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Chapter 1. Introduction

1.1. Overview

ITTIA DB is a database management system for environments with extremely limited memory and processor re-
sources. A solid database kernel provides reliable data management at optimal speeds, protecting data from power
failure and crashes.

ITTIADB s

Fast Today's maobile device users demand instant data access.
ITTIA DB was developed to help meet this requirement.

Flexible ITTIA DB is designed with extensibility in mind. Add
and remove database components to suite your applica-
tion's exact requirements and achieve minimal footprint.
The kernel is atightly integrated set of components with
clearly defined interfaces, which makes it easy to devel-
op a customized version of any component using the in-
cluded source code.

Efficient and Lightweight Optimized for restricted environments, ITTIA DB is
able to utilize scarce resources most effectively. Battery
life, form-factor and cost requirements greatly restrict
the resources available to mobile and embedded de-
velopers. ITTIA DB is built for minimum memory and
processor time consumption.

Reliable In mobile devices, the power can fail at any time. Thus,
the database is fully ACID-compliant, which ensures

data integrity through the use of transactions and recov-
ery, and data consistency by means of isolation.

Features include:

* Cross-platform compatibility

*  Shared database access

* Small footprint

e Support for multithreading

* Modular design: add new features with ease

e Configurable: flexibility at compile-time and run-time

» Embedded directly into applications for improved performance
» Portable database file format

» Support for solid state storage such as CompactFlash

« Dataencryption
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* Dynamic schema alteration

e Vaiable-sized records

* Multipleisolation levels

1.2. Supported Platforms

ITTIA DB isacross-platform database management system, designed to work in a variety of environments. In addi-
tion to the platforms listed below, ITTIA DB can be easily ported to run on other operating systems and architec-

tures.
Operating System Architctures Development Tools
Windows NT x86 Visua C++6.0
Windows 2000 Visua C++ .NET
Windows XP gce (MingW)
Windows CE x86 Visua C++ eMbedded 4.0
Windows Mobile ARM
Linux x86 gcc
ARM
MontaVista Linux x86 DevRocket
Mobilinux ARM gcc
VxWorks x86 Wind River Workbench

Table 1.1. Supported platforms

1.3. ITTIA DB Product Family

ITTIA DB is afamily of products for high-performance relational data storage on embedded systems and devices.
Each edition of ITTIA DB is designed to meet the requirements of a certain class of devices with the best perform-
ance and minimum footprint. The same APl and file format isused by all ITTIA DB products.

ITTIA DB Compact

ITTIA DB-SQL Standard

ITTIA DB-SQL Plus

For devices that only need table-based storage with high-
performance indexing, this software library gives devices direct
accessto ITTIA DB database files.

For devices storing mission-critical data, ITTIA DB-SQL
Standard incorporates ACID-compliant crash recovery with op-
tional run-time SQL queries.

Share database files between threads, processes, and devices us-
ing ITTIA's lightweight data server, designed to support a high
level of concurrency even in low-memory environments.

Table 1.2, “Features Available in Each Edition of ITTIA DB” explains each of the features in Compact, Standard,
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and Plus. APl functions that are not supported by a particular edition of ITTIA DB will produce the error
DB_ENOTIMPL when called.

Feature Compact Standard Plus
Transaction rollback Yes Yes Yes
Strongly-typed tables Yes Yes Yes
B-+tree indexes Yes Yes Yes
Platform-independent  file|Yes Yes Yes
format
SQL No Yes Yes
Client/server shared access |No No Yes
Multi-threaded shared ac-|No? No? Yes
cess
Rpw-level locking and isol-|No No Yes
ation
Recovery logging Optional® Yes Yes
Dynamic schema alteration |Yes’ Yes Yes
Encryption callbacks Optiona P Yes Yes
Change notification Optional® Yes Yes
Sequences Optional® Yes Yes
BLOB datatype Optional® Yes Yes
Unicode data type Yes® Yes Yes
Automatic type conversion |Optional® Yes Yes

Table 1.2. Features Availablein Each Edition of ITTIA DB

While ITTIA DB AP calls are not thread-safe without multi-threaded shared access, it is compiled against the multithreaded C runtime when
allable.
his feature can be enabled or disabled in the source code version of ITTIA DB. Optional features are not included in the binary compact library
distributed by ITTIA.

Also see Table 3.1, “ITTIA DB Alternative Kernel Libraries’ for alist of librariesin ITTIA DB software develop-
ment kits.

Upgrading to Standard and Plus

Applications developed using ITTIA DB Compact can be upgraded to ITTIA DB-SQL Standard or ITTIA DB-SQL
Plus. Applications developed for ITTIA DB-SQL Standard can also be upgraded to ITTIA DB-SQL Plus.

To upgrade an existing ITTIA DB application to ITTIA DB-SQL Standard, modify the build configuration to link
with one of the single-user libraries listed in Table 3.1, “ITTIA DB Alternative Kernel Libraries’. Automatic recov-
ery will be automatically enabled without modifying the application code. The application will also be able to use
SQL queriesif the SQL library is selected.

To upgrade an existing ITTIA DB application to ITTIA DB-SQL Plus, modify the build configuration to link with
one of the default, IPC client, or local storage librarieslisted in Table 3.1, “ITTIA DB Alternative Kernel Libraries’.
Row-level locking will be automatically enabled without modifying the application code. The application will also
be able to share an open database between threads, or connect to dbserver to share databases between multiple ap-
plications running on one or more devices.
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1.4. About the Documentation

Documentation for ITTIA DB consists of several documents:

» User'sGuide

* C API Reference Manua

» C++ APl Reference Manual

All productsin the ITTIA DB family - Compand, Standard, and Plus - are covered by the documentation. To find
out whether afeature described in the documentation is available in a particular edition of ITTIA DB, see Table 1.2,
“Features Available in Each Edition of ITTIA DB”.

The User's Guide provides an introduction to software development with ITTIA DB. Example code from the phone-
book example application is used to demonstrate many key concepts and tasks.

Consult the API Reference Manuals for detailed information about specific ITTIA DB APl functions.

Documentation is available in avariety of formats, including:

e HTML
»  WindowsHelp

- PDF




Chapter 2. Database Concepts
2.1. Introduction to Databases

A database management system provides the most convenient means to store data in a reliable, organized format.
This removes the burden of managing data from the application code and provides severa key advantages that an
application would otherwise not have access to.

Reliable storage is the primary motivation for using a database. Operations on a database are grouped into transac-
tions, which will either succeed (commit) or fail (abort) as a single unit. Because transactions are persistent, data
will not become lost or corrupted even after a power failure. After a crash, data is automatically recovered up to the
last committed transaction.

Warning

A database cannot protect against a corrupted file system or damaged media hardware. Regular backups are
the only way to provide full protection against data loss.

A database can aso provide powerful tools to help organize and access data. The structure of a database is specified
in the database schema, which is used as the basis for navigating the data. Data is stored in tables, which contain a
list of typed columns. Keys are defined on certain columns of the table to quickly locate rows based on the data
stored in the key column. This fast data access through indexed key fields is another primary advantage of using a
database managment system.

Because datais stored in an organized format, it is possible to perform generic queries on the data. This allows exist-
ing software tools to be used with the data stored in the database, regardless of what application it was created with.
Data can aso be stored in a platform-independent format so that database files can be moved between different op-
erating systems and processor architectures.

To prevent datainconsistency, it isimportant to manage how multiple users modify the database at the same time. A
database management system provides concurrency support to ensure that transactions commited by multiple users
always appear to complete sequentialy. This provides shared access to the database in a safe, efficient way.

In general databases support multiple levels of concurrency. Concurrency refers to the ability of the database to
handle multiple simultaneous access to the data stored in the database. The most simple case is that the database
supports no concurrency at all. This case is more common in embedded environment where a single process ac-
cesses the database sequentially. The databases that support concurrency can be divided into the following categor-
ies.

1. Multi-threaded: In this architecture single process accesses the data in the database using multiple threads and

2. Client server architecture: This model supports multiple clients accessing the database- remotely or locally.

Note

ITTIA DB supports all levels of concurrency mentioned above.

2.2. Mobhile and Embedded Considerations

On mobile devices and embedded systems, resource restrictions provide an additional challenge to developers. Exe-
cution speed, storage space, and memory are often limited. In embedded environments, known bounds on the size of
resources can allow those resources to be used more effectively.
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Resources on such devices can also exhibit different behavior than similar devices on a desktop or server system.
For example, compact flash memory is a popular form of persistent storage on mobile and embedded devices. Un-
like disk-based storage, flash storage has no seek time but slower throughput, and if data is written to the same loca-

tion too many times, it will wear out.

A database management system, or any embedded application, can take advantage of this knowledge to operate
more efficiently.




Chapter 3. Using ITTIA DB
3.1. Selecting an API

An ITTIA DB database can be accessed through one of two APIs. The C API provides the lowest level interface to
the database and thus the greatest flexibility. The C++ API is easy to use and helpful for introducing the concepts of
database access. The C++ API is provided as source code that can be linked with the C API interface to the library.

Some ITTIA DB configurations also support SQL, a dynamic query language that allows complex queries to be
planned and executed at run-time using a simple string-based syntax. SQL queries can be executed from either C or

C++ API.

3.2. C++ APl Examples

The following example program demonstrates how to create an empty database, insert data, and perform an indexed

search with direct table access:

Example 3.1. C++ Hello World Program

/1 A Hello Wrld console programfor |ITTIA DB

#include <ittial/db++. h>
#i ncl ude <i ostreanr

i nt

mai n(int argc, char* argv[])

/1l Create an enpty dat abase.

db: : Dat abase db;

db: : St orageMode node;

db. create("hell o_worl d.db", node);

/1l Create a newtable with two fields and one index.
db: : Fi el dDescSet fi el ds;

db: : I ndexDescSet i ndexes;

fields.add uint("i d");

fields.add _string(" rressage , 50);

i ndexes. add_i ndex( by _id", db: UNI QUE) . add_fiel d("
db. create_table("hello vvorl d" f el ds, indexes);

/1 Open a table cursor.
db:: Tabl e hel | oWor | d;
hel | owor | d. open(db, "hello_world");

/1 Start a transaction before addi ng or accessing data.

db. t x_begin();

/1 Insert a row using the table cursor.
hel | oWbrl d. i nsert();

hel l oWorld["id"] = O;

hel | oWor | d[ "message”] = "Hello World";
hel | oWor | d. post () ;

/1 Search for the row that was inserted.
hel | oWorl d. set _sort order( by id");

hel | oWor | d. beg| n_seek(db:: DB SEEK EQJAL)
hel l oWorl d["id"] = O;

d");
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i f (DB_SUCCESS(hel | oworl d. apply_seek()))
db:: String message = hell oWorl d[ "nessage"].as_string();
std::cout << nmessage.c_str() << std::endl;

} else {
std::cerr << "Could not find row" << std::endl;

/1 Commt the transaction to nake changes persistent.
db.tx_commt();

/] Close the table cursor and dat abase.
hel | owor |l d. cl ose();
db. cl ose();

return O;

The following example shows how the previous example can be written using SQL .

Example 3.2. C++ Hello World Program With SQL

/1 A Hello World console programfor |ITTIA DB

#i nclude <ittia/ db++. h>
#i ncl ude <i ostreanp

usi ng namespace db;
usi ng namespace std;

int main(int argc, char* argv[])

R e I e R
/1 Create a Database handl e.

Dat abase db;
St or ageMode node;

I e
/1l Create a Query object.
R R e R L LR

Query dq;

e e e R
/1l Create a new database file using the default node.

db. create("hell o_worl d.db", node);
int rc;

(! DB_SUCCESS( g. exec_di rect (db,
"create table hello_ world (id integer, nmessage varchar(20))")))

{
cout << "Unable to create table\n";
return -1;
}
e R
/1l Start a transaction prior to nmodifying the hello world table.

8
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R e e
i f(!DB_SUCCESS((q. exec_direct(db,
"START TRANSACTI ON')))

cout << "Unable to insert values into table\n";

return -1;
}
i
/1l Insert "hello world nmessage into the table.
i e
i f(!DB_SUCCESS((q. exec_direct(db,

"insert into hello_world values(0, "hello world )")))

{

cout << "Unable to insert values into table\n";

return -1;
}
e e e
/1 Select the nmessage that was just inserted.
e e i R
i f(!DB_SUCCESS(q.exec_direct(db,

"sel ect message fromhello_world where id = 0")))
{

cout << "Unable to select fromtable\n";

return -1;
}
e T
/1 Print query result.
e i L T

StringField message(q, "nessage");
for (rc = q.seek first(); DB SUCCESS(rc) &% !'q.is_eof (); rc = q.seek_next())
cout << String(nmessage).c_str() << endl;

g. exec_direct(db, "COWM T");

R e I
/1 dean up.

g.close();
db. cl ose();

return O;

3.3. Linking ITTIA DB into an Application

The ITTIA DB kernd is a software library that can be directly embedded in an application, or accessed through a
separate server processes. The database kernel provides a transactional C API that the application can use directly,
or through ITTIA DB's C++ API bindings.

To minimize an application's code footprint and optimize performance, ITTIA DB includes several alternative con-
figurations of the ITTIA DB kernel that can be substituted for the default kernel library. These configurations omit
specific features without changing the API interface. Availabile libraries are listed in Table 3.1, “ITTIA DB Altern-
ative Kernel Libraries’.

Configuration WindowsLibrary Run-timeDLL gcc Argument
Default ittiasqgl.lib ittiasqgl.dll -littiasqgl -loslib
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Configuration WindowsLibrary Run-timeDLL gcc Argument

IPC client only it- it- -littiasqgl _client
tiasqgl _client.lib |tiasqgl_client.dll -loslib

Local storage only, withjittiasql _local.lib |Jittiasql _local.dll |-littiasqgl_local -

SQL loslib

Local storage only, without|i ttiadb _local.lib |ittiadb local.dll -littiadb_I ocal -

SQL loslib

Single-user local storage|ittiasgl _su.lib ittiasqgl _su.dll -littiasqgl _su -

with SQL loslib

Single-user local storage|ittiadb_su.lib ittiadb_su.dll -littiadb_su -

without SQL loslib

Compact kernel it- it- -lit-
tiadb_conpact _su.l [tiadb_conpact_su.d |tiadb_conpact_su -
ib Il loslib

Table3.1. ITTIA DB Alternative Kernel Libraries

Note

ITTIA DB-SQL Plus and the evaluation packaging include all available configurations. ITTIA DB-SQL
Standard contains the single-user local storage configurations only. ITTIA DB Compact contains only the
Compact kernel configuration.

The IPC client only configuration is a lightweight inter-processes communications (IPC) client library that can only
connect to remote databases using dbserver. When this configuration is used, databases filenames must be of the
form xdbt p: // server[: port]/ dat abase, whereser ver isthe name or IP address of the server, port is
the TCP/IP port number, and dat abase isthe name of a database file on the server.

Local storage only configurations can only open local database files and cannot connect to remote servers. However,
multiple threads in a single process can share access to a local database file with automatic row level locking
provided by the database kernel.

Tip
For more details on client/server and local multi-threaded sharef access, see Shared Database A ccess.

Sngle-user local storage configurations support only one transaction at a time. Each database file can only be
opened by one process at atime.

Some configurations do not include support for SQL. Preparing an SQL statement using one of these libraries will
produce an error.

To get started with ITTIA DB, first obtain the package appropriate for your operating system and architecture and
extract all files. For more instruction on how to install ITTIA DB please refer to the README file for you platform.

3.3.1. Microsoft Visual C++ 6
Note

The following instructions assume that ITTIA DB has been installed to the directory $DBDI R.

Note

10



Using ITTIA DB

$DBDI R mentioned above is not an environment variable. In the instructions that follow, you must replace
it with the directory inwhich ITTIA DB isinstalled.

The following explains how to add ITTIA DB to a Visual C++ Project. As mentioned in Linking ITTIA DB into an
application the database comes in different flavors. Single and multi-threaded versions as well as client/server. In the
following the main steps focus on linking with single and multi-threaded version and linking with the client library
for client server is covered as sub-steps.

a > »

10.

