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Chapter 1

Introduction

This manual describes the embedding of TB/SQL in a C language environment
(TB/ESQL). TB/SQL is a proper superset of the ISO/ANSI SQL database lan-
guage.

TB/ESQL meets the requirements of the X-OPEN SQL Portability Guide. Be-
yond that standard, TB/ESQL offers many additional features such as dynamic
queries. The full functionality of Transbase as described in the TB/SQL Reference
Manual and the Programming Interface TBX Manual is available at the TB/ESQL
interface. This also includes distributed transactions with atomic 2-phase-commit.

This TB/ESQL Manual is strongly related to the TB/SQL Reference Manual.
The latter describes the SQL language as it is used for example in an interactive
environment such as TBI. TB/SQL statements appear as subunits in TB/ESQL
statements. Therefore the definitions of TB/ESQL statements within this manual
often refer to the TB/SQL Reference Manual.

There is also a relationship to the lower C programming language interface of
Transbase, namely the TBX-Interface. TBX as well as ESQL serve to write ap-
plication programs accessing Transbase databases. Both TBX and ESQL offer a
C environment and special constructs to interface with Transbase databases. In
TBX, this interface is provided by a special C function (tbx) in a library. Thus
TBX programs are pure C programs. In ESQL, this interface is provided by so
called ESQL statements which syntactically are not compatible with C.

For the application programmer, TBX and ESQL are independent from each other
although from a functional point of view they are not essentially different. Each
ESQL program can also be written as a program which uses the TBX interface.
In fact, an ESQL program is mapped by the ESQL precompiler onto an equivalent
TBX program.

As far as ease of use is concerned, ESQL is the higher level interface. ESQL pro-
grams are much easier to write and automatically incorporate a lot of error check-
ing mechanisms (type overflow checking in program variable assignment, database



exception handling, etc.). On the other hand, ESQL is slightly more static in
query declarations. There are only few applications, namely highly dynamic ones,
that would be hard or unfeasible to write as ESQL programs. One example is an
environment where the result of one query triggers additional queries which run
in parallel: while one could simply generate further queries in a TBX program,
all cursor names must be statically declared in ESQL programs. Modularization
of large application programs is also easier with TBX.

ESQL as well as TBX programs hide all communication details between the pro-
gram and the Transbase kernel. It is thus transparent to the program whether
Transbase is linked in or runs as a separate process on the same machine or even
on a remote host. In any case, the application programmer sees the interface; as
described by this manual.



Chapter 2

Basic Concepts

2.1 ESQL Statements

An ESQL program is a sequence of C statements and so called ESQL statements.
ESQL statements for example serve to incorporate TB/SQL statements into the
program (such as SELECT-, INSERT-, UPDATE-, DELETE-, CREATE-, DROP-, LOCK-,
UNLOCK statements). Each TB/SQL statement can be incorporated and formulated
as an ESQL statement by prefixing it with the words EXEC SQL and terminating
it with a semicolon.

Additionally, there are ESQL statements that have no analogon in TB/SQL, but
correspond to TBX function calls:

e statements to CONNECT and to LOGIN into a database;

e transaction control statements (COMMIT, ROLLBACK);

e statements to OPEN or CLOSE a TB/SQL retrieval query;

e statements to DELETE or UPDATE the current tuple of a retrieval query;

e statements to control errors, signals and exceptions.

A third class of ESQL statements have no correspondence either in TB/SQL or in
TBX function calls, namely those statements that control the automatic transfer
of database data into program variables:

e statements to DECLARE cursors for retrieval queries;

e the FETCH INTO statement to transfer the field values of result tuples into
host variables;

e statements to embed program variable declarations thus making them usable
as host variables.
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2.2 Databases and User Authorization

2.2.1 Connecting to a Database

Each application program can access one or more databases on local or remote
hosts at a time. Before accessing a database the application must connect to
it by the Connect -Statement. As a result of a successful Connect-Statement the
application program is delivered a database identifier and this database then is the
current database. Each ESQL statement semantically referring to a database
runs against the current database. In order to switch between several connected
databases, the program may remember the database identifiers in host variables.
To make a connected database the current one, a Use-Database-Statement with
the appropriate database identifier is provided.

In CONNECT operations, databases are named by a string of the form ’1dbGhost’.
Idb is the logical name of a database, defined at creation time, host is the name of
the host computer where the database resides. If the database resides on the local
host, it may simply be identified by the string >1db’. Note that programs that
specify databases by the complete name can be ported to other machines without
changing them, whereas programs that specify the logical name only must be
modified to make them portable.

A connection to a database is terminated by an explicit Disconnect-Statement.

It is legal to connect to a database which is already connected. This simply has
no effect.

2.2.2 Login to a Database

After having connected to a database the application program has to login into
the database. This is done by the Login-Statement where user identification (the
user name) and user authorization (the password) are specified. Note that the
authorization procedure has to be performed for each database connected to.
After connection but before authorization the application is not logged in and
thus has no privileges to use the database.

By having a separate Login-Statement, it is possible to change the user identi-
fication while still being connected to a particular database. Any unsuccessful
Login-Statement does not change the current user identification.

2.2.3 States of a Database Connection

With respect to a database identifier the following states of a connection are known
to an ESQL program:
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DB_DCONN: no connection with this database identifier

DB_CONN: connected, not logged in;

DB_LOGGED: connected, logged in;

DB_KILLED: broken connection (the database kernel process has been killed).

