Depends on value of literal:

100

If value is less than DH_Y2K_CUTOFF, 21st century

If value is greater than or equal to DH_Y2K_CUTOFF,
20th century

Note Third-party tools have varying behavior regarding years represented as

lessthan 4 digits. You may want to consider that behavior in choosing
whether and how to use DH_Y 2K_CUTOFF. For instance, current
Microsoft Access behavior isequivaent to setting DH_Y2K_CUTOFF to
30. Microsoft Query behavior issimilar to setting DH_Y 2K_CUTOFF to
0.

The following example shows excerpts of interactive SQL sessions on UNIX that

lustrate how changing the value of DH_Y 2K _CUTOFF affects SQL's interpretation

of the same 2-digit year in a date literal.

Note You must change the value of the DH_Y 2K_CUTOFF variable before

starting the dhserver process. Once dhserver starts, changing
DH_Y2K_CUTOFF will not affect the previously-set behavior.

Example 3-14: Interpretation of 1- or 2-Digit Year in Date Literals

>
>

e

>
0
>
1
>

-- DH_Y2K_CUTOFF not set:
insert into dtest values('5/7/56");
rror(-20230): Invalid date string
Exit, set DH_Y2K CUTOFF, stop and restart dhdaenon, re-invoke isql

I printenv DH_Y2K_CUTOFF

insert into dtest values('5/7/56");
record inserted.
select * fromdtest;

c1

0
1

>

1
>

1

5/ 07/ 1956
record sel ected
Exit, set DH_Y2K CUTOFF, stop and restart dhdaenon, re-invoke isql

I printenv DH_Y2K_CUTOFF

00
insert into dtest values('5/7/56");
record inserted.
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> select * fromdtest;
C1
05/ 07/ 2056
1 record sel ected
Exit, set DH_Y2K CUTOFF, stop and restart dhdaenon, re-invoke isql
> 1 printenv DH_Y2K CUTCOFF
50
> insert into dtest values('5/7/56'");
1 record inserted.
> select * fromdtest;
C1
05/ 07/ 1956
1 record sel ected
Exit, set DH_Y2K CUTOFF, stop and restart dhdaenon, re-invoke isdql
> 1 printenv DH_Y2K CUTOFF
60
> insert into dtest values('5/7/56');
1 record inserted.
> select * fromdtest;
C1
05/ 07/ 2056
1 record sel ected
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Chapter 4

Creating a Release Kit for Distributing the
DataLink Server

4.1 INTRODUCTION

Once you complete your implementation of the Datal ink executable, you need to cre-
ate arelease kit to install it, and related files, on systems with the proprietary storage
system. This chapter liststhe files you need to include in the rel ease kit.

4.2 DESKTOP
The release kit must include the files listed in the following table:

Table 4-1: Files Required for DataLink Server Desktop Release Kit

File Description

bin\dhstodbc.dll DataLink SDK ODBC Driver DLL (built from imple-
mented storage interfaces).

bin\dhstsetp.dll Setup DLL for configuring ODBC data sources.

bin\mdcreate.exe

Utility to create a data dictionary.

bin\isgl.exe Utility for loading metadata and executing simple SQL
queries.
lib\dherrors Dharma error mapping file. The release kit must copy

this file to the % TPEROOT%\lib\ directory.

odbcsdk\md_script

Completed SQL script to load metadata correspond-
ing to data in the proprietary storage system.

%windir%\system32\msvcrt.dll
%windir%\system32\mtxdm.dll
%windir%\system32\odbc16gt.dll
%windir%\system32\odbc32.dll
%windir%\system32\odbc32gt.dll
%windir%\system32\odbccad32.exe
%windir%\system32\odbccp32.cpl
%windir%\system32\odbccp32.dll
%windir%\system32\odbccr32.dll
%windir%\system32\odbccu32.dll
%windir%\system32\odbcinst.cnt
%windir%\system32\odbcinst.hlp
%windir%\system32\odbcinst.dll
%windir%\system32\odbctrac.dll

Files required to run ODBC. The installation of the
Desktop development components creates these files
if they do not already exist.
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Table 4-1: Files Required for DataLink Server Desktop Release Kit

File Description
%windir%\dhstodbc.ini Initialization file containing environment variables.
This file must at least set the TPEROOT environment
variable.
4.3 4.2 CLIENT/SERVER

The release kit must include the files listed in the following table:

Table 4-2: Files Required for DataLink Server Client/Server Release Kit

File Description

bin/dhdaemon Executable for DatalLink Server.

bin/mdcreate Utility to create a data dictionary.

bin/isql Utility for loading metadata.

bin/pcntreg.exe Utility to add and delete entries for the Datalink SDK in

the Windows 2000 registry

lib/dherrors Dharma error mapping file. The release kit must copy
this file to the lib subdirectory under the directory
pointed to by the TPEROOT environment variable..

odbcsdk/md_script Completed SQL script to load metadata corresponding
to data in the proprietary storage system.

%windir%\dhsodbc.ini Windows 2000 only: Initialization file containing envi-
ronment variables. This file must at least set the TPE-
ROOT environment variable.

The method for building the filesinto a kit varies between UNIX and Windows 2000.
On UNIX, create atar file.

WinNT On Windows 2000, create a setup.exe as a self-extracting executable.
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Storage Interface Reference

5.1 COMMON DATA STRUCTURES

The file STPEROOT/odbcsdk/src/dhcs.h defines a number of data structures that are
used as common arguments across severa different storage interfaces. Table 51 lists
the major common data structures, and the following sections describe them in more

detail.

See the dhes.h header file for definitions of other structures and typesreferred toin

these structures.

Table 5-1: Major Common Data Structures Defined in dhcs.h

Structure

Purpose

dhcs_fld_list_t

Contains a list of table fields passed to dhcs_add_table.

dhcs_fld_desc_t

Pointed to by dhcs_fld_list_t. Also passed directly to
dhcs_get_colinfo. Contains the table field id and other details
describing individual fields.

dhcs_keydesc_t

Contains a list of index keys, passed to dhcs_create_index.

dhcs_kfld_desc_t

Pointed to by dhcs_keydesc_t. Contains the index key id, its corre-
sponding table field id, and other details about the key.

dhcs_fldl_val_t

Contains a list of field values, passed to the following routines:

dhcs_tpl_insert dhcs_tpl_update dhcs_tpl_fetch
dhcs_tpl_scan_fetch  dhcs_ix_insert dhcs_ix_delete
dhcs_ix_scan_open  dhcs_ix_scan_fetch

dhcs_fv_item_t

Pointed to by dhcs_fldl_val_t. Contains the table field id (for dhcs_tpl
routines) or index key id (for dhcs_ix routines) and a pointer to the
value of the table field or index key.

dhcs_data_t

Pointed to by dhcs_fv_item_t. Contains field values (or, for long data
types, field handles) and data type information.

51.1 Table Field Lists: dhcs_fld_list_t and dhcs_fld_desc _t
The following figure shows the structures that make up atablefield list.
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Figure 5-1: Table Field Lists: dhcs_fld_list_t and dhcs_fld_desc_t

dhes_fld_list_t B fld_nitemsitems _
fld_nitems - o
fld_desc —  dhcs_fld _desc_t|dhcs fld desc t dhcs_fld_desc_t
fd_fldid fd_fldid fd_fldid
fd_maxlen fd_maxlen fd_maxlen
fd_typeid fd_typeid fd_typeid
fd_nonull fd_nonull fd_nonull
fd_prec fd_prec fd_prec
fd_scale fd_scale fd_scale
fd_fldname fd_fldname fd_fldname
5.1.1.1 dhcs_fld list t

5.1.1.2

Thedhcs _fld_list_t structure contains alist of fields that describe the columnsin an
SQL table that an ODBC application is creating. The SQL engine passes a structure
of type dhcs fld_list_t when it callsthe dhcs_add table routine.
Definition
typedef struct {

short fld nitens ;

dhcs _fld desc t *f|l d_desc ;
} dhes_fld list_t

Field Descriptions

fld_nitems An integer that specifies the number of fields in the list (in other
words, the number of columns in the table being created).
fld_desc An array of structures of type dhcs_fld_desc_t. Each element of

the array contains detail on a table column.

dhcs_desc_t

Thedhcs desc _t structure contains detail on asingle column in an SQL table. Storage
managers must process the dhes_desc_t structure in the following cases:

»  When the SQL engine callsdhcs add table routine, the dhcs fld list_t structure
includes a pointer to an array of dhcs_desc t structures. In this case, the
dhcs desc t structureisfilled in with values, and the storage manager creates a
column according to the detail in the dhcs_desc t structure.

*  When the SQL engine calsthe dhcs _get_colinfo routine, an element in theinfo
argument is a structure of type dhcs desc t. Inthiscase, the dhcs desc t struc-
ture is empty, and the implementation fills it in with the appropriate values.

5-2

Dharma Inc.



Storage Interface Reference

Definition

typedef struct {
dhcs_field_t fd fldid ;
unsi gned short fd_maxl en;
dhcs_typeid_t fd_typeid;
dh_bool ean fd_nonull;
short fd_prec;
short fd_scal e;
char *fd _fldnane;

} dhcs_fld desc t ;

Field Descriptions

fd_fldid

fd_maxlen

fd_typeid

fd_nonull

fd_prec

fd_scale

fd_fldname

A short integer that identifies the column. The value in fd_fldid can be any
value that is appropriate for the storage system (column sequence or byte
offset, for example).

The value for fd_fldid must uniquely identify the column within the table.
Implementations must keep track of column identifiers and their corre-
sponding names. The SQL engine passes only the identifier, not the
name, in subsequent calls. It is the implementation's responsibility to
associate the identifier with the correct column.

A short integer that specifies:-

- For fixed-length data types, the fixed length
- For variable-length data types, the maximum length

A short integer that specifies the SQL data type.

A Boolean value that specifies whether the column allows null values. A
value of TRUE indicates that the column does not allow null values.

A short integer that specifies the maximum number of digits for numeric
types.

A short integer that specifies the number of digits to the right of the deci-
mal point for numeric types.

A null terminated character string that contains the column name.

5.1.2 Index Key Lists: dhcs_keydesc_t and dhcs_kfld_desc_t

The following figure shows the fieldsin the structures that make up an index key list.
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Figure 5-2: Index Key Lists: dhcs_keydesc_t and dhcs_kfld_desc_t
dhcs_keydesc_t P kfld_nitemsitems L
kfld_nitems - o
key desc —»dhcs_kfld_desc_t|dhcs_kfld_desc_t dhcs_kfld_desc_t
kfd_fld kfd_fld kfd_fld
kfd_sort_order kfd_sort_order kfd_sort_order
kfd_maxlen kfd_maxlen kfd_maxlen
kfd_tfield kfd_tfield kfd_tfield
kfd_typeid kfd_typeid kfd_typeid
col_name col_name col_name
5.1.2.1 dhcs_keydesc_t

The dhcs_keydesc t structure contains alist of fields that describe the keysin an SQL
index that an ODBC application is creating. The SQL engine passes a structure of
type dhcs_keydesc t when it callsthe dhes_create index routine.

Definition
typedef struct {

short

kfld _nitens ;

dhcs_kfl d _desc_t

} dhcs_keydesc_t

Field Descriptions

*kfl d _desc ;

kfld_nitems

key desc

An integer that specifies the number of fields in the list (in other

words, the number of keys in the index being created).

An array of structures of type dhcs_kfld_desc_t. Each element of

the array contains detail on an index key column.

5.1.2.2 dhcs_kfld_desc_t
Thedhcs kfld_desc t structure contains detail on an index key column.
Definition
typedef struct {
dhcs_fiel d_t kfd_field;
unsi gned char kfd _sort _order;
unsi gned short kf d_maxl en;
dhcs_field_t kfd_tfield;
dhcs_typeid_t kfd typeid;
char col _nane[ DHCS_MAX_FLDLEN P1];
} dhcs_kfld_desc_t
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Field Descriptions

kfd_field A short integer that identifies the index key field. Unlike the table field
identifiers passed to dhcs_add_table, storage systems should not mod-
ify the index key field identifier value in kfd_field.

kfd_sort_order A character that indicates the sort order specified in the SQL CREATE
INDEX statement.

kfd_maxlen A short integer that specifies the maximum length for data in the index
key. This will be the same value as for the table field that corresponds
to the index key.

kfd_tfield The field identifier for the table field that corresponds to the index key.

kfd_typeid A long integer that specifies the SQL data type. This will be the same
value as for the table field that corresponds to the index key.

col_name A null terminated character string that contains the column name. This
will be the same value as for the table field that corresponds to the index
key.

5.1.3 Field Value Lists: dhcs_fldl_val t and Associated Structures
The following figure shows the fieldsin the structures that make up afield valuelist.

Figure 5-3: Field Value Lists: dhcs_fldl_val_t and Associated Structures

dhes_fldl_val_t fv_nitemsitems
fv_nitems - - >
fv_item » dhcs _fv_item_t | dhcs_fv_item t o dhcs_fv_item_t
fv_field fv_field fv_field
fv_tfield fv_tfield fv_tfield
fv_maxlen fv_maxlen fv_maxlen
fv_cliata fv_cliata fv_<|jata
dhcs_data_t dhcs_data_t dhcs_data_t

dt_data_type

dt_data_type

dt_data_type

dt_is _data_null

dt_is_data_null

dt_is_data_null

dt_maxlen

dt_maxlen dt_maxlen
dt_width dt_width
dt_scale dt_scale
dt data dt data

dt_width
dt _scale
dt data

5.1.3.1 dhcs_fldl _val t

Thedhcs _fldl_val_t structure contains a list of structures that contain or will receive
data values:
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* The SQL engine passes afield valuelist that includes data values when it supplies
valuesto beinserted or updated in arecord (dhcs_tpl_insert, dhcs_tpl_update,
dhcs_ix_insert, and dhcs_ix_delete) or to specify search criteriafor retrieving
records (dhcs_ix_scan_open and dhcs_ix_scan_fetch). In these cases, the field
valuelist is strictly an input parameter.

* The SQL engine passes afield value list with empty data value fields for the stor-
age system to fill in with values retrieved from the appropriate table or index
record (dhcs_tpl_fetch, dhcs_tpl_scan_fetch, and dhes_ix_scan_fetch). Inthese
cases, the field value list is both an input and output parameter. On input, each
element of thelist includes the table or index field identifier of interest, aswell as
other detail about the field. On output, the storage system supplies valuesin the
data valuefields.

Definition

typedef struct {
short fv_nitens ;
dhcs fv itemt *fv item;

} dhes_fldl _val t ;

Field Descriptions

fv_nitems Number of field values in the list.

fv_item Pointer to an array of field values (structures of type dhcs_fv_item_t).
Each element of the array contains identifiers, detail about the field,
and the actual data.

5.1.3.2 dhcs_fv_item_t

Thedhcs_fv_item t structure contains field identifiers for one of thefieldsin afield
value list, and a pointer to another structure that contains or will receive the value for

that field.

Definition

typedef struct {
dhcs _field t fv field;
dhcs_fiel d_t fv_tfield;
unsi gned short fv_maxl en;
dhcs_data_t *fv_data;

} dhcs fv itemt ;

Field Descriptions

fv_field Contains the table field identifier (for dhcs_tpl routines) or index key identifier
(for dhcs_ix routines).
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fv_tfield

fv_maxlen

fv_data

5.1.3.3 dhcs_data_t

The dhcs_data_t structure contains afield value (or, for long data types, field handles)
and data type information for one of the fieldsin afield valuelist.

Used only during dhcs_ix_scan_fetch routines, fv_tfield contains table field
identifiers for all the field values needed to satisfy a particular query.

For table fields that are also index keys, then, fv_tfield contains the table field
identifier that corresponds to the index key identifier in fv_field. If a query
requires a field value that is not also an index key, the SQL engine sets
fv_field to SQL_INVAL_FLDID to indicate there is no index key for the field

If the storage system returned a value of TRUE when the SQL engine called
dhcs_rss_get_info with an info_type of DHCS_IX_FETCH_ALL_FIELDS, the
storage system fetches values for those fields as well as the index compo-
nent fields when it processes dhcs_ix_scan_fetch.

A short integer that specifies:-

- For fixed-length data types, the defined length
- For variable-length data types, the maximum length

Pointer to a structure that contains field values (or, for long data types, field
handles) and data type information.

Definition

typedef struct {
dhcs_typeid_t dt _data_type;
dh_bool ean dt is data_null;
unsi gned short dt _maxl en;
unsi gned short dt _data_len;
short dt _width;
short dt _scal e;
voi d *dt _dat a;

} dhcs _data_ t ;

Field Descriptions

fv_nitems
dt_data_type

dt_is_data_null

dt_maxlen

dt_data_len

Number of field values in the list.
A long integer that specifies the SQL data type.

A Boolean value that specifies whether the column contains a null
value. A value of TRUE indicates that the column is null.

A short integer that specifies:-

- For fixed-length data types, the defined length
- For variable-length data types, the maximum length

A short integer that specifies, for variable-length data types only,
the actual length of the data.

Dharma Inc.
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dt_width

dt_scale

dt_data

A short integer that specifies the maximum number of digits for
numeric types.

A short integer that specifies the number of digits to the right of the
decimal point for numeric types.

A pointer to storage for the data value (or, for long data types, the
field handle).

5-8
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5.2 TUPLE INTERFACES

5.2.1 dhcs_add _table

Adds atable to a storage manager, or generates an identifier for an existing table.

Syntax
extern dhcs_status_t
dhcs_add _table (
dhes_fld_list_t *fld_list,
char *t abl e_nane
dh_bool ean met a_data_onl vy,
dhcs_fld list _t *primary_key list,
dhcs _tableid t *tabl e_id,
char *owner,
voi d *conn_hdl
)
Returns
dhcs_status_t
STATUS_OK Successful completion.
Arguments

INOUT fld_list

A list of field descriptions for the columnsin the table.