Open Visual Studio and create a new Win32 Console Application project.
Open the settings for your project from the menu:
Project -> Settings
Select All Configurations from the Settings For list.
In the Project Settings dialog, select the C/C++ tab and from the Category list, select Preprocessor.
Add the folder $DBDI R\ wi n32\ i ncl ude to the Additiona include directories property.
In the Project Settings dialog, select the Link tab and from the Category list, select Input.
Add $DBDI R\ wi n32\ | i b tothe Additional library path property.
Addittiasql.lib tothe Object/library modules property.
Click OK to close the project settings dial og.
For any project that uses the C++ API, follow these additional steps:
a Add the project $DBDI R\ wi n32\ dbcppapi \ dbcppapi . dsp to the workspace, using the following
menu item:
Project -> Insert Project into Workspace
b.  Include the dbcppapi project as a dependency. Select your project, then go to the menu item:
Project -> Dependencies
Check dbcppapi in the list that is presented and click OK.
c. IntheProject Settings dialog, select the C/C++ tab and from the Category list, select Code Generation.

d. Select Win32 Release from the Settings For list. Set the Use run-time library property to Multi-threaded
DLL.

Note

This step is hecessary because all projects must be compiled using the same runtime library. Alternatively,
you can change the Use run-time library setting for the dbcppapi project to match the desired setting for
your project.

e. Sdect Win32 Debug from the Settings For list. Set the Use run-time library property to Debug Multi-
threaded DLL.
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Using ITTIA DB

11. Add application source code files to the project. Y ou can use the C++ example code to get started.
12. Copyittiasql.dl | from$DBDI R wi n32\ | i b to the project directory.

13. Build and run your application.

Microsoft Visual C++ 2003/2005

AddITTIA DB toaVisua C++ Project:

1. Open Visual Studio and create a new Win32 Console Application project.
2. Open the settings for your project from the menu:
Project -> Properties
3. Select All Configurations from the Configuration list.
4. Select the property page:
Configuration Properties -> C/C++ -> Generd
5. Add $DBDI R\ wi n32\i ncl ude to the Additional Include Directories property.
6. Select the property page:
Configuration Properties -> Linker -> Genera
7. Add $DBDI R\ wi n32\ | i b to the Additional Library Directories property.
8. Select the property page:
Configuration Properties -> Linker -> Input
9. Addittiasql.!lib totheAdditional Dependencies property.
10. Click OK to closethe project settings dialog.
11. For any project that uses the C++ API, follow these additional steps:
a Add the project $DBDI R\ wi n32\ dbcppapi \ dbcppapi . dsp to the workspace, using the following
menu item:
File -> Add -> Existing Project
Answer Y es when asked whether you should convert and open this project.

b. Include the dbcppapi project as a dependency for your project. Select your project, then go to the menu
item:

Project -> Project Dependencies

Check dbcppapi in the list that is presented and click OK.
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12.
13.

14.

c. Open the settings for your project again and select the property page:
Configuration Properties -> C++ -> Code Generation

d. Select Release from the Configuration list. Set the Runtime Library property to Multi-threaded DLL
(/MD).

Note

This step is necessary because all projects must be compiled using the same runtime library. Alternatively,
you can change the Runtime Library setting for the dbcppapi project to match the desired setting for your
project.

e. Select Debug from the Configuration list. Set the Runtime Library property to Multi-threaded Debug DLL
(/MDd).

Add application source code files to the project. Y ou can use the C++ example code to get started.

Copyittiasql.dll from$DBDI R\ wi n32\1i b tothe project directory.

Build and run your application.

Microsoft eMbedded Visual C++ 4.0

Add ITTIA DB to an eMbedded Visua C++ Project:

10.

Open eMbedded Visual Studio and create a new Win32 Application project.
Open the settings for your project from the menu:

Project -> Settings

Select All Configurations from the Settings For: list.

Select the property page:

Project Settings -> C/C++ -> Category: Preprocessor

Add $DBDI R\ wi n32\i ncl ude to the Additional Include Directories property.
Select the property page:

Project Settings -> Linker -> Category: Input

Add $DBDI R\ wi n32\ | i b tothe Additional Library Directories property.
Addittiasql.!lib totheObject/library modules: property.

Click OK to close the project settings dialog.

For any project that uses the C++ API, follow these additional steps:
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a  Add the project $DBDI R\ wi n32\ dbcppapi \ dbcppapi . vcp to the workspace, using the following
menu item:

Project -> Insert Project into Workspace
Answer Y es when asked whether you should convert and open this project.

b. Include the dbcppapi project as a dependency for your project. Select your project, then go to the menu
item:

Project -> Dependencies

Check dbcppapi in the list that is presented and click OK.

11. Add application source code files to the project. Y ou can use the C++ example code to get started.
12. Copyittiasql.dl | from$DBDI R wi n32\| i b to the project directory.

13. Build and run your application.

GNU gcc

On the command line:

1. When compiling source files, add ITTIA DB'si ncl ude directory to the include path:
g++ -1$DBDI R/'i nclude main.cpp -0 nain.o

2. Include the ITTIA DB library and OS portability library when linking object files together into an executable
program:

g++ -L$DBDI R -Idbcppapi -littiasql -loslib main.o -o program

If only the C API is needed, the C++ API library can be omitted from the above command by removing the -
| dbcppapi option. While gcec can be used to compile source code files, g++ should still be used for linking.

1.  When compiling sourcefiles, add ITTIA DB'si ncl ude directory to the include path:

gcc -1$DBDI R'include main.c -o nmain.o

2. Includethe ITTIA DB library when linking object files together into an executable program:

g++ -L$DBDIR -littiadb -loslib main.o -o program
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Tip

The Makef i | e included with the example program can also be used as a template for automating the
build process.

3.4. Included Example Programs

ITTIA DB includes an example phonebook program to demonstrate some of its capabilities. The example program
uses a simple console-based interface so as not to distract from the basic principles of using ITTIA DB. The phone-
book example contains two C++ classes: PhoneBook, which handles database operations, and PhoneBook Con-
sol eApp, which acts as asimple controller for the application.

A similar example program based on the C APl named phbook is aso included. This example shares the same
schema as the C++ example program and can be used to access the same database files.

Both example programs demonstrate how to:

e Create and open anew database

» Define adatabase schema

e Insert, update, and delete records

»  Search, scan, and join database tables

* Close adatabase

3.4.1. Microsoft Visual C++

To build and run the example program in Visual C++ 6:

1.  Open the workspace $DBDI R\ exanpl es\ exanpl es. dsw. This workspace can also be accessed from the
Start Menu icon for "Example project (VC++ 6)".

2. Use Set Active Configuration... from the Build menu to select an example.

3. Select Execute phonebook.exe from the Build menu.

3.4.2. Microsoft Visual Studio

To build and run the example program in Visual Studio 2005:

1.  Open the workspace $DBDI R\ exanpl es\ exanpl es. dsw. This workspace can also be accessed from the
Start Menu icon for "Example project (V S2005)".

2. Click on an example project in Solution Explorer. Go to the Project menu and select Set as StartUp Project.

3. Select Start Without Debugging from the Debug menu.

15



Using ITTIA DB

3.4.3. Microsoft eMbedded Visual C++

To build and run the example program in Microsoft eMbedded Visua C++:

1. Open the workspace $DBDI R\ exanpl es\ exanpl es. vcw.
Select Active WCE Configuration on the Workspace Configuration Tool-Bar.
Select Active Target Configuration on the Workspace Configuration Tool-Bar.

Select Default Device on the Workspace Configuration Tool-Bar.

a c w N

Select Execute phonebook.exe from the Build menu.

Note
Therequired dil files for these examples must be copied to the device or emulator. If eMbedded Visual Stu-

dio does not copy these dlls to the target environment, you must copy them manually using the Remote File
Viewer tool.

3.4.4. GNU gcc

To build and run the example program with gcc:

1. Changeto thedirectory $DBDI R/ exanpl e
2. Runmake
3. Run ./phonebook to start the C++ APl example program.

4. Run ./phbook to start the C API example program.

3.5. Multi-threading

ITTIA DB alows multiple threads within the same application process to access the database concurrently. See
Multi-threaded shared access for more information on accessing the database from multiple threads.

Warning

Multithreading is only supported in the shared access version of ITTIA DB. The single user version is not
thread safe and requires that all database operations occur in asingle thread.

3.6. Database Files

ITTIA DB stores al data in a single file, including the system catalog, data, and keys. The transaction journal is
stored in a separate log file that should not be deleted. A database file can be created at any time, either when an ap-
plication is run for the first time, or when the application is packaged. The application can even treat database files
as a custom document format, allowing the user to create as many databases as needed.
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Chapter 4. SQL
4.1. Introduction to SQL

4.1.1.

Structured Query Language, or SQL, is a standard database interface that uses query strings to access and modify
data. A query string can be embedded in software code to simplify complex tasks or entered by a trusted user to per-
form advanced reporting. SQL is a powerful a development tool because it allows a devel oper to quickly inspect the
contents of a database without writing any additional program code.

ITTIA DB includes theittiasgl utility to execute SQL statements through a command-line interface. Source code for
this utility isincluded with the other examples. Seeittiasgl for usage information.

SQL is not available in al versions of ITTIA DB. See Linking ITTIA DB into an application for information on
which libraries include support for SQL.

Tip

While SQL has many advantages, because SQL statements are parsed and executed at run-time, they re-
quire some additional overhead to use. All SQL operations can be performed directly with ITTIA DB's C
and C++ APIsfor best performance. Many operations, such as inserting data from variables and transaction
control, require less code to perform directly than with SQL.

Creating Tables and Inserting Values

Theittiasgl utility isan easy way to learn about ITTIA DB. The following session creates a database file and initial-
izes the schema.

Example4.1. CREATE TABLE

ittiasgl version 2.5
Copyright (C 2005-2007 ITTIA Al rights reserved.

SQL statenents end with a seni-colon (;). Interactive comands start with
a period (.) and do not end with a semi -col on.

Type '.help' for a list of interactive commands. Type '.exit' to quit.
$ .create exanple.db
exanpl e. db$ create table contact (
-$ id uint64, name nvarchar(50), ring_id uint64,
-% ) pi cture_nane varchar (50), picture blob
exanpl e. db$ create unique index by id on contact (id);
exanpl e. db$ create index by nanme on contact (nane);
exanpl e. db$ create table phone_nunber
-$ contact _id uint64, nunber ansistr(20),
—% ) type uint64, speed _dial sint64
exanpl e. db$ create index by_contact_id on phone_nunber (contact_id);
exanpl e. db$ create sequence contact_id start with 1

After tables are created, sample data can be inserted as part of atransaction.
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4.1.2.

Example 4.2. INSERT INTO

exanpl e. db$ start transaction;

exanmpl e. db$ insert into contact (id, nane)
-$ values (next value for contact_id, 'Bob');

exanmpl e. db$ insert into phone_nunber (contact_id, number, type, speed_dial)
-$ values (current value for cont act_id, '555-5555", 0, 5);

exanpl e. db$ insert into phone_nunber (contact_id, nunber, type, speed_dial)
-$ values (current value for contact_id, '555-6666', 1, null);

exanpl e. db$ commit;

Tip

The schema cannot be modified while a transaction is pending. Commit or rollback before creating addi-
tional tables.

Projection and Selection

Dataisread from atable using the SELECT statement. SELECT can be used to read the entire contents of atable, or
limit the results to only columns and rows of interest.

Projection limits the number of columns that are read, and is accomplished by giving SELECT alist of columns to
include in the result. The list of columns can also contain expressions.

Selection limits the number of rows that are read, and is accomplished by including a WHERE clause with criteria
that each row must satisfy. Rows that do not satisfy the criteria are not included in the results.

Example4.3. SELECT

exanpl e. db$ select * from contact;

M o e o S +
| 1 D] NAMVE| RI NG | D| Pl CTURE NAI\/E| Pl CTURE|
P M

|1 | Bob | NULL |NULL |NULL |
S T Fommmm +

exanpl e. db$ select id, name from contact;

T S
| | D| NAVE]
T S
| 1 | Bob |
O R

exanpl e. db$ sel ect * from phone_nunber where type = 0;

Fommmeeaan- Fommm e B +
|CONTACT ID| NUVBER | TYPE| SPEED DI AL|
__________________ e &

|1 |555 5555|0 |5 |
o e oo Foee e e +
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4.1.3. Joining Related Tables

Tables are related when they each have columns that contain the same data. Related tables can be joined together by
matching the related columns to create rows that contain data from both tables.

Example4.4. SELECT ... JOIN

exanpl e. db$ sel ect name, nunber, type, speed_dial
-$ from cont act
-$ join phone_nunber on id = contact _id;

T O +
| NAVE| NUVBER | TYPE| SPEED_DI AL|
e e +
| Bob | 555-5555|0 |5 |
oo oo +

Joins are described in detail in Section 4.2.2.1, “FROM Clause”.

4.1.4. SQL Query Parameters

Literal values in an SQL statement can be replaced by parameters. This feature allows an application to separate
variable data from the logic of the query, improving both performance and security.

ITTIA DB reads parameter values directly from application memory without parsing or unnecessary conversion.
This avoids the overhead of converting humeric values to strings and then back when the query is executed. Fre-
guently-used statements are automatically cached by the database and will execute more quickly on subsequent runs.
This performance benefit is only available for identical statements executed multiple times, but parameter values for
that statement can be changed.

When string literals are inserted directly into an SQL statement, the application is susceptible to SQL injection at-
tacks. A carefully designed string can contain SQL code that modifies the meaning of the SQL statement, allowing
the attacker to execute arbitrary SQL commands. Fortunately, a fully parameterized query is completely impervious
to thiskind of attack.

I mportant

Use of parameters is highly recommended in all application queries. Never construct an SQL statement
string that contains values supplied by the user or from a source outside the program's control.

To use parameters, replace literal values with the ? placeholder, as shown in Example 4.5, “Positional SQL Query
Parameters’. In theittiasgl utility, values for each parameter are then input one at atime. In application source code,
parameter values can be set through the API before the query is executed.

Use the ? placeholder to order parameters by position.

Example 4.5. Positional SQL Query Parameters

exanpl e. db$ insert into contact (id, name) values (?, ?);
paranf 0] (integer): 2
paranf 1] (string): Charley

exanmpl e. db$ insert into phone_nunber (contact_id, number, type) values (?, ?, ?);
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paran{ 0] (integer): 2
parani 1] (stri ng) 555- 4444
paranm 2] (integer): O

exanpl e. db$ select * from contact where nane = ?;
paranm{ 0] (string): Charley

| 1D NAVE | RING | D| Pl CTURE_NAVE| Pl CTURE]
oo tome e Fommmea - o a N +
| 2 | Charl ey| NULL | NULL |NULL |
S Fommmm +

Parameters are identified by the order they appear in the SQL statement, starting from zero. The first ? placeholder
to appear in the statement corresponds to parameter 0, the second ? placeholder corresponds to parameter 1, and so
on.

The ? placeholder can only appear in a WHERE clause or a VALUES list. The data type of the parameter isinferred
from the expression it isused in.

An placeholder alternative syntax is also available in ITTIA DB that provides more parameter control. The ? place-
holder can be replaced with the $<t ype>n placeholder. Replace t ype with the name of the column data type to
use for the parameter and n with the parameter number. See Example 4.6, “Numbered SQL Query Parameters’ for
an example using this syntax.

With numbered parameters, it is possible to use the same parameter multiple places in the query. And because they

are explicitly typed, numbered parameters can also appear in the SELECT list where the data type of the parameter
cannot be inferred from context.

Example 4.6. Numbered SQL Query Parameters

exanpl e. db$ select * from contact where nane = $<nvar char >0;
paran{ 0] (string): Charley

oo demm e N oo N +
| 1 D] NAVE |RINGID|PICTURENANE|PICTURE|
S e

| 2 | Charl ey| NULL |NULL |NULL |
S T Fommm e +

4.2. SQL Language Reference

The basic unit of work in SQL is the statement. A statement can span multiple lines and any extra whitespace
between keywords and symbols is ignored. In the interactive ittiasgl utility, statements are terminated with a semi-
colon. When an SQL statement is executed through the API, a semi-colon should not be used.