When a connection breaks, a potentially active transaction is automatically aborted.
The application program can resume operation by issueing a new database con-
nection and starting a new transaction.

2.3 Transactions

An application program can run one or more transactions against databases.
Each ESQL database statement automatically runs inside a transaction. A trans-
action is the unit of consistency. Each transaction can either be committed or
aborted by the application program (Commit-Work-Statement , Rollback-Work-
Statement).

If an application program has active at most one transaction at a time it is called
a single transaction program. Under certain restrictions, Transbase offers the
possibility to have active more than a single transaction at a time. However, those
programs (called multiple transaction programs) are slightly more complicated if
written in Embedded SQL.

Transbase allows transactions being distributed over more than a single database;
those transactions are called distributed transactions.

2.3.1 Single Transaction Programs

A transaction can be explicitly started by the application (Begin-Work-Statement)
or is implicitly started whenever a ESQL database statement is run and there exists
no current active transaction. Any transaction may be distributed over some or
all of the connected databases.

Committing a transaction protects all its effects against further crashes and makes
any changes visible to other transactions (note that intermediate states are never
shown to other transactions). A rollback undoes all effects of the transaction and
restores the database state as of the last commit point. This ”all-or-nothing”
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property is guaranteed by Transbase even in case of a distributed transaction or
in case of crashes by a built-in 2-phase-commit protocol.

Note that if an application program does not commit its transaction, but simply
leaves or exits the program, the transaction will be automatically aborted by
Transbase.

A transaction consists of a sequence of ESQL statements. Each statement ad-
dresses at most one of the connected databases. However, more than one database
can be addressed within a transaction by different statements.

Recall that the application program has both to connect and login to the database
addressed before any ESQL database statement against this database can be is-
sued. Connecting to a database and start of a transaction, however, are indepen-
dent actions for the application program. Thus it is possible to connect first and
then (explicitly or implicitly) to start a transaction and it is possible to explicitly
start a transaction first and then to connect to a database. In any case, if an ac-
tive transaction is to be extended on another database, the program must simply
connect to it if not already done and issue the desired ESQL statements against
it.

Note carefully that a further explicit start of a transaction after connecting to the
second database not only is unnecessary but would have a completely different
effect namely the start of a second independent transaction.

2.3.2 Multiple Transaction Programs

As a unique feature of TB/ESQL, a program may have more than one transac-
tion active in parallel. Each ESQL database and transaction control statement
(COMMIT /ROLLBACK) exactly refers to one transaction. Whereas there are no
restrictions in how Transactions may be distributed over databases, there is the
following restriction for multiple transaction programs:

For each application, a database may only participate in a
single transaction at a time.

By this rule it is forbidden for an application to have two or more active transac-
tions on the same database. In contrast, it is possible to have a set of independent
transactions each referring to different databases.

If the program wants to have more than one transaction active at a time, each of
these transactions must be started with the explicit Begin-Work-Statement. In ad-
dition, after starting a transaction the program must keep track of its transaction
identifier which can be read into a host variable. After starting a transaction,
this transaction is the current transaction. Each ESQL database and transac-
tion control statement refers to the current transaction. Analogously to the
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concept of current database, a Use-Transaction-Statement supplied with a valid
transaction identifier makes the transaction the current one and thus enables the
application program to switch between different transactions.

Note carefully that by this mechanism there is at most one transaction the current
one even if several transactions are active. Initially no current transaction exists.
Whenever a transaction has been finished, again no current transaction exists
even if other transactions are still active. If in this situation a Use-Transaction-
Statement with a valid transaction identifier is executed, then a current transaction
exists. Recall that an implicit start of a new transaction occurs if an ESQL
database statement is executed and no current transaction exists. Thus there
is a slight danger that a new transaction is started inadvertently namely if one
transaction is finished and a Use-Transaction-Statement to switch to another still
active transaction is forgotten.

Note that transaction identifiers and explicit start of a transaction are of no con-
cern if the application only runs one transaction at a time. Thus, for this simple
but frequent case, an ESQL program is in no way more complicated than an
equivalent program written in the standardized X-OPEN fashion.

2.3.3 States of a Transaction

With respect to a transaction identifier the following states of a transaction are
known to an ESQL program:

TA _NOT_ACTIVE: no transaction with that identifier exists or has existed during
the programs life.

TA_ACTIVE: a transaction with that identifier exists and has not yet ended
(i.e. not yet committed or aborted).

TA_COMMITTED: this transaction has been committed.

TA_ABORTED: this transaction has been aborted. Note that any ESQL state-

ment can lead to this state in case of a severe error, e.g. if
communication problems arise.

TA _UNDEF: a commit procedure has been tried for that transaction but
due to communication failures it cannot be determined if the
commit has been performed by the database kernel. In these
very rare cases, the ESQL program cannot determine by any
direct information services if the transaction has succeeded.