Field definition information includes the field name, thefield identifier, the field type,

and aflag that indicates whether null values are allowed. Additionally, depending on

the data type of the field, the length or the maximum length of the data type may be
provided. Beforereturning from dhcs add table, the storage manager can change the
identifiersin fld_list to any value that is appropriate for the storage system. See sec-
tion 5.1 for details on the data structures that make up afield list.

Note The SQL engine uses the sequence of field identifiers to determine col-
umn order when SQL SELECT and INSERT statements do not explicitly
specify column names. Because of this, when storage managers modify
field identifiers, they must exercise care to avoid changing the valuesin a
way that alters their original sequence. Consider the following table defi-
nition:

CREATE TABLE test (coll1 INT, col2 INT)
If the storage manager changes the sequence of field identifiers (for
instance, if it assigns afield identifier of 2 to coll and afield identifier of
1to col2), then the statement INSERT INTO test VALUES (1,2) will store
thevalue 1 into col2 and 2 into col 1.
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Implementations must keep track of field identifiers and their corresponding field
names. The SQL engine passes only the identifier, not the name, in subsequent calls.
It is the implementation’s responsibility to associate the identifier with the correct
field.

IN table_name

The name of thetable that is being created. table_name will contain the name as spec-
ified in the CREATE TABLE statement.

If the CREATE TABLE statement also specified ' METADATA_ONLY'in the
STORAGE_ATTRIBUTES clause, table_name will contain the name of an existing
table in the proprietary storage system.

IN meta_data_only

A flag that indicates the SQL engine is inserting metadata into the system catalog
tables for atable that already existsin the proprietary storage system. The storage
manager should not create a new table, but instead return atable id for the SQL engine
to associate with the existing table name.

The SQL engine sets this flag to TRUE when the CREATE TABLE statement speci-
fied ' METADATA_ONLY" in the STORAGE_ATTRIBUTES clause. Unlessthey
support dynamic metadata (see section 5.5), implementations use this mechanism to
load metadata for existing tables. 1f implementations do support dynamic metadata,
they should ignore calls that set the meta_data_only flag.

IN primary_key_list
A list of primary key fields.

primary_key list will be a subset of the fields specified in the fld_list argument. This
list will be empty unless primary key fields were specified with the CREATE TABLE
statement. A primary key is characterized by the constraint that no two recordsin a
table may have the same primary key value, and that no fields of the primary key may
have anull value.

Storage systems that support primary keys can use this information to create the pri-
mary key for the table. Storage systems that do not support primary keys can ignore
this information.

In addition to passing down the primary key list, the SQL engine will automatically
create a unique index on the primary key fields. Creating this index allows storage
systems that do not directly support primary keys to support them indirectly viathe
index.

To create the primary-key index, the SQL engine callsdhcs _create index (see section
5.3.1) with the unigue argument set to TRUE, and the ix_type argument set to B. The
SQL engine generates a unique name for the index, prefixed with SYS , and passes it
as the index_name argument. The components of the index will be the fields that
make up the primary key in the order that they appear in the table, and the sort order
for each index component is ascending.

OUT table_id
Thetable id for the table that was created or generated for an existing table.

5-10
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Thetableid isaunique identifier that will be used on subsequent callsto identify the
table. The SQL engine storesthisid in the SY STABLES catal og table along with the
table name. The SQL engine reserves table identifiers below 1000 and above 32767.
Implementations must generate table identifiers within those values.

Implementations must keep track of table identifiers and their corresponding table
names. The SQL engine passes only the identifier, not the name, in subsequent calls.
It is the implementation's responsibility to associate the identifier with the correct
table.

IN owner

A character string that specifies the user issuing the CREATE TABLE statement.
Implementations can ignore this argument.

IN conn_hdl

An implementati on-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument isrelevant only in the Datalink SDK
Desktop configuration, where storage managers useit to distinguish between multiple
user connections. See section 5.8.4 for more detail.

5.2.2 dhcs_drop_table

Syntax

Returns

Arguments

Deletes a table from the proprietary storage system.

extern dhcs_status_t

dhcs_drop_table (
dhcs _tableid t t abl ei d,
dh_bool ean nmet a_dat a_onl vy,
voi d *conn_hdl

dhcs_status_t

STATUS_OK Successful completion.

IN tableid
Theid for the table that is being dropped.

IN meta_data_only

A flag that indicatesthe SQL engineisonly deleting metadata from the system catal og
tables for the specified table. The SQL engine sets thisflag to TRUE when the DROP
TABLE statement specified 'METADATA_ONLY' inthe STORAGE_ATTRIBUTES
clause. Unlessthey support dynamic metadata, implementations use this mechanism
to unload metadata for tables that have been deleted in the underlying storage system
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Description

through means other than the Datal.ink SDK. If implementations do support dynamic
metadata, they should ignore calls that set the meta_data_only flag.

IN conn_hdl

An implementati on-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument isrelevant only in the Datalink SDK
Desktop configuration, where storage managers useit to distinguish between multiple
user connections. See section 5.8.4 for more detail .

dhcs_drop_tableis called as adirect result of the DROP TABLE statement. Tableid
servesto identify the table to be dropped. By calling dhcs_drop_table, the SQL
engine is informing the storage system that the table is no longer needed, and that it
effectively may be destroyed.

5.2.3 dhcs_tpl_close

Syntax

Returns

Arguments

Description

Closes atable that was opened for non-scan operations.

extern dhcs_status_t
dhcs_tpl _close (
voi d *tpl _hdl,
voi d *conn_hdl

dhcs_status_t

STATUS_OK Successful completion.

IN tpl_hdl
A handle for the table, asreturned by dhcs_tpl_open.

IN conn_hdl

An implementati on-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument isrelevant only in the Datalink SDK
Desktop configuration, where storage managers use it to distinguish between multiple
user connections. See section 5.8.4 for more detail.

Closes atable that was opened within a storage manager.
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5.2.4 dhcs_tpl_delete

Syntax

Returns

Arguments

Description

Deletes arecord from atable.

extern dhcs_status_t
dhcs_tpl _delete (
voi d *tpl _hdl,
voi d *tid,
voi d *conn_hdl

dhcs_status_t

STATUS_OK Successful completion.
SQL_NOT_FOUND If the tid does not identify a valid record.
IN tpl_hdl
A handle for the table, as returned by dhcs tpl_open.
IN tid
Thetid for the record to be deleted.
IN conn_hdl

An implementati on-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument is relevant only in the Datalink SDK
Desktop configuration, where storage managers useit to distinguish between multiple
user connections. See section 5.8.4 for more detail .

dhcs_tpl_delete deletes arecord from atable. Thetid argument identifies the record to
be deleted. Once arecord is deleted, the tid assigned to it may be assigned to a new
record.

After calling dhcs_tpl_delete, the SQL engine will call dhcs rss get_info with the
DHCS IX_UPD_REQUIRED flag:

* If TRUE isreturned, then the SQL engine will update any corresponding indexes
appropriately.

» If FALSE isreturned, then the SQL engine assumes that the storage system will
update the corresponding indexes during the execution of dhcs_tpl_delete.

5.25 dhcs_tpl_fetch

Fetches a specific record from atable.

Dharma Inc.
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Syntax

Returns

Arguments

extern dhcs_status_t
dhcs_tpl _fetch (

voi d *t pl _hdl,

voi d *tid,

dhcs_tpl _fetch hint _t fetch_hint,
dhcs_fldl _val t *field_val ues,

voi d* conn_hdl

dhcs_status_t

STATUS_OK Successful completion.
SQL_NOT_FOUND If the tid does not identify a valid record.
IN tpl_hdl
A handle for the table, asreturned by dhcs_tpl_open.
IN tid

Thetid that identifies the record to be fetched

IN fetch_hint

Indicates if the record is being fetched in the context of a SQL statement which only
performs read operations or if it is being executed in the context of a SQL statement
that could perform writes. fetch_hint will be one of the following values:

DHCS_TPL_FH_READ The record being fetched is not a candidate for being
updated in the context of the current SQL statement.

DHCS_TPL_FH_WRITE The record being fetched is a candidate for being
updated in the context of the current SQL statement.

INOUT field_values

A field value list in which the storage system returns field values fetched for the
record.

If any of the values are for columns defined with LONG VARCHAR or LONG VAR-
BINARY datatypes, then the field values for those columns do not contain actual
data. For such columns, on output, the storage manager supplies afield handle that
identifies storage for the data.

IN conn_hdl

An implementati on-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the

5-14

Dharma Inc.



Storage Interface Reference

Description

dhcs rss init routine. The conn_hdl argument is relevant only in the Datalink SDK
Desktop configuration, where storage managers use it to distinguish between multiple
user connections. See section 5.8.4 for more detail .

dhcs _tpl_fetch fetches arecord from atable. Tid identifies the record within the table
that is to be fetched.

field_valuesisapointer to alist of field items. field_values may contain field items
for all of the fields within the record, or it may contain field items for a subset of the
fields.

Each field item is a structure of type dhcs fv_item t. Each field-item structure con-
tainsafield id that identifies afield within the record whose value is to be returned.
Each field-item structure also points to another structure, of type dhcs_data _t, to store
the field value.

Using thefield id, the storage system should extract the appropriate field value (or, for
long data types, the field handle) from the retrieved record and store it in the
dhcs data t structure.

fetch_hint indicates whether the record that is being fetched is a candidate for being
updated in the context of the current SQL statement. A storage system may wish to
use this information when making concurrency control decisions (locking) relative to
the record being fetched.

Note that fetch_hint isin fact just ahint. It is strictly relative to the current SQL state-
ment. Even if fetch_hint is set to DHCS _TPL_FH_READ, it does not imply that the
record being fetched was not already updated earlier in the transaction, or that it will
not be updated at some future point during the execution of the transaction.

5.2.6 dhcs_tpl_insert

Syntax

Returns

Inserts arecord into atable.

extern dhcs_status_t
dhcs_tpl _insert (

voi d *t pl _hdl,
dhcs_fldl _val t *field_val ues,
voi d * tid,

voi d *conn_hdl

dhcs_status_t

STATUS_OK Successful completion.

Dharma Inc.
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Arguments

Description

IN tpl_hdl
A handle for the table, as returned by dhcs tpl_open.

INOUT field_values

Thelist of field values for the record that is to be inserted into the table. A value
existsfor each field in the table.

If any of the values are for columns defined with LONG VARCHAR or LONG VAR-
BINARY datatypes, then the field values for those columns do not contain actual
data. For such columns, the data_t component of field_values is both an input and
output argument. On output, the storage manager supplies afield handle that identi-
fies storage for the data. (The implementation should initialize this storage, since
there is no guarantee that the ODBC application will actually request the SQL engine
to call dhcs_put_data to store data.)

INOUT tid
Thetupleidentifier (tid) assigned to the record that the storage system inserted.

IN conn_hdl

An implementati on-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument isrelevant only in the Datalink SDK
Desktop configuration, where storage managers useit to distinguish between multiple
user connections. See section 5.8.4 for more detail .

dhcs _tpl_insert is used to insert arecord into atable. field values contains the list of
field values (or, for long data types, storage for field handles) for the record to be
inserted. Thereisonefield valuefor each field that makes up thetable. Thefieldsare
ordered in thelist by their field id.

The storage system must assign a tuple identifier (tid) to the record that isinserted.
Thistidisreturned viathetid argument. Thetid argument isan INOUT argument. On
input it will containaNULL_TID valuethat is appropriate for the storage system that
is being accessed. The SQL engine allocated the NULL_TID by calling
dhcs_alloc_tid. On output, the tid must contain atid value that can be used by the
SQL engine to relocate the record that was inserted. The SQL engine may use the tid
on subsequent calls to other functions to identify the record that was inserted.

Note that the SQL engine imposes no requirement on a storage manager relative to the
order of records within atable. The storage manager determines anew record is
inserted into the table relative to other, already-existing records.

After calling dhcs_tpl_insert, the SQL engine will call dhcs_rss_get_info with the
DHCS IX_UPD_REQUIRED flag:

* If TRUE isreturned, then the SQL engine will update any corresponding indexes
appropriately by calling dhcs_ix_insert.

» If FALSE isreturned, then the SQL engine assumes that the storage system will
update the corresponding indexes during the execution of dhcs_tpl_insert. If
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inserting the record into the associated indexes would result in aduplicate index
key value for aunique index, then the record should not be stored in the table or
the index, and an error returned.

5.2.7 dhcs_tpl_open

Syntax

Returns

Arguments

Description

Opens atable for non-scan operations.

extern dhcs_status_t

dhcs_t pl _open (
dhcs_tableid_t tabl ei d,
voi d **t pl _hdl,
voi d *conn_hdl

dhcs_status_t

STATUS_OK Successful completion.

IN tableid

Theidentifier for the table that is being opened for scanning. The SQL engine obtains
tableid from the SY STABLES system catal og table.

OUT tpl_hdl

A handlefor thetable. The format of the handle is specific to the storage system. The
SQL engine passes the handlein subsequent callsto dhes_tpl_insert, dhcs_tpl_delete,
dhcs_tpl_update, and dhcs_tpl_close.

IN conn_hdl

An implementation-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument is relevant only in the Datalink SDK
Desktop configuration, where storage managers use it to distinguish between multiple
user connections. See section 5.8.4 for more detail .

The SQL engine calls dhcs _tpl_open to open atable for non-scan operations. In
response, the storage manager makes sure the table is open and supplies a handle that
the SQL engine passes to subsequent routines.

Although the SQL engine presumes that the table specified by tableid is open after
calling dhcs_tpl_open, the storage manager should not automatically open files or
load data structures each time the SQL engine calls thisfunction. Thisis because pre-
vious SQL statements may have resulted in calls to functions that already opened the
table. Instead, the storage manager should use whatever file-caching mechanism

Dharma Inc.
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exists in the underlying storage system to check if the table is already open, and open
it only if necessary.

5.2.8 dhcs_tpl_scan_close

Syntax

Returns

Arguments

Description

Closes atable that was opened for scanning.

extern dhcs_status_t
dhcs_tpl _scan_cl ose (
voi d *tpl _scan_hdl,
voi d *conn_hdl

dhcs_status_t

STATUS_OK Successful completion.
IN tpl_scan_hdl
A handle for the scan, as returned by dhcs_tpl_scan_open.
IN conn_hdl

An implementation-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument is relevant only in the Datalink SDK
Desktop configuration, where storage managers use it to distinguish between multiple
user connections. See section 5.8.4 for more detail.

Closes atable that was opened for scanning within a storage manager.

5.2.9 dhcs_tpl_scan_fetch

Syntax

Fetches the next record from a table.

extern dhcs_status_t
dhcs_tpl _scan fetch (

voi d *t pl _scan_hdl,
dhcs_fldl _val t *f| d_val ues,
voi d *tid,

voi d *conn_hdl
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Returns

Arguments

Description

dhcs_status_t

STATUS_OK Successful completion.
SQL_NOT_FOUND When no more records exist in the scan.
IN tpl_scan_hdl

A handle for the scan, as returned by dhcs tpl_scan_open.

INOUT field_values

A field value list in which the storage system returns field values fetched for the
record.

If any of the values are for columns defined with LONG VARCHAR or LONG VAR-
BINARY datatypes, then the field values for those columns do not contain actual
data. For such columns, on output, the storage manager supplies afield handle that
identifies storage for the data.

OUT tid
A pointer to atuple identifier for the record that was fetched.

IN conn_hdl

An implementation-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument is relevant only in the Datalink SDK
Desktop configuration, where storage managers use it to distinguish between multiple
user connections. See section 5.8.4 for more detail .

dhcs_tpl_scan_fetch fetches the next record from atable scan. When atable scanis
opened, the scan is positioned before the first record of the table. Each call to
tpl_scan_fetch, results in the scan being moved to the next record of the table, and the
field values from the record being returned.

field valuesisapointerto alist of field items. Each field itemidentifiesafield within
the retrieved record whose value is to be returned, and provides alocation to store the
field value (or, for long data types, the field handle). If field valuesisNULL, it indi-
cates that no field values are to be returned for the record. If field valuesis non-
NULL, then avalue must be returned for each field for which afield item is specified.
field_values may contain afield item for each field in the record, or it may contain
field items for a subset of the fields.

Tid provides alocation to return the tid for the retrieved record. If tidisaNULL
pointer, then it indicates that the tid value for the record is not to bereturned. If tid, is
non-NULL pointer, then avalue must be returned for the tid.

5.2.10 dhcs_tpl_scan_open

Opens atable for scanning when no indexes are available.

Dharma Inc.
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Syntax

Returns

Arguments

extern dhcs_status_t

dhcs_tpl _scan_open (
dhcs_tableid_ t tabl ei d,
dhcs_tpl _fetch_hint _t fetch_hint,
voi d **tpl _scan_hdl,
voi d *conn_hdl

dhcs_status_t

STATUS_OK Successful completion.

IN tableid

Theidentifier for thetable that is being opened for scanning. The SQL engine obtains
tableid from the SY STABLES system catalog table.

IN fetch_hint
Indicates if the scan is being performed in the context of an update statement:

DHCS_TPL_FH_READ The table is being scanned in the context of a read
statement

DHCS_TPL_FH_WRITE The table is being scanned and selected records may
be updated

fetch_hint indicates whether the scan isin the context of an update statement. It indi-
cates that the SQL engine may ultimately update a selected record viathe
dhcs_tpl_update or delete aselected record viathe dhcs_tpl_delete member functions.
This flag may be used by storage systems whose concurrency control policy (locking
policy) needs to differentiate or wishes to differentiate between reading arecord and
reading arecord for update.

OUT tpl_scan_hdl

A handle for the scan. Theformat of the handle is specific to the storage system. The
SQL engine passes the handle in subsequent calls to dhcs tpl_scan_fetch and
dhcs_tpl_scan_close.