The following conventions are used in this document to show SQL syntax:

In this document, SQL syntax is documented in aformat similar to the following:
synmbol ::=

KEYWORD

repl aceabl e- synbol

repl aceabl e- keywor d
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identifier
[optional]

choice 1 | choice 2 | choice 3
{ choice 1| choice 2 | choice 3}

repeatable,...
{repeatable},...

Each of these lines demonstrates a convention used to explain the grammar of SQL. Square brackets ([]), curly
brackets ({}), single pipes (]) and ellipsis dots (...) are part of the notation and are not used in SQL syntax.

symbol

KEYWORD

replaceable-symbol

replaceable-keyword

identifier

optional

choice

repeatable

The grammar starts with the name of a symbol and is followed by a
description of the syntax for that symbol.

An SQL keyword is shown in al caps. In practice, SQL keywords
are case insensitive and can be used with any capitalization.

A replaceable symbol is replaced with syntax defined for that symbol
elsewhere in the documentation.

A replaceable keyword is replaced with an SQL keyword listed in a
table, such as Table 4.2, “SQL Column Types'.

Anidentifier is used to identify atable, column, or other schema ob-
ject. ldentifiers must start with a letter and can contain letters, num-
bers, and the underscore character (). Identifiers are limited to 32
characters.

Optional syntax is enclosed in square brackets.

Multiple choices are separated by the pipe () symbol. Only one
choice should be used.

In SQL, many items are repeatabl e, in which case items are separated
by commas. If only oneitem is given, no commais used.

Table 4.1, “SQL Reserved Keywords' lists all keywords that are reserved for the SQL language. Do not use these

names for table, column or other identifiers.

add all alter
and ansistr as

asc avg between
bigint blob by

case cast coalesce
column commit committed
completion count create
currency current date
datetime delete desc
distinct drop else
end except float
float32 float64 for
forced from group
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in index insert
int integer intersect
into is isolation
join lazy level
max min modify
next not null

on only or

order read rename
repeatable rollback select
sequence serializable set
sint16 sint32 sint64
sint8 smallint start
sum table then
time timestamp tinyint
to transaction uint16
uint32 uint64 uint8
uncommitted union unsigned
update utf16str utf32str
utf8str value values
varchar when where
with work write

Table4.1. SQL Reserved Keywords

4.2.1.

Column Types

ITTIA DB can store data in a wide range of types. Every column has a data type, which limits the kind of data that
can be stored in that column. This ensures that data is always in the expected format when retrieved from the data-

base and imposes a hard limit on the amount of storage needed for each row.

Data types are listed in Table 4.2, “SQL Column Types’. Each data type has one or more SQL column type names,
which can be used interchangeably. The column type name is used when a table is created or altered. See Sec-
tion 4.2.7, “ Schema Definition” for more information.

SQL Column Type C++ Class C Data Type Maximum Storage Size
tinyint, sint8 IntegerField int8 t 1 byte
smallint, sint16 IntegerField intl6 t 2 bytes
integer, int, sint32 IntegerField int32_t 4 bytes

22




sQL

SQL Column Type C++ Class C Data Type Maximum Storage Size
bigint, sint64 IntegerField inté4 t 8 bytes
uint8 I ntegerField uint8_t 1 byte
uintl6 IntegerField uintl6 t 2 bytes
uint32 IntegerField uint32 t 4 bytes
uinté4 IntegerField uinté4 t 8 bytes
float32 FloatField db_float32 t 4 bytes
float, float64 Fl oatFi el d db_float64 t 8 bytes
currency CurrencyField db_sint32 t 4 bytes
varchar(n), ansistr(n) StringField db_ans_t, char * 1/2 page size
utf8str(n) Wstri ngField db_utf8 t, char * 1/2 page size
nvarchar(n), utf16str(n) W5t ri ngFi el d db_utf16 t 1/2 page size
utf32str(n) WSt ri ngFi el d db_utf32_t 1/2 page size
date Dat eTi meFi el d db_date t 6 bytes

time Dat eTi neFi el d db_time t 6 bytes
datetime Dat eTi neFi el d db_datetime t 12 bytes
timestamp Dat eTi meFi el d db_timestamp_t 16 bytes
blob Bl obFi el d db blob t database size

Table4.2. SQL Column Types

Tip

For each column type, the C API provides a platform-independent C variable type that best matches the
size and format used in the database. For best performance, the corresponding C data type should be used,
but some column types can be bound to other C data types as well. See Section 6.2.1, “Column Types’ for
more information.

Field classesin the C++ API can be cast to avariety of native types. See Section 5.2.2, “Column Types’ for
more information.

4.2.1.1. Numeric Types
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Integer types are signed or unsigned, indicated by a"s" or "u" prefix to the type name. Numeric types also have a
suffix that indicates the number of bits allocated to the data type. Type names are listed in Table 4.2, “SQL Column
Types'.

Integer types can be mixed in expressions and are always converted to the largest type.

ITTIA DB provides two floating-point types: float32, and float64. The float type is an alias for float64.

Floating-Point Type Maximum Value
float32 3.4028234 x 10
float64 1.7976931348623157 x 10°%

ITTIA DB aso includes a 32-hit currency data type that has a fixed precision of 2 decimal digits. When a currency
value is accessed through the C or C++ API, the value is stored in a sint32_t variable that must be divided by 100 to
obtain the correct value stored in the database.

4.2.1.2. Charater String Types

ITTIA DB supports four character formats: ANSI, UTF-8, UTF-16, and UTF-32. When a character column is cre-
ated, the maximum size must be provided as parameter n, though when data is stored, only as much space as is
needed will be used.

Unicode is the best character format, and should be used whenever possible. The Unicode encodings supported by
ITTIA DB #UTF-8, UTF-16, and UTF-32 # are each able to store the entire range of Unicode characters. ITTIA DB
will automatically convert between Unicode encodings when a database column is bound to a variable, so always se-
lect the encoding that provides the most compact representation for the column type. UTF-8 is best for Latin text
and many European languages, while UTF-16 is best for Asian languages.

To store a string in UTF-8 encoding, use the utf8str type. Similarly, use utf16str for UTF-16 encoding and utf32str
for UTF-32 encoding. Thetype nvarchar is an alias for utf16str.

For Unicode encodings, the maximum size is given in code units. Each Unicode character requires one or more code
units when encoded in UTF-8 or UTF-16.

Encoding Code Unit
UTF-8 1 byte
UTF-16 2 bytes
UTF-32 4 bytes

As an alternative to Unicode, ITTIA DB aso supports the ANSI character format with the ansistr type, which isalso
aliased as varchar. ITTIA DB assumes that ANSI character strings are encoded using the current locale, which is a
platform-dependent setting. The most commonly encoding is SO 8859-1.

String literals are formed by enclosing text in quotes and are of type varchar.

4.2.1.3. Date and Time Types

ITTIA DB uses acommon string format for all date and time types.

Date and time literals are formed by following the name of the data type with a string literal in a specific format. The
literal formats accepted by ITTIA DB arelisted in Table 4.3, “Date and Time Literal Formats”.
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SQL Column Type

Literal Format

Literal Examples

date date'YYYY-mm-dd'
date '2008-05-23'
date '2008-5-23'
time time'HH:MM:SS
time '10:12:05'
time '3:15:00'
time '23:59:59'
datetime datetime YYYY-mm-dd|datetime '2008-05-23 10:12:05'
HH:MM:SS
timestamp timestamp YYYY-mm-dd|timestamp '2008-05-23 10:12:05'
HH:MM:SS
timestamp timestamp YYYY-mm-dd|timestamp '2008-05-23
HH:MM:SS ffffff' 10:12:05.123456'

Table4.3. Dateand TimeLiteral Formats

4.2.1.4. NULL Values

ITTIA DB has a specia value called NULL. When a value is NULL, it indicates that the value is unknown or has
not been set. Every column type supports NULL. If avalue is not specified for a column when arow isinserted, the

4.2.2.

default valueis NULL.

Comparison operators handle NULL as a special case. When any value is compared with NULL, the result is false.
To determine whether avalueisNULL, use the expression "val ue ISNULL" or "val ue ISNOT NULL".

Tip

In C and C++, NULL isapointer type equal to 0. In SQL, 0 and NULL are different values.

SELECT Queries

SELECT

[ ALL | DISTINCT | fiel d,..
[FROM t abl e- expr essi on]
[WHERE sear ch- condi ti on]

[GROUPBY field,..]
[ORDER BY or der - by]

[{ UNION | EXCEPT | INTERSECT } [ DISTINCT |ALL ] sel ect - st at enent ..]]

field ::=

[t abl e- nanme.]Jcol um- nane [[AS] al i as- nane]

|[t abl e- name.]*

|[ter m[[AS] al i as- nane]

order-by ::=
{field[ASC|DESCI},..
colum-list ::=

col um- nare,...
term::=

term{+]|-|*|/|%]|]||}term

[{+]-}term

|(term

[function(argunents,...)

[{ NEXT | CURRENT } VALUE FOR sequence- nane
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| CAST (t er mMAScol um-t ype)

| CASE{WHEN sear ch-condi ti on THENt ernt...[ELSEt er n] END
| CASEter mM{WHENtermTHENt ern}...[ELSEt er n] END

[literal -val ue

|[t abl e- name.]Jcol um- nane

SELECT isused to read data from the database. In its most basic form, SELECT will read the entire contents of ata-
ble. The following statement returns the entire contents of the contact table.

sel ect *
from cont act

The results can be restricted to only certain columns by naming theminthef i el d list.

select id, nane
from cont act

Columns can be renamed when selected with the AS keyword.

select id as contact _id, nane as contact_nane
from cont act

Tip
The AS keyword is optional and can be omitted, but is recommended for clarity.

The results of aquery may contain multiple rows. To eliminate duplicates, use the DISTINCT keyword. The follow-
ing query identifies all contacts with at least one phone number:

sel ect distinct contact_id from phone_nunber

The CAST keyword is used to convert aterm to a different data type.

select '"The IDis: ' || cast (id as varchar)
from cont act

The CASE keyword provides conditional logic. There are two forms of CASE. One checks a series of search condi-
tions, similar to an i f statement in C. The other form compares two terms and uses the first match. The following
exampl e shows both forms:

sel ect nunber,

case
when speed dial >= 0 and speed_dial <= 9 then speed _dia
el se null

end as speed_di al

case type
when 1 then ' Mobil e’
when 2 then ' Wirk'
when 3 then ' Fax'
when 4 then ' Pager’
el se nunber

end as type

from phone_nunber

The sequence expressions NEXT VALUE FOR and CURRENT VALUE FOR are described in next val (st r) and
currval (str).
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4.2.2.1. FROM Clause
FROM
t abl e- expr essi on
t abl e-expression ::=
t abl e-reference
|t abl e- expressi on[j oi n-type] JOINt abl e-reference|j oi n-condi tion]
|t abl e- expressi on NATURAL [j oi n-type] JOINt abl e-ref erence [j oi n-condi ti on]
|t abl e- expr essi on,...
tabl e-reference ::=
t abl e- nane [[AS] correl ati on- nane]
join-type ::=
CROSS|INNER | LEFT OUTER | RIGHT OUTER | FULL OUTER
join-condition ::=
ONsearch-condition
| USING (col umm-1i st)

The FROM clause specifies which tables to include in the query. Related tables can be joined together by matching
the related columns to create rows that contain data from both tables. The following statement selects al related
rows from the contact and phone_number tables:

sel ect nanme, nunber
from cont act
j oin phone_nunber on id = contact_id

These two tables are related by the id column in contact and the contact_id column in phone_number. The search-
condition following the ON keyword uses the same syntax as the WHERE clause discussed in Section 4.2.2.2,
“WHERE Clause’. The join clause can be repeated to add more tables to the query.

Column names can be prefixed with a table name for clarity and to avoid ambiguity. The following query is equival-
ent to the previous query:

sel ect contact.nane, phone_nunber. nunmber
from cont act
j oi n phone_nunber on contact.id = phone_nunber.contact _id

Tables can be given an aternate cor r el at i on- nane to identify columns in the query, as in the following ex-
ample:

sel ect c.nane, p.nunber
fromcontact as ¢
j oin phone_nunber as p on c.id = p.contact _id

The correlation name can aso be used to join multiple instances of the same table. The following query lists altern-
ate phone numbers for each phone number in the database by joining the phone_number table with itself:

sel ect pl.nunber as nunber, p2.nunber as alternative_nunber
from phone_nunmber as pl
j oin phone_nunber as p2 on pl.contact_id = p2.contact_id and pl. nunber <> p2. nunber

The FROM clause is optional. When the FROM clause is omitted, the select list must contain only literal values,
which will be returned asasingle row.

4.2.2.2. WHERE Clause
VWHERE
sear ch-condition
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search-condition ::=

expr essi on

expression ::=
expression{=|<>|>|<|>=|<=} expression
| expr essi on OR expr essi on

| expr essi on AND expr essi on

| NOT expr essi on

| expressi on IS[NOT] NULL
[IN(term..)
|[termBETWEENter mMANDterm
[term

The WHERE clause is optional, and if given will limit the rows in the result set to those satisfied by the sear ch-
condi ti on. Thesear ch- condi ti on can be asimple comparison or acomplex expression.

The following query searches for a contact named Bob. Since the name column is indexed, this search will always

be fast.
sel ect *
from cont act
where nane = ' Bob'
= Equal to
<> Not equal to
> Greater than
< Lessthan
>= Greater than or equal to
<= Lessthan or equal to

Table4.4. SQL Comparison Operators

4.2.2.3. GROUP BY Clause

GROUP BY
term..

The GROUP BY clause is used to summarize the results of a query by grouping multiple rows into a single row in
the result set. Grouping occurs after tables have been joined and filtered by the FROM and WHERE clauses.

The following statement groups phone numbers by contact_id, summarizing the number of phone numbers recorded
for each contact.

sel ect contact_id, count(nunber)
from phone_nunber
group ny contact _id

This query can be extended to include the contact name by joining with the contact table and adding the name
column to the grouping list.

sel ect nane, contact _id, count(nunber) as number_count
from phone_nunber
join contact on contact _id =id
group by nanme, contact _id
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When grouping is used, the SELECT field list can only contain terms that are listed in the GROUP BY clause, un-
less enclosed in an aggregate function.

Aggregate functions return a single value from an expression that is evaluated over multiple rows. Aggregate func-
tionsarelisted in Table 4.5, “SQL Aggregate Functions”.

Name Argument Type Return Value
nmn Any type The lowest value
max Any type The highest value
sum Number Sum of values
avg Number Average of values
count Any typeor * Number of rows

Table 4.5. SQL Aggregate Functions

Aggregate functions can also be used to group all rows into a single row in the result set when the GROUP BY
clauseis omitted. The SELECT field list can only contain aggregate and literal terms when any aggregate function is
used without a GROUP BY clause.

4.2.2.4. ORDER BY Clause

ORDER BY
{fiel d[ ASC|DESC]},..

By default, rows are returned in an arbitrary order. Use the ORDER BY clause to sort the results.

sel ect *
from cont act
order by nane

If multiple columns are named, results are sorted by the first column and then by the following columns only when
values in the first column are equal. By default, columns are sorted in ascending order, but the DESC modifier can
be applied to any column to change its direction.

sel ect *
from phone_nunber
order by contact_id asc, type desc

4.2.2.5. UNION, EXCEPT, and INTERSECT
sel ect - stat ement { UNION | EXCEPT | INTERSECT } [ DISTINCT | ALL ] sel ect - st at errent

SELECT statements can be combined through the set operations UNION, EXCEPT, and INTERSECT. Combined
SELECT statements must all have the same types of fields, listed in the same order.

The UNION operation returns all rows from both statements. The EXCEPT operation returns only those rows from
the first query that are also present in the second. The INTERSECT operation returns only rows that are present in
the results of both statements. Two rows match only when all fields are identical.