The transitions can be described by the following picture. Note that TA start may
be an explicit start (BEGIN WORK) or an implicit start.
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program start

TA_NOT_ACTIVE

Lo

>
« CT
TA_COMMITTED BT
>
CT /AT
TA_ABORTED BT
[, CT/AT
TA_UNDEF BT

TA_ACTIVE

Figure 2.1: Transaction States
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2.4 Cursor

Sequential programs must be provided a way to retrieve a query result (a set of
tuples) in a tuple-at-a-time fashion. The cursor is the concept for a host program
to declare retrieval queries (formulated by a TB/SQL Select Statement) and to
fetch the field values of the result tuples into host variables one tuple at a time.
A cursor is declared by a Declare-Cursor-Statement which attaches a program-
wide unique name (the cursor name) to a Select-Statement. All ESQL statements
referring to a cursor must identify the cursor by its name.

2.4.1 Cursor States and Operations

A cursor has a state which is either open or closed. Initially a cursor is in
state closed. An Open-Cursor-Statement opens a closed cursor, a Close-Cursor-
Statement closes an open cursor. It is illegal (and produces a TB/ESQL error) to
open an open cursor or to close a closed cursor.

7 b

An open cursor has a position which is ”before a tuple”, "on a tuple” or ”behind
the last tuple”. If the position is on a tuple, this tuple is called the current
tuple. After opening the cursor, its initial position is before the first tuple of the
result set of the Select-Statement. A Fetch-Statement advances the position of the
cursor to the next result tuple if it exists and delivers its fields into host variables,
otherwise the position is set behind the last tuple and the host variables remain
unchanged. Further Fetch-Statements change neither the cursor position nor any
host variables, i.e. they have no effect.

A cursor can be closed independently from its position. It is not necessary to
retrieve all tuples of a result before closing the cursor.

When a transaction is finished, all cursors which are still open are automatically
closed.

2.4.2 Updatable Cursors

If the cursor is on a tuple and the corresponding Select-Statement is updatable
and has the FOR UPDATE clause specified (see TB/SQL Reference Manual) then
a Delete-Positioned-Statement or an Update-Positioned-Statement can be issued.
The Delete-Positioned-Statement deletes the tuple from the database table from
which the current tuple is derived. The cursor position is set either ”before the
next result tuple” or (if the deleted tuple was the last result tuple) ”after the last
tuple”.

An Update-Positioned-Statement updates the tuple in the database table from
which the current tuple is derived and the cursor position remains unchanged.
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2.4.3 Scrolling Cursor

By default, a cursor provides for sequential FETCHing the result tuples. If the
Cursor has been declared with the SCROLL option then the FETCH operation
allows absolute and relative positioning by specifiying a result set position. The
combination of SCROLL cursor with FOR, UPDATE clause is not permitted.

Note that scrolling cursors produce an overhead because the kernel internally
stores all result tuples fetched so far.

2.4.4 Scope of Cursor Names

The names of all declared cursors (and all declared host variables) in an ESQL
compilation unit must be disjoint. The declaration of a cursor must textually
precede its usage. A Declare-Cursor-Statement is allowed on all places where a C
variable definition is allowed. A cursor declared in a function body is usable inside
that function, and a cursor declared outside any function is usable in all functions
of that program. For ESQL programs consisting of more than one modules see
also chapter "Modularization of ESQL Programs”.

2.5 Host Variables

2.5.1 Declare Section for Host Variables, Block Structure

Host variables are C program variables which are referenced in ESQL state-
ments. Their types are restricted to basic C types such as char, int, etc., char-
acter arrays, character pointers and certain additional predefined types which are
supported by the ESQL environment. All ESQL host variables are defined or de-
clared in normal C syntax but their declaration must be indicated by the Declare-
Section-Statement (this enables the ESQL Compiler to assemble the types of the
host variables). For convenience this program part is called a declare section.
Only host variable definitions are allowed in a declare section. All C storage classes
are allowed (extern, static, automatic). In contrast to variable declaration in C,
host variables must not be initialized statically.

Arbitarily many declare sections are permitted in an ESQL program. Textually,
a declare section may appear where a C variable or parameter declaration is le-
gal. The names and scope of host variables are subject to the C scope rules, i.e
the ESQL Compiler recognizes the block structure of the ESQL program
provided that the block structure does not depend on the #include files of the
program. A host variable declared outside any function is usable in each function,
a host variable declared in a funtion body or as formal parameter of a function
is only usable in that function. For ESQL programs consisting of more than one
module see also the chapter "Modularization of ESQL Programs”.
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2.5.2 Input, Output and Statement Variables

Each occurrence of a host variable in an ESQL statement either delivers input
to the statement or serves to store output delivered by the statement. Output is
delivered to host variables by the Fetch-Into-Statement and the (one tuple deliv-
ering) Select-Into-Statement. The INTO-clauses consist of a list of host variables
into which the field values of the fetched tuple are stored. Other statements have
host variables delivering input to the statement. In the sequel, occurrences of host
variables are also simply called input variables or output variables (although
the property of delivering or storing information is not attached to a host variable
but to a special occurrence of it).

In particular, an embedded TB/SQL statement can have one or more input vari-
ables. Input variables in an embedded TB/SQL statement are allowed on each
position where a Simple_Primary is allowed (see TB/SQL Reference Manual).
This enables query parameterization on value level. A query of that kind is there-
fore called parameterized query.

A host variable may also replace a whole TB/SQL statement. This enables the
application program to construct and execute a statement at runtime. An ESQL
statement of this kind is called a dynamic ESQL statement and a host variable
of this kind is called a statement variable. Note that a statement variable must
be of type char* , char[] , or String.