IN conn_hdl

An implementati on-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument isrelevant only in the Datalink SDK
Desktop configuration, where storage managers use it to distinguish between multiple
user connections. See section 5.8.4 for more detail.
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Description

The SQL engine calls dhcs_tpl_scan_open to open atable for scanning. 1n response,
the storage manager makes sure the table is open and supplies a scan handle that the
SQL engine passes to subsequent scan routines.

Although the SQL engine presumes that the table specified by tableid is open after
calling dhcs_tpl_scan_open, the storage manager should not automatically open files
or load data structures each time the SQL engine callsthis function. Thisis because
previous SQL statements may have resulted in calls to functions that already opened
thetable. Instead, the storage manager should use whatever file-caching mechanism
exists in the underlying storage system to check if the table is already open, and open
it only if necessary.

5.2.11 dhcs_tpl_update

Syntax

Returns

Arguments

Updates values in an existing table record.

extern dhcs_status_t
dhcs_t pl _update (
voi d *t pl _hdl,
voi d *tid,
dhcs_fldl _val t *updat e_fi el d_val ues,
voi d *conn_hdl

dhcs_status_t

STATUS_OK Successful completion.

SQL_NOT_FOUND If the tid does not identify a valid record.

IN tpl_hdl
A handle for the table, as returned by dhcs tpl_open.

IN tid
Thetid that identifies the record to be updated.

IN update_field_values

Thelist of field values for the record that isto be updated. A value exists for each
field in the table that is to be updated.

IN conn_hdl

An implementati on-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument isrelevant only in the Datalink SDK
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Desktop configuration, where storage managers use it to distinguish between multiple
user connections. See section 5.8.4 for more detail.

Description

dhcs_tpl_update updates arecord in atable. Tid identifies the record within the table
that isto be updated. update field values containsalist of field valuesitems. Each
field value item identifies a field to be updated and the new value for the field. Note
that only fields to be updated are contained in the list.

For each field that isto be updated the value of that field is replaced by the value that
was extracted from update field_values.

After calling dhcs_tpl_delete, the SQL engine will call dhcs rss_get_info with the

DHCS IX_UPD_REQUIRED flag:

* If TRUE isreturned, then the SQL engine will update any corresponding indexes
appropriately.

» If FALSE isreturned, then the SQL engine assumes that the storage system will
update the corresponding indexes during the execution of dhcs_tpl_update.
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5.3 INDEX INTERFACES

5.3.1 dhcs_create_index

Syntax

Returns

Arguments

Creates an index for atable within a storage manager, or generates an identifier for an
existing index.

extern dhcs_status_t
dhcs_create_index (

dhcs_tableid_t tabl ei d,
dh_bool ean uni que,

dh_bool ean nmet a_data_onl vy,
char i Xx_type,
dhcs_keydesc_t *keydesc,

char *i ndex_narne,
dhcs_i ndexi d_t *i ndexi d,

voi d *conn_hdl

dhcs_status_t

STATUS_OK Successful completion.

IN tableid
Thetable for which the index is being created.

IN unique

A flag that indicates whether recordsin the index must be unique. If TRUE, the index
isunique. If FALSE, then the index allows duplicate records.

IN meta_data_only

A flag that indicates the SQL engine isinserting metadata into the system catalog
tables for an index that already existsin the proprietary storage system. The storage
manager should not create a new index, but instead return an index id for the SQL
engine to associate with the existing index name.

The SQL engine sets this flag to TRUE when the CREATE INDEX statement speci-
fied ' METADATA_ONLY" in the STORAGE_ATTRIBUTES clause. Unlessthey
support dynamic metadata (see section 3.3.7), implementations use this mechanism to
load metadata for existing indexes. If implementations do support dynamic metadata,
they should ignore calls that set the meta_data_only flag.
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IN ix_type

A flag that indicates the type of index. The SQL engine passes the TY PE argument
specified in an application's SQL CREATE INDEX statement. |f the CREATE
INDEX statement did not include the TY PE argument, ix_typeis set to B.

Theix_type argument does not imply any particular indexing technique. It isan arbi-
trary flag that allows the storage manager to indicate differing support for multiple
types of indexes. The SQL engine callsdhcs_rss get_info for each index type, and
the storage manager can respond with different index properties for each type. (For
instance, that different index types support different comparison operators.)

Note If the data type of theindex key column is LONG VARCHAR or LONG
VARBINARY, the SQL engine generates an error if the index type sup-
ports any operators other than DHCS_|XOP_CONTAINS and
DHCS IXOP_NOTCNTNS. This restriction means that SQL CREATE
INDEX statements that specify long data-type columns as index keys
must also specify the TY PE argument.

The SQL engine also passes the ix_type value when it opens the index through the
dhcs_ix_scan_open or dhcs_ix_open routines.

IN keydesc

A description of theindex key fields. Field information includes akey-field identifier,
the corresponding field identifier in the table, data type, maximum length, and sort
order.

IN index_name

The name of the index that is being created. index_name will contain the name as
specified in the CREATE INDEX statement.

If the CREATE INDEX statement also specified ' METADATA_ONLY'in the
STORAGE_ATTRIBUTES clause, index_name will contain the name of an existing
index in the proprietary storage system.

OUT indexid
Theid assigned by the storage system for the created index.

Theindex id isaunique identifier that will be used on subsequent calls to identify the
index. The SQL engine stores thisid in the SY SINDEXES catal og table along with
the index name. The SQL engine reserves index identifiers below 1000 and above
32767. Implementations must generate index identifiers within those values.

Implementations must keep track of index identifiers and their corresponding index
names. The SQL engine passes only the identifier, not the name, in subsequent calls.
It is the implementation's responsibility to associate the identifier with the correct
index.

IN conn_hdl

An implementati on-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument is relevant only in the Datalink SDK
Desktop configuration, where storage managers useit to distinguish between multiple
user connections. See section 5.8.4 for more detail .
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Description

Creates an index for atable. Tableid identifies the table for which theindex is being
created.

Keydesc provides the descriptive information that is needed to create the index,
including the number of components in the index and the sort order for recordsin the
index.

Thisroutine returns an indexid. Theindexid isanumber generated by the storage sys-
tem that will be used on subsequent calls to identify the index. The SQL engine will
store thisid in the sysindexes catal og table along with index name.

5.3.2 dhcs_drop_index

Syntax

Returns

Arguments

Deletes an index from the proprietary storage system.

extern dhcs_status_t

dhcs_drop_i ndex (
dhcs_tableid_ t tabl ei d,
dhcs_indexid t i ndexi d,
dh_bool ean met a_data_onl vy,
voi d *conn_hdl

dhcs_status_t

STATUS_OK Successful completion.

IN tableid
Theid of the table for the index that is being dropped.

IN indexid
Theid of the index that is being dropped.

IN meta_data_only

A flag that indicatesthe SQL engineisonly de eting metadata from the system catal og
tables for the specified index. The SQL engine sets this flag to TRUE when the
DROP INDEX statement specified METADATA_ONLY" in the
STORAGE_ATTRIBUTES clause. Unless they support dynamic metadata (see sec-
tion 3.3.7), implementations use this mechanism to unload metadata for indexes that
have been deleted in the underlying storage system through means other than the
DataLink SDK. If implementations do support dynamic metadata, they should ignore
callsthat set the meta_data only flag.
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IN conn_hdl

An implementation-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument is relevant only in the Datalink SDK
Desktop configuration, where storage managers use it to distinguish between multiple
user connections. See section 5.8.4 for more detail.

Description
dhcs drop_indexis called as adirect result of the drop index statement. Tableid and
indexid taken together serve to identify the index to be dropped. When the index is
dropped, the SQL engine removes all knowledge of the index from the catal og tables.
By calling dhcs_drop_index, the SQL engineisinforming the storage system that the
index is no longer needed, and that it effectively may be destroyed.
5.3.3 dhcs_ix_close
Closes an index after updating.
Syntax
extern dhcs_status_t
dhcs_i x_cl ose (
voi d *ix_hdl,
voi d *conn_hdl
)
Returns
dhcs_status_t
STATUS_OK Successful completion.
Arguments
IN ix_hdl
A handle for the index, as returned by dhcs ix_open.
IN conn_hdl
An implementati on-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument isrelevant only in the Datalink SDK
Desktop configuration, where storage managers use it to distinguish between multiple
user connections. See section 5.8.4 for more detail .
Description

Closes an index within a storage manager.

dhcs_ix_delete
Deletes arecord from an index.
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Syntax

Returns

Arguments

Description

extern dhcs_status_t
dhcs_i x_delete (

voi d *i x_hdl,
dhcs_fldl _val t *i ndex_val ues,
voi d *tid,

voi d *conn_hdl

dhcs_status_t

STATUS_OK Successful completion.

IN ix_hdl
A handle for the index, as returned by dhcs ix_open.

IN index_values

Thelist of index key component values for the record that isto be deleted from the
index. A value exists for each component in the index.

If any of the values are for columns defined with LONG VARCHAR or LONG VAR-
BINARY datatypes, then the field values for those columns do not contain actual
data. Instead, the data_t component of field_values contains afield handle that identi-
fies storage for the data.

IN tid

Thetid of the record within the table associated with this index that the index key
component values correspond to.

IN conn_hdl

An implementation-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument is relevant only in the Datalink SDK
Desktop configuration, where storage managers use it to distinguish between multiple
user connections. See section 5.8.4 for more detail .

dhcs_ix_deleteis used by the SQL engine to delete an index record from an index.
index_values contains the list of index key component values (or, for long data types,
field handles) for the record to be deleted. Tid identifies the record within the table
associated with this index that the index key component values correspond to. The
index key component values and the tid values taken together form an index record.

Within index_values thereis one component value for each index key component that
makes up the index. Each component value is represented as afield item. Thefield
items are ordered within index_values by their component id.
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Therecord to be deleted from the index is the one whose component key values match
the ones provided in index_values, and whose tid value matches the value provided by
tid.

Before calling dhcs ix_delete, the SQL engine will call dhes rss get info with the

DHCS IX_UPD_REQUIRED flag. If TRUE is returned, then the SQL engine will
execute theix_deete.

If FALSE isreturned, then the SQL engine will not call dhcs ix_delete. Instead it will
assume that the storage system will update the corresponding indexes during the exe-
cution of the dhcs_tpl_delete function.

5.34 dhcs_ix_insert

Syntax

Returns

Arguments

Inserts arecord into an index.

extern dhcs_status_t

dhcs_i x_insert (
voi d *ix_hdl,
dhcs_fldl _val _t *i ndex_val ues,
voi d *tid,
voi d *conn_hdl

dhcs_status_t

STATUS_OK Successful completion.

IN ix_hdl
A handle for theindex, as returned by dhcs_ix_open.

IN index_values

Thelist of index key component values for the record that isto be inserted into the
index. A value exists for each component in the index.

If any of the values are for columns defined with LONG VARCHAR or LONG VAR-
BINARY datatypes, then the field values for those columns do not contain actual
data. Instead, the data_t component of field_values contains afield handle that identi-
fies storage for the data.

IN tid
Thetupleidentifier of the table record for which thisindex entry is being inserted.

IN conn_hdl

An implementati on-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
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Description

dhcs rss init routine. The conn_hdl argument is relevant only in the Datalink SDK
Desktop configuration, where storage managers use it to distinguish between multiple
user connections. See section 5.8.4 for more detail .

dhcs ix_insert is used by the SQL engine to insert an index record into an index.
index_values contains the list of values (or, for long data types, field handles), one for
each component of the index.

Tid identifies the record within the table associated with thisindex that the index key
component values correspond to. Theindex key component values and the tid values
taken together form an index record.

When inserting the index record into the index, the record must logically be stored
according to the criteria that was established when the index was created. If duplicate
records are not allowed, the storage system must compare the key component values
of the index record to the key component values of records already contained within
theindex. If arecord exists with the same values, then the storage system should
return an error.

Note In the case where the storage system determines a duplicate record exists,
the storage system is also responsible for removing the table record
already inserted during execution of the dhcs tpl_insert routine. The
SQL engine does not call dhes _tpl_delete to enforce the constraint against
duplicate records. The storage system should remove the table record
during its processing of the dhcs_abort_trans routine.

Within index_values there is one component value for each index key component that
makes up the index. Each component value is represented as afield item. Thefield
items are ordered within index_values by their component id.

The details of how an index record is stored within an index is storage manager spe-
cific, but it must be stored in such away that the index component key values, aong
with the associated tid, can be retrieved as a unit viathe dhcs ix_scan_fetch function.

Before calling ix_insert, the SQL engine will call dhcs rss get_info with the
DHCS IX_UPD_REQUIRED flag.

« If TRUE isreturned, then the SQL engine will execute dhcs ix_insert after it exe-
cutes dhcs_tpl_insert.

e If FALSE isreturned, then the SQL engine will not call dhcs ix_insert. Instead it
assumes that the storage system will update the corresponding indexes during the
execution of insert and update functions.

5.35 dhcs_ix_open

Syntax

Opens an index for updating.

extern dhcs_status_t
dhcs_i x_open (
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Returns

Arguments

Description

dhcs_tableid_ t tabl ei d,
dhcs_i ndexi d_t i ndexi d,
char i x_type,
voi d **j x_hdl,
voi d *conn_hdl

dhcs_status_t

STATUS_OK Successful completion.

IN tableid
The identifier for the table that corresponds to the index that is being opened.

IN indexid
Theidentifier for the index that is being opened.

IN ix_type
A flag that indicates the type of index. The SQL engine passes the same value here as

it passed to the dnhcs_create_index function for thisindex. See section 5.3.1 for
details.

OUT ix_hdl

A handle for theindex. The format of the handle is specific to the storage system.
The SQL engine passes the handle in subsequent callsto dhcs_ix_insert,
dhcs_ix_delete, and dhes_ix_close.

IN conn_hdl

An implementati on-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument isrelevant only in the Datalink SDK
Desktop configuration, where storage managers useit to distinguish between multiple
user connections. See section 5.8.4 for more detail .

The SQL engine calls dhcs_ix_open to open an index for update operations. In
response, the storage manager makes sure the index is open and supplies a handle that
the SQL engine passes to subsequent index update routines.

Thetableid and indexid arguments taken in combination identify the particular index
to be opened. The SQL engine obtains indexid and tableid from the SY SINDEXES
catalog table.

Although the SQL engine presumes that the index specified by indexid is open after
calling dhcs_tpl_open, the storage manager should not automatically open files or
load data structures each time the SQL engine calls this function. Thisis because pre-
vious SQL statements may have resulted in calls to functions that already opened the
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index. Instead, the storage manager should use whatever file-caching mechanism
existsin the underlying storage system to check if theindex is already open, and open
it only if necessary.

5.3.6 dhcs_ix_scan_close

Closes an index which was opened for scanning.

Syntax

extern dhcs_status_t
dhcs_i x_scan_cl ose (
voi d *i x_scan_hdl,
voi d *conn_hdl

Returns

dhcs_status_t

STATUS_OK Successful completion.

Arguments

IN ix_scan_hdl
A handle for the index scan, as returned by dhcs ix_scan_open.

IN conn_hdl

An implementation-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument is relevant only in the Datalink SDK
Desktop configuration, where storage managers use it to distinguish between multiple
user connections. See section 5.8.4 for more detail .

Description

Closes an index that was opened for scanning within a storage manager.

5.3.7 dhcs_ix_scan_fetch

Fetches the next record in an index scan.

Syntax

extern dhcs_status_t
dhcs_i x_scan_fetch (
voi d *i x_scan_hdl ,
dhcs_i x_oper _t oper at or,
dhcs_fldl _val _t *i ndex_search_val s,
dhcs_fldl _val _t *field_val ues,
voi d *tid,
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Returns

Arguments

Description

voi d *conn_hdl

dhcs_status_t

STATUS_OK Successful completion.

SQL_NOT_FOUND When no more records exist.

IN ix_scan_hdl
A handle for theindex scan, as returned by dhcs ix_scan_open.

IN operator
Indicates the type of scan to perform.

The SQL engine supplies the same value here as on the corresponding call to

dhcs ix_scan_open. Itisup to the storage manager to decide whether to process the
operator value during execution of dhcs_ix_scan_open or dhecs ix_scan fetch. See
Table 5-2: on page 5-37 for alist of the valid operators and their meanings.

IN index_search_vals

Thelist of valuesto use for comparison when searching for an index record. The SQL
engine supplies the same values here as on the corresponding call to
dhcs_ix_scan_open. (Thesearch valuesfor CONTAINS predicates are aspecial case.
See the CONTAINS notes on page 5-51 for more detail .)

INOUT field_values

A fiedld valuelist in which the storage system returns field values fetched for the index
record that meets the criteria specified by operator and index_search_vals.

If any of the values are for columns defined with LONG VARCHAR or LONG VAR-
BINARY datatypes, then the field values for those columns do not contain actual
data. For such columns, on output, the storage manager supplies afield handle that
identifies storage for the data.

INOUT tid
A pointer to alocation to store the tid for the record that was fetched.

IN conn_hdl

An implementati on-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument isrelevant only in the Datalink SDK
Desktop configuration, where storage managers useit to distinguish between multiple
user connections. See section 5.8.4 for more detail.

iXx_scan_fetch fetches the next record from an index based on the operator and com-
parison values stored in index_search_vals.
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When an index scan is opened, the scan is positioned before the first record of the
index that matches the comparison values based on the operator. With each call to
dhcs ix_scan_fetch, the storage manager:

* Returnsvaluesto non-null members of the field_valueslist
» Returnsthetid for therecord, if itsinput value is not null

* Movesthe scan to the next record of the index that matches the comparison crite-
ria

field valuesisapointerto alist of field items. Each field itemidentifiesafield within
the retrieved index record whose value is to be returned, and provides alocation to
storethefield value (or, for long datatypes, field handles). If field_valuesisNULL, it
indicatesthat no field values are to be returned for the index record. If field_valuesis
non-NULL, then avalue must be returned for each field for which afield item is spec-
ified.