An SQL statement can use multiple set operations to merge results from more than two SQL queries. UNION has
the highest precidence. EXCEPT and INTERSECT have equal precidence and are evaluated from left to right.

select * froma
uni on
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4.2.3.

select * fromb
uni on
select * fromc
except
select * fromd
uni on
select * frome

The result of this exampleis grouped as follows: (aunion b) except (d union €).
Subqueries can be used to to control group set operations.
sel ect *
from (
select * froma
i ntersect
select * fromb
uni on
sel ect *
fromc
Theresult of this example is grouped as follows:. (aintersect b) union c.

Set operations can also include the DISTINCT or ALL keyword to control how duplicate values are handled in the
result. By default, set operations are DISTINCT, meaning that each row in the result will be unique. The ALL
keyword permits duplicate rows to appear in the result.

Natural Numbers Virtual Table

ITTIA DB SQL statements can use the natural numbers virtual table, $nat(count ), to select from alist of integers.
The resulting table contains a single column named "n" listing the first count natural numbers.

$ select * from $nat (10);

+=+

+
|
+

OCO~NOUPLWNERLO!

+
1
+

$ select n + 1, 'Nunber ' || cast(n + 1 as varchar) from $nat(4);

| 1 | Nunber 1]
| 2 | Number 2|
| 3 | Number 3|
| 4 | Nunber 4|
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sQL

$ insert into sonme_table (n) select

Built-in Functions

* from $nat (1000) ;

Several built-in functions are available to perform common mathematical and string operations. Available functions
are listed in Table 4.6, “SQL Built-in Functions’. Functions can be used in the SELECT field list, JOIN ON condi-
tion, WHERE clause, GROUP BY clause, ORDER BY clause, and INSERT INTO ... VALUESlist.

Name Argument Types Returns

abs(n) Number Absolute value of n.

si gn(n) Number Sign of n: -1 for negative, O for zero,
+1 for positive.

nmod(n, m Number Remainder of n divided by m

| east (n,...) Number Lowest value listed. Result is NULL
if any valueisNULL.

greatest (n,..) Number Greatest value listed. Result is NULL
if any valueisNULL.

trimstr) String st r with leading and trailing spaces
removed.

[trimstr) String st r with leading spaces removed.

rtrin(str) String st r with trailing spaces removed.

substr(str,pos,| en)

String, integer, integer

Substring of str of length | en,
starting from pos, where the first
character is position 1.

substr(str, pos) String, integer Substring of st r, starting from pos,
where the first character is position 1,
to the end of the string.

contcat(str,..) String Concatenation of listed strings.

coal esce(a, ...) Any type First value listed that isnot NULL.

next val (str) String Current value for the sequence identi-
fiedby str.

currval (str) String Next value for the sequence identi-

fiedby str.

Table 4.6. SQL Built-in Functions

abs(n) Absolute value of n.

$ select abs(1);
1

$ sel ect abs(-10);

-10

$ select abs(-3.1415);

-3. 1415

si gn(n)

Sign of n: -1 for negative, O for zero, +1 for positive. The result is the same type as the argu-
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nmod(n, m

| east (n,..)

gr eat est (n,

trimstr)

[trimstr)

ment.

$ sel ect sign(8);
1

$ select sign(0);
0

$ select sign(-16.9);
0

Remainder of n divided by m

sel ect nod(23, 10);

sel ect nod(23, -10);

sel ect nod(-23, 10);

sel ect nod(17, 8);

WeH W W W

Lowest value listed. Result isNULL if any valueisNULL.
Each value can be a different numeric type. The return value will be the most general type listed.

$ select |east (60, 22, 19, 37);
19

$ select least(5, 10, null, -1);
NULL

$ select least(-5.1, -10);

-10.0

Greatest value listed. Result isNULL if any valueisNULL.

Each value can be a different numeric type. The return value will be the most general type listed.

$ select greatest(60, 22, 19, 37);
60

$ select greatest(5, 10, null, -1);
NULL

$ select greatest(-5.1, -10);
-5.1

st r with leading and trailing spaces removed.
$ select trinm(' Hello World ');
"Hello Worl d'

st r with leading spaces removed.

32



rtrimstr)

substr(str,
pos, | en)

substr(str,
pos)

contcat (str,

)

coal esce(a,

)

$ sel ect

Itrim(" Hello World ');
"Hell o Wor

tr

Id
st r with trailing spaces removed.

$ select rtrim(’ Hello Wrld ');

" Hello world

Substring of st r of length | en, starting from pos, where the first character is position 1.

If posislessthan 1, it istreated as though it were 1.

$ select substr('Hello Wrld', 1, 5);
"Hel | o'

$ select substr('Hello Wrld', 3, 5);

"I'lo W

Substring of st r, starting from pos, where the first character is position 1, to the end of the
string.

If posislessthan 1, it istreated as though it were 1.

$ select substr('Hello Wrld', 7);
"Worl d'

$ select substr('Hello Wrld , 100);

Concatenate listed strings.

This function is equivalent to the string concatenation operator "||".

$ select concat('Hello', ' ', "World');
"Hello Worl d'

$ select "Hello" || " " || "World';
"Hello Worl d'

Return the first value that is not NULL from alist of values.

All values must have the same data type.

$ select coal esce(null, 1, 2);
1
$ sel ect coal esce(3, null, 4);
3

The coal esce function is a convenient shorthand that could otherwise be expressing using a
CASE statement. Example 4.7, “ coalesce vs. case” shows two equivalent queries, the first using
coal esce and the second using a CASE statement.
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Example 4.7. coalesce vs. case

sel ect coal esce(a, b, ¢)
fromsone_table

sel ect

case
when a is not null then a
when b is not null then b
when ¢ is not null then c
el se nul

end

fromsone_table

next val (str) Obtain the next value from the sequence generator identified by st r. For the given sequence
generator, the value returned is garaunteed to be unique and greater than any value previously
returned.

Tip

next val alows the name of the sequence generator to be computed by the SQL query. If the name of the
sequence is aready known, use the expression "NEXT VALUE FOR sequence- nane" instead. This
form can also be used in an INSERT statement's VALUES list.

$ create sequence nyid start with 1;

$ select nextval ('nyid);
2

$ sel ect next value for nyid;
3
$ insert into some_table (n) values (next value for nyid);

currval (str) Obtain the current value from the sequence generator identified by st r .
Tip
cur rval alowsthe name of the sequence generator to be computed by the SQL query. If the name of the
sequence is already known, use the expression "CURRENT VALUE FOR sequence- nane" instead.
Thisform can also be used in an INSERT statement’'s VALUES list.

create sequence nyid start with 1;

select currval ("nmyid');

$
$
1
$ select current value for nyid;
1
$ sel ect next value for nyid;

2

$

sel ect current value for nyid;
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2

$ insert into some_table (n) values (current value for nyid);

4.2.5. Data Manipulation

Three kinds of modifications to database rows are available: insert new rows, update existing rows, and delete rows.
Any modification of the database will start a transaction, which must be committed before changes will become per-
sistent. For more information, see Section 4.2.6, “ Transactions”.

4.2.5.1. INSERT
| NSERT | NTO
t abl e- nanme [( col um- nane, ...)]
VALUESval ue, ...
|sel ect - st at enent

INSERT INTO will insert zero, one or more rows into a single table. By default, values must be given for all
columnsin the order they were created.

Optionally, alist of column names can be used. Vaues should be given in the same order as the columns in the list.
Columns not listed will be assigned the value NULL by default.

Toinsert literal values for a single row, use the VALUES keyword followed by alist of values. The following query
adds a new phone number to the first contact:

insert into phone_nunber (contact _id, nunber, type, speed_dial)
values (1, '555-7777', 0, null)

Since speed_dial isleft NULL, it can be omitted from column list:

insert into phone_nunber (contact _id, nunber, type)
values (1, '555-7777', 0)

To insert one or more rows, use a SELECT statement instead to obtain rows from another table. The following query
copies al phone numbers from contact 1 to contact 2:

i nsert into phone_nunber (contact id, nunber, type, speed_dial)
sel ect 2, nunber, type, speed_dial
from phone_nunber
where contact _id =1

4.2.5.2. UPDATE
UPDATEt abl e- nane [ASal i as]
SET { col um- nane =val ue,...}
[WHERE sear ch- condi ti on]

UPDATE modifies the value of zero, one or more rows in a single table. Columns and their new values are given in
alist following the SET keyword, and by default all rows are modified. VValues can be literal or expressions contain-
ing other columns from the table.

To limit changes to one or more rows, supply a search condition in the form of a WHERE clause with the same syn-
tax as when used with SELECT. For more information, see Section 4.2.2.2, “WHERE Clause”.

The following statement updates a contact's name and changes their ring tone:
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updat e cont act
set nane = 'Bobby', ring_id = 8
where nanme = ' Bob'

4.2.5.3. DELETE

4.2.6.

DELETE FROM
t abl e- nanme [ASal i as]
[WHERE sear ch- condi ti on]

DELETE FROM removes zero, one or more rows from a single table. By default, all rowsin the table are deleted.

If a WHERE clause is provided, only rows matching the search criteria will be deleted. For more information, see
Section 4.2.2.2, “WHERE Clause’.

Tip
Before deleting rows, run asimilar SELECT statement to test the WHERE condition.

Transactions

START TRANSACTI ON
[[ISOLATION LEVEL] READ COMMITTED | REPEATABLE READ | SERIALIZABLE]

Database updates through SQL will automatically start a transaction so that related changes are grouped together in-
to asingle atomic operation. Changes will not become permanent or available to other users of the database until the
transaction is committed.

A transaction can be started manually with the START TRANSACTION statement. When the database is shared,
this can also be used to select an isolation level, as described in Section 7.4, “Isolation Levels'. If no isolation level
is selected, the default isolation level set in the APl will be used.

The schema cannot be modified while a transaction is active.

COWM T

[ TRANSACTION | WORK

[ LAZY COMPLETION | GROUP COMPLETION | FORCED COMPLETION ]]

The COMMIT statement finishes a transaction.

A completion mode can be used to control when the changes are written to disk or other storage mediaimmediately.
FORCED COMPLETION ensures that all changes are persistent before the statement can return. GROUP COM-
PLETION and LAZY COMPLETION will return immediately and delay writing until later. GROUP COMPLE-
TION waits for severa transactions to be committed before writing changes to disk. LAZY COMPLETION will
only write to disk when more memory is needed or when a disk flush is explicitly requested through the API.
Changes are always written when the database is closed.

If no completion mode is given, the default completion mode selected in the AP is used.
ROLLBACK

[ TRANSACTION | WORK

[ LAZY COMPLETION | GROUP COMPLETION | FORCED COMPLETION 1]

To cancel changes made during an active transaction, use the ROLLBACK statement instead of COMMIT. The
transaction is aborted and the database is restored to its former state.

Tip

The C and C++ APIs also provide functions to control transactions without using SQL.
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4.2.7. Schema Definition

Schema definition statements alter the layout of the database. These statements cannot be used when atransaction is
active and cannot be rolled back.

4.2.7.1. CREATE TABLE
CREATE TABLE
table-name (
{ col um- nane col um-type},.

)

Create an empty table with listed columns. Each column is assigned a name and a type from Table 4.2, “SQL
Column Types”.

The following statement creates a contact table with columns for a unique identifier, a name encoded in Unicode, a
ring tone identifier, a picture file name, and picture data.

create table contact (
id uint64, name nvarchar(50), ring_id uint64,
pi cture_nane varchar(50), picture blob

)

4.2.7.2. CREATE INDEX
CREATE [UNIQUE] INDEX
index-name ON t abl e- nane ( col unm- nane, ...)

Create an index on one or more columns in a table. Indexed columns can be searched faster than non-indexed
columns, especially when there are a large number of rows in the table. Multiple columns can be included in the
same index to improve performance on queries that search multiple columns at once. Queries that only search on
one column can only utilize the first field in each index, so more than one index is usually needed to support a vari-
ety of queries.

The following statement creates an index on contact names:

create index by name on contact (nane)

Anindex can also be set as UNIQUE, which prevents duplicate values for the indexed columns. The contact identi-
fier uses a unique index to ensure that contact identifiers are not reused:

create unique index by id on contact (id)

4.2.7.3. CREATE SEQUENCE

CREATE SEQUENCE
sequence- nane START [WITH] nunber

A sequence generator provides unique numbers to use as identifiers in the database or in the application. A sequence
generator can be assigned a non-negative starting value when created.

create sequence contact _id start with 1

4.2.7.4. ALTER TABLE
ALTER TABLE
t abl e- name
ADD COLUMN col um- nane col um-t ype
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| DROP COLUMN col umm- nane

Columns can be added and removed from a table using the ALTER TABLE statement. A column can only be
dropped if it is not used by any index and is not the only column in the table.

4.2.7.5. DROP TABLE
DROP TABLE
t abl e- nane

DROP TABLE removes a table and all of its contents from the database, including indexes. This action cannot be
undone.

4.2.7.6. DROP INDEX

DROP | NDEX
i ndex- name ONt abl e- nane

DROP INDEX removes an index from a table. Because the index does not contain any irreplaceable data, it can be
recreated at alater time.

4.2.7.7. DROP SEQUENCE
DROP SEQUENCE
sequence- name

DROP SEQUENCE removes a sequence generator from the database.
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Chapter 5. The C++ API

5.1. Getting started
5.1.1. Creating and Opening a Database

Tousethel TTIA DB C++ AP, includetheheaderi tti a/ db++. h.

#i nclude <ittial/ db++. h>

The AP is encapsulated in the db namespace.

A database is managed by a Dat abase object. To create a database for the first time, use the object's cr eat e()
function.

db: : Dat abase db;

db: : St orageMode node;

int rc;

rc = db. create("phone_book.db", nopde);

if (DB_FAILED(rc)) {
cerr << "Error creating database: " << rc << endl;

Caution
If thefile already exists, cr eat e() will overwriteit.
To open an existing database, usetheopen() function.

rc = db. open(" phone_book. db", node);

if (DB_FAILED(rc)) {
cerr << "Error opening database: " << rc << endl;
}

When done using the database, call cl ose() .
db. cl ose();

The database will also close automatically when the Dat abase object is destroyed.

5.1.2. Error Handling

Most C++ API functions return an error code. To determine whether an operation was successful, check the return
code with DB_SUCCESS() or DB_FAI LED() .

if (DB_SUCCESS(rc)) {
cout << "Qperation successful" << endl;
}

if (DB_FAILED(rc)) {

39



The C++ APl

cout << "QCperation failed with error code: " << rc << endl;
Tip
Error codes are listed in the Error Handling section of the API Reference. The same error codes are used in
both the C and C++ APIs.

5.1.3. Run-time Configuration

Various features of ITTIA DB can be configured dynamically at run-time. Changing these configurations in relation
to available hardware and data access patterns can provide optimized performance.

The following options can be set by passing aLi br ar yConf i g object to Dat abase: :initialize():
menory_node Select a memory optimization strategy: Li braryConfi g: : TI GHT, Li brary-
Confi g: : COMPACT, or Li braryConfi g: : LARGE.

transacti ons Approximate number of concurrent transactions expected.

The following options can be set in the St or ageMbde object before opening or creating a database:

open_fl ags Select read-only access or disable logging to the journal.

buf f er _count Sets the number of pages to alocate for caching database pages. The
total size of the bufferswill be buf f er _count * page_si ze.

page_si ze Sets the page size for creating a new database. The page size of an
existing database cannot be changed by setting this value.

checkpoi nt _i nterval Specifies how many operations to perform between checkpoints in
the journal.

See the APl Reference manual for more details on these and other settings.

5.2. Database Design

5.2.1. Overview

Database design, like any software design, requires careful attention. When devel oping a database schema, a design-
er must consider how the data is going to be accessed to provide efficient access for the most common operations.
Techniques for designing an optimal schema are beyond the scope of this document but ITTIA engineers will be
happy to assist you.

An ITTIA DB database is a collection of tables which stores application data as rows of data values. A table is
defined by its list of columns, which specifies the kind of data that is to be stored. Indexes can be defined to speed
up searches for a specific row or to retrieve arange of valuesin sorted order.