2.5.3 Semantics of Host Variables

The semantics of input and statement variables is the following: whenever the
execution of the program reaches an ESQL statement with input variables or a
statement variable, then the variables are textually replaced by their current value
before the statement is executed. Note that this mechanism only describes the
semantics and not necessarily the actual processing.

An important exception to the above replacement rule must be kept in mind for
the Declare-Cursor-Statement and Open-Cursor-Statement: whenever execution
flow reaches an Open-Cursor-Statement, then all input variables or the statement
variable in the corresponding Declare-Cursor-Statement are replaced and the cur-
sor on the thus obtained query is opened. Another exception is the usage of host
variables of type Blobdesc for transmission of BLOBs (binary large objects, see
the chapter ”Retrieving and Inserting BLOB Objects”.

2.5.4 Syntax of Host Variables

In contrast to the declaration of host variables in the declare section which cor-
responds to normal C syntax the usage of a host variable in an ESQL statement
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must be indicated by prefixing it with a colon (:). This serves to distinguish a
host variable from an SQL field identifier. Prefixing with a colon also consistently
is required for output host variables (although no field identifiers can appear on
places where an output host variable is legal). A statement variable must be
prefixed by a # when used inside a statement.

2.5.5 Indicator Variables

Indicator variables are special variables that serve to attach additional information
to host variables. An indicator variable is a program variable of C-type short
(signed two byte integer) and has to be declared within a Declare Section.

An indicator variable can be associated to the occurrences of input and output
variables (but not to statemant variables). Syntactically, the indicator variable is
written immediately behind the host variable and also is prefixed with a colon.
Indicator variables serve to describe SQL NULL values and to obtain information
about truncated character strings as described in the sequel.

If an input variable has an attached indicator variable then the evaluation of the
input variable proceeds as follows. The indicator variable is interpreted first. If
its value is not equal to -1 then it is ignored (i.e. the value of the input variable is
taken as the actual value). Otherwise the input variable evaluates to the constant
NULL value of SQL (i.e. the input and indicator variable semantically are replaced
by the SQL keyword NULL).

If an output variable has an attached indicator variable then the assignment of
a field value proceeds as follows. If the field value is the NULL value then the
indicator variable is set to -1 and the host variable remains unchanged; otherwise
the indicator variable is set to a value different from -1 (see below) and the host
variable is set to the field value (after type adaptions if necessary). Note that if a
field value is NULL and no indicator variable is specified, then an error is reported.

If an output variable has an attached indicator variable and a field value to be
assigned is not the NULL value then the indicator variable is always set to 0 except
in the case of string truncation. A string truncation occurs if the field value is
a character string (CHAR(p) or CHAR(*) or BINCHAR(p) or BINCHAR(x*)) and the
host variable is declared as character array with known size s (i.e. no char pointer,
no extern array) and s is less or equal to the actual length of the field value. In
this case the first s-1 characters and a zero byte is stored in the host variable and
the indicator variable is set to the original length of the field value.
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2.6 SQL Types and Host Variable Types

2.6.1 Type Correspondences

TB/SQL and the C language each support their own data types. SQL types such
as TINYINT, SMALLINT, INTEGER, BIGINT, CHAR(p) directly correspond to basic
C types (signed char, short, Int4, Int8, char[p+1], resp.). The SQL types
NUMERIC, NUMBER, BINCHAR, BITSS, BITSS2, DATETIME and TIMESPAN do not have
corresponding basic C types but are represented by C-structures. They can be
manipulated by library functions.

Each input and output variable which is used in an ESQL statement must have
a type which matches its usage. For many but not all SQL types, ESQL offers
type notations which resemble those of SQL as well as pure C notations. For
example, host variables which serve to store field values of types DATETIME or
TIMESPAN must be declared with type Datetime[X:Y] or Timespan[X:Y], resp.,
whereby X and Y are ranges from YY to MS as used in the corresponding SQL
type definitions. Note that these type names as all names in C are case sensitive.
There is no basic C type available which is suited to exactly store time values.
A counterexample is the SQL type INTEGER. A corresponding host variable can
either be declared with type Int4 or with type Integer (note that the latter notation
resembles the SQL type but is case sensitive in an ESQL program). Of course the
type correspondences (between Int4 and Integer in our example) must be known
by the ESQL programmer in order to correctly process the values assigned to his
host variables. Table 2 shows the type correspondences between SQL and C types.

The types in the rows TINYINT through DOUBLE in Table 2 are called the arithmetic
types. The types CHAR(p), CHAR (%), BINCHAR (p) , BINCHAR (%), BITS (p), BITS ()
are called the character string types. The type BOOL is called the logical type. The
types DATETIME and TIMESPAN are called the time types.

2.6.2 Assignment of Field Values to Host Variables

Assignment of field values to host variables occurs in the Fetch-Statement and in
the Select-Into-Statement. The following rules apply depending on the type of
fields and host variables.

2.6.2.1 Assignment of Arithmetic Field Values

For each arithmetic type (TINYINT through DOUBLE) the corresponding type of
the host variable according to Table 2 guarantees that the field value is exactly
representable (no truncation or rounding) and that no overflow occurs (loss of
significant digits). However, for each arithmetic type the ESQL programmer may
also choose each of the arithmetic host variable types and even also other basic
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arithmetic C types which are not listed in the table: char, short, int, long, each of
them qualified as signed or unsigned, in any valid C syntax variation (typenames
defined via

#define or typedef however are not permitted). Fractional parts of field values
then may be truncated as needed but it is still assured that no significant digits
or the sign is undetectedly lost (an error is reported by the ESQL runtime system
in these cases).