Thefielditemsare ordered within the field_values structure by their index key id. The
index key id identifies the index key field to be retrieved, and the dhcs_data_t struc-
ture provides alocation for storing the retrieved value. Using theindex field id, the
storage system should extract the appropriate field value from the retrieved index
record and store it in the dhcs_data_t structure.

The SQL engine may set the index key id to SQL_INVAL_FLDID rather thanto a
valid index key id. This means the storage system indicated it supports the fetch all
fidldsfeature by returning TRUE when the SQL engine called dnhcs rss get info with
an info_type of DHCS IX_FETCH_ALL_FIELDS. Inthat case, thefield item repre-
sents afield which is not part of theindex, but isafield within the table that the index
being scanned is associated with. (Seethe following discussion.)

Tid provides alocation to return the tid for the retrieved record. If tidis NULL, it
indicates that the tid value for the record is not to be returned. If tid isnon-NULL,
then a value must be returned for the tid.

Fetching All Fields Through Index Scans: DHCS IX_ FETCH_ALL_FIELDS

A storage system typically returns a subset of the index key component fieldsand a
tupleidentifier (tid) in responseto adhcs _ix_scan_fetch call. If the SQL engine needs
field values beyond those that make up the index key, then it specifies the appropriate
tid when calling dhcs_tpl_fetch to get the remaining field values for the row.

However, many storage systems, hierarchical systemsin particular, have direct access
to all the field values of arow when performing adhcs _ix_scan_fetch call. For cases
wherethe SQL engine needsfield values beyond the fields that make up the index key,
asignificant performance advantage is possible if all the field values that are needed
arereturned in response to adhcs ix_scan_fetch rather than just the index key fields.
The performance gain occurs because the dhcs tpl_fetch call is eliminated.

The SQL engine determines support for obtaining field values in this manner through
the DHCS IX_FETCH_ALL_FIELDS property. A storage system indicates support
by returning TRUE for the DHCS _IX_FETCH_ALL_FIELDS info type of

dhcs rss get_info.
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The SQL engine identifies all the fields that it needs, whether they are index keys or
not, in the field_values argument of the dhcs ix_scan fetch call. fidld valuesisa
structure of type dhes fldl_val_t, itself alist of structures of type dhcs_fv_item t (see
page 5-6). Each dhcs_fv_item t structure represents afield value to be returned. The
list contains two parts. Thefirst part identifiesindex key fields (and their correspond-
ing table fields) and the second part identifies the additional table fields that are not
index key fields:

* Inthefirst part, the fv_field element of the dhcs_fv_item t structure contains the
index key id. The fv_tfield element contains the table field id that corresponds to
theindex key idin fv_field.

* Inthe second part, the fv_field element is set to SQL_INVAL_FLDID to indicate
thereis no index key for thisfield. The fv_tfield element contains the table field
id.

Theindex and table fields to be retrieved can thus be identified by comparing the

fv_field element to SQL_INVAL_FLDID. Note that the second part of the list could
be empty if the query refersonly to the index key fields.

To process the field_values list, the stub implementation must loop through each ele-
ment of the list:

* Usethefv_field valueto identify desired index key fields and store their valuesin
the dhcs _data t structure.

» Usethefv_tfield value to identify desired table fields and store their values in the
dhcs data t structure.

The following examples show how valuesin the data structures used by
dhcs_ix_scan_fetch would appear after some specific SQL statements:

Example 5-4: Eliminating Tuple Scans Using DHCS_IX_FETCH_ALL_FIELDS
create table t1(cl int, c2 int, c3 int, c4 int, c5int, c6 int)
create index t1l idx on tl(cl, c2 , c3)

insert into tl values(10, 20, 30, 40, 50, 60)

conmit work

select * fromtl where c1 = 10

dhcs_i x_scan_f et ch(
i ndex_val ues :

fv_field =0, fv_tfield = 0, data = 10
field_val ues :

fv_field =0, fv_tfield = 0, data = 10

fv_field =1, fv_tfield = 1, data = 20

fv_field = 2, fv_tfield = 2, data = 30

fv_field = 65535, fv_tfield = 3, data = 40

fv_field = 65535, fv_tfield 4, data = 50

fv_field = 65535, fv_tfield = 5, data 60
i xoper = 0 DHCS | XOP_EQ

)
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C1
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1 record sel ected
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c5,

30

c6 fromtl where cl

dhcs_i x_scan_f et ch(
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fv field
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fv_field

fv_field

fv_field
i xoper = 0

c1

10

1 record sel ected
c3 fromtl
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65535,
65535,
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fv tfi
fv_tfi

( DHCS_| XOP_EQ)

c2

20

50

dhcs_i x_scan_fet ch(
i ndex_val ues :

fv_field
fv_field
fv_field
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dME o
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i xoper = 6

20

1 record sel ected
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fv_tfield
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fv_tfield
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0,

0,
1,
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( DHCS_| XOP_FI RST)

30
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dat a
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c4 cs o6
40 50 60
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= 10
= 10
= 20

4, data = 50

5, data = 60

Co6

60
data = NULL
data = NULL
data = NULL
data = 20
data = 30
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5.3.8 dhcs_ix_scan_open

Syntax

Returns

Arguments

Opens an index for scanning.

extern dhcs_status_t
dhcs_i x_scan_open (

dhcs _tableid t t abl ei d,

dhcs_i ndexi d_t i ndexi d,

char i Xx_type,

dhcs_i x_oper _t oper at or,

short num fi el d_val ues,
dhcs_fldl _val _t *i ndex_search_val s,
short i ndex_scan_hint,
dhcs_tpl _fetch_hint_t fetch_hint,

voi d **j x_scan_hdl,

voi d *conn_hdl

dhcs_status_t

STATUS_OK Successful completion.
IN tableid
Theidentifier for the table that corresponds to the index that is being opened.
IN indexid

Theidentifier for the index that is being opened.

IN ix_type
A flag that indicates the type of index. The SQL engine passes the same value here as
it passed to the dhcs_create_index function for thisindex. See page 5-23 for details.

IN operator

A comparison operator that indicates the type of scan to perform. The operators spec-
ify a condition that is true or false about a given row or group of rows. They corre-
spond to SQL predicates. The operator is one of the list returned by the storage
manager in response to the DHCS IX_PUSH_DOWN_RESTRICTS info type argu-
ment of dhcs_rss get_info. Table 5-2 liststhe possible valuesfor theindex operators.
See Index Operator Notes on page 5-39 for more detail.
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The SQL engine also passes the operator when it calls dhcs_ix_scan fetch. The stor-
age manager can process it during execution of either routine.

Table 5-2: Index Scan Comparison Operators

Operator

Type of Scan

Number of Comparison Values

DHCS_IXOP_EQ

Equal

One for each index component used

DHCS_IXOP_GT

Greater than

One for each index component used

DHCS_IXOP_GE

Greater than or
equal

One for each index component used

DHCS_IXOP_LE

Less than or equal

One for each index component used

DHCS_IXOP_LT

Less than

One for each index component used

DHCS_IXOP_NE

Not equal

One for each index component used

DHCS_IXOP_BET

Inclusive between

Two for each index component used

DHCS_IXOP_BET_IE

Low-end inclusive
between

Two for each index component used

DHCS_IXOP_BET_ElI

High-end inclusive
between

Two for each index component used

DHCS_IXOP_BET_EE

Exclusive between

Two for each index component used

DHCS_IXOP_NOTBET

Not between (inclu-
sive)

Two for each index component used

DHCS_IXOP_FIRST

Start at first record

None

DHCS_IXOP_LAST

Return last record

None

DHCS_IXOP_IN

Equal to any of a
list of one or more
values

One for each index component used
and each value in the list

DHCS_IXOP_NOTIN

Not equal to any of
a list of one or
more values

One for each index component used
and each value in the list

DHCS_IXOP_CONTAINS

Storage-manager
defined

One for each index component used

DHCS_IXOP_NOTCNTNS

Storage-manager
defined

One for each index component used

IN num_field_values

The number of index components used in the predicate for which the scan isto return
records. Thisvariesfrom zero (for DHCS_IXOP_FIRST or DHCS _IXOP_LAST) up
to the number of components in the index.

The implication of this number depends on the operator. For instance, a

num field_values of 3 means:

For basic predicates (DHCS IXOP_EQ, DHCS IXOP_GT, DHCS IXOP_GE,
DHCS_IXOP_LE, DHCS IXOP_LT, and DHCS IXOP_NE), there are 3 values
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inindex_search vals. A predicate for aDHCS |XOP_EQ operator would be of
the form:

A =index_search vall AND B =index_search val2 AND C + =index_search val3

»  For between operators (DHCS_IXOP_BET, DHCS_IXOP_BET _IE,
DHCS _IXOP_BET_EIl, DHCS_IXOP_BET_EE, and DHCS IXOP_NOTBET),
there are 6 values in index_search_vals, and the predicate is of the form:

A BETWEEN index_search vall AND index_search val2 AND
B BETWEEN index_search val3 AND index_search_val4 AND
C BETWEEN index_search _val5 AND index_search val6

e For DHCS IXOP_IN and DHCS IXOP_NOTIN, that there are 3 sets of values
(for these operators, num_field_values does not imply the number of valuesin the
sets) and the predicate is of the form:

A IN (index_search vall, index_search va?2,..) AND
B IN (index_search valx, ...) AND
CIN (index_search valy, ...)
* For DHCS IXOP_CONTAINS and DHCS IXOP_NOTCNTNS, there are 3 val-

uesinindex_search vals. A predicate for a DHCS IXOP_CONTAINS operator
would be of the form:

A CONTAINS ' 'index_search val AND

B CONTAINS 'index_search val2' AND

C CONTAINS 'index_search_val3
Although the number of fields represented in the predicate can be derived,
index_search_vals, num_field_values suppliesit directly.
IN index_search_vals

Thelist of valuesto use for comparison when searching for an index record. The SQL
engine passes the same list when it calls dhcs_ix_scan_fetch. The storage manager
can process the values during execution of either routine. (The search valuesfor
CONTAINS predicates are a special case.

IN index_scan_hint
Indicatesif fixed length keys are used.

IN fetch_hint
Indicates whether the scan is being performed in the context of an update statement:

DHCS_TPL_FH_READ The table is being scanned in the context of a read
statement

DHCS_TPL_FH_WRITE The table is being scanned and selected records may
be updated

fetch_hint indicates that a selected index record may be updated viathe
dhcs ix_insert, dhes ix_delete, dhcs tpl_update, or the dhes_tpl_delete functions.
This flag may be used by certain storage managers whose concurrency control policy
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(locking policy) needsto differentiate or wishes to differentiate between reading a
record and reading arecord for update.

OUT ix_scan_hdl

A handle for the index scan. The format of the handle is specific to the storage sys-
tem. The SQL engine passes the handle in subsequent callsto dhcs ix_scan_fetch and
dhcs ix_scan close.

IN conn_hdl

An implementati on-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument isrelevant only in the Datalink SDK
Desktop configuration, where storage managers useit to distinguish between multiple
user connections. See page 5-87 for more detail.

Description

The SQL engine callsdhcs_ix_scan_open to open an index for scanning. In response,
the storage manager makes sure the index is open and supplies a scan handle that the
SQL engine passes to subsequent index scan routines.

Thetableid and indexid arguments taken in combination identify the particular index
to be opened. The SQL engine obtains indexid and tableid from the SY SINDEXES
catalog table.

Although the SQL engine presumes that the index specified by indexid is open after
calling dhcs_tpl_scan_open, the storage manager should not automatically open files
or load data structures each time the SQL engine calls this function. Thisis because
previous SQL statements may have resulted in calls to functions that already opened
theindex. Instead, the storage manager should use whatever file-caching mechanism
existsin the underlying storage system to check if theindex is already open, and open
it only if necessary.

Index Operator Notes

The operator argument describes the type of index scan to perform by indicating the
comparison criteriafor selecting records from the index.

Implementationsindicate support for various comparison operators by including them
in the array of values they return in response to the
DHCS IX_PUSH_DOWN_RESTRICTS info type argument of dhcs_rss get_info.

Implementations must at least support the DHCS_IXOP_FIRST operator. If the stor-
age manager does not support a particular operator, the SQL engine processes such
predicates internally (or, for DHCS IXOP_CONTAINS and

DHCS IXOP_NOTCNTNS, generates an error). |If the storage manager indicates it
does not support processing of any but the DHCS_IXOP_FIRST index operator, the
SQL engine requests that the storage manager return all records by passing the
DHCS_IXOP_FIRST operator.

The SQL engine "pushes-down" processing of supported predicates to the storage
manager. The abjective of pushing down such index predicatesis to reduce the over-
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all cost of executing an SQL statement by allowing the SQL engine optimizer to con-
sider options not otherwise available.

For operator values that supply comparison values, index_search_vals contains the
valuesto be compared aswell astheir field ids and data types. Note that the values of
operator and index_search_vals the SQL engine providesin dhcs ix_scan_open are
also provided on each call to dhes ix_scan fetch. It isup to the storage manager to
decide whether to process the operator va ue during execution of dhcs_ix_scan_open
or dhes ix_scan _fetch.

The following discussion gives some more detail on theindividual operators.

DHCS_IXOP_EQ, DHCS IXOP_GT, DHCS IXOP_GE, DHCS_IXOP_LE,
DHCS_IXOP_LT, and DHCS IXOP_NE

For these operators, the number of comparison values provided will be from one (1)
up to the number of components in the index. All index records whose components
values match the comparison values according to the operator that is provided should
be returned viaix_scan fetch.

DHCS IXOP_BET, DHCS_IXOP_BET_IE, DHCS IXOP_BET _ElI,
DHCS IXOP_BET_EE, and DHCS IXOP_NOTBET

For these operators, there are two comparison values for each index component. Each
pair of comparison values indicates the upper and lower bounds of arange. So, the
number of comparison values the SQL engine suppliesin index_search_valsistwice
the value passed in the num_field_values input argument.

When the SQL engine calls dhcs _ix_scan_fetch with one of the range operators, the
storage manager should return all index records whose components meet the criteria
detailed in the following table:

Table 5-3: BETWEEN Range Operators

Operator Returns

DHCS_IXOP_BET Records whose components are greater than or equal
to the lower bound of the range, and less than or equal
to the upper bound of the range.

DHCS_IXOP_BET_IE Records whose components are greater than or equal
to the lower bound of the range, and less than the upper
bound of the range.

DHCS_IXOP_BET_El Records whose components are greater than the lower
bound of the range, and less than or equal to the upper
bound of the range.

DHCS_IXOP_BET_EE Records whose components are greater than the lower
bound of the range, and less than the upper bound of
the range.

DHCS_IXOP_NOTBET Records whose components are less than the lower
bound of the range, and greater than the upper bound of
the range.
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DHCS_IXOP_FIRST and DHCS_IXOP_LAST

For operators DHCS _IXOP_FIRST and DHCS_IXOP_LAST, there are no compari-
son values:

e DHCS _IXOP_FIRST indicates that the index scan will start with the first record
of theindex. The storage system should iterate through all other records on suc-
cessive callsto dhes ix_scan_fetch.

e DHCS IXOP_LAST indicatesthat the index scan need only return the last record
in theindex. The storage system will not need to iterate through the index back-
wards.

Note that which record isfirst or last is dependent on the sort order of the fieldswithin
theindex. See dhcs ix_insert (section 5.3.4) for a more detailed description of how
records are ordered within an index.

DHCS_IXOP_IN

For the DHCS_IXOP_IN operator, there is a set of comparison values for each index
component. The storage manager must determine how many comparison valuesthere
are for each index component by examining the index_search_vals argument.

With DHCS | XOP_IN, the storage manager should return all index records whose
components have values in the cross-product of the sets of comparison values, as
shown in the following table:

Table 5-4: Rows Returned for DHCS_IXOP_IN

Component 1 Component 2 Component 3 Rows Returned
comparison comparison comparison values
values values

a,b 1,2 X,y

ST OCTOTOT9 9 292
NNFPFFEPNNPRPP
<K XK XK XK X

If a storage manager does not support DHCS_IXOP_IN (asindicated in the storage
manager response to dhcs rss_get_info), the SQL engine checks whether the storage
manager supports DHCS IXOP_EQ. If it does, the SQL engine translates an IN pred-
icateto aseriesof callsto dhcs ix_scan _open using DHCS IXOP_EQ. If it doesnot,
the SQL engine processes the predicate internally.

DHCS_IXOP_NOTIN

The DHCS_IXOP_NOTIN operator is similar to DHCS_IXOP_IN, with the follow-
ing differences:

e With DHCS IXOP_NOTIN, the storage manager should return all index records
whaose components do not have values in the cross product of the sets of compari-
son values.
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» If astorage manager does not support DHCS IXOP_NOTIN (asindicated in the
storage manager response to dhcs rss_get_info), the SQL engine processes the
predicate internally, without first checking for support of DHCS_IXOP_NE.

DHCS_IXOP_CONTAINS and DHCS_IXOP_NOTCNTNS

The semantics of the these operators are defined by the storage manager, and indicates
support for the SQL CONTAINS predicate. The SQL CONTAINS predicateisan
extension that allows storage managers to provide implementation-defined search
capabilities on character and binary data. The SQL syntax for aCONTAINS predicate
is

column_name [ NOT ] CONTAINS 'string’

The SQL engine restricts the data type of column_nameto CHARACTER, VAR-
CHAR, LONG VARCHAR, BINARY, VARBINARY, or LONG VARBINARY. The
format of the quoted string argument and the semantics of the CONTAINS predicateis
determined by the storage manager. The following example shows one possible for-
mat for a CONTAINS predicate:

WHERE C1 CONTAINS'ODBC , ORACLE +100'

With this format, the +100 syntax might indicate that the two search keywords must
occur within 100 lines (or words, or pages) of each other.