A table can have many indexes defined, and an index can be created on more than one column. Relationships
between tables can be expressed by defining a unique index on one table and including the same data values in an-
other table.
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5.2.2. Column Types

ITTIA DB can store data in a wide range of types. Every column has a data type, which limits the kind of data that
can be stored in that column. This ensures that data is always in the expected format when retreived from the data-
base and imposes a hard limit on the amount of storage needed for each row.

Columns are created by calling a member function of the FieldDescSet class, as described in Section 5.2.3,
“Defining the Database Schema’. Data stored in a column is accessed by binding a field class to a cursor, as de-

scribed in Section 5.3, “ Database Access’.

Column Type Fi el dDescSet Function C++db: : Fi el d Class
sint8 add_si nt (nane, 1) IntegerField
sintl6 add_si nt (nane, 2) IntegerField
sint32 add_si nt (nane, 4) IntegerField
sinté4 add_si nt (nane) IntegerField
uint8 add_ui nt (nane, 1) IntegerField
uint16 add_ui nt (nane, 2) IntegerField
uint32 add_ui nt (nane, 4) IntegerField
uinté4 add_ui nt (nane) IntegerField
float64 add_f I oat (nane) Fl oatFi el d
currency add_currency(nane) CurrencyFi el d
ansistr add_stri ng(nane, | engt h) StringField
utf16str add_wstri ng(nane, | engt h) Wstri ngField
date add_dat e(nane) Dat eTi meFi el d
time add_t i me(nane) Dat eTi meFi el d
datetime add_dat e(nane, DB_DATETI ME) |Dat eTi meFi el d
timestamp add_dat e(nane, Dat eTi meFi el d
DB Tl MESTAMP)
blob add_bl ob(nane) Bl obFi el d

Table5.1. C++ Column Types
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5.2.3. Defining the Database Schema

The database schema is defined programmatically by creating tables. Tables can be created at any time, and can be
modified even after data has been entered into them.

Note

Schema updates cannot be performed inside a transaction. See Transactions.

5.2.3.1. Tables, Fields and Indexes

To create atable, first describe the table's fields and indexes using Fi el dDescSet and | ndexDescSet objects.
Then pass these objectsto Dat abase: : create_t abl e().

db: : Dat abase db;
db: : Fi el dDescSet fi el ds;
db: : I ndexDescSet i ndexes;

int rc;
1. ..
/1 Create the database
1. ..

fields.add_uint("id");
fields.add_string("name");
fields.add uint("ring_id");

i ndexes. add_i ndex("i d-i ndex", db:: DB_UN QUE)
.add_field("id");

i ndexes. add_i ndex(" nane-i ndex", db:: DB _MJILTI SET)
.add_field("name");

rc = db.create_table("person", fields, indexes);

To modify the schema of an existing table, first use descri be_t abl e() toobtainaFi el dDescSet and | n-
dexDescSet for the current schema. Modify these objects and then call updat e_t abl e() to update the
schema. Fields are identified by name.

To remove atable from the database, including all data stored in thetable, call dr op_t abl e() .

rc = db. drop_tabl e("person”);

Note

Cadlstocreat e_t abl e(),updat e_t abl e(),anddrop_t abl e() areatomic.

5.2.3.2. Sequence Generators
Sequence generators are used to generate unique, increasing integer values. A sequence generator is created with an
initial starting value and will then retrieve successive numbers in the sequence. Each generated number is always
greater than all previous numbers produced by the sequence generator. This provides a convenient source for unique
identifiers.

Note

Sequences may contain gaps, and so should not be used in situations where numbers cannot be skipped,
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such as matching with sequence numbers pre-printed on paper forms.
To create asequence, call cr eat e_sequence() giving aname for the sequence and itsinitial value.

rc = db. create_sequence("person-id", 1);

If asequencesis no longer required, it can be dropped from the database.

rc = db. drop_sequence("person-id");

5.3. Database Access

5.3.1. Transactions

5.3.2.

All data access operations must occur inside atransaction. A transaction isalogical group of operations that must all
succeed or fail together. Changes made to the database do not become permanent until the transaction is committed.
A transaction can aso be aborted, which will undo any changes made since the transaction was started.

To start atransaction, call thet x_begi n() function.

rc = db.tx_begin();

To commit the changes made during the transaction, call t x_conmi t () .

rc = db.tx_conmmit();

Note

When the commit function returns successfully, any modifications made within the transaction are guaran-
teed to be completely written to the storage media.

To cancel the changes made during the transaction, call t x_abort ().

rc = db.tx_abort();

Table Cursors

To access data in the database, ITTIA DB uses table cursors. A table cursor represents a single row in the database
and is used to perform inserts, traversal, updates, and deletes.

To open acursor, cregte a Table object and call the open() function.

db: : Tabl e person;

per son. open(db, "person");

When you are done with the cursor, call cl ose() to free resources. The cursor will close itself automatically when

it is destroyed, but it is best to release the cursor as soon asit is no longer needed.

person. cl ose();
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Inserting Data

Before inserting data, it is often useful to obtain a unique va ue from a sequence generator.

db: : Sequence i d_sequence;
db_uint id = 0;

i d_sequence. open(db, "person-id");
i d_sequence. get _next _val ue(i d);

To insert data, first put the table in insert mode by calling i nsert (), then assign values to each field using the
cursor's[ ] operator. These values are stored in atemporary buffer. Finally, call post () to actually insert the new
row. post () copiesthe buffer into the table but does not commit the transaction.

person.insert();
person["id"] =id
person["nane"] =
person["ring_id"]
rc = person. post();

db: : Stri ng(" Bob");
= 7;

If, after calling i nsert () and possibly assigning values to the fields, you do not want to insert the row into the
database, call thecancel () functioninstead of post () to clear the buffer.

Note

Data inserted into the database will not be persistent until the current transaction is committed. See Trans-
actions.

Traversing a Table

To traverse atable, first select an index to define the order over which the rows will be iterated.

person. set _sort_order ("name-i ndex");

Thenuseseek_first(),seek_next(),andi s_eof () toposition on each row of data

for (person.seek first(); !person.is_eof(); person.seek _next()) {
/1l Perform operation on current row
}

If order is not important, pass NULL to set _sort _or der to traverse rows in table-scan order, which is arbitrary
but fast.

Searching for a Row

To locate a specific row in the table, first choose an index to search by.

person. set _sort_order (" name-i ndex");

Then call begi n_seek() to enter seek mode, assign search criteria to each field used by the index, and call ap-
ply_seek().

per son. begi n_seek(db: : DB_SEEK EQUAL) ;
person["nane"] = db::String("Bob");
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rc = person. apply_seek();

The fields used as search criteria must be fields of the sort index. Furthermore, if the index contains multiple fields,
the search criteria must be some or al of the first fields in the index. For example, if an index has three fields, the
search criteria can be either the first field in the index, the first two fields, or all three fields.

To find additional rows that may match search criteria, call seek_next () .

Reading Data

Once the cursor has been used to select a row, the data can be read using the cursor. For each field that is needed,
usethe[ ] operator to get thefield and call the appropriate Fi el d: : as_* () function for the field'stype.

db_uint id = person["id"].as_int();

db:: String nane
db_uint ring_id

person["nanme"].as_string();
person["ring_id"].as_int();

cout << "Id: " << (long) id << endl;
cout << "Name: " << nane.c_str() << endl;
cout << "Ring tone id: " << (int) ring_id << endl;

Updating Data

In addition to accessing data, you can also update the current row. Call edi t () to enter edit mode, assign new val-
ues to each field that should be changed, and call post () to update the row.

person. edit();
person["nane"] = db::String("Sue");

person["ring_id"'] = 3;
rc = person. post();

Note

As with inserts, modifications to the database will not be persistent until the current transaction is commit-
ted. See Transactions.

Deleting the Row

To delete the current row, call r enove() .

rc = person.renove();

Note

The row will not be permanently removed from the database until the current transaction is committed. See
Transactions.

Reading and Writing BLOBs

A BLOB (Binary Large OBject) is a specia type that can store data of arbitrarily large size. To do this, datain a
BLOB field is accessed in small divisions called chunks. These chunks can be written to and read from using loops
to access the entire BLOB or only a portion of the BLOB.
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BLOB datais read and written directly from a db: Tabl e object using ther ead_bl ob() andw i te_bl ob()
functions. The table cursor must be positioned on an existing row and any pending updates to other columns must be
posted with the post () function before the BLOB is accessed.

Here is an example of inserting arow with a BLOB field with data that isloaded from afile:
db: : Tabl e t;
/1 Open t and position on an existing row. */

FI LE *picture_file;
picture_file = fopen("read. png", "rb");

const db_len_t data size = 1024,
char data[data_size];

int picture field =t.find field("picture");
i nt numchunks = bytes read = O;

whil e((bytes_read = fread(data, 1, data_size, picture_file)) > 0)

{
t.wite_blob (picture field, data_size * numchunks, data, bytes read);
num chunks++;

fclose(picture_file);

Here is an example of reading a BLOB from the database back into afile:
db:: Table t;
/1 Open t and position on an existing row. */

FILE *picture_file;
picture file = fopen("wite.png", "wh");

const db_len_t data_size = 1024;
char dat a[ data_si ze] ;

int offset, bytes_read;

int picture field =t.find field("picture");

db_len_t blob_size = t.get _blob_size(picture field);

for(offset = 0; offset < blob_size; offset += data_size)
bytes read = contact.read bl ob(picture field, offset, data, data_size);
fwite(data, bytes read, 1, picture file);

}

fcl ose(picture_file);

5.4. SQL Queries

Structured Query Language, or SQL, is a standard database interface that uses query strings to access and modify
data. For the complete description of the SQL dialect used by ITTIA DB, see Chapter 4, QL.

To execute an SQL statement from the ITTIA DB C++ API, create an instance of the db: : Query class. Then use
thedb: : Query object to perform the following steps:
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1. Preparean SQL statement.

2. Set query parameters (optional).

3. Executethe query.
4. Iterate through rowsin the result set (optional).
5. Unexecute the query and repeat from step 2 (optional).

Steps 2 and 4 can be omitted depending on the nature of the SQL statement. For example, | NSERT statements do
not have a result set and thus do not use step 4. Schema definition statements, such as CREATE TABLE, can skip
step 2 because they do not accept parameters.

I mportant

Use parameters whenever possible. Parameters are faster and more secure than embedding data directly in
an SQL statement, for exampleusing spri nt f.

To execute a simple query with no parameters, call db: : Query: : exec_di rect (), which combines the pre-
pare and execute steps.

db:: Query q;
int rc = g.exec_direct(db, "create table some_table (columm_a integer, columm_b integer)")

Alternately, these steps can be performed separetely with the pr epar e() and execut e() functions.

db:: Query q;
int rc;
rc g. prepare(db, "select colum_a, colum_b from some_table");

rec g. execut e();

If the query isa SELECT statement, a result set will be available after the query is executed. The result set is aread-
only collection of rows with the same structure as a table. The result set is only sorted if the SQL statement contains
an ORDER BY clause.

Thedb: : Query classimplementsthedb: : Cur sor interface, which is used to iterate over rowsin a query result
set or table. To iterate over the result set, use seek _fi rst () to position on the first row, seek_next () to ad-
vance to the next row, and check i s_eof () to determine when all rows have been processed. An SQL query can
only be traversed forward and cannot be reset to the first row after seek_next () hasbeen called.

Each row in the result set contains one or more fields that correspond to the columns and expressions in the SE-
LECT list. Fields are identified by the order that they appear in the SELECT ligt, starting from zero.

To access the value of afield, first locate the db: : Fi el d classlisted in Table 5.1, “C++ Column Types’ that cor-
responds to the column's data type. After the query has been executed, construct an instance of that class using the
db: : Query object and the position of the field in the select list. For each row, cast the db: : Fi el d to an appro-
priate C++ datatype to access the value. Example 5.1, “ SQL Select Examplein C++” illustrates this process.

Example5.1. SQL Select Examplein C++

db: : Dat abase db = ...;
db:: Query q;

47



The C++ APl

char *cnd;

cnmd = "select id, nane
from cont act
order by name ";

if (DB _SUCCESS(q.exec_direct(db, cmd))) {
db::IntegerField id (q, 0);
db:: WstringField name(q, 1);

for (qg.seek_first(); !qg.is_eof(); q.seek_next()) {
std::wcout << (long) id << '\t';
std::wcout << WBtring(nane).c_str() << std::endl;

If a query uses parameters, as described in Section 4.1.4, “SQL Query Parameters’, values can be assigned to each
parameter after the query has been prepared but before it is executed. Use the par an() function to assign a value
to each parameter. The par an() function returnsadb: : Fi el d that can be assigned a value directly using the as-
signment operator, or set to NULL with the set _nul | () function. Each parameter is NULL until avalue is as-
signed.

To execute the query again with different parameter values, first call unexecut e() to return the query to a pre-
pared state, then modify the parameters as before. Example 5.1, “SQL Select Example in C++” shows how to use
parameters to execute a single query multiple times. Each parameter's previous value will carry over to the next exe-
cution unlessit is explicitly assigned anew value or set to NULL.

Example5.2. SQL Insert Examplein C++

db: : Dat abase db = .. .;
const wchar_t *nane = L"My Name";
db_uint ring_id = 6;

db:: Query q;
g. prepar e(db,

"I'nsert into contact (id, nanme, ring_id)
val ues (next value for contact _id, ?, ?) ");

g. param(0) = nane;
g.param1) = ring_id;

g. execute();

g. unexecute();

g. param(0) = L"Your Name";
g. param(l) = 3;

g. execute();

g. unexecute();
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Chapter 6. The C API
6.1. Getting Started

6.1.1.

6.1.2.

6.1.3.

Initializing the Library

Before calling any other API functions, the library must be initialized. To initialize the library, call db_i ni t ()
with the current API version:

db_i ni t (DB_API _VER);

When the API isno longer needed, call db_done() tofreeall resources used by the library:
db_done();

Creating and Opening a Database

TouselTTIA DB, includetheheaderi tti a/ db. h.

#include <ittialdb. h>

A database is managed by a dbt handle To create a database for the first time, use the
db_create_file_storage() function.

db_t hdb = db_create_fil e_storage( DATABASE_NAME, NULL);

if (hdb == NULL)

fprintf(stderr, "Error creating database: %\n", get _db _error());

Caution

If thefile already exists, db_create_fil e_storage() will overwriteit.
To open an existing database, usethedb_open_fil e_st orage() function.
db_t hdb = db_open_fil e_storage( DATABASE NAME, NULL);
if (hdb == NULL)

fprintf(stderr, "Error opening database: %l\n", get_db_error());

When done using the database, call db_shut down.
db_shut down( hdb, DB_SOFT_SHUTDOWN, NULL);

Error Handling

Many errors can occur during acall to aC APl function. Whether or not an error has occurred is indicated by the re-
turn value of the function. For functions that return a handle type, such asdb_t, db_cursor_t or do_row_t, a value of
NULL is used to indicate an error. For functions that return a value, such as a number or flags, a special valueisre-
served for errors, often -1 (DB_WI'I ME_FAI L, DB_LEN_FAI L). Any function that would not otherwise return a
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value returnsadb_result_t, which can be either DB_OK (1) or DB_FAI L (0).

When an error occurs, an error code is set that indicates the kind of error. The error code can be retrieved by calling
get _db_error () .Negative valuesindicate an error. Positive values indicate a warning.

Note

The value returned by get _db_error () isnot cleared by any API callsexcept cl ear _db_error ().
To check for an error in any of aseries of calls, first cal cl ear _db_error (), then call each API func-
tion, and finally useget _db_err or () to check the result.

Tip

Error codes are listed in the Error Handling section of the APl Reference. The same error codes are used in
both the C and C++ APIs.

6.1.4. Data Structures

Severa data structures in the C APl can be instantiated statically at compile-time. These structures are db_oid t,
db_indexdef t and db_tabledef t. To initialize these data structures, use the DB_ALLCOC | NI Tl ALl ZER() macro
as the value for the db_al | oc member. In the case of db oid t, use DB_O D | NI TI ALI ZER() to initialize a

new variable.

6.2. Database Design

For a detailed discussion of database design issues, see Section 5.2, “ Database Design”.