2.6.2.2 Assignment of character String Field Values

For the assignment of field values of type CHAR(p) or CHAR(*) the following con-
siderations are of importance: A host variable of type String is always appropriate
but requires much space (String is a character array of size MAXSTRINGSIZE which
is approximately the maximum tuple size). A host variable of type char [p+1] is
appropriate for all field values with maximum length p (a zero byte is added as
last character). For longer fields truncation occurs, i.e. only the first p characters
plus a zero byte are transferred (see also the chapter ”Indicator Variables”). Thus
it is assured that the space of the host variable is not exceeded. Shorter fields are
transferred with their original length plus a zero byte.

For a host variable of type char* it is assumed that at the time of field assignment
the variable points to a memory region large enough to store the field value plus
a zero byte. Of course this cannot be controlled at runtime by the ESQL envi-
ronment. Analogous rules apply to host variables which are declared as char []
with storage class extern. Note that these are the only two cases where field value
assignment to host variables may undetectedly cause damage of program data.

The assignment of a field variable of type BINCHAR (*) or BINCHAR (p) can be made
as follows: if a host variable of type Binchar (*) is used (let its name be b) then
the assignment always works without loss of data but the access to that type must
be done via the following two macros:

BINCHARLEN (&b) delivers the length of the value measured in bytes.

BINCHARARR (&b) delivers the address of the first byte of the BINCHAR value; both
macros must be called with the address of a BINCHAR variable.

BINCHAR values can also be assigned onto host variables of type char* or char [p].
In this case the value is terminated with a zero byte. Note that if there were zero
bytes inside the BINCHAR value then the normal C string processing functions
would recognize the first zero byte as the end of the string.

Field variables of type BITS(*) or BITS(p) are assigned to host variables of type
Bits(*). The access to that type must be done via the following two macros:

BITSLEN(&b) delivers the logical length of the value measured in bytes.

BITSARR(&b) delivers the address of the first byte of the BITS value; both macros
must be called with the address of a Bits variable.
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2.6.2.3 Assignment of Logical Field Values

For the assignment of logical field values (BOOL), host variables of all the arith-
metic types mentioned in chapter ” Assignment of Arithmetic Field Values” are
appropriate. If the field value is TRUE the value 1 is assigned else the value 0.

2.6.2.4 Assignment of Time Field Values

For the assignment of time field values (DATETIME and TIMESPAN), host variables
of type Datetime[X:Y] and Timespan[X:Y], resp., are appropriate. For exam-
ple, a host variable could be declared as Datetime [YY:DD]. In effect, the database
values are casted to the exact type of the target host variable. Library functions
for output (conversion to textual representation) as well as for complex computa-
tions are provided in the library tbx.a. All functions are described in the chapter
”Routines for Datetime and Timespan”.

2.6.2.5 Supplying Values by Input Host Variables

The following paragraphs describe how the values of input host variables are in-
terpreted. The following rules apply depending on the type of host variables.

2.6.2.6 Supplying Arithmetic Values

To supply an arithmetic value to a query via a host variable all arithmetic types
mentioned in chapter ” Assignment of Arithmetic Field Values” are appropriate.
Note that in particular also the type char is interpreted arithmetically.

2.6.2.7 Supplying character Strings

To supply character strings each of the four corresponding host variable types in
Table 2 is appropriate. The value of the host variable evaluates to its character
sequence up to the first zero byte. Note that although string literals in TB/SQL
and in ESQL statements must be enclosed in single quotes (e.g. 'Hello’) this does
not hold for the character sequence supplied by the host variable. In fact if the host
variable’s string contained enclosing quotes these quotes would become part of the
supplied string. On the other hand, if a string containing a quote is to be supplied
it must not be written twice as in the TB/SQL string literal representation.

To supply values of type BINCHAR, also the host variable type BINCHAR can be
used; the value must be built up using the macros described in ” Assignment of
character String Field Values”.
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2.6.2.8 Supplying Logical Values

To supply a logical value (TRUE, FALSE) only a host variable declared with type
Bool is appropriate. Note that although Bool internally is mapped on char and
can be used like char by the programmer in C statements, the type definition
of Bool tells the ESQL precompiler that the value of the variable is not to be
interpreted arithmetically. A value of 0 then evaluates to FALSE, each other value
evaluates to TRUE.

2.6.2.9 Supplying Time Values

To supply time values (DATETIME and TIMESPAN), host variables of type
Datetime[X:Y] and Timespan[X:Y], resp., are appropriate (the notation [X:Y]
symbolically denotes the range). For example, the values of those host variables
may have been assigned by their usage as output host variables. It is also possible
to explicitly build up values in host variables - this is also described in the chapter
”Routines for Datetime and Timespan”.

2.7 Stored Queries

A certain class of ESQL statements consists of so called storable statements.