The CONTAINS predicate is the only predicate that can operate on datain LONG
data-type columns. The arbitrary size and unstructured format of datain such col-
umns reguire special consideration. Note the following:

» Unlike the other comparison operators, the SQL engine will not process the
DHCS_IXOP_CONTAINS and DHCS_IXOP_NOTCNTNS operators internally
if the storage manager does not support them. Instead, the SQL engine generates
an error when it encounters an SQL CONTAINS predicate.

* Indexeswhich support DHCS_IXOP_CONTAINS or
DHCS IXOP_NOTCNTNS can not support any other operators. The SQL
engine generates an error if an index type which supports either
DHCS_IXOP_CONTAINS or DHCS_IXOP_NOTCNTNS also supports other
operators.

* Indexeswhich support DHCS_IXOP_CONTAINS and
DHCS IXOP_NOTCNTNSwill perform better if they also support the
DHCS_IX_TID_SORTED property.

* For LONG data-type columns, the SQL engine passes search values as a pointer
to acharacter or binary string, not afield handle. The datatypeid of the character
stringisDHCS LVC or DHCS LVB. Thisisthe only case where the SQL engine
sets the data type id to along type, but passes avaue instead of afield handle to
the dhcs_data t component of afield valuelist.

For DHCS_IXOP_CONTAINS and DHCS_IXOP_NOTCNTNS, the number of com-
parison values provided will be from one (1) up to the number of componentsin the
index.
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5.4 LONG DATA TYPES INTERFACES

54.1 dhcs_get_data

Syntax

Returns

Arguments

Retrieves a segment of along field value.

extern dhcs_status_t

dhcs_get dat a(
dhcs_f 1 d_hdl * fld_hdl,
char * buf,
| ong buf | en,
| ong * | en,
| ong of f set,
dh_bool ean * is_null,
voi d *conn_hdl

dhcs_status_t

STATUS_OK Successful completion.

IN fld_hdl

The field handle for the long data-type field to be retrieved. Previous callsto the
dhcs tpl_scan_fetch, dhes tpl_fetch, or dhes_ix_scan_fetch routines generate the field
handles passed to dhcs_get_data. The field handle includes details on where the long
dataresides (such as a pointer to afile or disk location). However, specifics about the
contents and structure of afield handle are defined by the storage manager.

OUT buf
Thefield segment retrieved.

IN buf_len

Buffer length for buf. buf_len specifies the maximum amount of datathat can be
retrieved in this call to dhcs_get_data.

OUT len

Length in bytes of datain thefield, starting at offset. Thetotal length of thedatain the
field is the sum of len plus offset.

IN offset

An offset, in bytes, that indicates where to start retrieval of the field segment. The
total length of the data in the field is the sum of len plus offset.

OUT is_null
A flag indicating whether the field is null.
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Description

IN conn_hdl

An implementation-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument is relevant only in the Datalink SDK
Desktop configuration, where storage managers use it to distinguish between multiple
user connections. See section 5.8.4 for more detail.

The function dhcs_get_data retrieves a segment of along field value. The SQL
engine usesit to retrieve character, binary, or storage-system-specific datain columns
defined as LONG VARCHAR or LONG VARBINARY.

ODBC applicationsthat retrieve long field values specify the maximum size of data
they can accept in asingle call. The SQL engine passesthisvalueto dhcs _get_data as
buf_len. If the datainthelong field is greater than buf_len, the SQL engine will call
dhcs get data multiple times to retrieve the entire field value.

The storage manager retrieves data from the field starting at offset. The SQL engine
initially sets offset to zero. On subsequent callsto dncs_get_data, it increments off set:

* For LONG VARBINARY data, the SQL engine simply increments offset by
buf_len.

* For LONG VARCHAR data, the storage manager must return the segment as a
null-terminated string. The SQL engine takes this into account and increments
offset by buf_len -1.

The storage manager indicates the length of datain the field through the len argument.

It subtracts the value of offset from the total length of the datain the field and returns
the resulting value in len. Thus, the sum of offset pluslen is aways the total length of
the datain the field.

When the storage manager sets len to avalue less than the buf_len, it signalsthat the
current field segment isthe last one. The SQL engine callsdhcs get data until the
storage manager setslen to avaue less than buf_len.

For instance, consider along data value that is atotal of 90 byteslong. Table 5-5
shows values for the various arguments to dhcs_get_data over a series of callsto
retrieve the entire field for a 20-byte buffer length.

Table 5-5: Argument Values to dhcs_get_data Over a Series of Calls

Binary Character
buf_len offset len offset len
Call1 20 0 90 0 90
Call 2 20 20 70 19 71
Call 3 20 40 50 38 52
Call 4 20 60 30 57 33
Call 5 20 80 10 76 14
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5.4.2 dhcs_put_data

Syntax

Returns

Arguments

Stores a segment of along field value.

extern dhcs_status_t

dhcs_put _dat a(
dhcs_fld_hdl * fl1d_hdl,
char * buf,
| ong buf | en,
| ong of f set,
dh_bool ean * is_null,
voi d *conn_hdl

dhcs_status_t

STATUS_OK Successful completion.

IN fld_hdl

The field handle for the long data-type field to be stored. A previous call to the

dhcs _tpl_insert routine generated the field handle passed to dnhcs put_data. Thefield
handle includes details on where to store the data (such as a pointer to afile or disk
location). However, specifics about the contents and structure of afield handle are
defined by the storage manager.

IN buf
The segment to be stored in the long field.

IN buf_len

Buffer length for buf. buf_len specifies the amount of data to be stored in this call to
dhcs_put_data.

IN offset
An offset, in bytes, that indicates where to start storage of the field segment.

IN is_null
A flag indicating whether the field is null.

IN conn_hdl

An implementati on-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument isrelevant only in the Datalink SDK
Desktop configuration, where storage managers useit to distinguish between multiple
user connections.
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Description

The function dhcs_put_data stores a segment of along field value. The SQL engine
uses it to store character, binary, or storage-system-specific datain columns defined as
LONG VARCHAR or LONG VARBINARY.

ODBC applications that store long field values specify the maximum size of datathey
will passin asingle call. The SQL engine passes this value to dhcs_put_data as
buf_len. The ODBC application specifies the offset at which to store the data, which
is passed to dhecs_put_data as the offset argument. The ODBC application may store
the data in multiple segments, in which case there will be multiple callsto

dhcs put_data.

5.4.3 dhcs_put_hdl

Syntax

Returns

Arguments

Description

Copies data from one long-field handle to another.

extern dhcs_status_t

dhcs_put _hdl (
dhcs_f 1 d_hdl * dest_hdl,
dhcs_fld_hdl * src_hdl,
voi d *conn_hdl

dhcs_status_t

STATUS_OK Successful completion.

IN dest_hdl
The destination field handle to copy datato.

IN src_hdl
The source field handle to retrieve data from.

IN conn_hdl

An implementati on-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument isrelevant only in the Datalink SDK
Desktop configuration, where storage managers use it to distinguish between multiple
user connections. See section 5.8.4 for more detail .

The function dhes_put_hdl provides a shortcut for the SQL engine to process SQL
INSERT statements that copy data in columns defined as LONG VARCHAR or
LONG VARBINARY.
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The SQL engine calls dhcs_put_hdl when it encounters an INSERT statement such as
the following.

INSERT INTO T1 (C1) SELECT C2 FROM T2;

If C1 and C2 contain long data, the SQL engine callsdhcs_put_hdl instead of iterating
through callsto dhcs_get_data and dhcs_put_data. To process such a case, the SQL
engine makes the following calls:

e dhes_tpl_scan fetch, dhes tpl_fetch, or dnhes_ix_scan fetch, which return the
field handle the SQL engine passes asthe src_hdl argument to dhcs_put_hdl. This
field handle includes details on where the long data resides (such as a pointer to a
file or disk location).

e dhes_tpl_insert, which returns the field handle the SQL engine passes as the
dest_hdl argument to dhcs put_hdl. Thisfield handleincludes details on whereto
store the data.

» dhes_put_hdl with arguments derived from the preceding calls.

The storage manager takes whatever steps are necessary to copy the data.
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5.5 DYNAMIC METADATA INTERFACES

55.1 dhcs_get_colinfo

Retrieves detail on a table column from the storage manager. The SQL enginecalls
this routine only when storage managers indicate they support dynamic metadata (see
section 5.5).

Syntax
extern dhcs_status_t
dhcs_get _colinfo (
char *t abl e_nane,
char *owner _nane,
dhcs tableid t table_ id,
dhcs colinfo t **info,
| ong * no_col s,
voi d *conn_hdl
)
Returns
dhcs_status_t
STATUS_OK Successful completion.
Arguments
IN table_name
A null-terminated character string that contains the table name for which the imple-
mentation should return column information. Thisvalue will be one of the values that
the implementation supplied in the info.table_name output argument in response to a
call to dhcs_get_thlinfo.
IN owner_name
A null-terminated character string that contains the owner of the table for which the
implementation should return column information. This value will be one of the val-
ues that the implementation supplied in the info.owner_name output argument in
response to acall to dhcs_get_tblinfo.
IN table_id
Theidentifier of the table for which the implementation should return column infor-
mation. Thisvalue will be one of the values that the implementation supplied in the
info.id output argument in response to acall to dhcs_get_thlinfo.
OUT info
An array of structures of type dhcs_colinfo_t. The SQL engine allocates and passes an
array of 500 structures. Theimplementation supplies details for asingle columnin an
element of the array.
The dhcs_colinfo_t structure definition and field descriptions are as follows:
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typedef struct {

dhcs_fld _desc_t fld_ info ;
dhcs_dflt_type_t df It _type ;
char df It _val ue[ DHCS _MAX DFLT _LEN P1] ;

} dhcs_colinfo_t ;

fld_info A structure of type dhcs_desc_t in which the implementation returns details of
the column’s definition. See page 5-2 for details of the dhcs_desc _t structure.

dflit_type An enumerated type that represents different possible default values for the
column. (A default value is the value that SQL stores in a column if an update
operation for a row does not specify a value for the column.) Implementations
either leave this field empty (in which case, the SQL engine uses a default
value of NULL), or supply one of the following values:

DHCS_DFLT_LITERAL: An integer, numeric or string constant. If dflt_type
specifies DHCS_DFLT_LITERAL, the implementation should specify the string
value in the dflt_value field of info.

DHCS_DFLT_USER: The name of the user issuing the INSERT or UPDATE
statement on the table. Valid only for columns defined with character data

types.

DHCS_DFLT_NULL: A null value.

DHCS_DFLT_UID: The user id of the user executing the INSERT or UPDATE
statement on the table.

DHCS_DFLT_SYSDATE: The current date. Valid only for columns defined
with DATE data types.

DHCS_DFLT_SYSTIME: The current time. Valid only for columns defined
with TIME data types.

DHCS_DFLT_SYSTIMESTAMP: The current date and time. Valid only for col-
umns defined with TIMESTAMP data types.

dfit_value A null-terminated character string that contains a literal default value. Only
applicable if dflt_type is setto DHCS_DFLT_LITERAL. The maximum length
of the character string is 255 characters.

OUT no_cols

The number of columnsin thetable. Thisvalue indicates how many elementsin the
info array will befilled in.

IN conn_hdl

An implementation-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument is relevant only in the Datalink SDK
Desktop configuration, where storage managers use it to distinguish between multiple
user connections. See section 5.8.4 for more detail .

Dharma Inc.

5-49



SDK Guide

Description

If astorage manager indicates it supports dynamic metadata, the SQL enginerelieson
the storage manager to provide details on the structure of tables and indexes, instead
of storing those detailsin the static system catal og.

The SQL engine uses the information supplied through callsto dhcs_get_colinfo to
load a memory-resident version of the syscolumns system catalog table. The SQL
engine callsdhcs_get_colinfo when an SQL statement first accesses a particular table.

When it callsdhcs_get_colinfo, the SQL engine supplies input arguments that identify
the table of interest. The combination of the table_name and owner_name arguments
uniquely identifies atablein the storage system. Implementations can use that combi-
nation or thetable _id argument to identify the table, whichever ismore convenient. In
response, the storage manager supplies details on the columnsin the table in the info
argument, up to the maximum of 500 columnsin atable.

5.5.2 dhcs_get_idxinfo

Syntax

Returns

Arguments

Retrieves detail on an index from the proprietary storage system. The SQL engine
callsthisroutine only when storage managersindicate they support dynamic metadata
(see section 5.5).

extern dhcs_status_t

dhcs_get _idxinfo (
char *t abl e_nane,
char * owner _narne,
dhcs_tableid t table_id,
dhcs_idxinfo_t *info,
voi d *conn_hdl

dhcs_status_t

STATUS_OK Successful completion.

SQL_NOT_FOUND After returning details on the last index for the table.

IN table_name

A null-terminated character string that contains the table name for which the imple-
mentation should return index information. This value will be one of the values that
the implementation supplied in the info.table_name output argument in response to a
call to dhcs get_tblinfo.
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IN owner_name

A null-terminated character string that contains the owner of the table for which the
implementation should return index information. This value will be one of the values
that the implementation supplied in the info.owner_name output argument in response
to acall to dhcs_get_thlinfo.

IN table_id

The identifier of the table for which the implementation should return index informa-
tion. Thisvalue will be one of the values that the implementation supplied in the
info.id output argument in response to acall to dhcs_get_thlinfo.

OUT info

A structure of type dhcs_idxinfo_t. When the SQL engine calls dhcs_get_idxinfo, the
structureisempty. Implementationsfill in the fields of the structure with detail s about
theindex. The dhcs idxinfo_t structure definition and field descriptions are as fol-
lows:

typedef struct {

dhcs_i ndexi d_t id;

char i ndex_name[ DHCS_MAX | DLEN P1];
char i ndex_owner [ DHCS_MAX | DLEN P1];
dh_bool ean uni que;

char i Xx_type;

i nt no_col s;

dhcs_i dxkey info_t i dxkey_i nf o[ DHCS_MAX | DXFI ELDS | ;

} dhcs_idxinfo_t;

id A long integer identifier assigned by the storage system that uniquely iden-
tifies the index. The SQL engine passes id on subsequent calls to identify
the index. The SQL engine reserves index identifiers below 1000 and
above 32767. Implementations must generate index identifiers within
those values. Implementations must keep track of index identifiers and
their corresponding index names. The SQL engine passes only the identi-
fier, not the name, in subsequent calls. It is the implementation's responsi-
bility to associate the identifier with the correct index.

index_name A null-terminated character string that contains the index name.

index_owner A null-terminated character string that contains the owner of the index.

unique A flag that indicates whether records in the index must be unique. If
TRUE, the index is unique. If FALSE, then the index allows duplicate
records.

iX_type A single-character flag that indicates the type of index. The ix_type argu-

ment does not imply any particular indexing technique, but is an arbitrary
flag that allows the storage manager to indicate differing support for multi-
ple types of indexes. See the discussion of the ix_type argument of
dhcs_create_index on page 5-23 for details.

no_cols The number of index-key columns in the index. This value indicates how
many elements in the idxkey_info array will be filled in.
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Description

idxkey_info An array of structures of type dhcs_idxkey_info_t. The SQL engine allo-
cates and passes an array with DHCS_MAX_IDXFIELDS number of struc-
tures. The implementation supplies details for a single index key in an
element of the array. The storage manager must supply information on
the index keys in the same order as they exist in the proprietary storage
system.

The dhcs_idxkey_info_t structure definition and field descriptions are as
follows:

typedef struct {

char sort_order ;

char col _name[ DHCS_MAX_| DLEN_P1];
} dhcs_idxkey_info_t;

sort_order

A character that indicates the sort order for the index key. A value of A
indicates ascending and a value of D indicates descending
order.col_name

The index key column name, supplied as null terminated character string.

IN conn_hdl

An implementation-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument is relevant only in the Datalink SDK
Desktop configuration, where storage managers use it to distinguish between multiple
user connections. See section 5.8.4 for more detail.

If astorage manager indicates it supports dynamic metadata, the SQL enginerelieson
the storage manager to provide details on the structure of tables and indexes, instead
of storing those detailsin the static system catal og.

The SQL engine uses the information supplied through callsto dhcs_get_idxinfo to
load a memory-resident version of the sysindexes system catalog table. The SQL
engine callsdhcs _get_idxinfo when an SQL statement first accesses a particular table.

The SQL engineloops through callsto dhcs_get_idxinfo for each index defined on the
table, and the storage manager suppliesindex detailsin the info argument. The stor-
age manager indicates there are no more indexes for the table by returning
SQL_NOT_FOUND.

Whenit callsdhcs get_idxinfo, the SQL engine supplies input arguments that identify
the table of interest. The combination of the table_name and owner_name arguments
uniquely identifies atablein the storage system. Implementations can use that combi-
nation or the table id argument to identify the table, whichever is more convenient.

5.5.3 dhcs_get_metainfo

Retrieves summary information about tables in the proprietary storage system. The
SQL engine calls this routine only when storage managers indicate they support
dynamic metadata (see section 5.5).
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Syntax

Returns

Arguments

Description

extern dhcs_status_t
dhcs_get _netainfo (

unsi gned | ong *num t bl ,
dh_bool ean *t bl _sorted,
voi d *conn_hdl

dhcs_status_t

STATUS_OK Successful completion.

INOUT num_tbl

The number of tablesin the storage system for which subsequent calls to

dhcs get tblinfo will return detail. Thisisthe number of tables to which the user cur-
rently connected has access. The SQL engineinitializes num_tbl to a default value
and uses this default value if the storage manager does not change it in response to
dhcs_get metainfo.

OUT tbl_sorted

A Boolean value that indicates whether the implementation supplies responses to the
SQL engine's callsto dhes _get_thlinfo sorted by table name. A value of TRUE
means the responses are sorted by table name.

IN conn_hdl

An implementati on-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument isrelevant only in the Datalink SDK
Desktop configuration, where storage managers useit to distinguish between multiple
user connections. See section 5.8.4 for more detail .

If astorage manager indicatesit supports dynamic metadata, the SQL engine relieson
the storage manager to provide details on the structure of tables and indexes, instead
of storing those detailsin the static system catalog.