Note

Schema updates cannot be performed inside a transaction. See Section 5.3.1, “Transactions’ for more in-
formation.

6.2.1. Column Types

ITTIA DB can store data in a wide range of types. Every column has a data type, which limits the kind of data that
can be stored in that column. This ensures that data is always in the expected format when retreived from the data-
base and imposes a hard limit on the amount of storage needed for each row.

To select the type of acolumn, setthefi el d_t ype of adb fielddef t structure to the schema identifier listed in
Table 6.1, “C Column Types” when atableis created as described in Section 6.2.2, “ Tables, Fields and Indexes’. To
access data stored in a column, use the data type identifier to bind the column to a variable of the listed C data type.
See Section 6.3.3, “Rows’ for more information about binding a column in arow to avariable.

Tip

Column types in the same category can be bound to the C data type of any other column type in the same
category. For example, a column of type DB_COLTYPE_SI NT8 can be bound to a variable of type int32_t
with the DB_VARTYPE_SI NT32 identifier. Or a column of type DB_ COLTYPE_UTF8STR can be bound

to avariable of type db_utf16 t withthe DB_ VARTYPE_UTF16STRidentifier. Datain the variable will be
automatically converted to the database format.

Data can be lost when converting to a smaller numeric format. Data is not lost when converting between
Unicode string types, provided that the maximum string length is not exceeded.
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Category Schema | dentifier C Data Type C Data Type I dentifier
Integer DB_COLTYPE_SINT8  |int8_t DB_VARTYPE_SINT8
Integer DB_COLTYPE_SINT16 |intl16 t DB_VARTYPE_SINT16
Integer DB_COLTYPE SINT32 |int32_ t DB_VARTYPE_SINT32
Integer DB _COLTYPE_SINT64 |int64 t DB_VARTYPE_SINT64
Integer DB_COLTYPE_UINT8  |uint8_t DB_VARTYPE_UINTS8
Integer DB_COLTYPE_UINT16 |uint16 t DB_VARTYPE_UINT16
Integer DB_COLTYPE_UINT32 |uint32_t DB_VARTYPE_UINT32
Integer DB_COLTYPE_UINT64 |uint64 t DB_VARTYPE_UINT64
Float DB_COLTYPE_FLOAT32 |db_float32_t DB_VARTYPE_FLOAT32
Float DB_COLTYPE_FLOAT64 |db_float64 t DB_VARTYPE_FLOAT64
Currency 8$_COLTY PE_CURREN |db_sint32_t DB_VARTYPE_SINT32
ANSI String DB_COLTYPE_ANSISTR |db_ansi_t, char * DB_VARTYPE_ANSISTR

Unicode String

DB_COLTYPE_UTF8STR

db_utf8 t, char *

DB_VARTYPE_UTF8STR

Unicode String DB_COLTYPE_UTFI6ST |db_utf16_t DB_VARTYPE_UTF16ST
R R

Unicode String DB_COLTYPE_UTF32ST |db_utf32_t DB_VARTYPE_UTF32ST
R R

Date and Time DB_COLTYPE DATE  |db_date t DB_VARTYPE DATE

Date and Time DB_COLTYPE TIME  |db_time_t DB_VARTYPE_TIME

Date and Time DB_COLTYPE _DATETI |db_datetime t DB_VARTYPE_DATETI
ME ME

Date and Time DB_COLTYPE_TIMESTA |db_timestamp_t DB_VARTYPE_TIMEST
MP AMP

BLOB DB_COLTYPE BLOB  |db_blob_t DB_VARTYPE_BLOB

Table6.1. C Column Types
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6.2.2. Tables, Fields and Indexes

To create atable, first describe the table'sfields as arrays of db_fielddef_t.

first and indexes as arrays of db field def t and db_index_def t. Then call db_create_table() and
db_creat e_i ndex() to create thetable and its indexes.

#defi ne MAX_CONTACT_NAME 50
#define MAX_FI LE_NAMVE 50

static db_fielddef_t contact _fields[] =
{
#defi ne CONTACT_ID

0
#def i ne CONTACT_NAME 1
#defi ne CONTACT_RING ID 2
#def i ne CONTACT_PI CTURE_NANME 3
#def i ne CONTACT_PI CTURE 4
{ CONTACT_I D, "id", DB_COLTYPE_UI NT32 1},
{ CONTACT_NAME, "nane", DB_COLTYPE_UTF16STR, MAX_CONTACT_NAME },
{ CONTACT_RI NG_I D, "ring_id", DB _COLTYPE_UI NT32 },
{ CONTACT_PI CTURE_NAME, "picture_nane", DB COLTYPE_ANSI STR, MAX FI LE_NAME },
{ CONTACT_PI CTURE, "picture", DB_COLTYPE BLOB }

Next describe which fields will be indexed as arrays of db_indexfield _t.
static db_indexfield_t contact_by id fields[] =

: { CONTACT I D }

Next define the attributes of the table'sindexes as db_indexdef t.

#define CONTACT_BY_ID "by_id"
static db_indexdef t contact _index =

DB ALLCC | NI TI ALI ZER() ,

DB_| NDEXTYPE_DEFAULT,

CONTACT_BY_I D,

DB_UNI QUE_T NDEX,

1, /* Nunber of fields in the index. */
contact _by id fields

Next define the table as db_tabledef t using the field and index definitions created above.

#defi ne CONTACT_TABLE "contact"
db_tabl edef t contact table =

{

DB _ALLCC | NI TI ALI ZER(),

DB TABLETYPE DEFAULT,

CONTACT_TABLE,

5, /* Nunber of fields in the table. */

contact _fields,

1, /* Nunmber of indexes on the table. */
} cont act _i ndex

Finally, create the table by callingdb_creat e_t abl e().
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db result _t rc;
rc = db_create_tabl e(hdb, contact _tabl e->table nane, contact_table, 0);
if (rc == DB_FAIL)

fprintf(stderr, "Unable to create table\n");

And create the indexes by callingdb_cr eat e_i ndex() .
rc = db_create_index(hdb, contact _tabl e->table nane, contact_index->i ndex_nane,

if (rc == DB FAIL)
fprintf(stderr, "Unable to add i ndex\n");

Sequence Generators

Sequence generators are used to generate unique, increasing integer values. A sequence generator is created with an
initial starting value and will then retrieve successive numbers in the sequence. Each generated number is always
greater than all previous numbers produced by the sequence generator. This provides a convenient source for unique
identifiers.

Note

Sequences may contain gaps, and so should not be used in situations where numbers cannot be skipped,
such as matching with sequence numbers pre-printed on paper forms.

To create a sequence define adb_seqdef t with aname and initial value then call db_cr eat e_sequence() .

#def i ne CONTACT | D_SEQUENCE “contact _id"
db_seqdef t contact _id_sequence = {
CONTACT_| D_SEQUENCE,
{{ 1, 0}}

rc = db_create_sequence(hdb, contact_id sequence->nane, contact_id_sequence);

if (rc == DB_FAIL)

contact_in

fprintf(stderr, "Unable to create sequence %\n", contact _id_sequence->seq_nane);

6.3. Database Access

6.3.1.

Transactions

All data access operations must occur inside atransaction. A transaction isalogical group of operations that must all
succeed or fail together. Changes made to the database do not become permanent until the transaction is committed.
A transaction can a so be aborted, which will undo any changes made since the transaction was started.

To start atransaction, call thedb_begi n_t x() function.

db_begi n_t x(hdb, DB_DEFAULT_| SOLATI ON | DB_LOCK_SHARED);

Note

For Isolation mode and Lock mode parameters see Isolation Levels and Locking.
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To commit the changes made during the transaction, call db_commi t _t x() . The completion parameter determ-
ines how quickly the changes made in this transaction will be flushed from the database cache to permanent storage.

db_commit _tx(hdb, DB FORCED COVPLETI ON);

Note

When the commit function returns successfully, any modifications made within the transaction are guaran-
teed to be completely written to the storage media.

To cancel the changes made during the transaction, call db_abort _t x().
db_abort tx(hdb, DB _FORCED COWVPLETI ON);

6.3.2. Cursors

A cursor is used to position on a specific row in a table and to search using an index. An index is selected when
opening the cursor to determine which fields to sort by when traversing the table and which fields are available for
searching.

db_cursor_t contact_cursor;
db_table cursor _t p;

db_table_cursor_init(&p);

p. 1 ndex = CONTACT_BY_I D;

p.flags = DB_CAN MODI FY | DB LOCK _EXCLUSI VE;

contact _cursor = db_open_table_cursor(hdb, CONTACT TABLE, &p);
db_tabl e _cursor_destroy(&p);

Alternately, the cursor options can be created statically:

db_cursor t contact cursor;
static const db_table cursor_t contact _cursor_def =

CONTACT_BY_NAME, /* index */
DB_SCAN FORWARD | DB _LOCK SHARED /* flags */
s

contact _cursor = db_open_tabl e cursor(hdb, CONTACT TABLE, &contact cursor_def );

A cursor should be closed when it is no longer needed to free resources:

db_cl ose_cursor(contact _cursor);

6.3.3. Rows

Data is stored and retrieved through rows. A row is a set of temporary buffers for storing the contents of database
fields. Each field in arow can be stored in one of three locations. a managed internal buffer, alocal variable refer-
enced by memory address, or a member of a data structure. A row variable is independent of any specific row in the
database and can be re-used for many insert, fetch and update operations.

A row is created by calling either db_al | oc_row() ordb_al | oc_cursor_row() . A row can only be used
to accessfields that it is aware of and will not set or retrieve values for any fieldsthat it is not. A row variable can be
created that isinitially bound to no database fields:
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db_row_t contact_row,

contact _row = db_al  oc_row( NULL, 2);

This row should then be dynamically bound to two fields by callingdb_bi nd_fi el d().

The datain arow can be read and written by callingdb_get _field *() anddb_set field_*() functions.

For safe access, use db_get _fiel d_data() and db_set fiel d_data() to copy vauesto or from each
field in the row. The size of the field can be determined by callingdb_get _fi el d_si ze().

Tip

To obtain a direct pointer to the buffer that is used by the row, call db_get_field_buffer(). When writing to
this pointer, be careful not to overrun the size of the buffer.

When arow isno longer needed, it must be freed:

db_free_row(contact _row);

6.3.3.1. Managed Fields

Table: contact

age | .|

1 RBnh 27 db_cursor_t
Sue M 32
Fred 41
" F 3 I
,| db_fetch(contact cursor,
contact row, HULL) ;
r
db get field data(
> -.:/.:r‘.t:1:1:_1:-:35:J id, int) ;
db get field data(
db_row t contact row, name, —
char¥) ;

Buffers

Figure 6.1. Managed Field Binding
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The first method, a managed buffer, is most suitable when the exact data type of a field is not known at compile
time. It allows the value to be extracted as avoid pointer and cast to the appropriate type at run time. To create arow
with managed buffersfor all fieldsin acursor, call db_al | oc_cur sor_row():

db_row t contact_row,
contact _row = db_all oc_cursor_row contact_cursor );

6.3.3.2. Absolute Bound Fields

Table: contact

age | .|

1 Bnh 27 db_cursor_t
2 Sue — 32
= Fred 41
F 1 e

W

| ) db fetch(contact cursor,
contact_row, HULL) ;
A

char* name;

Figure 6.2. Absolute Field Binding

When the data type of afield is known at compile time, it can be bound directly to aloca variable by providing the
memory address and size of the variable in bytes. When data is retrieved from the database, it will be stored in the
bound variables. When data is stored to the database, it will be read from these same variables. To create arow that
has fields bound to memory addresses, call db_al | oc_r ow( ) with an array of binding definitions:

uint32_t id;
db_ucs2_t nane[ 50];

const db_bind t row def[] =
{
{
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CONTACT_I D, [* field_no */
DB_VARTYPE_UI NT32, /* data_type */
DB_BI ND_ADDRESS( & d), [* data_ptr */
si zeof (id), /* data_size */
DB_BI ND ADDRESS( NULL) , /* data_ind */
DB_BI ND_ABSOLUTE, /* data_flags */
%1
CONTACT _NANME, /* field_no */
DB_VARTYPE_UTF16STR, /* data_type */
DB_Bl ND_ADDRESS( nane) , /* data_ptr */
si zeof (nane) /* data_size */
DB_BI ND ADDRESS( NULL) , /* data_ind */
DB_BI ND_ABSOLUTE, /* data_flags */
}

b

contact _row = db_all oc_row(row def, 2);

Instead of using internal buffers, the row will use the variables or memory addresses that have been provided for
these fields. These fields can still be accessed using db_get _field_*() anddb_set fiel d_*() functions
if necessary, but it is generally more convenient to use the local variables to which they are bound directly.

Tip

Thedat a_i nd member of db_bind_t is used to bind afield length indicator for the given field. The field
length indicator provides additional information about the value stored in the database, such as string length
and NULL state. In an absolute binding, set dat a_i nd to the address of adb_len_t variable to access the
field length indicator.

Fields can be bound dynamically using db_bi nd_fi el d() . In the following example, db_bi nd_fi el d() is
used to bind the variable i d to two different row objects.

db_row t sinple_row, contact_row,
uint32 t id = 0;
db_lent id_.ind = DB FIELD NULL;

static db_bind_t bind def =
{

CONTACT _I D, /* field_no */
DB_VARTYPE_Ul NT32, /* data_type */
DB_BI ND_ADDRESS( &i d) , /* data_ptr */
si zeof (id), /* data_size */
DB_BI ND ADDRESS( & d_i nd), /* data_ind */
DB_BI ND_ABSOLUTE, /* data_flags */

imple_row = db_all oc_row( NULL, 1);
db bind fiel d(sinple_row, &bind def)

contact _row = db_alloc_cursor_row contact_cursor );
db_bi nd_field(contact_row, &bind_def);

Tip

db_bi nd_fi el d() will override any previous bindings for that field. In this example, managed bindings
arefirst created for all cursor fields. The binding that was created for CONTACT _| Disthen replaced by an
absolute binding to thei d variable. In thisway, arow can contain a mixture of different bind methods.
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Binding to the same variable in two different rows is an efficient way to copy fields between tables. Data can be

fetched from one table using the first binding and then stored directly to another table using the second binding
without making any additional copies.

6.3.3.3. Relative Bound Fields

Table: contact

age | .

1 Bnh 27 db_cursor_t
Sue — 32
Fred 41

w

db fetch{contact_ cursor,
contact_row, contact) ;

A

struct contact_t {
int id;
char* name ;

}:

struct contact t contact;

—

Figure 6.3. Relative Field Bindings

A row can also be bound to a data structure to provide convenient access using a C struct.

A relative binding is defined in much the same way as for address bindings, but instead of using an absolute address,

an offset into the data structure isused. The DB_BI ND_OFFSET() and DB_BI ND_SI ZE() macros can be used to
determine the offset and size of a struct member.

#defi ne MAX_PHONE NUMBER 20
typedef struct phone
{

contactid_ t contact _id;

db_ansi _t nunber [ MAX_PHONE NUMBER + 1];
uint 32_t type;
int32_t speed_di al ;

} phone_t;
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?tati ¢ const db_bind_t phone_nunber_binds[] =
{ PHONE_CONTACT I D,
DB_VARTYPE_Ul NT32,
DB Bl ND_OFFSET(phone_t, contact _id),
DB BI ND_SI ZE( phone_t, contact _id),
-1,
DB_BI ND_RELATI VE},
{ PHONE_NUMBER,
DB_VARTYPE_ANS| STR,
DB _BI ND_OFFSET( phone_t, nunber),
DB _BI ND_SI ZE( phone_t, nunber),

field_no */
data_type */
data _ptr */
data_si ze */
data_ind */

~ Y~~~
* % F 3 X

DB_BI ND_RELATI VE},
{ PHONE_TYPE,
DB_VARTYPE_Ul NT32,
DB Bl ND_OFFSET( phone_t, type),
DB BI ND_SI ZE( phone_t, type),
-1,
DB_BI ND_RELATI VE},
{ PHONE_SPEED DI AL,
DB_VARTYPE_SI NT32,
DB _BI ND_OFFSET( phone_t, speed dial),
DB _BI ND_SI ZE( phone_t, speed_dial),
1

DB Bl ND_RELATI VE},
1

phone_t phone;
db_row t phone_row,

phone_row = db_al | oc_r ow( phone_nunber bi nds, 4);
db_f et ch(phone_cursor, phone_row, &phone);

Thefunctionsdb_f et ch(),db_i nsert (), anddb_updat e() each accept auobj ect parameter that is only
required for relative bound fields. This parameter is the address of a data structure instance that corresponds to the
relative bindings.