The following query types are storable: Select-Into-Statement, Declare-Cursor-
Statement, Insert- Statement, Update-Statement, Delete-Statement, Delete-Positioned-
Statement, Update-Positioned-Statement. Storing a query means that a query is
compiled once and can be executed many times without recompiling it. A stored
query exists until the application ends and is then not retained in any form. Note

that storing a query influences the performance only but not the functionality of

the query. If a query is executed more than once then storing pays off else storing
produces an undesirable overhead.

ESQL automatically takes advantage of query storing but the ESQL program-
mer has the means to override the default behaviour. The ESQL rule is that
a query (of the above described class) is executed via the storing mechanism if
and only if it contains input host variables (parameterized query). Normally, this
default behaviour is quite reasonable, however if the programmer does not want
the parameterized statement to be stored or if a parameterless statement is to be
stored then the statement can be specified with a Store-Clause. The syntax of the
Store-Clause is described in detail in the corresponding chapters.
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TB/SQL type

(case insensitive)

corresponding type notation

for host variables
(case sensitive)

TINYINT Tinyint

char
SMALLINT Smallint

short
INTEGER Integer

Int4
BIGINT Bigint

Int8
NUMBER Number
NUMERIC Numeric
NUMERIC(p) Numeric(p)
NUMERIC(p,s) Numeric(p,s)
FLOAT Float

float
DOUBLE Double

double
CHAR(p) CHAR[p+1]
CHAR(*) char*

String

extern char]]
BINCHAR(p) BINCHAR(¥)
BINCHAR(*)
BITS(p) Bits(*) BITS(*)
BOOL Bool
DATETIME[X:Y] Datetime[X:Y]
TIMESPAN[X:Y] Timespan[X:Y]
BLOB Blobdesc

Table 2.1: Type Correspondences




Chapter 3

The SQL Communication Area
and Error Treatment

Each executable ESQL statement produces return information at runtime which
describes whether the statement has completely succeeded or a kind of exception
has occurred. For ease of discussion, the following names for different classes of
results are introduced (note that these names are not available within the ESQL

program):
SQLSUCCESS::
SQLWARNING:

SQLERROR:

NOT FOUND:

The statement executed successfully.

The statement executed with restricted success. This means
that the program safely can continue without interpreting
the exception but it might be useful to interpret it.

The statement did not execute successfully. If the program
continues without noticing the error it may in generally pro-
duce further errors or unpredictable results.

This event occurs if a statement executed successfully but
one of the following conditions holds. A Fetch-Statement
was executed and the position of the corresponding cursor
is behind the last tuple. An Insert-, Update- or Delete-
Statement executed without any tuple inserted, updated or
deleted, resp. A Select-Into-Statement executed and the re-
sult set was empty.

3.1 The SQLCA Structure

SQLCA (SQL Communication Area) is a data region into which the return informa-
tion for an executable ESQL statement is transferred. It is automatically included

23
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into an ESQL program. It consists of a structure with name sqlca (lower case
letters) of type Sqlca which has the following components:

typedef struct

{ Int4 sqlcode;
Int4 sqlerrd[6]; /* only indices O through 3 used */
char sqlwarnO;
char sqlwarnil;

char sqlwarn2; /* not used */

char sqlwarn3;

char sqlwarn4; /* not used */

char sqlwarn5; /* not used */

char sqlwarn6; /* not used */

char sqlwarn7; /* not used */

Int4 errline; /* error program line */

char *errmodule; /* name of current module */

char *tb_errtxt; /* points to error message */

Id taid; /* id of current TA */

State tastate; /* state of current TA */

Id dbid; /* id of current database */

State dbstate; /* state of current database */
} Sqlca;

All values can be interpreted by an ESQL program. However, it is strongly discour-
aged to change any of the components of sqlca by explicit assignment operations.

3.1.1 SQLCODE

The component sqlcode is set as follows:

sqlcode | meaning

0 The statement executed successfully
(SQLSUCCESS) or with warning

<0 The statement failed (SQLERROR).

100 The event NOT FOUND occurred.

3.1.2 SQLERRD
The array sqlerrd is only used on entries 0 through 3. The other components are
supported for compatibility to the XOPEN standard and are always 0.

sqlerrd [2] and sqlerrd [3] are set after a (successfully) executed Insert-, Delete-,
Update-, Spool-Table- or Spool-File-Statement.
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The component sqlerrd[2] contains the number of tuples which were inserted,
deleted, updated or spooled, resp. The component sqlerrd [3] is equal to sqlerrd [2]
in case of a Delete-, Update- and Spool-File-Statement. In case of an Insert- and
Spool-Table-Statement, sqlerrd [3] is the number of tuples which were presented
to the insertion process. Thus the (non-negative) difference between sqlerrd [3]
and sqlerrd [2] is the number of duplicates which were simply ignored by the in-
sertion process. Note that in a Transbase table duplicate tuples never appear. A
tuple is considered a duplicate if exactly the same tuple (with exactly the same
attribute values) is already contained in the particular table.

The entries sqlerrd[0] and sqlerrd[1] are described in the chapter ”"Dynamic
ESQL Statements”.

3.1.3 SQLWARN flags

The components sqlwarn0, sqlwarnl and sqlwarn3 are used as warning flags, i.e. to
indicate the SQLWARNING event (success with warning). If a statement returns with
an event different from SQLWARNING all warning flags are set to the space character
(7). To test if all warning flags are blank it is sufficient to test if sqlwarn0 is blank.
If an SQLWARNING event occurs then sqlwarn0 and one of sqlwarnl or sqlwarn3 is
set to the character "W’.

sqlwarnl == "W’ | at least one character string truncation in the assign-
ment of field values to host variables occurred.

sqlwarn3 == W’ | in a Fetch-Statement or a Select-Into-Statement the
number of fields of the result tuple(s) is not equal to
the number of host variables.