The SQL engine calls dhcs_get_metainfo when a user connects to the database, before
it calls other dynamic metadata routines. 1n response, the storage manager supplies
information that the SQL engine can use to improve performance of the other rou-
tines:

e Thenum_tbl argument specifies the number of tables for which subsequent calls
to dhes_get_tblinfo will return detail. The SQL engine uses this information to
alocate memory for the memory-resident version of the systables system catalog
table.
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» If astorage manager does not supply avalue for num _tbl, the SQL engine allo-
cates memory for a default number of tables. If necessary, the SQL engine
dynamically extends this default allocation during its callsto dhcs_get tblinfo.
This dynamic allocation slows performance of those calls, however.

e Thetbl_sorted argument indicates whether the SQL engine must sort the storage
manager’s responses to dhcs_get_tblinfo before loading a memory-resident index
for the systables system catalog table. The key for that index isthe table name. If
storage managers indicate that responses are sorted by table name, it loads the
index without sorting, which improves overall performance of dynamic metadata
loading.

Implementation of dhcs_get metainfo isoptional. If storage managers do not imple-
ment it, the SQL engine uses a default value for the number of tables, and assumes
that responsesto dhcs_get_tblinfo are not sorted.

554 dhcs_get_tblinfo

Retrieves detail on atable from the proprietary storage system. The SQL engine calls
this routine only when storage managers indicate they support dynamic metadata (see
section 5.5).

Syntax
extern dhcs_status_t
dhcs_get _tblinfo (
dhcs_thblinfo_ t*info,
voi d*conn_hdl
)
Returns
dhcs_status_t
STATUS_OK Successful completion
SQL_NOT_FOUND After returning details on the last table in the storage
system that is accessible by the currently-connected
user.
Arguments
OUT info
A structure of type dhcs_tblinfo_t. When the SQL engine callsdhcs_get_tblinfo, the
structureisempty. Implementationsfill in the fields of the structure with detail s about
thetable. The dhcs_tblinfo_t structure definition and field descriptions are as follows:
typedef struct {
dhcs _tableid t id;
char tabl e_nane[ DHCS_MAX_| DLEN P1];
char tabl e_owner [ DHCS MAX | DLEN P1];
dh_bool ean read_only ;
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Description

} dhcs_tblinfo_t;

id A long integer identifier assigned by the storage system that uniquely identi-
fies the table. The SQL engine passes id on subsequent calls to identify the
index. The SQL engine reserves table identifiers below 1000 and above
32767. Implementations must generate table identifiers within those values.
Implementations must keep track of table identifiers and their corresponding
table names. The SQL engine passes only the identifier, not the name, in
subsequent calls. It is the implementation's responsibility to associate the
identifier with the correct table.

table_name A null-terminated character string that contains the table name.
table_owner A null-terminated character string that contains the owner of the table.

read_only A Boolean value that indicates whether the user connected to the database
has read-only access to the table. A value of TRUE means the user has
read-only access. If read_only is set to TRUE, the SQL engine will not allow
the user to issue INSERT, UPDATE, and DELETE statements on the table.

IN conn_hdl

An implementati on-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument isrelevant only in the Datalink SDK
Desktop configuration, where storage managers useit to distinguish between multiple
user connections. See section 5.8.4 for more detail.

If astorage manager indicatesit supports dynamic metadata, the SQL engine relies on
the storage manager to provide details on the structure of tables and indexes, instead
of storing those detailsin the static system catalog.

The SQL engine uses the information supplied through callsto dhcs_get_tblinfo to
load a memory-resident version of the systables system catalog table.

The SQL engine calls dhcs get_tblinfo when a user connects to the database. The
SQL engine loops through callsto dnhcs_get_tblinfo for each table in the database, and
the storage manager suppliestable detailsin the info argument. The storage manager
indicates there are no more tables for which to supply detail by returning
SQL_NOT_FOUND.

It isthe responsibility of the implementation to determine which table are accessible
by the user connected to the storage system, and to return metadata for those tables
only.

The metadata for each table that the SQL engine retrieves through dhcs_get_tblinfo
does not include detail on individual columns of the table. The SQL engine retrieves
details on the columns later, through a call to dhcs_get_colinfo, if and when an SQL
statement first refersto the table.
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5.6 TUPLE IDENTIFIER INTERFACES

5.6.1 dhcs_alloc_tid

Syntax

Returns

Arguments

Description

Allocates space for an empty tuple identifier for a storage manager and initializes the
tuple identifier values.

extern dhcs_status_t
dhcs_alloc_tid (
voi d **tid_hdl,
voi d *conn_hdl

dhcs_status_t

STATUS_OK Successful completion.
OUT tid_hdl
A handle for the tuple identifier (tid).
IN conn_hdl

An implementation-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument is relevant only in the Datalink SDK
Desktop configuration, where storage managers use it to distinguish between multiple
user connections. See section 5.8.4 for more detail .

The function dhcs_alloc_tid allocates memory for atid handle. The tid handle speci-
fies a storage-manager-specific structure that contains the value or values that make
up atid. Thisinterfaceisautility function that the storage manager itself aswell as
the SQL engine calls routinely.

In addition to allocating memory for thetid handle, dhcs_alloc_tid must also initialize
the allocated tid to aunique invalid value. This value should compare as equal to
itself, but not equal to any valid tid.

For instance, the sample implementation provided with the Dharma Datal ink SDK
implements tids as the char data type; itsimplementation of dhcs_alloc _tid initializes
the value of an allocated tid to OxFF.

5.6.2 dhcs_assign_tid

Copiesthe value for atupleidentifier (tid).
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Syntax

Returns

Arguments

Description

extern dhcs_status_t

dhcs_assign_tid (

voi d
voi d
voi d

dhcs_status_t

STATUS_OK

IN from_tid

A tid whose value is to be copied.

OUT to_tid

*fromtid,

*to tid,
*conn_hdl

Successful completion.

The updated tid value.

IN conn_hdl

An implementati on-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument isrelevant only in the Datalink SDK
Desktop configuration, where storage managers useit to distinguish between multiple

user connections. See section 5.8.4 for more detail.

dhcs_assign_tid is the mechanism to copy tid values.

5.6.3 dhcs_char_to_tid

Converts a character string to atid.

Syntax
extern dhcs_status_t
dhcs_char _to_tid (
short | en,
char *in_buf,
voi d *tid,
voi d *conn_hdl
)
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Returns

Arguments

Description

dhcs_status_t

STATUS_OK Successful completion.
IN len
Length of the input buffer.
IN in_buf

The character string to be converted to atid. The maximum allowablesizeof in_bufis
255.

OUT tid
The resultant tid.

IN conn_hdl

An implementation-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument is relevant only in the Datalink SDK
Desktop configuration, where storage managers use it to distinguish between multiple
user connections. See section 5.8.4 for more detail .

Thedhcs _char_to tid routine convertsatid from its string form to itsinternal storage
manager form. Thetidisstored inin_buf asaNULL terminated string. The size of
the string isindicated by len.

5.6.4 dhcs_compare_tid

Compares two tids and returns a value indicating equality or relative size.

Syntax
extern short
dhcs_conpare_tid (
voi d *tidl,
voi d *tid2,
voi d *conn_hdl
)
Returns
short
1 tid1 is greater than tid2.
0 The tid values are equal
-1 tid1 is less than tid2.
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Arguments

Description

IN tid1
One of the tids to be compared.

IN tid2
Thetid to be compared with tid1.

dhcs_compare_tid comparestwo tid valuesfor equality and relative size. Twotidsare
equal if they are both the NULL_TID for that storage manager, or if they both point to
the same row of some table.

Note that since the format of atid is specific to the particular storage manager, the
mechanism by which the storage manager determines that the tids are equal is also
specific to the storage manager.

IN conn_hdl

An implementation-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument isrelevant only in the Datalink SDK
Desktop configuration, where storage managers use it to distinguish between multiple
user connections. See section 5.8.4 for more detail.

5.6.5 dhcs_free_tid

Frees the space for atuple identifier (tid) that was created within a storage manager.

Syntax
extern dhcs_status_t
dhcs _free_ tid (
voi d *tid,
voi d *conn_hdl
)
Returns
dhcs_status_t
STATUS_OK Successful completion.
Arguments
IN tid_hdl
The handle for the tuple identifier (tid).
IN conn_hdl
An implementation-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument is relevant only in the Datalink SDK
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Desktop configuration, where storage managers use it to distinguish between multiple
user connections. See section 5.8.4 for more detail.

5.6.6 dhcs_tid_to_char

Syntax

Returns

Arguments

Description

Converts atid to a character string.

extern dhcs_status_t
dhcs_tid to _char (

short | en,

voi d *tid,
char *out _buf,
voi d *conn_hdl

dhcs_status_t

STATUS_OK Successful completion.

IN len
Length of output buffer.

IN tid
Tupleid to convert.

OUT out_buf
The resultant character string. The maximum allowable size of out_buf is 255.

IN conn_hdl

An implementation-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument is relevant only in the Datalink SDK
Desktop configuration, where storage managers use it to distinguish between multiple
user connections. See section 5.8.4 for more detail.

Thedhcs tid to_char routine converts atid from itsinternal storage manager form to
astring form. The buffer to store the string is indicated by out_buf. The size of the
string isindicated by len. Note that since the format of atid is specific to the particular
storage manager, the character string format is also storage manager specific. The
only requirement is that the character string format be such that it can be converted
back to itsinternal form using the dhcs _char_to_tid routine.
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5.7 TRANSACTION INTERFACES

5.7.1 dhcs_abort_trans

Aborts, or rolls back, atransaction.

Syntax

extern dhcs_status_t
dhcs_abort _trans (
voi d *conn_hdl

Returns
STATUS_OK Successful completion.

Arguments

IN conn_hdl

An implementation-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument is relevant only in the Datalink SDK
Desktop configuration, where storage managers use it to distinguish between multiple
user connections. See section 5.8.4 for more detail.

Description

Terminates the current transaction begun by the last call to dhcs begin_trans. The
storage system must undo all changes made to tables and indexes during the transac-
tion.

5.7.2 dhcs_begin_trans

Starts a transaction.

Syntax

extern dhcs_status_t

dhcs_begin_trans (

voi d*conn_hdl

)
Returns

dhcs_status_t

STATUS_OK Successful completion.

Arguments

IN conn_hdl
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An implementati on-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument isrelevant only in the Datalink SDK
Desktop configuration, where storage managers use it to distinguish between multiple
user connections. See section 5.8.4 for more detail .

Description

Begins a transaction. The transaction that is started is the current transaction within
the storage environment. All operations that are executed once the transaction is
begun, until either dhcs_commit_trans or dhcs abort_transis executed, are consid-
ered to be part of this current transaction. A storage system must take whatever
actions are appropriate to ensure the transaction properties of atomicity, isolation, con-
sistency, and durability. The SQL engine does not enforce these properties.

5.7.3 dhcs_commit_trans

Commits a transaction.

Syntax

extern dhcs_status_t
dhcs_conmit _trans (
voi d *conn_hdl

Returns

dhcs_status_t

STATUS_OK Successful completion.

DHCS_TRANSACTION_ROLLBACK If the storage system has decided to rollback the trans-
action.

Arguments

IN conn_hdl

An implementati on-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument isrelevant only in the Datalink SDK
Desktop configuration, where storage managers useit to distinguish between multiple
user connections. See section 5.8.4 for more detail.

Description
Terminates the current transaction begun by the last call to dhcs begin_trans.

The storage system must make permanent any changes to tables and indexes made
during the transaction, and make the changes visible so that they may be accessed by
current and subsequent transactions according to the concurrency control policies
implemented by the storage manager.
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5.8 MISCELLANEOUS FUNCTIONS

5.8.1 dhcs_get_error_mesg

Syntax

Returns

Arguments

Description

Returns the error message for any error code generated by the storage manager.

extern dhcs_status_t
dhcs_get _error_nesg (

| ong errcode,
unsi gned short msgbuf _| en,
char *nmsgbuf,
voi d *conn_hdl

dhcs_status_t

STATUS_OK Successful completion.
-1 Otherwise
IN errcode

The error code returned by the storage manager through dhcs_status t during execu-
tion of aroutine. The code must be between -1000 and -9999.

IN msgbuf_len
Length of the error message buffer.

OUT msgbuf
Pointer to the buffer containing the error message.

IN conn_hdl

An implementati on-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument is relevant only in the Datalink SDK
Desktop configuration, where storage managers useit to distinguish between multiple
user connections. See section 5.8.4 for more detail .

The SQL engine calls dhcs get_error_mesg when it receives an error code generated
by the storage manager. The storage manager can return such error codes during exe-
cution of any routine, through dhcs_status t.

dhcs get_error_mesg provides a mechanism for the SQL engine to retrieve message
text associated with the error code from the storage manager. The sourcefile
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$TPEROOT/odbcsdk/src/demo.c implements the dhcs_get_error_mesg routine.
Implementations add #define directivesto the file to associate amnemonic string with
an error return code. They also add entries to the dhcs_error_table structure that asso-
ciate an actual error message with the mnemonic code. The following example shows
excerpts from the sample implementation's version:

Example 5-5: Adding Error Messages

/*

* DHCS error returns. The range is between -1000 and -9999.
*/

#def i ne DHCS_ERR_NOTYET - 1001L
#def i ne DH_DEMO_MAX_TABLES_EXCEEDED - 1002L
#def i ne DH_DEMO_MAX_| NDEXES_EXCEEDED - 1003L

/*
* Error table listing the error codes and the error messages.
*/

static dhcs_err_entry_t dhcs_error_table [] = {
{ DHCS_ERR NOTYET, "Not yet inplenented" },

{ DH_DEMO MAX TABLES EXCEEDED, " Maxi mum nunber of tables
al | owed exceeded" 1},

{ DH_DEMO MAX | NDEXES EXCEEDED, " Maxi mum nunber of indexes
al | owed exceeded" 1},

5.8.2 dhcs_rss_cleanup
Syntax

extern dhcs_status_t

dhcs_rss_cl eanup (

voi d *conn_hdl

)
Returns

dhcs_status_t

STATUS_OK Successful completion.
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Arguments

Description

IN conn_hdl

An implementati on-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument isrelevant only in the Datalink SDK
Desktop configuration, where storage managers useit to distinguish between multiple
user connections. See section 5.8.4 for more detail .

The dhcs_rss_cleanup routine is used to close a database and clean up the storage
environment. The specific functions performed by this routine are implementation-
dependent.

5.8.3 dhcs_rss_get_info

Syntax

Returns

Arguments

Returns details on how a storage manager supports various types of indexes.

extern dhcs_status_t
dhcs_rss_get i nfo(

dhcs rss_info_t i nfo_type,

voi d *i nput _buffer,
unsi gned short out buffer _|en,
voi d *out _buffer,

unsi gned short *out _buffer_size,
voi d *conn_hdl

dhcs_status_t

STATUS_OK Successful completion.

IN info_type
Thetype of information which is being requested. See the Info Type Values discussion
on page 5-67 for details on valid info_type values.

IN input_buffer

A one-character flag that specifies the type of index the SQL engine is requesting
information about. CREATE INDEX statements specify the index typein the optional
TY PE argument, and the SQL engine callsdhcs_rss_get_info for details on the prop-
erties of each index type. (If the CREATE INDEX statement omitsthe TY PE argu-
ment, the SQL engine sets the index typeto B.)
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Description

The index type does not imply any particular indexing technique. It is an arbitrary
flag that allows the storage manager to indicate different properties for multiple types
of indexes. The SQL engine calls dhcs rss_get_info for each index type, and the stor-
age manager can respond with different index properties for each type. (For instance,
that different index types support different comparison operators.)

Note The SQL engine does not supply an index type when it calls
dhcs rss get_info with the DHCS _IX_UPD_REQUIRED info_type
value. Inthat case, input_buffer is null, and the SQL engine assumes that
the responseistrue for all index types.

IN out_buffer_len
The length of the output buffer.

INOUT out_buffer

A buffer alocated by the SQL engine in which the storage manager is to return the
regquested information. Depending on the info type, the storage manager either returns
aBoolean value or an array of unsigned bytes in out_buffer:

Boolean A character. If setto 1 itindicates TRUE. If setto O it indicates
FALSE. With the exception of
DHCS_IX_PUSH_DOWN_RESTRICTS, the storage manager
returns a Boolean value for all info_type values.

Array For the DHCS_IX_PUSH_DOWN_RESTRICTS info_type,
out_buffer is an array of unsigned bytes representing the operators
for which the storage system supports push-down processing.

OUT out_buffer_size

Thetotal number of bytes that are available to be returned by the storage manager. If
out_buffer_sizeislessthan out_buffer_len, then it indicates the number of bytes
within out_buffer that were actually used. If out_buffer_size is greater than
out_buffer_len, then out_buffer is assumed to be completely full, and out_buffer_size
indicates the actual number of bytes that would have been returned had out_buffer
been large enough.

IN conn_hdl

An implementation-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in responseto the
dhcs rss init routine. The conn_hdl argument isrelevant only in the Datalink SDK
Desktop configuration, where storage managers use it to distinguish between multiple
user connections. See section 5.8.4 for more detail.

The SQL engine callsdhcs rss get_info to get details on the properties of different
types of indexes supported by a storage manager. The info_type argument specifies
the property of interest, and the input_buffer argument specifies the index type.

The output buffer is alocated by the SQL engine. Itssizeisindicated by
out_buffer_len. For most info_type values, the output buffer is a Boolean that indi-
cates support or lack of support for the particular property specified by info_type. The
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storage manager indicates the number of bytes available to be returned by setting

out_buffer_size.