Note

If relative binding is not used in the row, the parameter of type db_object_t should always be NULL.
Tip

Relative bindings can also be used with an untyped memory buffer instead of a C data structure by setting
data ptr to the byte offset of each field.

Inserting Data

Toinsert data, assign valuestoarow. Thencal db_i nsert ():

uint32_t id = 4
db_ucs2_t nane[ 50] = "Bob";

const db_bind_t row def[] =

el d _no */

CONTACT _I D, [ *
/* ta type */

DB_VARTYPE_Ul NT32,

o -
o —
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DB_BI ND_ADDRESS( &i d) , /* data_ptr */
si zeof (i d), /* data_size */
DB_Bl ND_ADDRESS( NULL) , /[* data_ind */
DB_BI ND_ABSOLUTE, /* data_flags */

} )

{
CONTACT _NAME, /* field_no */
DB_VARTYPE_UTF16STR, /* data_type */
DB _BI ND_ADDRESS( nan®e) , /* data ptr */
si zeof (nane) , /* data_size */
DB_BI ND_ADDRESS( NULL), /* data_ind */
DB_BI ND_ABSOLUTE, /* data_flags */

}

i
contact_row = db_al l oc_row(row_def, 2);
db_insert(contact_cursor, contact_row, NULL);

db_close row(r);

Note

Data inserted into the database will not be persistent until the current transaction is committed. See Trans-
actions.

6.3.5. Traversing a Cursor

To traverse a cursor, use db_seek _first (), db_seek_next (), and db_eof () to position on each row of
data. The data for the current row can be accessed by fetching the data to a previously-created row.

for (db_seek first(c); !'db_eof (c); db_seek next(c)) {
db_fetch(contact _cursor, contact_row, NULL);
/* Performoperation on current row */

6.3.6. Updating Data

In addition to accessing data, you can also update the current row. Update the values bound to the row and call
db_updat e().

db_updat e(contact _cursor, contact_row, NULL);

Note

As with inserts, modifications to the database will not be persistent until the current transaction is commit-
ted. See Transactions.

6.3.7. Deleting the Row

To delete the current row, call db_del et e() .

db_del et e(contact _cursor);
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Note

The row will not be permanently removed from the database until the current transaction is committed. See
Transactions.

6.3.8. Reading and Writing BLOBs

A BLOB (Binary Large OBject) is a special type that can store data of arbitrarily large size. To do this, datain a
BLOB field is accessed in small divisions called chunks. These chunks can be written to and read from using loops
to access the entire BLOB or only a portion of the BLOB.

Inthe C API, aBLOB field is managed by binding to a variable of type db_blob t. This structure is used to control
what portion of the BLOB will be used in an update or fetch. When a BLOB field is fetched, bl ob_si ze isset to
the total size of the BLOB field. If chunk_dat a isnot NULL, it is filled with chunk_si ze bytes starting from
position of f set in the field. In case there is less data in the BLOB than of f set + chunk_si ze, the actual
number of bytesread is stored inact ual _si ze.

Example 6.1, “Prepare to access BLOB field” shows how to bind a column in atable to a BLOB field. The resulting
row is passed to db_update() for each chunk of data to be written into the database, as demonstrated in Example 6.2,
“Write data from afile to a BLOB field”. Or the row can be passed to db_f et ch() for each chunk of data to be
read from the BLOB column, asin Example 6.3, “Read datafrom a BLOB field to afile".

Example6.1. Prepareto access BLOB field
#i nclude <ittial/db. h>
#i ncl ude "db_hel per. h"
db_cursor _t t;
/* Open t and position on an existing row. */
db_bl ob_t bl ob;

/* Bind "blob" to field nunber 3. */
const db_bind t row def[] =

DB_BI ND_VAR(3, DB_VARTYPE_BLOB, bl ob),

/* Allocate a row containing the BLOB field binding. */
db_rowt r = db_alloc_row(row def, DI Mrow def));

/* Clear BLOB settings (optional). */
nmenset (&bl ob, 0, sizeof(blob));

Example 6.2. Write data from afiletoa BLOB field

FILE *picture_file = fopen("read. png", "rb");
/* Allocate buffer */

#defi ne DATA_SI ZE 1024

char buffer[ DATA Sl ZF] ;

/* Prepare BLOB vari ables */
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int bytes read = O;
pi cture.chunk_data = (voi d*)buffer;

/* Store picture into BLOB field */
whil e((bytes read = fread(buffer, 1, DATA SIZE, picture file)) > 0)

bl ob. of f set = DATA SIZE * num chunks;
bl ob. chunk_si ze = bytes_read;
db_update(t, r, NULL);

fclose(picture_file);

Example 6.3. Read data from a BLOB field to afile

FILE *picture file = fopen("wite.png", "wh")

/* Allocate buffer */
#defi ne DATA_SI ZE 1024
char buffer[ DATA_SI ZF] ;

[* fetch file_nane and bl ob. bl ob_si ze */
db_fetch(contact _cursor, contact_row, NULL);

/* Prepare BLOB vari ables */
bl ob. chunk_dat a buf f er;
bl ob. chunk_si ze DATA Sl ZE;

/* Export file fromBLOB to disk */
for(bl ob.offset = 0; blob.offset < blob.blob_size; blob.offset += DATA Sl ZE)

db_fetch(t, r, NULL);
fwrite(bl ob.chunk_data, blob.actual _size, 1, picture file);

}

fclose(picture_file);

6.4. SQL Queries

Structured Query Language, or SQL, is a standard database interface that uses query strings to access and modify
data. For the complete description of the SQL dialect used by ITTIA DB, see Chapter 4, QL.

To execute an SQL statement from the ITTIA DB C API, create a query cursor by calling

db_prepare_sql _cursor (). The cursor returned by this function can be used to execute the query and read
the result set. An application should follow these steps to process an SQL statement:

1. Preparean SQL statement.
2. Set query parameters (optional).
3. Execute the query.

4. Iterate through rowsin the result set (optional).
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5. Unexecute the query and repeat from step 2 (optional).

Steps 2 and 4 can be omitted depending on the nature of the SQL statement. For example, | NSERT statements do
not have a result set and thus do not use step 4. Schema definition statements, such as CREATE TABLE, can skip
step 2 because they do not accept parameters.

I mportant

Use parameters whenever possible. Parameters are faster and more secure than embedding data directly in
an SQL statement, for exampleusing spri nt f.

The function db_pr epare_sql _cursor () parsesan SQL statement and returns an SQL cursor. The last para
meter is reserved for future use. Always use the value O for this parameter.

db_cursor_t sgl _cursor;
sql _cursor = db_prepare_sql _cursor(hdb, "select * fromsone_table", 0);

After the cursor is prepared, the statement can be executed by a call to db_execut e() . Executing a statement
may modify the database or open aresult set that can then be browsed through the cursor.

db_execut e(sqgl _cursor, NULL, NULL);

If the query is a SELECT statement, a result set will be available after the query is executed. The result set is aread-
only collection of rows with the same structure as atable. The result set is only sorted if the SQL statement contains
an ORDER BY clause.

To iterate over theresult set, usedb_seek _first () to position onthefirst row, db_seek_next () to advance
to the next row, and check db_i s_eof () to determine when all rows have been processed. An SQL query can
only be traversed forward and cannot be reset to the first row after db_seek _next () hasbeen called.

Each row in the result set contains one or more fields that correspond to the columns and expressions in the SE-
LECT list. Fields are identified by the order that they appear in the SELECT list, starting from zero.

To access field values in the result set, use db_f et ch() to copy datainto a C APl row, as described in Sec-
tion 6.3.3, “Rows”’.

Because result set is read-only, db_i nsert (), db_updat e(), and db_del et e() cannot be used on an SQL
cursor.

Example 6.4, “Executing a SELECT statement” shows how to execute a SELECT statement and iterate over the res-
ults using a managed row.

Example 6.4. Executing a SELECT statement

db_cursor _t sql _cursor;
i nt nfi el d;
db_fi el ddef _t field_def;
db_row t row,

i nt field_count;

sql _cursor = db_prepare_sqgl _cursor(hdb, "select * fromsone_table", 0);

row = db_al | oc_cursor_row(sql _cursor);
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field_count = db_get field_count(sql _cursor);

db_execut e(sql _cursor);
db_seek_first(sql _cursor);

while ( !'db_eof(sqgl _cursor) ) {

db_fetch( sql _cursor, row, NULL );

nfield = 0; nfield < field_count; nfield++ ) {

for

b get field ( sql _cursor, nfield, &ield def );
if ( db_is_null(row, nfield) ) {

N L

/1 NULL DATA CHECK

I T

conti nue;

}
db_get _field data(row, nfield, field def.field_type, &var, sizeof(var));

}
db_seek_next (sql _cursor);

}

db_cl ose_cursor(sql _cursor);

Some SQL statements accept one or more parameters. For these queries, a parameter row must be passed as the
second parameter to db_execut e() . If any fields in the row use relative bindings, an object address must also be
passed as the third parameter, otherwise the third parameter can be NULL. Thef i el dno for each bound field must
be set to the number of the parameter. See Section 4.1.4, “SQL Query Parameters’ for more information.

An SQL query can be executed multiple times by repeatedly calling db_execut e() . The values of the parameter
row can be modified each time before the query is executed. If the query has a result set, the result set must be
closed by calling db_unexecut e() beforethe cursor can be executed again.

Tip
A prepared SQL cursor can be |eft open and reused later to avoid the overhead of opening the cursor. If the

cursor is not closed immediately after use, it is a good practice to cal db_unexecut e() to free any re-
sources held by the query.




Chapter 7. Shared Database Access
7.1. Overview

Shared database access alows ITTIA DB to simultaneously process multiple transactions. ITTIA DB uses fine-
grained locking to prevent unnecessary waiting, which means that time-consuming operations, such as synchroniza-
tion, and operations that continuously modify the database, such as sensor readings, will not block other transactions
from accessing the database, unless a conflict would arise. Shared database access provides a great benefit to applic-
ations by allowing different data access tasks to be safely carried out at the same time. ITTIA DB supports both cli-
ent/server shared access using TCP/IP communications, and multi-threaded shared access within a stand-alone ap-
plication.

Each transaction is handled in isolation, which meansthat ITTIA DB prevents concurrent transactions from interfer-
ing with each other. Without isolation, a transaction may leave incorrect or inconsistent information in the database.
If atransaction writes a value to arow that another transaction is in the process of modifying, then that change will
be overwritten by the other transaction, resulting in incorrect information. For example, two transactions may at-
tempt to update an account balance at the same time. If both transactions first read the current balance, then attempt
to write the new balance, one will overwrite the other.

Because transactions are usually very short, such situations show up very rarely, which makes them amost im-
possible to catch. But given along enough run time, they will eventually show up in any application that is not de-
signed to prevent them. In many cases, correct data values are critical to the application's behavior. ITTIA DB
provides isolation to automatically prevent these kinds of concurrency errors so that developers can be certain their
dataisvalid.

ITTIA DB accomplishes isolation using two-phase locking (2PL), which locks resources as necessary to prevent
conflicts. For example, when a transaction reads or writes a row of data, that row is automatically locked to prevent
other transactions from modifying it. At the same time other transactions can lock and modify other rows. Each
transaction's locks are released when it is committed or aborted. This creates the illusion that only one transaction is

active at any time, without incurring the performance cost of actually waiting for each transaction to finish before
starting a new one.

Tip

It is convenient to think of transactions as occurring in series, one after another. The effective order of
transactions is determined by the order that they are committed in and not the order in which they begin.

7.. Client/server Shared Access

Database access can be shared between multiple processes using client/server shared access. Client applications con-
nect to a server process that runs either on the same device, or on another machine on the network.

For details on how to run the data server, dbserver, see doserver.

To access a database on a remote machine, use the following URL syntax for the file name:

xdbt p: //server[: port]/database

Replace the following with appropriate values as described:

server Host name of the machine on which the data server is run. If dbserver is running on the same
device, use localhost or 127.0.0.1.

port Alternate port number if - - bi nd- port server option was used. The default value is 16534.
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dat abase Name of database file to open or create on the remote server.

Note

Square brackets indicate that the enclosed text is optional.

7.3. Multi-threaded Shared Access

Multithreading allows an application to handle more than one task at atime by breaking a single process into mul-
tiple threads of execution. If one thread takes too long to complete a task, for instance when performing a tedious
calculation or waiting for input from a device, other threads can continue working. An application can safely interact
with an ITTIA DB database from multiple threads by starting a separate transaction in each thread.

Because threads all use the same memory space, variables can be shared between threads. This usually requires spe-
cial attention to ensure that threads do not interfere with each other. However, ITTIA DB automatically provides the
isolation that is needed to accomplish this when accessing datain an ITTIA DB database.

To create a new thread on Windows, use the standard Cr eat eThr ead function or the MFC CW nThr ead class.
On POSIX operating systems, use the pthreads library to create new threads. You can aso use the platform-inde-
pendent thread functionsini tti a/ os/ os_t hr ead. h.

The following example shows how to run two transactions simultaneously in different threads. The par ent func-
tion spawns a thread that runs the chi | d function. Each thread then starts its own transaction and performs data-
base operations.

#include <ittialdb++. h>
#include <ittial/os/os_thread. h>

/1 Child thread
void child(void * db_ptr)

{
Dat abase db = *db_ptr;

db. tx_begin();
/1

/| Database operations
1.,
db.tx_comit();

}

/1 Parent thread
voi d parent (Dat abase db)
{

os_thread_t * child_thread;

/1 Spawn a child thread
child thread = os_thread _spawn(child, &b, DEFAULT STACK SIZE, OS THREAD JO NABLE);

if (child_thread == NULL)
return; // Error spawning child thread

db. t x_begin();
.

/| Database operations

...

db.tx_commit();

/1 Wait for the child thread to return
os_thread_join(child thread);
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7.4. Isolation Levels

7.4.1.

Isolation of database transactions is achieved by blocking the read and write actions of other running transactions,
which reduces concurrency and can hamper performance when many concurrent transactions are active. Fortunately,
full isolation (executing each transaction to completion in a serialized way) is not always necessary for the correct
operation of an application

Isolation levels are used to measure how much a transaction depends on the behaviour of other transactions. If a
transaction would not be affected by certain kinds of modifications that other transactions could make, alower isola
tion level can be used to improve concurrency.

Thefollowing isolation levels are defined in ITTIA DB:

I solation L evel Implementation Details

SERIALIZABLE
All the Shared and Exclusive locks on both table and in-
dex rows are held till the end of each transaction.

REPEATABLE READ
Shared locks on index rows are released as soon as an
operation has compl eted.

Shared locks and Exclusive locks on table rows are held
till the end of each transaction.

READ COMMITTED
Shared locks on index rows are released as soon as an
operation has compl eted.

Shared locks on table rows are released as soon as the
database record goes out of scope.

All Exclusive locks on table and index rows are held till
the end of each transaction.

Table7.1. Isolation Level Implementations

Serializable

The serializable isolation level provides full isolation. The database behaves as though all transactions occur sequen-
tially, one after another.

According to SQL standard, the serializable isolation level guarantees the absence of all phenomena specified be-
low.

Phenomena Description

P1 (“Dirty read”) Transaction T1 modifies a row. Transaction T2 then
reads that row before T1 performs a COMMIT. If T1
then performs a ROLLBACK, T2 will have read a row
that was never committed and that may thus be con-
sidered to have never existed.

P2 (“Non-repeatable read”) Transaction T1 reads a row. Transaction T2 then modi-
fies or deletes that row and performs a COMMIT. If T1
then attempts to reread the row, it may receive the modi-
fied value or discover that the row has been deleted.