3.1.4 taid and tastate

The component taid contains the transaction identifier of the current or last
current transaction. Its type is predefined as Id and its initial value is -1. Its
value is set as a side effect of ESQL statements as follows:

e The Begin-Work-Statement sets the value of taid to a transaction identifier
delivered by the ESQL runtime system.

e The Use-Transaction-Statement sets the value of taid to the one specified in
the Use-Transaction-Statement.

e For an open cursor, the Fetch-, Update-Positioned-, Delete-Positioned- and
Close-Statement sets the value of taid to the identifier of the transaction for
which the corresponding Open-Cursor-Statement has been performed.
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Note that an explicit end (COMMIT/ROLLBACK) or an implicit end (ROLL-
BACK due to a severe error) does not change the taid.

The component tastate contains the status of the transaction identified by taid.
Its type is predefined as State. The states are described in chapter ”States of a
Transaction”.

Note that tastate is automatically adapted with respect to changes of the trans-
action’s state. This also holds, whenever the taid is changed (see above). This
means that both components are always consistent. Thus the program can run
multiple transactions by remembering the transactions identifiers only; their states
can be tested via the Use-Transaction-Statement.

3.1.5 dbid and dbstate

The component dbid contains the database identifier of the current or last current
database. Its type is predefined as Id. Its initial value is -1. Its value is set as a
side effect of ESQL statements as follows.

e The Connect-Statement sets the value of dbid to a database identifier deliv-
ered by the ESQL runtime system.

e The Use-Database-Statement sets the value of dbid to the one specified in
the Use-Database-Statement.

e For an open cursor, the Fetch-, Update-Positioned-, Delete-Positioned- and
Close-Statement sets the value of dbid to the identifier of the database
against which the corresponding Open-Cursor-Statement has been performed.

Note that an explicit end of the connection (Disconnect-Statement) or an implicit
end (broken connection due to a severe error) does not change the dbid.

The component dbstate contains the status of the connection identified by dbid.
Its type is predefined as State. The states are described in chapter ”States of a
Database Connection”.

Note that dbstate is automatically adapted with respect to changes of the con-
nection’s state. This also holds, whenever the dbid is changed (see above). This
means that both components are always consistent. Thus the program can run
multiple connections by remembering the database identifiers only; their states
can be tested via the Use- Database-Statement.

3.1.6 Error Treatment

Whenever an SQLERROR occurs then three actions are performed automatically
with the sqglca structure:
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The component sqlcode is set to an error specific code;

The component tb_errtxt points to a textual error message.

The component errline is set to the line number of the ESQL source pro-
gram in which the error occurred.

The component errmodule is set to the name of the module where the error
occurred.

3.1.7 Hard and Soft SQLERRORSs

Each SQLERROR code supplied in sqlca.sqlcode either is classified as a hard error
or a soft error. In contrast to soft errors, a hard error indicates that a transaction
has run on a severe failure and therefore cannot proceed. A hard error has the
effect that the current transaction is aborted automatically.

Examples for hard errors are:

e Lack of sufficient memory or disk resources to process a query

e Integrity violations (e.g. inserting a non-duplicate with an already existing
primary key).

If an ESQL statement finishes with a soft error, that call simply has no effect, i.e.
the program in principle can proceed as if the call had not been made. Especially,
the current transaction will not be aborted automatically.

Examples for soft errors are:

e Errors in a Select-Statement (e.g. unknown table).
e Fetch-Statement on a closed cursor.

e Type exceptions (overflow).

In summary, a soft error makes the current ESQL statement undone, a hard error
makes the current transaction undone.

After an SQLERROR has occurred, it can easily be tested by inspecting the sqlca
component tastate whether the transaction has been aborted or not (see chapter
"taid and tastate”).
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3.2 The WHENEVER Directive

The components sqglcode and sqlwarn0 of the sqlca structure provide sufficient
information to catch the result events of ESQL statements. A more comfortable
way is offered to the ESQL programmer by the Whenever-Statement. This is an
ESQL compiler directive which can be used to attach independently to each of the
result events SQLWARNING, SQLERROR and NOT FOUND one of three possible actions
as follows:

Ignore the event (CONTINUE):
This action is the default action for all events.
Jump to a programmer defined label (GOTO):

There must be a corresponding label in the same C function and in
the same or a surrounding block.

Call a user defined function (CALL):

There must be a corresponding function callable from the ESQL pro-
gram, i.e. in one of the constituting ESQL compilation units. No
parameter can be transferred to the function and no return value of
the function can be interpreted.

Note that the Whenever-Statement is not a dynamic (executable) statement but
a static directive which influences code generation. This means that an action
attached to an event by a directive d1 is valid for all executable ESQL statements
which appear textually behind d1 and before another directive d2 which redefines
the action for the same event.