Info Type Values

DHCS_IX_ALL_COMPONENTS

Description:

Input Parameter:

Output Type:

Specific to indexes that include multiple table columns (multiple-com-
ponent indexes). When performing an index scan, whether search
values must be provided for all components. If TRUE is returned in
response to DHCS_IX_ALL_COMPONENTS, then the storage man-
ager is indicating that when the SQL engine is performing an index
scan, within the index_search_vals list, a comparison value must be
provided for all components of the index.

index_type

Boolean

DHCS_IX_COMPUTE_AGGR

Description:

Input Parameter:

Output Type:

Whether the storage manager supports the SQL MIN and MAX aggre-
gate functions. (In other words, if the storage manager returns TRUE to
DHCS_IX_SORT_ORDER, and returns DHCS_IXOP_FIRST, and
DHCS_IXOP_LAST in response to
DHCS_IX_PUSH_DOWN_RESTRICTS, it should also return TRUE to
DHCS_IX_COMPUTE_AGGR.)

index_type

Boolean

DHCS_IX_FETCH_ALL_FIELDS

Description:

Input Parameter:

Output Type:

If TRUE is returned in response to DHCS_IX_FETCH_ALL_FIELDS,
then the storage manager is indicating that in response to a call to
dhcs_ix_scan_fetch, the storage system is able to return all of the fields
of the record, and not just the index component fields. The SQL engine
takes advantage of this property to avoid tpl_fetch calls.

index_type

Boolean

DHCS_[X_PUSH_DOWN_RESTRICTS

Description:

Comparison operators which the storage manager can process during
index scans for the specified type of index. The return value is an array
of unsigned bytes indicating which operators are supported by the stor-
age manager. The SQL engine will only push down processing of oper-
ators that are contained within the list that the storage manager returns.
The SQL engine uses this list as the basis for the operator input argu-
ment to dhcs_ix_scan_fetch (page 5-31) and dhcs_ix_scan_open. See
Table 5-2: on page 5-37 for a list of the valid values. If the storage man-
ager indicates it does not support processing of an index comparison
operator, the SQL engine processes the operator internally.
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Input Parameter:  index_type

Output Type: Array of unsigned bytes

DHCS_IX_SCAN_ALLOWED

Description: Whether indexes of the specified type support index scans. Storage
managers return FALSE for indexes that are inherently non-scan-ori-
ented, such as hash indexes.

Input Parameter: index_type

Output Type: Boolean

DHCS_IX_SORT_ORDER

Description: Whether indexes of the specified type are sorted. In other words,
whether a scan on the index returns records in the order of the index
key.

Input Parameter:  index_type

Output Type: Boolean

DHCS_IX_TID_SORTED

Description: Whether indexes of the specified type return records sorted by tuple
identifier. Ordinarily, indexes only guarantee to return records that meet
the provided comparison criteria and the records are not sorted by tuple
identifier. However, if the storage manager sets
DHCS_IX_TID_SORTED to TRUE, the SQL engine can significantly
optimize processing of compound predicates that specify multiple
indexes on the same table (including specifying the same index multiple
times).

For instance, the following search condition benefits from returning
records that are sorted by tuple identifier:

WHERE C1 CONTAINS 'ODBC AND Cl1 CONTAINS 'SQ'

In this case, the SQL engine first retrieves the tuple identifiers returned
by the first predicate, then retrieves the tuple identifiers returned by the
second predicate, and performs an intersect operation on the two sets.
This intersect operation is much more efficient if the SQL engine can
assume the sets are returned in tuple identifier order.

Typically, to support DHCS_IX_TID_SORTED, storage managers need
to perform special processing at run time. Or, if a table is loaded with
rows in index key order (resulting in the index key and tuple identifier
sort order being the same), storage managers can support
DHCS_IX_TID_SORTED for that index key.

Input Parameter:  index_type

Output Type: Boolean
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DHCS_IX_UPD_REQUIRED

Description:

Input Parameter:

Output Type:

5.84 dhcs_rss_init

Opens a database and initializes the storage environment for a user.

Whether the SQL engine must update indexes after an insert, update, or
delete operation on a table.

If the storage manager sets DHCS_IX_UPD_REQUIRED to TRUE, it
indicates that the SQL engine must directly manage the updating of
indexes in addition to tables. When an SQL INSERT, UPDATE, or
DELETE statement is executed on some table, in addition to calling
dhcs_tpl_insert, dhcs_tpl_update, or dhcs_tpl_delete on the table, the
SQL engine will execute dhcs_ix_insert, or dhcs_ix_delete on the corre-
sponding indexes.

If FALSE is returned, then the SQL engine will assume that the index will
be updated indirectly by the storage manager as a side effect of the exe-
cution of dhcs_tpl_insert, dhcs_tpl_update, or dhcs_tpl_delete.

None

Boolean

Syntax
extern dhcs_status_t
dhcs_rss_init (
const char *dat abase,
const char *userid,
const char *passwd
voi d **conn_hdl
)
Returns
dhcs_status_t
STATUS_OK Successful completion.
Arguments
IN database
The name of the database to be opened. Thisname is created by the mdcreate utility
(see Appendix A) and used thereafter to refer to a particular proprietary storage sys-
tem.
IN userid
The name of the user as provided on the connect call.
IN passwd
The password of the user as provided on the connect call.
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Description

OUT conn_hdl
An implementation-specific handle that identifies the user connection.

The conn_hdl argument isrelevant only in the Datalink SDK Desktop configuration.
In that environment, conn_hdl provides amechanism for a storage manager to identify
multiple user connections. (In the Client/Server configuration of the Datalink SDK,
each connection creates a separate instance of the SQL engine by spawning a separate
process. This mechanism is not available in the Desktop Configuration, where all
connections go through asingle DLL.)

In the Desktop configuration, storage managers can optionally supply avauein
conn_hdl when the SQL engine calls dhcs rss init. The data type of the argument
and details of how the storage manager usesiit to distinguish between different user
connectionsis up to the storage manager. The SQL engine passes any value supplied
in response to dhcs rss init as the conn_hdl input argument to all subsequent storage
interface calls for the duration of the connection. |If the storage manager does not
return avalue in response to dhcs rss init, the SQL engine passes a null pointer on
subsequent calls.

Thedhcs_rss init routine is used to initialize a connection by opening a database and
initializing the storage manager environment. dhcs rss init isonly called when the
SQL engine starts, and it is the only function called at startup.

Implementations must perform whatever specific functions are required to initialize a
connection to the proprietary storage system.

Note that the database name, user name, and password arguments are opague strings
to the SQL engine. No attempt is made by the SQL engine to verify the format or
validity of any of these strings. The storage environment should authenticate the data-
base name, user name, and password according to the specific requirements of the
storage environment.

5.8.5 dhcs_rss_initcall

Syntax

Returns

Indicates to the storage manager that a new SQL request is to be executed.

extern dhcs_status_t
dhcs_rss_initcall(
void * conn_hdl

)

dhcs_status_t

STATUS_OK Successful completion.

5-70

Dharma Inc.



Storage Interface Reference

Arguments

IN conn_hdl

An implementati on-specific handle that identifies the user connection. The SQL
engine supplies the same value here as the storage manager supplied in response to the
dhcs rss init routine. The conn_hdl argument isrelevant only in the Datalink SDK
Desktop configuration, where storage managers useit to distinguish between multiple
user connections. See section 5.8.4 for more detail .

Description

Indicates to the storage manager that a new SQL request is about to be executed. The
function performed by this routine is implementation-specific based on the require-
ments of the storage environment.
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5.9 UTILITY FUNCTIONS

Unlike the storage interface functions, the following utility functions are already
implemented. Storage managers call the functions for data conversion and compari-
son.

5.9.1 dhcs_compare_data

Compares two values of the same data type and generates a value indicating equality
or relative size.

Syntax
extern dhcs_status_t dhcs_conpare_data (
i nt dat a_type,
i nt | enl,
voi d *ptrl,
i nt | en2,
voi d *ptr2,
short *resul t
)
Returns
dhcs_status_t
STATUS_OK Successful completion.
Arguments

IN data_type

The data type of the values to be compared. Note that dhcs_compare_data does not
support the long data types DHCS LVC and DHCS _LVB.

lenl
Length of the input buffer for the first value.

ptrl
Pointer to the input buffer for the first value.

len2
Length of the input buffer for the second value.

ptr2
Pointer to the input buffer for the second value.

OUT result
The result of the comparison:

1 Value 1 is greater than value 2.
0 The values are equal.

-1 Value 1 is less than value 2.
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5.9.2 dhcs_conv_data

Syntax

Returns

Arguments

Converts data from one host type to another.

extern dhcs_status_t

dhcs_conv_data (

| ong
| ong
voi d
| ong
| ong
voi d

)

i nput _type,
i nput | en,
*input_ptr,

out put _t ype,
out put _| en,
*out put _ptr

dhcs_status_t

STATUS_OK Successful completion.

IN input_type
Input data type to be converted. Table 56 listsvalid values. Note that
dhcs _conv_data does not support the long data types DHCS LVC and DHCS _LVB.

Table 5-6: Type Names for Data Type Conversion

DHCS_BIGINT DHCS_BINARY DHCS_BIT

DHCS_CHAR DHCS_DATE DHCS_DOUBLE

DHCS_INTEGER DHCS_MONEY DHCS_NUMERIC

DHCS_REAL DHCS_SMALLFLOAT DHCS_SMALLINT

DHCS_TIME DHCS_TIMESTAMP DHCS_TINYINT
IN input_len

Length of input buffer containing the data to be converted.

IN input_ptr
Pointer to the input buffer containing the data to be converted.

IN output_type

Desired data type to convert the input data to. Table 5-6 lists valid values.

IN output_len
Length of the output buffer to contain the converted data.
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OUT output_ptr
Pointer to the output buffer that contains the converted data.
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Server Utility Reference

Al OVERVIEW

This sections contains reference information on utilities used to configure the
Datalink Server.

» The dhdaemon executable image starts the Datal.ink Server and enables network
access from clients.

*  OnWindows 2000, the pcntreg utility registers the dhdaemon executable image as
aservice in the system registry.

» isgl loads metadata into the data dictionary and provides a simple, general-pur-
pose SQL interface on the server.

e mdcreate creates a data dictionary and provides a name for access to the propri-
etary storage system

A.2 DHDAEMON

The dhdaemon executable image starts the Datalink Server and enables network
access from clients:

*  On UNIX, dhdaemon isthe only way to start the server process.

*  On Windows 2000, dhdaemon is an alternative to starting the server process as a
service.

Syntax
dhdaenmon [ option [ option ... ] ] { start | stop | status }
option ::
-C
| -e server nane
| -S service name
| -q
Arguments
-C
On Windows 2000, starts the server as a console application. This approach allows
you to use debugging tools and allows user-level environment variables (such as
TPESQLDBG) to affect the dhserver process. (When started as a service, the
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A.3

dhserver process only sees system environment variables.) The-c option isapplicable
only to Windows 2000, and required there to start the server from the command line.

-e server name

The name of the executable to use for the Datalink Server process. For example, use
the -e option to specify the sample implementation executable demo as the Datalink
Server process:

$ dhdaenon -e $TPEROOT/ bi n/ dhdeno start

-S service name

The name of a network service in the servicesfile. If the dhdaemon command does
not include the -s option, the default is sglnw.

-q
Starts the dhdaemon processin "quiet mode", which displays fewer messages.

start
Starts the dhdaemon process.

stop
Stops the dhdaemon process.

status
Displays the status of the process and any child processes it has spawned. For exam-
ple:

$ dhdaenon status

Dhar ma/ dhdaenpn Ver si on 08. 00. 0000

Dharma Systens Inc (O 1988-2002.
Dharma Conputers Pvt Ltd (O 1988-2002.
Daenon versi on: Feb 10 2002 17:02: 43
runni ng since: 02/ 19/ 2002 17: 46: 22 on bhi ma
Wor ki ng directory: /vol 6/ sdkdi r
SQL- Server version: / vol 6/ sdkdi r/ bi n/ dhdaenon
Nr of servers started: 101
runni ng: 0
crashed: 0

PCNTREG

Adds and deletes entries for the Datalink SDK in the Windows 2000 registry.

A-2
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Note The pentreg utility is only applicable to Windows 2000.
Syntax
pcntreg { p path | d}
Arguments
p path
Register dhdaemon. The path argument specifies the disk and directory name for the
top-level dharma directory (for example, c:\dharma). If the path argument contains
spaces, it needs to be delimited by double quotes, as shown below:
C\>pcntreg p "C \Program Fi | es\ Dharma Syst ens
I nc\ dhsdk_product”
d
Delete the registry entry for dhdaemon.
A4 MDCREATE
Creates a data dictionary that stores metadata (details on the structure of SQL tables
and indexes).
Syntax
ndcreate [ -v ] [ -d directory_spec ] dbnane
Arguments
-V

Specifies verbose mode, so mdcreate generates detailed status messages.

-d directory_spec

Specifies an alternative directory specification in which to create the data dictionary.
Thisargument isvalid only for the Desktop configuration.

The mdcreate utility creates a subdirectory to contain the data dictionary files. It uses
the name specified in the doname argument for the subdirectory. There are three lev-
els of defaults that determine where mdcreate creates this subdirectory:

» Thedirectory specified by the -d argument

» If the mdcreate does not specify -d, the directory specified by the TPE_DATADIR
environment variable

« |f TPE_DATADIR isnot set, mdcreate creates the doname subdirectory under the
directory specified by the TPEROOT directory.

For example:

%TPEROOT%\ bi n\ ndcreate -d “E:\Data Fil es\ Dharma Dat abases”
deno_db

Dharma Inc.
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This command creates a subdirectory called demo_db.dbs under the e:\Data
Files\Dhamra Databases directory and populates the directory with the necessary
files.

Once you create the database subdirectory in this manner, you must explicitly specify
itslocation in isgl command lines and when you add ODBC data source names:

* Iniggl, usethe -d option to specify the same directory path as you used for mdcre-
ate. For example:

i sgl -s %TPEROOT%\ odbcsdk\ sanpl e\nd_tenplate -d “E:\Data
Fi | es\ Dharma Dat abases” deno_db

e Inthe Microsoft ODBC Administrator utility, the ODBC Setup dialog box con-
tains a Data Dir text-box field. Useit to specify the same directory path as you
used for mdcreate.

dbname

The name of the database. ODBC applications and the isgl utility specify dbname to
access the database. The name of the database should not exceed 32 characters,
excluding the .dbs extension. Also while specifying the database name, it should not
include the .dbs extension.

A.5 ISQL
The primary use for isgl is to load metadata into data dictionaries viaa SQL script,
which contains CREATE TABLE and INDEX statements with the
STORAGE_ATTRIBUTES'METADATA_ONLY' clause. This clause directs the
SQL engine to insert metadata into the data dictionary without requiring the propri-
etary storage system to create an empty table or index. The table or index name used
in the CREATE statement must be the same as an existing table or index in the propri-
etary storage system.
You can also use isgl to create new tables or issue SQL queriesinteractively. Invoke
it without the -s option and specify the database you want to access. Terminate state-
ments with a semicolon. To exit from interactive isql, type CTRL/D.

Syntax
isql [-s script file] [-u user_nane] [-a password] [ -d
directory_spec ] dbnanme

Arguments
-s script_file
The name of a SQL script fileisgl executes.
Note: If the file name has a space, such as:
test script.sql
The file name must be enclosed in doubles quotes, such as:
isql -s "test script.sql"” testdb
-u user_name
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The user name to connect to the database specified. The default is the current user of
the operating system. Unlessyou log in as dharma, you should specify -u dharma on
the isgl command line.

-a password
The password to connect to the database specified. The default isnull.

-d directory_spec

An alternative location for the data dictionary directory. This argument is valid only
for the Desktop configuration. If the mdcreate utility specified the -d argument, isql
must specify the same argument (or the TPE_DATADIR environment variable should
specify directory_spec).

dbname

The name of the database, as specified to the mdcreate utility. The name of the data-
base should not exceed 32 characters, excluding the .dbs extension. Also while speci-
fying the database name, it should not include the .dbs extension.

Dharma Inc.
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Appendix B

System Catalog Tables

B.1 OVERVIEW

The Dharma Datalink SDK maintains a set of system tables for storing information
about tables, columns, indexes, constraints, and privileges. Thesetables are called
system catalog or dictionary tables.

SQL data definition statements and GRANT and REV OK E statements update system
catalog tables. Users have read access to the system catalog tables. The database
administrator has update access to the tables, but should avoid modifying them
directly.

There are two types of tablesin the system catal og: base tables and extended tables.
Base tables store the information on the table spaces, tables, columns, and indexes that
make up the database. The extended tables contain information on constraints, privi-
leges, and statistical information.

The owner of the system tablesis dharma. If you connect to a Dharma environment
with aUser ID other than dharma, you need to qualify references to the tablesin SQL
gueries. For example:

SELECT * FROM DHARMA. SYSTABLES

The following table shows details of the columns in each system table. Hereisthe
SQL query that generated the data for the table. You can modify it to generate a simi-
lar list that includes user-created tables by omitting the line and st.tbitype='S.

sel ect sc.thl 'Table', sc.col 'Colum',
sc.coltype 'Data Type', sc.width 'Size
from dhar na. syscol ums sc, dharma. systabl es st
where sc.tbl = st.tbl
and st.tbltype = 'S

order by sc.tbl, sc.id
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B.2 SYSTEM CATALOG TABLES DEFINITIONS

The following table lists all the tables in the system catalog. It givesabrief descrip-
tion of their purpose and lists the column definitions for every table.