P3 (“Phantom”) Transaction T1 reads the set of rows N that satisfy some
<search condition>. Transaction T2 then executes SQL-

statements that generate one or more rows that satisfy the
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Phenomena Description

<search condition> used by SQL-transaction T1. If SQL-
transaction T1 then repeats the initial read with the same
<search condition>, it obtains a different collection of
rows.

Table 7.2. Phenomena prevented by Serializable I solation

Repeatable Read

The repeatable read isolation level ensures that all data accessed by a transaction is not modified by other transac-
tions until after the transaction is committed. This means that reads are repeatable: every time you read arow, it con-
tains the same data. If you write datato arow, or create a new row within atransaction, it will contain the same data
until that transaction writes something different there.

Unlike serializable isolation, repeatable read isolation does not prevent phantom reads. A phantom read occurs when
atransaction reads arow that was inserted by alater transaction. This can cause the results of a query to change over
the life of atransaction. For example, a transaction at the repeatable read isolation level may read all peoplein ata
ble with age greater than 18. If later the same transaction attempts to read all people of age greater than 21, it may
process new entries that were not present in the first query. If thisis okay, then using repeatable read isolation is suf-
ficient.

Read Committed

Allows non-repeatable reads. A non-repeatable read happens when a transaction reads changes to data that it has
already read. One transaction sees the committed changes made by alater transaction.

Read Uncommitted

Allows dirty reads. A dirty read occurs when a transaction reads uncommitted changes made by a later transaction.
The data read from the database may be inconsistent, representing only part of the changes made by the later trans-
action.

The database provides no isolation at the read uncommitted isolation level.

7.5. Selecting an Isolation Level

Theisolation level can be selected in ITTIA DB when starting a transaction. Three isolation levels are available:

« DB _SERI ALI ZABLE

« DB_REPEATABLE_READ

« DB_READ COWM TTED

The default isolation level is read committed. To select a different isolation level, specify it when starting a transac-
tion.

db. t x_begi n( DB_REPEATABLE READ) ;
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When opening a table cursor, it is possible to select a different isolation level than the isolation level used by the
transaction. For example:

tabl e. open(db, "table", DB CURSOR FOR READ, DB REPEATABLE READ);

7.6. Change Notification

An advanced feature of ITTIA DB, data change notification allows an application to receive an automatic notifica-
tion whenever another application makes a change in the database. This is a convenient way to send messages
between applications that are sharing the database.

For more information about data change notification, see the functions db_watch_tabl e,
db_unwatch_table, and db wait in the C APl Reference, and the functions Data-
base: : db_wat ch_t abl e, Dat abase: : db_unwat ch_t abl e, and Dat abase:: db_wait in the C++
APl Reference.
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Concurrency control Pessimistic locking

L ocking method Strict 2-phase locking

Locking mode Multiple granularity locks

Locking granularity Record

Isolation levels SERIALIZABLE, REPEATABLE READ, READ COM-
MITTED

SERIALIZABLE isolation level implemented using ARIES/IM next key locking

Lock owner Application thread

Deadlock detection Waits-For-Graph depth search

Deadlock resolution The thread detected deadlock state refuses the operation.

Logging method UNDO/REDO write-ahead logging

Indexing methods B+ Tree

Buffer scheduling Clock algorithm

Table8.1. ITTIA DB Database Characteristics Quick Reference

8.1. Introduction

In this section, we explain in further detail some of the technologies employed by the ITTIA DB kernel. Understand-
ing these topics will help developers to optimize and diagnose database-driven software. The reader is assumed to
have some prior knowledge of general database concepts such as B+Tree indexes and locking.

8.1.1. Recommended Reading

Readers who are interested in a good introduction to database implementation techniques and related issues may en-
joy the following books:

Jm Gray. Andreas Reuter. Transaction Processing: Concepts and Techniques (The Morgan Kaufmann Series in
Data Management Systems).

Hector Garcia-Molina. Jeff Ullman. Jennifer Widom. Database Systems: The Complete Book.

C. Mohan. Concurrency Control and Recovery Methods for B+-Tree Indexes: ARIESKVL and ARIESIM.

C. Mohan. Donald J. Haderle. Bruce G. Lindsay. "Hamid Pirahesh. Peter M. Schwarz. ARIES. A Transaction Recov-
ery Method Supporting Fine-Granularity Locking and Partial Rollbacks Using Write-Ahead Logging.

8.2. ACID Properties

ITTIA DB fully obeys Atomicity, Consistency, Isolation, and Durability (ACID) properties. These properties are
defined asfollows:
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Atomicity The changes to a database performed within atransaction
are either al applied when committed or none are ap-
plied when aborted.?

Consistency Consistency refers to the legality of the database state at
the time the transaction starts and commits. There are
consistency constraints which the database must obey, if
not the transaction cannot be performed.

Isolation Isolation refers to the ability to perform an operation in a
transaction independent of concurrently run transactions.
Each transaction should behave as if is the only one
modifying the database. Each time a conflict between
transactions is about to occur, this conflict is detected
and one transaction is delayed.

Durability Durability refers to the guarantee that as soon as a com-
mit operation reports success the changes, made by that
transaction, will persist and will not be undone.®

Table8.2. ACID Properties

aSequence number generators are an exception to atomicity. A sequence generator will never return the same value twice, regardless of whether
E)t]re transaction commits or aborts.

his property can be relaxed using multiple isolation levels to increase concurrent performance.
“This property can be relaxed using lazy transaction commits, which have no durability guarantee.

Atomicity and Durability properties are maintained using logging. Consistency and Isolation properties maintained
using locking.

8.3. Logging

Logging is a way of tracking changes in database content in order to be able to rollback these changes on system
crash or transaction abort. ITTIA DB uses UNDO/REDO WAL logging method, which is a well known as ARIES.
The basis of operation of ARIES is that the physical changes (i.e. changes made at the database page level) are
logged during forward operation, containing all the necessary information to repeat the same action again (redo) or
rollback those changes (undo).

As soon as an operation completes ajournal/log record is made. This can be done in two ways through a completion
journal record or a completion log record (CLR). A CLR describes how to undo the operation logically, rather than
physically so these records can be undone only. In the other words, while an operation performs changes to the data-
base object, physical object consistency is maintained so that the operation can be undone physically, leaving the ob-
ject in the exact state as it was before the operation started. On the contrary, operation completion records carry lo-
gical operations, thus when the operation is undone, the object can be in a different physical state.

Thiskind of logging makes fine-grained locking possible, allowing concurrency control on entities with no regard to
database pages.

All operation completion records within a transaction are chained together, making it possible to selectively undo
operations, enforcing the Atomicity property. Due to chaining, the undo operation is very efficient and requires al-
most the same amount of time as the original forward operation. This assessment assumes that most transactions
commit rather than abort.

To ensure correctness the journal is flushed to the permanent storage before corresponding data changes are written
to the storage. The journal is flushed to the storage at transaction commit time as well to ensure Durability property.
The latter requirement greatly contributes to the commit time.
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8.4. Locking

8.4.1.

8.4.2.

8.4.3.

The database uses Srict Two Phase Locking (Strict 2PL) to ensure consistency and isolation. 2PL locking follows
theserules:

1. If atransaction wants to read or write an object it must acquire a shared or exclusive lock on that object.

2. The transaction is not alowed to acquire any new locks after a lock has been released. The effect of thisis
transactions only release exclusive locks at commit time.

These two rules divide transactions into two phases. The first is the lock acquisition phase and the second is lock re-
leasing phase. Locks are acquired automatically, during the transaction progress, or can be requested manually to
avoid deadlock situations.

Types of Locks

There are two general types of locks used on database objects:

Shared locks Shared locks allow read only access on a resource. Multiple shared locks can
be held on one database object.
Exclusive locks Exclusive locks alow both read and write access to a resource. Only one ex-

clusive lock can be held on a single database object.

Lockable Objects

There are number of objects being locked during database operations. They are:

Storage Thiskind of lock isacquired at transaction start. By default transactions
run concurrently, acquiring shared locks, but sometimes an operations
needs to guarantee it's performing a transaction alone.

Table schema This kind of lock is acquired automatically in shared mode as soon as
the first cursor on atable is opened and released when the last cursor is
deleted. When a transaction wants to modify a table's schema — add or
drop fields or indexes, the exclusive lock is acquired.

Table row (record) This lock is acquired in the appropriate mode when a cursor observes a
table row. When the lock is released depends on the isolation level, and
will be described in more detail in Section 7.4, “Isolation Levels’.

Index row This lock is acquired in the appropriate mode when performing an op-
eration that involves indexes. The exact handling is described in Sec-
tion 8.4.3, “Index Locking”.

Index Locking

Imagine we have an index which contains the sequence of values [1,2,3,4,5]. A transaction deletes the record with
key [3], and the index is modified during the operation to exclude the deleted key (i.e. the index modification is not
delayed till the commit). At the same time if another transaction scans the same index it would not know if a key
was deleted from the index or not, thus causing the phantom of record absence in case the first transaction aborts. It
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can try to insert a record with the same key as deleted, or update another record to have the same key, which would
lead to collision if the first transaction rollbacks. To prevent a collision from occurring, we should lock the modified
range, since it contains an uncertain state that is unknown to the other transaction.

To avoid this situation the database locks the next key, i.e. the lock is delegated to the next key in index order, even
if the next record has not actually been modified. In such a case the concurrently scanning transaction would see the
locked row and would wait for the first transaction to resolve the state by either committing or aborting.

The next key locking technique is actually a range lock, where one lock represents the whole locked range — in our
example, after deleting the key [3], we lock the whole range or keysfrom [2] to [4].

Now we can describe how various operations are performed to cope with the problem:

During insert the database finds an appropriate place to insert and then requests alock on the next record, assuming
that there is a possibility of a key being deleted. As soon as the lock is granted the insert operation is performed, and
the next row lock is released.

Key update isdonein away that is similar to the insert operation; it first checks the new key position just like the in-
sert operation does. The only difference is that since an update operation deletes the old key value, it leaves the row
that is next to the old key value locked.

Fetch is done as usual, requesting asingle lock per record fetched.

Next key locking might cause ‘mysterious’ locks — since there is no difference between arow lock and a range lock
this might cause unexpected operation waiting sometimes. In our example, if the concurrent transaction tries to up-
date the row with key [4], which is used as arange lock, it would wait until the first transaction completes.

Manual Locking

The database performs automatic locking on every operation. Sometimes this locking is not enough, so the database
allows locking tables and rows manually. Since these locks do not reflect the transaction state, but serve application
synchronization, the manual locks are considered to be advisory and are not enforced to obey the rules of 2PL. This
means that the application can request and release advisory locks at any time. Moreover the application can request
locks which have a life-time that is longer than transaction time, making it possible to guarantee inter-transaction
consistency.

For more information on manual locking, see the section on Locking in the C API Reference and the section on Ob-
ject Idsand Locking in the C++ API Reference.

Iin practice these collisions are very rare. So rare that almost no database server using exactly this technique will ever mention this in the docu-
mentation.
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Platform dbserver dbserver GUI
Windows bi n\ dbser ver. exe N/A
Windows CE bi n\ arch\ dbservercnd. exe |bi n\arch\dbserver. exe
Linux bi n/ dbser ver N/A

Table 16. Utility program files by platform
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Name

dbserver -- Light-weight data server for multi-process shared access.

dbserver

dbserver [-tt hreadnuni [[-N] | [-R]]

[-baaddr ess] [-bpport]

[-b buf nuni [-cchknun] [-p pr eal | ochum [-n nane] [-r]
[-I 1 ocknuni [-w ownnun] [-0 obj num [-trt ransnunj
[dat abase..]

Description

dbserver provides shared database access to network clients. This allows processes running on one or more devices
and computers to share access to the same database files.

An application will automatically connect to dbserver if it is linked with the inter-process communications (1PC)
client library. For more details, see Section 7., “Client/server Shared Access’.

Tip

dbserver isalight-weight program and is designed to be run on devices. Devices that are often disconnec-
ted from the network can use dbserver to store data locally and provide remote access to data stored on the
device.

Database files are created in the current working directory from which dbserver is run. Clients will have access to
all database files in the current directory and al subdirectories. On Windows CE, the full path to the database file
must alwaysbe given. The- - rest ri ct option can be used to restrict accessto alist of database files.

By default, dbserver only accepts connections from clients running on the same device. To accept connections from

other devices or computers on the network, use the - - bi nd- addr option to specify which network adapter should
be allowed to connect.

I mportant
In a production environment, always use - -restri ct if the - - bi nd- addr option is used. Otherwise,
any network client may be able to access any file on the system with the same privileges as the user who
runs dbserver.

On Windows CE, the dbserver command is named dbser ver cnd. exe.

Options

Server Options:

-t, --threads=t hr eadnum Maximum number of simultaneous connections.

-N, --no-restrict Allow clients to open and create databases in any location (default).
-R, --restrict Restrict access to the specified database files.

TCP Options:
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-ba, --bind-addr=addr ess

-bp, --bind-port=por t

Database Options:

-b, --buffers=buf num

-, --checkpoint=chknum

-p, --preallocate=pr eal | ochum
-n, --name=nane

-r, --reset

Environment Options:

-l, --locks=l ocknum
-W, --Owners=ownnum
-0, --objects=obj num

-tr, --transactions=t r ansnum

Bind to a network adapter to alow remote access. The default value is
127.0.0.1, which only allows access from the same device. Use the value
0.0.0.0 to accept connections from all network adapters.

Listen for a connection on the given TCP port. The default port number is
16534.

The number of buffersin the database cache.
Checkpoint interval.

Number of journal pages to preallocate.
Database alias.

Reset database parameters to default values.

Expected number of locks.
Number of lock owners.
Number of objects locked.

Number of concurrent transactions expected.

Help Options:
-?,--help Displays complete command line option list.
-u, --usage Displays brief usage message.
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Name

dbserver GUI -- Graphical interface to run the database server (Windows CE only).
dbserver GUI

Description

On Windows CE, dbserver .exeisagraphical user interface to run and manage the data server.

I mportant

dbser ver cmd.exe must be located in the same directory as dbser ver .exe.
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ittiasgl -- SQL interactive query prompt

ittiasql
ittiasgl [dat abase..]

Description

ittiasgl is an interactive command-driven program that allows you to use common SQL syntax to create, query,
modify, and delete ITTIA DB databases and tables. This utility is extremely useful for testing SQL commands and
syntax before compiling them into your programs.

Options

ittiasgl take the following command line parameters:

[dat abase] The name of a database to open. A database can also be opened interactively with the .open
command.

Interactive Commands
The following commands are available within an ittiasgl session:

Session Commands

.help Displays alist of interactive commands.
exit Closes any open database and exits from ittiasql.
Database Commands

.opendata-  Opensan existing databasefile.

base
Arguments. dat abase - Name of database file to open.

.create Creates a new database file.

dat abase
Arguments. dat abase - Name of the database to be created. If there is a database currently
opened with the same name, the user is prompted to overwrite the file.

.close Closes the current open database.

Table Commands

dist Displaysalist of all tablesin the current open database.
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Arguments: none.

.describet a- Displays atable's schema.
bl e_nane
Arguments: t abl e_nan®e - Name of the table to describe.

Example Session

Wel cone to ittiasql

Al SQ Commands end with a sem -colon (;).
Non-sql userinputs all start with a period (.).
No ending sem -colon (;) is required for non-sql userinputs.

Type '.help' for help.

ittia sql$ .open phone_book. db
phone_book. db$ .Ii st

Foee o oo +
| TABLE_| D| TABLE_NAME |
o me oo e e oo +
| 13 | CONTACT

| 16 | PHONE_NUMBER)|
| 22 | TEST_TYPES |
Fomm e Femmmm e e +

phone_book. db$ sel ect A nane, B.nunber from contact A, phone_nurmber B
-$ where A id = B.contact _id
-$ order by A nane;

| Bob | 206- 555- 1000
| Fred | 206- 555- 1308|
| Fred | 206- 555- 2335|
| Fred | 206- 555- 5361|
| Susan| 206- 555- 3890)|
N — e +

phone_book. db$ . cl ose
ittia_sql$ .exit
c:\>
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