Example:

The following C functions show an incorrect use of the WHENEVER
statement:

func1()
{
EXEC SQL OPEN ci;
EXEC SQL WHENEVER NOT FOUND GOTO fel;
while (1) {
EXEC SQL FETCH ...;
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}
fel:
EXEC SQL CLOSE ci;
}
func2()
{
EXEC SQL OPEN c2;
while (1) {
EXEC SQL FETCH ...;
}
EXEC SQL CLOSE c2;
}

When translated by the C-Compiler, an error message would appear that the
label fel is not defined in function func2. Since no WHENEVER statement appears
in func2, the ESQL preprocessor used the last WHENEVER statement, namely ” goto
fel” also in func2 where no such label is defined.
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Syntax of ESQL Statements

This part describes the syntax of each ESQL statement. The same syntax con-
ventions as in the TB/SQL Reference Manual apply:

e Brackets [ ] are delimiters for an optional part.
e The vertical line | separates alternatives.

e Braces { } group several items together, e.g. to form complex alternatives.
They are functionally equivalent to the standard braces () as used in arith-
metic expressions.

e An ellipsis ... indicates that the preceding item may be repeated arbitrarily
often.

To distinguish terminal from non-terminal symbols, all non-terminal symbols start
with an uppercase letter followed by lowercase letters, all terminal symbols are
represented by themselves.

All keywords are written in uppercase letters.

4.1 ESQL Statement, EXEC SQL, Comment

An ESQL statement begins with the prefix EXEC SQL and ends with a semicolon.
The semicolon may but need not be preceeded by white space (blanks, tabs, new-
lines).

An ESQL statement may span many lines but must begin on a separate line.
White space (blanks, tabs) are allowed on the beginning of the line. After the
terminating semicolon of an ESQL statement, arbitrary C statements and/or C
comments are allowed within the same line.

30
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C comments are also allowed inside an ESQL statement, of course they are not
recognized inside SQL string literals.

SQL comments ( introduced by — ) are allowed inside an ESQL statement, not
behind the terminating semicolon. They are implicitly terminated by end of line.

Keywords are case insensitive.

Whenever a blank or a newline is written in the syntax description, arbitrary white
spaces are permitted.

Example:
EXEC SQL
DECLARE C1 CURSOR -— Cursor declaration
SELECT tname, colno —-- Select clause
FROM systable -= R
WHERE colno > 7; /* end of statement */

4.2 Host-Var, Host-Var-Ind

Serves to denote a host variable reference in an ESQL statement

Syntax:

Host-Var = Host-Var-Ref

Host-Var-Ind = Host-Var-Ref [ Indicator-Ref ]
Host-Var-Ref = :Identifier

Indicator-Ref = :Identifier

Explanation: Host-Var is a host variable reference without an indicator vari-
able. Host-Var-Ind is a host variable reference with an optional indicator variable.
The identifiers refer to the names of C variables which must be declared in a de-
clare section. The declaration must textually precede any use of the variables.
The names of the variables must be valid in the current block (according to the
scope rules of C).

The type of an indicator variable must be signed two-byte (short).

4.3 Summary of ESQL-Statements

ESQL-Statement ::=
Declarative-Statement
| Executable-Statement
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Declarative-Statement ::=

Include-Sqlca-Statement
Whenever-Statement
Declare-Section-Statement
Declare-Cursor-Statement

Executable-Statement ::=

Explanation:

Connect -Statement
Disconnect-Statement
Login-Statement
Begin-Work-Statement
Commit-Work-Statement
Rollback-Work-Statement
Use-Transaction-Statement
Use-Database-Statement
Set-Sortorder-Statement
Get-Sortorder-Statement
Set-Data-Dir-Statement
Set-Timeout-Statement
Set-Consistency-Statement
Send-Interrupt-Statement
Open-Cursor-Statement
Fetch-Statement
Delete-Positioned-Statement
Update-Positioned-Statement
Close-Cursor—-Statement
Select-Into-Statement
Embedded-TBSQL-Statement
Dynamic-ESQL-Statement

A Declarative-Statement may appear on all places where a C

variable declaration is legal.

An Executable-Statement may appear on all places where a C statement is legal.

All Statements are defined within the following paragraphs. For the definition
of Dynamic ESQL Statements see the corresponding chapter ”Dynamic ESQL

Statements”.

4.4 Embedded-TBSQL-Statement

Embedded-TBSQL-Statements are derived from TB/SQL Statements as defined
in the TB/SQL Reference Manual. For the complete syntax and semantics see
TB/SQL Reference Manual.
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Syntax:

Embedded-TBSQL-Statement ::=
EXEC SQL [ Store-Clause]

Storable-Statement ::=

EXEC SQL Not-Storable-Statement

Store-Clause: :=
STORED
| NOT STORED

Not-Storable-Statement ::=
Create-Table-Statement
Drop-Table-Statement
Create-View-Statement
Drop-View-Statement
Create—-Index-Statement
Drop-Index-Statement
Create-Domain-Statement
Alter-Domain-Statement
Drop-Domain-Statement
Alter-Table-Statement
Grant-Userclass—Statement
Revoke-Userclass-Statement
Grant-Privilege-Statement
Revoke-Privilege-Statement
Alter-Password-Statement
Spool-Table-Statement
Spool-File-Statement
Tbmode-Statement
Load-Statement
Unload-Statement
Lock-Statement
Unlock-Statement

Storable-Statement ::=
Insert-Statement
I Update-Statement
| Delete-S