Table B-1: System Catalog Table Definitions

Table Purpose Column Data Type | Size
sys_chk_constrs Contains the CHECK chkclause varchar 2000
clause for each check
constraint specified on a
user table.
chkseq integer 4
cnstrname varchar 32
owner varchar 32
tblname varchar 32
sys_chkcol_usage Contains one entry for cnstrname varchar 32
each column on which the
check constraint is speci-
fied
colname varchar 32
owner varchar 32
tblname varchar 32
sys_keycol_usage Contains one entry for cnstrname varchar 32
each column on which pri-
mary or foreign key is
specified
colname varchar 32
colposition integer 4
owner varchar 32
tbiIname varchar 32
sys_ref_constrs Contains one entry for cnstrname varchar 32
each referential con-
straint specified on a user
table
deleterule varchar 1
owner varchar 32
refcnstrname varchar 32
refowner varchar 32
reftblname varchar 32
tblname varchar 32
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Table B-1: System Catalog Table Definitions

Table Purpose Column Data Type | Size
sys_thl_constrs Contains one entry for cnstrname varchar 32
each table constraint.
cnstrtype varchar 1
idxname varchar 32
owner varchar 32
tblname varchar 32
syscalctable Contains exactly one row | fld integer 4
with a single column with
a value of 100.
syscolauth Contains the update privi- | col varchar 32
leges held by users on
individual columns of
tables in the database.
grantee varchar 32
grantor varchar 32
ref varchar 1
thl varchar 32
tblowner varchar 32
upd varchar 1
syscolumns Contains one row for each | charset varchar 32
column of every table in
the database.
col varchar 32
collation varchar 32
coltype varchar 10
dfit_value varchar 250
id integer 4
nullflag varchar 1
owner varchar 32
scale integer 4
tbl varchar 32
width integer 4
sysdatatypes Contains information on autoincr smallint 2
each data type supported
by the database.
casesensitive smallint 2
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Table B-1: System Catalog Table Definitions

Table Purpose Column Data Type | Size
createparams varchar 32
datatype smallint 2
dhtypename varchar 32
literalprefix varchar 1
literalsuffix varchar 1
localtypename | varchar 1
nullable smallint 2
odbcmoney smallint 2
searchable smallint 2
typeprecision integer 4
unsignedattr smallint 2
sysdbauth Contains the database- dba_acc varchar 1
wide privileges held by
users.
grantee varchar 32
res_acc varchar 1
sysidxstat Contains statistics for idxid integer 4
each index in the data-
base.
nleaf integer 4
nlevels smallint 2
recsz integer 4
rssid integer 4
tblid integer 4
sysindexes Contains one row for each | colname varchar 32
component of an index in
the database. For an
index with n components,
there will be n rows in this
table.
id integer 4
idxcompress varchar 1
idxmethod varchar 1
idxname varchar 32
idxorder varchar 1
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Table B-1: System Catalog Table Definitions

Table Purpose Column Data Type | Size
idxowner varchar 32
idxsegid integer 4
idxseq integer 4
idxtype varchar 1
rssid integer 4
tbl varchar 32
tblowner varchar 32
syssynonyms Contains one entry for ispublic smallint 2
each synonym in the data-
base.
screator varchar 32
sname varchar 32
sowner varchar 32
sremdb varchar 32
stbl varchar 32
stblowner varchar 32
systabauth Contains privileges held alt varchar 1
by users for tables, views,
and procedures.
del varchar 1
exe character | 1
grantee varchar 32
grantor varchar 32
ins varchar 1
ndx varchar 1
ref varchar 1
sel varchar 1
tbl varchar 32
tblowner varchar 32
upd varchar 1
systables Contains one row for each | creator varchar 32
table in the database.
has_ccnstrs varchar 1
has_fcnstrs varchar 1
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Table B-1: System Catalog Table Definitions

Table Purpose Column Data Type | Size
has_pcnstrs varchar 1
has_ucnstrs varchar 1
id integer 4
owner varchar 32
rssid integer 4
segid integer 4
tbl varchar 32
tbl_status varchar 1
tblpctfree integer 4
tbltype varchar 1

systblspaces No longer used. id integer 4
tsname varchar 32

systblstat Contains table statistics card integer 4

for each user table.

npages integer 4
pagesz integer 4
recsz integer 4
rssid integer 4
tblid integer 4
sysviews Contains information on creator varchar 32
each view in the data-
base.
owner varchar 32
seq integer 4
viewname varchar 32
viewtext varchar 2000
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Storing NUMERIC Data Directly

Cl OVERVIEW

This section describes how storage managers can store and return values defined as
the SQL NUMERIC data type using the internal Datal ink SDK storage format.

Thisistypicaly not necessary, since storage managers can use the function
dhcs_conv_data to convert from the internal NUMERIC storage format to aform that
is easy to manipulate. (For details on dhcs _conv_data, see page 5-73.) Using
dhcs_conv_data allows storage managers to avoid the complexities of dealing with
the NUMERIC storage format directly.

However, some implementations choose to directly manipulate NUMERIC values for
better performance, or because their own internal storage format is similar.

In SQL, type NUMERIC corresponds to anumber with the given precision (maximum
number of digits) and scale (the number of digitsto the right of the decimal point). By
default, NUMERIC columns have a precision of 32 and scale of O.

Internally, Dharma/SQL uses the dhcs_num _t structure to store and return values of
NUMERIC type. Storage managers can access dhcs num t to directly store and
retrieve NUMERIC values, as discussed in the rest of this section.

C.2 INTERNAL STORAGE FORMAT FOR NUMERIC DATA

Thedhcs num t structureisasfollows:

typedef struct {
short dec_num ;
char dec_digits [17]
} dhcs_num t
dec_num
Thedec_numfield of the structure contains the number of valid bytesin thedec_digits
array.
dec_digits[17]
The dec_digits array contains the actual numeric data, stored in two parts:

e Thefirst byte of dec_digits (dec_digitg 0]) contains asign bit and the exponent
for the value, stored in "excess-64" notation.

* The second and subsequent valid bytes of dec_digits (dec_digits[ 1] through
dec_digitg dec_num]) contain base-100 values each representing two digits.

The following figure shows the format for the dec_digits array.
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Figure C-1: Format for NUMERIC Data Stored in the dhcs_num_t Structure

Data values bytes
Exponent bits (base 100)

(excess-64 notation)/_/\
—

Sign bit 4*@111111 | 11111111 | 11111111 | 11111111 | 11111111 | 11111111 | |
(set means positive) dec_digits[0] dec digits[1] dec digits2] dec digits3] dec digitg4] dec digits[5]

4
N

v

dec_num bytes

The following section describesin detail how to interpret datain the dec_digits array.

C.3 INTERPRETING NUMERIC DATA STORED IN INTERNAL FORMAT
C3.1 Interpreting the Sign/Exponent Byte of dec_digits
The high-order bit of dec_digitg 0] specifiesthe sign of the NUMERIC data: 1 means
positive and 0 means negative.
The 7 lower-order bits of dec_digits[0] contain the exponent, stored in excess 64
notation. In excess-64 notation, you subtract 64 from the stored value to determine
the actual value.
For dec_digitq 0], this means you subtract 64 from the value stored in the 7 lower-
order bitsto determine the value of the exponent. However, if the sign bit of
dec_digitg Q] is O (indicating a negative value), you must first perform a one’'s com-
plement of the 7 lower-order bits before subtracting 64. (To perform aone's comple-
ment, swap zeroes with ones and ones with zeroes.)
The following example shows how to determine the sign of the NUMERIC data and
the value of its exponent when dec_digitg[ 0] contains a base-10 value of 223.
Example 3-1: Determining Sign and Exponent of NUMERIC Values
Decimal value in dec_digits[0] 223
Binary equivalent 11011111
Sign bit 1 (Positive)
One’s complement of expo- Not necessary, since sign bit is positive
nent bits
Binary value of exponent bits 1011111
(excess-64 notation)
Decimal value of exponent bits | 95
(excess-64 notation)
Actual value of exponent 95-64=31
The following example shows another example of dec_digitg[ 0], containing the base-
10 value of 100, which represents a negative data value and a negative exponent
value.
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Example 3-2: Determining Sign and Exponent of NUMERIC Values

Decimal value in dec_digits[0] 100

Binary equivalent 01100100
Sign bit 0 (Negative)
One’s complement of expo- 0011011
nent bits

Binary value of exponent bits 0011011
(excess-64 notation)

Decimal value of exponent bits | 27
(excess-64 notation)

Actual value of exponent 27 -64 =-37

C.3.2 Interpreting the Data Values Bytes of dec_digits

Therest of the bytesin the dec_digits array contain the base-100 digits of the
NUMERIC data, two digitsin each byte. To extract the values from each data byte:

1. Convert the binary value to decimal.

2. If thesign hit indicated a negative number, perform a 100's complement on the
value (subtract the value from 100).

The resulting base-100 digits represent a number between 0 and 1. Multiply that
result by 100 raised to the value of the exponent to get the final NUMERIC value.

C.3.3 Complete Examples: Interpreting Sign/Exponent and Data Bytes of
dec_digits

The following examples detail how to extract base-10 values from dec_digits. Use
them as a guide for interpreting values returned by Dharma/SQL in dhcs_num _t or to
store values in the database using dhcs_num t.

Example 3-3: Interpreting NUMERIC Storage: Positive Exponent and Data
This example shows how the (base-10) value 123456 is stored in dec_digits.

11000011 1101 100011 111001

dec_digit§0]  dec_digit1] dec_digit§2] dec digitg3]

Sign/Exponent Byte

Binary value in 11000011

dec_digits[0]

Sign bit 1 (Positive)

One’s complement of Not necessary,

exponent bits since sign bit is
positive
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Sign/Exponent Byte

Binary value of expo- 1000011

nent bits (excess-64

notation)

Decimal value of 67

exponent bits

(excess-64 notation)

Actual value of expo- 67-64=3

nent

Data Value Bytes 1 2 3
Binary value 1100 100010 111000
Decimal equivalent 12 34 56
100’s complement of N/A N/A N/A
resulting value

Base-100 digits 12 34 56

So, the resulting numeric value is 0.123456 x 1003, or 123456.

Example 3-4: Interpreting NUMERIC Storage: Negative Exponent and Data

This example shows how the (base-10) value -123456.789 is stored in dec_digits.

00111100
dec_digits[0]

01011001
dec_digits[1]

01000011
dec_digits[2]

00101101
dec_digits[3]

00010111
dec_digits[4]

00001011
dec_digits[5]

Sign/Exponent Byte

Binary value in 00111100

dec_digits[0]

Sign bit 0 (Negative)

One’s complement of 11000011

exponent bits

Binary value of expo-

nent bits (excess

64 notation) 1000011

Decimal value of expo- 67

nent bits (excess-64

notation)

Actual value of expo- 67-64=3

nent

Data Value Bytes 1 2 3 4 5
Binary value 1011000 1011000 101100 10110 1010
Decimal equivalent 88 66 44 22 10

C-4
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100’s complement of 12 34 56 78 90
resulting value
Base-100 digits 12 34 56 78 90

So, the resulting numeric value is - 0.1234567890 x 1003, or - 123456.789
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D.1 TERMS

Appendix D

Glossary

add [an ODBC data source]

Make a data source available to ODBC through the Add operation of the ODBC
Administrator utility. Adding adata sourcetells ODBC where a specific database
resides and which ODBC driver to useto accessit. Adding adata source also invokes
asetup dialog box for the particular driver so you can provide other details the driver
needs to connect to the database.

cardinality
Number of rowsin aresult table.

client

Generally, in client/server systems, the part of the system that sends requests to serv-
ers and processes the results of those requests.

client/server configuration

The version of the DataLink SDK Desktop that implements a network ODBC archi-
tecture. In client/server configuration, the ODBC tool and the DataLink SDK ODBC
Driver run on Windows or UNIX clients, while the DataLink Server library runson
the UNIX or NT server hosting the proprietary storage system.

data dictionary
Another term for system catal og.

DatalL ink Server

The executabl e that results from building an implementation of the storage interfaces
with the SQL enginelibrary. To get started with the DataLink SDK, you can build a
DatalLink Server from the supplied sample implementation of the storage interfaces.
Eventually, you will build a DataLink Server from your own implementation of the
storage system to provide access to a proprietary storage system.

data source
See ODBC data source

desktop configuration

The version of the Dharma Datal ink SDK that implements a"single-tier" ODBC
architecture. In the desktop configuration, the ODBC tool, the Dharma DataL ink
SDK software, and the proprietary data all reside on the same Windows XP or 2000
computer.

dharma

The default owner name for all system tables in a Dharma database. Users must qual-
ify references to system tables as dharma.table-name.

Dharma Inc.
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field handle

A handle that identifies storage for data stored in columns defined with the SQL
LONG VARCHAR or LONG VARBINARY datatype. Implementations create field
handles when the SQL engine calls the dhcs tpl_insert routine. (Thisisin contrast to
conventional data-type columns, for which the SQL engine passes actual valuesto the
insert routine.) Similarly, for fetch routines, implementations return field handles
instead of the actual long data values.

handle

A temporary identifier for database objects. |mplementations generate handles when
the SQL engine calls routines to open tables, indexes, table scans, and index scans, or
to access long data-type columns. The SQL engine uses the handle on subsequent
callsto scan, fetch, insert, and update operations.

index handle

A handle that identifies an index open for updating. Implementations generate index
handles when the SQL engine callsdhcs ix_open. The SQL engine passes index han-
dlesto dhcs ix_insert, dhes ix_delete, and dhes_ix_close.

infotype
An argument the SQL engine supplies when it calls the dhcs rss get_info storage
interface. The variousinfo types describe a storage manager's support for indexes.

metadata

Datathat details the structure of tables and indexesin the proprietary storage system.
The SQL engine stores metadata in the system catal og.

ODBC application

Any program that calls ODBC functions and uses them to issue SQL statements.
Many vendors have added ODBC capabilitiesto their existing Windows-based tools.

ODBC data source

In ODBC terminology, a specific combination of a database system, the operating sys-
tem it uses, and any network software required to accessit. Before applications can
access a database through ODBC, you use the ODBC Administrator to add a data
source -- register information about the database and an ODBC driver that can connect
toit -- for that database. More than one data source name can refer to the same data-
base, and deleting a data source does not del ete the associated database.

ODBC driver

Vendor-supplied software that processes ODBC function calls for a specific data
source. Thedriver connectsto the data source, translates the standard SQL statements
into syntax the data source can process, and returns data to the application. The
DataLink SDK ODBC Driver provides access to proprietary storage systems underly-
ing the ODBC server.

ODBC driver manager

A program that routes calls from an application to the appropriate ODBC driver for a
data source.

primary key

D-2
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A subset of the fieldsin atable, characterized by the constraint that no two recordsin
atable may have the same primary key value, and that no fields of the primary key
may have anull value. Primary keys are specified in a CREATE TABLE statement.

guery expression

The fundamental element in SQL syntax. Query expressions specify aresult table
derived from some combination of rows from the tables or views identified in the
FROM clause of the expression. Query expressions are the basis of SELECT, CRE-
ATE VIEW, and INSERT statements

result set
Another term for result table.

result table

A temporary table of values derived from columns and rows of one or more tablesthat
meet conditions specified by a query expression.

row identifier
Another term for tuple identifier.

scan handle

A handle that identifies an index or table open for scan operations. |mplementations
generate scan handles when the SQL engine calls dhcs_tpl_scan_open or
dhcs_ix_scan_open. The SQL engine passes scan handles to dhcs_tpl_scan_fetch,
dhcs_tpl_scan_close, dhes_ix_scan_fetch, and dhes_ix_scan_close.

search condition

The SQL syntax element that specifies a condition that is true or false about a given
row or group of rows. Query expressions and UPDATE statements can specify a
search condition. The search condition restricts the number of rowsin the result table
for the query expression or UPDATE statement. Search conditions contain one or
more predicates. Search conditions follow the WHERE or HAVING keywordsin
SQL statements.

selectivity
The fraction of atable's rowsreturned by aquery.

server

Generally, in client/server systems, the part of the system that receives requests from
clients and responds with results to those requests.

SQL engine

The core component of the Datalink Server. The SQL engine receives requests from
the DataLink SDK ODBC Driver, processes them, and returns results. To build a
Datalink Server, you link implemented storage interfaces with the SQL enginelibrary
file STPEROOT/lib/libserver.a.

storage interfaces

Template C routines provided with the Dharma DataLink SDK for implementing
accessto proprietary storage systems. The SQL engine callsthe routinesto access and
manipulate data in a proprietary storage system. A proprietary storage system must
implement supplied templates to map the storage interfaces to the underlying storage
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system. Oncefilled in for aparticular storage system, the completed stubs are called
storage managers.

stor age manager

A completed implementation of the Dharma DataLink SDK storage interfaces. A
storage manager receives calls from the SQL engine and accesses the underlying pro-
prietary storage system to retrieve and store data.

storage system
The proprietary database system that underlies a storage manger. The Dharma

Datalink SDK provides a SQL interface to a storage system through the SQL engine
and its stub interfaces.

stub interfaces
Another term for storage interfaces.

stubs
Another term for storage interfaces.

system catalog

Tables created by the SQL engine that store information about tables, columns, and
indexes that make up the database. By default, the SQL engine creates and manages
the system catal og independently of the proprietary storage system. The storage man-
ager can choose to manage the system catalog by setting the

DH_DYNAMIC _METADATA environment variable.

system tables
Another term for system catal og.

table handle

A handle that identifies a table open for non-scan operations. Implementations gener-
ate table handles when the SQL engine calls dhcs _tpl_open. The SQL engine passes
table handlesto dhcs _tpl_insert, dhcs tpl_delete, dhes tpl_update, dhes tpl_fetch
and dhcs tpl_close.

tid

Another term for tuple identifier.

transaction

A group of operations whose changes can be made permanent or undone only as a
unit. Once implementations add the ability to change data in the proprietary storage

system, they must also implement transaction management to protect against data cor-
ruption.

tupleidentifier

A uniqueidentifier for atuple (row) in atable. Storage managers return atuple identi-
fier for the tuple that was inserted after an insert operation. The SQL engine passes a
tupleidentifier to the delete, update, and fetch stubsto indicate which tuple is affected.
The SQL scalar function ROWID and related functions return tuple identifiers to
applications.

view
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A virtual table that recreates the result table specified by a SELECT statement. No
datais stored in aview, but other queries can refer to it asif it were atable containing
data corresponding to the result table it specifies.
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